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Abstract: Making adobes with the best mechanical properties 

for the construction of earthen housings is the overall goal of this 
work. Specifically, we study the influence of rice straw on the 
physical and mechanical properties of these adobes. The physical 
and mechanical properties (compressive and flexural strength) of 
adobes (mixture of sandy clay and rice straw) have been studied 
with different proportions of straw in the mixture. It is a question 
of determining the quantity of stalks of rice straw making it 
possible to optimize the mechanical performances of the 
composite. Various compositions have been considered with mass 
concentrations of rice straw ranging from 0 to 40% relative to the 
volume of clay sand to make 4×4×16cm prismatic specimens. The 
results obtained during physical and mechanical tests were 
presented in the form of a graph. The analysis of these data shows 
that the optimal addition of rice straw in the clay matrix is 25% for 
a better compromise between the compressive and tensile 
strengths. The improvement of the physical and mechanical 
properties of adobes is related to the good adhesion between the 
rice straw and the clay matrix, to the high tensile strength of the 
rice straw and finally to a good distribution of cracks in the 
composites. 
 

Keywords: Banco, durable material, Clayey sand, Rice straw 
fibres, Physical and mechanical characteristics.  

I. INTRODUCTION 

Earth is probably the oldest building material. Available 
everywhere in the world, it has accompanied the evolution of 
Man in his habitat on the five continents [1]. Each region of 
the world has developed its own earthen architecture 
according to its needs, knowledge and his creativity. The 
patterns of earth construction were influenced by the 
geographical location and the usual cultures. So many 
construction modes exist, rammed earth, cob, adobe (banco 
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in Africa) or compressed earth brick. Earth has been known 
and used in construction for many millennia [1]–[3]. 

Currently, it is estimated that about 30% of the world's 
population lives in a mud house. In fact, it is often the most 
easily accessible material and especially the cheapest [4]. 

Among these techniques, the most used in Benin, are those 
of adobes (brick mud molded by hand) and compressed clay 
brick (BTC). In addition to these two techniques, cement 
block bricks are used mainly in urban areas because of their 
mechanical strength and their resistance to water. However, 
cement constructions have economic and environmental 
disadvantages. Indeed, the cement is very expensive because 
the clinker is imported and the grinding of the constituents of 
the cement is energetic and polluting because of the emission 
of dust. It appears that the use of adobe (raw earth brick 
without the addition of cement or firing) in the construction 
of habitats is one of the solutions for sustainable construction 
for populations in low-income developing countries. 

The revival of the use of land as a building material is 
linked to the significant reduction in environmental impact 
due to the use of local raw materials and simple, 
energy-efficient manufacturing processes [5], [6]. In 
addition, earth-based materials allow for better balance and 
thermal and acoustic control in the interior compared to 
conventional building materials. This is due to their 
performance in terms of moisture absorption/desorption, heat 
storage capacity (hygrothermal regulation) and sound 
transmission properties [6], [7]. 

To solve the problems related to the appearance and 
propagation of cracks in adobe blocks as well as the 
significant drying shrinkage to which this type of material is 
subjected, recent studies on adobes reinforced with vegetable 
fibres of coconut, of oil palm, sisal and organic polymers 
have shown that the incorporation of these reinforcements 
reduces cracks and improves the durability of adobes [8], [9]. 
Many scientific works on plant fibres for use as 
reinforcements in adobes have been made [10]–[13]. The 
fibres help to maintain cohesion and limit the shrinkage. 

Improving the mechanical properties of the earth with 
agricultural waste fibres offers the possibility of building 
more robust and comfortable homes in developing countries 
[14]–[16]. These studies show that the stabilization of earth 
material significantly improves these mechanical properties, 
its resistance to compression [17], [18]. The addition of 
natural fibres and straws to the earth is part of this same logic.  
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This makes them inexpensive stabilizers for clay matrix 
composites [19], [20]. Few reliable experimental data are 
available in the literature on clay soil stabilization by rice 
straw for banco constructions in Benin. 

The objective of this work is to study the influence of rice 
straw used as reinforcement in the adobe blocks and to 
determine an optimal proportion of better mechanical 
resistance. 

II. MATERIALS AND METHODS 

A. Materials 

 The banco of the present study is a mixture of clay sand, 
stalks of rice straw, and water as shown in Figure 1. These 
constituents are those indicated in our previous work [16]. 

 
Figure 1: Materials used in investigations: sandy clay soil 

and rice straws 

1) Clay soil 
The clay soil used came from Abomey-Calavi (6 ° 27 

'north latitude and 2 ° 15' east longitude) in southern Benin. 
This clay soil was chosen because of its abundance and its 
traditional use to produce good quality adobes by the local 
population. 

The particle size distribution of the soil mixtures was 
analysed according to two techniques: the coarsest fraction (≥ 

80 μm) was analysed by wet sieving according to standard 
NF P 94-056, and the finer fraction (<80 μm) by pipette 

analysis according to standard NF P 94-057 (method based 
on measuring the sedimentation time of solid particles 
suspended in a water solution mixed with sodium 
hexametaphosphate as a deflocculating agent). But before, 
soil samples are sieved through a 5 mm sieve to remove large 
aggregates.  

Physical properties of clay soil were presented below in 
Table 1. 

Table 1: Physical properties of used clay soil. 
Property  Value Standard 
Content of fine elements and sand 
after grain size analysis 

 
NF EN 933-1 

• Clay soil (<0.2mm),% 41.77 
 

• Sand (>0.2mm),% 45 
Atterberg limits  NF P 94-051 

• Liquid limit (%) 33 
 • Plastic limit (%) 17 

• Plasticity index (PI) 16 
Proctor test  NF P 94-093 

• Optimum moisture content (OMC) 
(%) 

15.85 
 

• Maximum dry density (MDD) 
(kN/m3) 

18.8 

Specific gravity of soil solids (G) 2.64 NF EN 1097-6 
Loose bulk density 1,23  
Water content (%) 11.48 NF P 18-555 

Classification 
Sandy 
Clay 
(A2 s) 

NF P 11-300 

2) Fibres of stalks of rice straw 
Rice straws weighing about 25 kg are harvested and then 

sun dried to constant weight. The stalks of the rice straws are 
separated and cut into pieces of 4 cm ± 1. The fibres are 
roughly crushed. An important characteristic of vegetable 
fibres is the water absorption coefficient. To determine this 
water absorption coefficient, the fibres were immersed in 
water for different times (1 minute, 5 minutes, 15 minutes, 
one hour, 4 hours, 24 hours and 48 hours). The average 
absorption value of Zinvié rice straw at 24 hours is 285%. 

The physical properties of rice straw fibres have been 
presented in Table 2. 

Table 2: Physical properties of stalks of rice straws 
Characteristics Quantity Observation 
Loose bulk density (Mg/m3)              0,036 NF EN 1097-3 
Water absorption 
coefficient (%)         

252 NF P 18-555 

Diameter (mm) 1-5  
Length (mm) 30-50  

3) Specimen preparation 
We considered several formulations of the composite by 
varying the volume fraction of straw from 0 to 40% by 
volume of soil. The following percentages were considered: 0, 
20, 25, 30 and 37. 

For each volume fraction of fibres of rice straw, a set of 
three prismatic test pieces, 40×40×160 mm, were made with 
a mould inspired by the Guettala model [21] which together 
with the press formed a combination of extrusion and 
compression moulding. The applied stress was 1.5 MPa. The 
mechanical tests were made at 28 days of age of the 
specimens. The samples were stored under laboratory 
conditions until equilibrium moisture was reached 
(temperature 27 °C and 60% RH). Part of the tested 
specimens were presented in Figure 2. 

 
Figure 2: Prismatic specimens 

B. Experimental methods and procedures 

Measurements of apparent density, shrinkage rate and 
mechanical strengths were made on the test pieces made. 

 Physical property tests 
• The density of the specimens was determined according to 

BS EN 771-1. The test pieces were weighed and 
measured. The apparent density was determined by the 
ratio of the mass (in equilibrium with the relative 
humidity of the environment) and the volume of the 
specimens. The results were expressed in kg/m3. 

 
 
 

a- Sandy clay soil b-  Pieces of stalks of rice 
straws 
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The drying shrinkage of the test pieces is measured on 
both ends of each test piece and the total shrinkage is 

therefore the sum of the withdrawals at each end ( 
• Figure 3). The results were expressed in%. 

The workability of the mixture was followed during the 
preparation of the mixture and the manufacture of the 
samples. During drying, until the equilibrium with the 
relative humidity of the environment is reached, the 
appearance and development of the cracks have been 
followed visually. 

 
 
 
 
 

Figure 3: Measurement of drying shrinkage of a sample 
 
1) Mechanical properties tests 

The mechanical three-point bending test was performed to 
determine the bending tensile strength, Rf. On the two 
resulting halves of the test pieces after the previous test, the 
compressive strength, Rc, is determined. Mechanical tests of 
three-point bending, and simple compression were performed 
using a 3R multifunction press with a speed of 0.2 mm / min 
and a maximum load of 250 kN. Flexural strength and 
compressive strength were calculated according to XP 
P13-901 with equations (1) and (2). 

3

1,5 f
f

F l
R

b  

(1) 

 

1600
c

c

F
R =  (2) 

where: 
Rf – bending strength (MPa), b- the side of the prism square 
section (mm); Ff - the failure load applied in the middle of the 
prism (N), l - distance between supports (mm) 
Rc - compressive strength (MPa), Fc - the failure load (N), 
1600 = 40x40 mm - platens area or auxiliary plates (mm2). 

 

Figure 4: Testing procedures 

III. RESULT AND ANALYSES 

A. Physical property 

The results obtained from dry density and drying shrinkage 
tests are shown in Table 4. The density of the reinforced soil 
specimens decreases with increasing straw content. The 
density reduction varied between 10 and 13%. Similar trends 
have been observed in previous studies [22], [23]  of soil 
blocks / bricks reinforced with other natural fibres. The 
addition of rice straw to adobe blocks causes the density of 
the composite to drop due to the low density of these 
inclusions. 

The results reported in also indicate that the linear 
shrinkage of test pieces with different volume fractions of 
rice straws decreased with the increase in straw content. 

By incorporating coconut and oil palm fibres into adobe 
blocks, Danso et al [9] have also observed a significant 
improvement in physical properties. 

The addition of the fibres reduces the drying shrinkage of 
the adobes because these fibres and straws resist the 
deformation of the soil matrix by friction. 

 
Figure 5: influence of straw proportion on density and 

drying shrinkage 

B. Mechanical properties 

The compressive strength of banco specimens increased 
with a rice straw fibre content ranging from 20 to 25% by 
volume, and then began to decrease, as shown in Figure 6.  

This trend is consistent with previous studies  who used 
other fibres or straws in soil blocks where optimal resistance 
was followed by a subsequent drop in fibre inclusions or 
straws higher. An inflection point on the variation curve of 
the compressive strength of the composites is observed at 
25% of rice straw. The optimum increase in compressive 
strength was 63% compared to the control sample. This is 
justified by the good ground-straw adhesion which also 
prevents the propagation of cracks in the adobe blocks. These 
fibres form indeed bridges between the cracks and thus 
contribute to the improvement of the resistance. Conversely, 
after a critical point [9], resulting in a reduction of cohesion 
with the soil [46] and a rupture of the clay matrix [24], the 
clay-straw composite is weakened. It is also likely that the 
presence of a greater number of pores due to the increase in 
the straw content in the composite could lead to a reduction 
of the resistances. 
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The results of the tensile strength tests are shown in Figure 
6. Contrary to the compression behaviour, the tensile strength 
has an evolutionary shape up to 37% straw in volume of soil. 

 

 
Figure 6: Variation of compressive strength and flexural 

tensile strength depending of the straw content 

In order to determine an optimal rice straw content, a cross 
analysis of the different experimental results obtained for the 
mechanical strengths, the density and the rate of shrinkage. 

Since the main stress to which adobe is subjected as a 
construction material is compressive stress, the optimal 
addition of rice straw in the clay matrix for better 
compromise mechanical strength, density and shrinkage is 25 
% by volume of soil. 

It is noticed during the loading of the adobe specimens 
with addition of straw to different proportions the progressive 
appearance of microcracks contrary to the adobe specimens 
without addition of which the rupture is abrupt (Figure 7). 
Because of their good tensile strength, the straws oppose the 
propagation of cracks. This justifies the improvement of the 
compressive strength of adobes with the addition of rice 
straws. The presence of straw gives the adobe blocks, initially 
fragile, a ductile character. Bouhicha et al. [25], Cai et al. [26] 
and Danso et al. [17] made the same observations with the 
addition of various natural fibres. 

 

 

IV. CONCLUSION 

This study shows the influence of rice straw as reinforcing 
material in the clay matrix through parameters such as 
density, drying shrinkage and mechanical properties. We 
then determined the optimal proportion of straw for a 
compromise between these different parameters. 

The results of this experimental study can be summarized 
as follows: 

(1) The saturation of the straw is positive on the earth-straw 
mixture. It avoids the phenomenon of water absorption in 

the clay matrix and therefore a too brutal drying. 
(2) As the straw content increases, the rate of shrinkage 

decreases. 
(3) Experimental results showed a reduction in density, 

workability, shrinkage, drying and cracking as the 
amount of straw increased in the mixture. 

(4) The addition of straw to the clay soil usually improves the 
mechanical performance of the clay. 

(5) The good tensile strength of the straws and the strong bond 
between the soil and the rice straws give the adobe blocks 
a good ductility in traction. 

(6) The flexural strength increases constantly with the addition 
of straw; which shows that straw brings ductility to the 
earth. The composite is more resistant to traction. 

(7) Reinforced samples with different straw proportions show 
an increase in compression values at a specific point 
beyond which they begin to decrease. The compressive 
strengths have a Gaussian evolution. At 25% rice straw, 
there is a point of inflection on the curves of variation of 
the compressive strength. This gives an idea of the 
optimal proportion of rice straw to strengthen the soil and 
increase its value of compressive strength for practical 
purposes. 

(8) To obtain optimal mechanical behaviour of clay soil 
mixtures and rice straw, a quantity of 25% by volume of 
short straws (40 mm) is recommended. 
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