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ABSTRACT:  
The present work aims to study an application of the composites of husks of rice in building. This study consisted in 
formulating a set of composites of husks of rice experimentally. Comparing with dosage made of cement usually 
adopted for the blocks for flooring in Benin and in Togo, a deduction of optimal formulation of composite of these 
blocks is proposed from the worked out formulations. For the composite obtained, a study of the thermal 
conductivity has been worked out. Some blocks for flooring have been manufactured and have been tested in simple 
compressive stress. The physical and mechanical properties of the blocks for flooring made with husks of rice have 
been compared to those of the blocks for flooring made of sand and cement. Optimal resistance to compression of 
the blocks increases with the proportion of cement on the mixture cement and husks of rice. In addition, the 
coefficient of thermal conductivity of the composite cement-sand-husks of rice at relative humidity 8%, is quite low. 
Blocks for flooring in composite with rice husk are about 46 % lighter than those made of sand and cement. 
Proportion cement/rice husk is 1,02 (against a number generally upper to 2), corresponding to a specific gravity of 
400 kg/m3. Proportion sand/rice husk is 40% .Although their cost is a little more important, although they present a 
risk of disintegration for Cement/Rice nearby unit, the decrease of permanent loads of the superstructure of buildings 
obtained by using composites with rice husk is originality. So, it's evident from this comparison that the use of the 
composite made with husks of rice will contribute to decrease the weight of hollow flooring-tiles, and to improve the 
capacity of the so-called composite to block the heat flow.  
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INTRODUCTION 

The composite material production is not a new concept as the nature produces one of the 

most effective of it (wood) that one uses in the construction. Our environment is assailed daily 

by agricultural wastes that don‟t deteriorate or take many years to be deteriorated. They are 

used for either fertilizer, or for production of energy. 

Since some years ago, some researches have led the world to find possible means of 

valorization of these wastes in construction and building. These researches concern possibility 

of an application of the plant biomasses as granules in the light concrete confection. These 

studies essentially focused on the husks of rice, cuttings of wood (Tamba, 2001a, Jauberthie et 

al., 2003), and the shell of palm nut (Mannan, 2001a). 

To overcome environmental pollution and to find value addition to these wastes 

Chandrasekhar et al (2003) use rice husk as secondary source of materials. Sometimes, rice 

husks and waste expanded polystyrene are combinated (Choi et al, 2005). 

 

 

The different authors of works cited above used an experimental method to formulate 

concrete and showed that the produced concrete has a low density and compression resistance 

of 20 MPa at 28 days. 

The study of the pouzzolanic effect and of the durability under various hygroscopic conditions 

made by Jauberthie et al (2003) confirmed that the compressive resistance of concrete 

increases with the humidity (Mannan, 2001b). On the other hand, the traction resistance 

decreases. Moreover, the addition of sand increases also the compression resistance but 

reduces the bending resistance (Tamba, 2001b). 

These works enlighten that the different physical and mechanical properties of concrete with 

waste as reinforcement are influenced by the granular composition of the biomasses, the 

different component proportion for the mixture and the fashion of tightening of the so-called 

composite. From works achieved by Tamba et al. (2001), it‟s recommended that the 

composites of husks of rice whose ratio cement/husks of rice (C/R) is 2:1 or 3:1 be used in 

buildings. However these reports corresponding respectively to content in cement of 782 and 

1172 kg/m
3
 are higher than contents recommended by the literatures of construction 

technologies (Renaud, 1996a, Renaud, 1978a).  
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Physical, mechanical and morphological properties of composite using rice-husk flour as the 

reinforcing filler have been determined (Yang et al, 2004). These authors enlightened that 

tensile strengths of the composites slightly decreased as the filler loading increased 

 

Hattotuwa et al (2002) have compared rice husk powder filled polypropylene composites with 

talc filled polypropylene composites. In terms of mechanical properties, Young‟s modulus 

and flexural modulus increased, whereas yield strength and elongation at break decreased 

with the increase in filler loading for both types of composite. 

 

Although this concrete has a relatively elevated mechanical performance, its cost could 

constitute a limit to use it in the realization of the elements made of reinforced concrete.  

It‟s in this context and in order to reduce the weight and to improve the thermal properties of 

the flooring on one hand, and to contribute to the valorization of the husks of rice in 

construction on the other hand, that the present work defined the optimal formulation and 

evaluated the thermal conductivity of the composites made of husks of rice for the production 

of blocks for flooring. Tests of resistance to compressive stress have been achieved on these 

blocks.  Compression resistance of the blocks increases with the proportion of cement in the 

mixture cement and husks of rice. Resistance increases also with the age of the composite. 

This precision is one of the lacks this study comes to fill. 

 

MATERIAL AND METHODS 

The composite of cement consists of a mixture of cement, granule and water. Each of the 

elements of the composite is introduced according to a given proportion according to the 

desired resistance to the compression at 28 days (Renaud, 1996b, Renaud, 1978b). The 

contents in cement often used for the mortars or concrete are between 250 and 500 kg/m
3
. 

Several methods are finalized to formulate this type of composite commonly named " usual 

concrete” (Renaud, 1996c, Renaud, 1978c). 

For the present work, the classic methods of formulation of concretes are not adequate. That is 

due to the fact that the husks of rice coming from the paddy rice are hygroscopic materials 

(Tamba 2001c). The husks of rice come from the rice-plantation of Kovié, a village located at 

approximately 27 km from Lomé, the capital of Togo.  

We formulated two cases of composites. They are the composite “cement - husks of rice” and 

“cement - sand - husks of rice”. Considering the hygroscopic character of the husks of rice, 
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those are wet during 72 hours at a rate of water absorption maintained at 80% (Figure 1) and 

then they have been drained before use. 
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Figure 1: Kinetics of water absorption by the husks of rice 
Source: Experimental data from « École Nationale Supérieure d‟Ingénieur, Université de Lomé » 

 

The cement used is the “CPJ 35” produced in Togo. Figure 2 to Figure 4 and Table I present 

the granulometric curves and properties of the granules (husks of rice, sand, mixing of husks 

of rice and sand) respectively.  
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Figure 2: Granulometric curve of the husks of rice 
Source: Experimental data from « École Nationale Supérieure d‟Ingénieur, Université de Lomé » 
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Figure 3: Granulometric curve of sand 

Source: Experimental data from « École Nationale Supérieure d‟Ingénieur, Université de Lomé » 
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Figure 4: Granulometric curve of the composites made with mixture of husks of rice-sand 
Source: Experimental data from « École Nationale Supérieure d‟Ingénieur, Université de Lomé » 

 

Table 1: Physical properties of the granules of the composites 

Physical properties 

Material 

Module of 

sharpness 

Relative 

Density  
Absolute Density 

Husk of rice 3.79 0.101 0.750 

Sand 1.81 1.51 2.58 
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Mixture of sand and 

husks of rice (mass 

proportions of sand in 

relation to the mass of 

husks of rice) 

20% 3.40 0.35 1.05 

40% 3.10 0.51 1.30 

60% 2.93 0.63 1.44 

80% 2.78 0.73 1.60 

100% 2.68 0.80 1.70 

Units of measurement: Physical properties are in ratios. 

Source: Experimental data from « École Nationale Supérieure d‟Ingénieur, Université de Lomé » 

 

The resistances of this cement at 7 days and at 28 days are respectively 27,9 and 35,5 MPa. 

The formulations of the composites are made by the experimental method. This method 

consists in changing the ratios of: 

- cement by husks of rice (C/R), 

- cement by mixture husks of rice and sand (C/R+S), 

- cement by water (C/W)  

while following progressively the evolution of the specific gravity and resistances at 7 days 

and at 28 days for the obtained composite. Then the choice of the proportions giving the 

desired optimal features is made. 

The resistances to the compression and the specific gravity are determined for test-tubes of 4 

x 4 x 16 cm
3
 cleaned at 28 days of age. The test-tubes have been submitted to tests of bruising 

at a temperature of 20± 2°C. On the whole, fifteen (15) sets of three (3) and forty-five (45) 

sets of three (3) test-tubes for the composites of “rice - cement husks” and of “rice – cement - 

sand husks” are tested respectively.  

Noting that composites of husks of rice are light, it is desirable to use them to manufacture the 

replenishment materials, for example blocks for flooring. Thus, for the purpose of a 

comparative study, blocks made of cement-sand and cement-husks of rice measured out to 

400kg/m
3
 have been manufactured. Blocks were manually compacted in a mould. Then, after 

a turning out, the obtained samples were periodically sprayed with water and dried at room 

temperature of 20±2°C and relative humidity of 65%. After 28 days, they have been subjected 

to three points bending by using a hydraulic press (cf Fig. 5).  
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Figure 5: Blocks for flooring made with mixture of husks of rice-sand 
Source: Experimental data from « École Nationale Supérieure d‟Ingénieur, Université de Lomé » 

 

The resistance to bending has been calculated according to the NF norm P 1003 (Normes 

Françaises, 1983).  

In order to appreciate the thermal insulating character of the composite formulated to 

manufacture the blocks, three samples of measurements 8 cm x 8 cm x 8 cm are taken and are 

tested for their thermal conductivity in permanent regime. 

The hypotheses formulated for the experimentation are: 

- materials are supposed  to be isotropic and homogeneous;   

- thermal conductivity λ is constant for a given material;   

- the transfer of heat is supposed to be unidirectional;   

- the temperatures T1 and T2 of the faces of the sample are imposed;   

- the lateral faces of the sample are isolated. 

The experimental device is the one used in Ecole Polytechnique d'Abomey - Calavi, Benin. It 

is based on the exploitation of the Thermal Field in Stationary Regime [Allognon, 2007; 

Vianou, 1994). The method used the so-called "Method of Comparison" or "Method of 

Plexiglas Standard", is based on the principle of the well-known method of the hot plate. 

The temperature of the external face of the sample of reference is maintained at the desired 

value T1 owing to an isotherm plate (35 x 35 x 1.5 cm
3
) associated with a regulator. The 

external face of the sample to be tested is in contact with the wall of a heat exchange in which 

water circulates. One makes the hypothesis that its temperature is constant and maintained at 

T2=40°C. 
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The two samples, thermally in series, are subjected to different temperatures between the two 

external faces. One of the plates being chosen as the test-tube whom conductivity is the 

reference one λ0 , knowing the thermal field in permanent regime in the sample allows to 

compute λx , conductivity of the tested plate. 

The thermal conductivity coefficient is computed by: 

xx gradTgradT )/().( 00                                                                     (1) 

The values of the pressure gradients are approximated for each test-tubes by the value of the 

slope of the best linear regression. 

While setting  
00 gradTP  et  

xx gradTP  , one has therefore: 

 xx PP /00                                                                                    (2) 

Every test has been object of two thermogramms; one relative to the plexiglas and the other to 

the composite test-tube.   

Data analysis, interpretation of the graphic giving the thermal field, regression and 

computation of the conductivity, has been achieved with Easyplot software. 

 

  

RESULTS AND DISCUSSION 

 

Formulation of the composites made with husks of rice   

The specific gravity and the resistances to compression at 28 days of the different test-tube 

have been presented in Table 2. From this table, Table 3 has been deduced and it gives the 

optimal values of the resistance and the specific gravity at 28 days for every case of studied 

proportions of the constituent.    

 

 

Table 2: Resistances to compression / Specific gravity at 28 days corresponding to the 

proportions of the components of the composites 

Ratio 

cement/husks 

of rice (C/R) 

Ratio  

water/cement 

(W/C)  

Proportion of sand in the mixture husks of rice and sand (S/R) 

0% 20% 40% 60% 80% 100% 
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Units of measurement: Resistances to compression (MPa) / Specific gravity (g/cm
3
) 

Optimal resistances to compression / Specific gravity are in bold characters 

Source: Experimental data from « École Nationale Supérieure d‟Ingénieur, Université de Lomé » 

 

 

 

Table 3: Optimal resistances to compression / Specific gravity at 28 days corresponding 

to the proportions of the components of the composites 
 

Ratio water/cement Ratio cement/husks of rice 

1.0 1.25 1.5 1.75 2.0 

0.42     6.12/1.32 

0.43    5.60/1.27  

0.44  1.72/1.07 2.09/1.10   

0.46 1.39/0.91     

 

1.0 

0.44 1.31/0.90 2.07/0.93 2.19/0.97 2.53/1.03 2.50/1.06 2.35/1.09 

0.46 1.39/0.91 2.27/0.95 2.62/0.98 2.58/1.04 2.55/1.07 2.53/1.11 

0.48 1.25/0.90 2.08/0.95 2.51/0.98 2.51/1.04 2.49/1.07 2.45/1.11 

1.25 

0.42 1.59/1.03 2.82/1.05 3.18/1.07 3.42/1.09 3.03/1.13 2.76/1.18 

0.44 1.72/1.07 3.08/1.07 3.43/1.08 3.56/1.16 3.23/1.17 3.02/1.23 

0.46 1.71/1.04 2.89/1.04 3.17/1.08 3.23/1.13 3.06/1.19 2.91/1.21 

1.50 

0.42 2.00/1.09 3.07/1.10 3.57/1.13 3.84/1.13 3.70/1.17 3.46/1.20 

0.44 2.09/1.10 3.41/1.11 3.75/1.14 4.08/1.16 3.84/1.19 3.66/1.21 

0.46 1.90/1.09 3.12/1.11 3.67/1.13 3.87/1.15 3.64/1.18 3.40/1.20 

1.75 

0.42 5.03/1.23 4.63/1.26 5.65/1.27 5.67/1.28 5.99/1.32 5.88/1.40 

0.43 5.60/1.27 5.69/1.27 5.77/1.29 6.18/1.33 6.47/1.37 6.22/1.42 

0.45 4.55/1.25 5.27/1.26 5.52/1.27 5.85/1.29 6.19/1.33 5.72/1.39 

2.0 

0.40 5.28/1.31 6.18/1.33 6.53/1.35 6.39/1.36 6.48/1.41 6.93/1.43 

0.42 6.12/1.32 6.43/1.35 6.65/1.38 6.82/1.39 7.11/1.43 7.65/1.45 

0.45 4.84/1.30 6.31/1.34 6.39/1.36 6.58/1.37 6.92/1.40 7.33/1.42 

Ratio water/cement Ratio cement/(husks of rice and sand) 
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Units of measurement: Optimal resistances to compression (MPa) / Specific gravity (g/cm
3
) 

Source: Experimental data from « École Nationale Supérieure d‟Ingénieur, Université de Lomé » 

 

For any ratio C/R, the maximal resistance to compression of the composites of husks of rice is 

reached for a certain W/C optimum. To increase this resistance an addition of sand is 

necessary. However, this growth reaches its maximum (Table 2) when the addition of sand 

doesn't pass 40% for C/R = 1; 60% for C/R = 1,25 and 1,50; 80% for C/R = 1,75. 

According to the dosage in cement retained in the section "material and methods" for the 

production of the blocks for flooring, it's obvious that formulation to adopt is C/R = 1 that 

corresponds to a dosage in cement of 391 kg/m
3
. But, the samples gotten for this formulation 

present a risk of crumbling of the composite. To avoid this crumbling, either it's necessary to 

increase the quantity of the cement, or it's necessary an addition of sand. Then, for economic 

reasons, an addition of sand is necessary. Thus, the formulations of the composite of husks of 

rice used for the production of the blocks for flooring are as follows: 

- C/R = 1,02 suppose 400kg of cement  in each m
3
 of concrete;   

- S/R = 40% in weight;   

- W/C = 46%.   

The resistance to bending at 28 days of the blocks in cement-sand- husks of rice is 2,06 MPa 

against 2,13 MPa for the blocks in cement-sand. The difference between these two values 

rises about 3%. The manner in which the rupture occurs (the rupture takes place in the middle 

of the blocks) of the two cases of blocks is the same. 

 

Analysis of the thermal conductivity of the composites made with husks of rice 

0.71 0.78 0.94 0.97 1.0 

0.42     7.65/1.45 

0.43    6.47/1.37  

0.44  3.56/1.16 4.08/1.16   

0.46 2.62/0.98     
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At the end of the tests and after the determination of the leading coefficients of the thermal 

fields of the test-tubes made with cement-sand composite and the cement-sand-husks of rice 

composite and taking in account the value of the thermal conductivity of plexiglas, the results 

are as follow:   

- The coefficient of thermal conductivity of the composite cement-sand of specific gravity 2,2 

g/cm
3
 and of relative humidity 4% is 1,300 W/m.K ±0,480   

- The coefficient of thermal conductivity of the composite cement-sand-husks of rice of 

specific gravity 1,1 g/cm3 and of relative humidity 8%, is 0,447 W/m.K ±0,110.    

- According to the literature, this last value comes closer of the one of expanded concrete of 

clay  which is 0,460 W/m.K.  

 

The value of thermal conductivity has been compared with the one of expanded concrete of 

clay found by the works of Cerezo V. ( 2005 ). The material studied here is different from 

expanded concrete of clay by the constituents and similar by the thermal performance. 

 

 

CONCLUSION 

The present work consisted in formulating composite husks of rice and mixture husks of rice-

sand. These composites are used to manufacture and to study the physical and mechanical 

properties of the blocks for flooring.  

A comparison of the physical and mechanical properties of the blocks for flooring of sand and 

husks of rice (mixture husks of rice-sand) is made. The physical and mechanical features of 

the blocks for flooring made of husks of rice studied can serve in the construction of the tiles 

with hollow. Using such blocks for flooring would contribute to relieve the weight of the 

construction and improve the thermal comfort of the buildings. 
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