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Abstract  The mud bricks are stabilized with a natural base (rice hull ash) in this study. To do this the raw materials used 

are clay: rice husks, caustic soda and water. The stabilizing solution used was obtained by mixing rice husk ash with caustic 

soda. Tests of measurements of physical characteristics such as natural water content, specific weight, particle size analysis, 

Atterberg limits, Proctor test, CBR were carried out. Mechanical tests such as simple compression and three-point bending 

were performed. The percentages used in the mechanical stabilization tests were 02%, 04%, 05%, 06%, and 08%. Three 

stabilization formulations were produced, the first 50% soda + 50% ash, the second 30% soda + 70% ash, and the third 20% 

soda + 80% ash. The water absorption for the hardness test was performed, and the results obtained give for the natural water 

content 17.5% and 18.1%, the specific weight 2.425 𝑇/𝑚3 and 2.433 𝑇/𝑚3, the particle size analysis 0.6% and 1% of 

gravel, 58.5% and 71.4% of sand, 4% and 6% silt, 22% and 36.5% clay, the Atterberg limits give 57.6% and 58.7% liquid 

limit, 34.8% and 31.8% plastic limit, 22.7% and 26.9% plasticity index, the Proctor trial gives 18.8% and 19% of optimum 

water content, 1.801 𝑔/𝑐𝑚3 and 1.806 𝑔/𝑐𝑚3 of maximum dry density, the CBR gives 7.1 and 7.8 of plasticity index. The 

results found for the mechanical tests give a compressive strength at 28 days of 2.70MPa, 4.10MPa, and 6.28 MPa, the 

flexural strength of 1.98MPa and 2MPa. All bricks are tested for compression as well as bending at 7 days, 14 days and 28 

days. The results obtained show that the dosage at 5% of the mixture is optimal; it gives a compressive strength of 2.5MPa at 

7 days, 3.68MPa at 14 days and 6.68 MPa at 28 days. For the immersion test, bricks without sodium silicate will dissolve after 

a few minutes, while those containing this mixture will not dissolve and have no defects. Also, it should be noted the low 

water absorption of the brick containing sodium silicate during their immersion compared to the brick without sodium 

silicate.  
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1. Introduction 

Earth is the oldest natural material that humans use to 

build their homes. It is available almost everywhere in the 

world and its operation does not require special effort or 

extensive knowledge. Human use of clay, mainly in the 

production of building materials, dates back centuries. 

Therefore, clay is considered as the raw material in the 

production of earthen bricks [1]. Clay is an abundant 

material with several qualities. It is estimated that a third of 

the world's population lives under roofs constructed from 

clay. About half of the population of developing countries and 

at least 20% of city dwellers live in earthen constructions [2]. 
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The construction materials sector in Cameroon remains 

dominated by materials imported or manufactured locally 

but the cost continues to increase. Thus, sustainable 

development in Cameroon goes through the valuation of 

local materials given their ease of obtaining. The use of 

materials derived from concrete and its derivatives has 

gradually become necessary for reasons of properties and 

modernity compared to local materials, especially in Central 

Africa. However, point out that the construction of concrete 

habitats is expensive in developing countries and has a 

strong environmental impact [3]. Materials such as cement 

blocks are generally used in Cameroon as part of building 

construction projects and more specifically in rural areas. 

However, at this level, the use of stabilized or unstabilized 

compressed earth blocks is less used, while the development 

of local secondary natural resources, often considered     

as waste, is a field of research for the development of 
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eco-friendly materials construction [4]. The compressed 

stabilized earth brick gives the vision of energy efficient 

buildings, at reduced costs and respectful of the environment 

in materials, globally contributing to sustainable development 

[5]. 

Although earthen construction is generally profitable, its 

economic benefits depend on the nature and amount of 

binder used in the stabilization process [6]. The downside is 

that, when raw, this material does not always stand up to  

the elements. Thus, the research results have shown that   

the use of local building materials (BTC, adobes) gives   

the possibility of obtaining better thermal performance of  

the building compared to modern materials [7,8]. Thus,   

the durability of the structures built is feared. Many mud 

buildings (adobe) and particularly those built with materials 

without any associated treatment are doomed to serious 

problems of stability, progressive wear and even crumbling 

in the presence of a high level of humidity, especially in 

countries with high rainfall. The same phenomena are also 

observed in some buildings of stabilized earth bricks, 

especially when no surface treatment has been considered [9]. 

Thus, scientific studies have been carried out on the 

stabilization of raw earth by mineral binders (cement and 

lime) for the most part [10]. However, the use of these 

mineral binders in high proportions can call into question the 

ecological character of the material [11]. At the same time, 

certain traditional practices, particularly in developing 

countries, and some recent scientific studies have shown that 

the use of organic binders of natural origin could be a more 

virtuous alternative from an environmental point of view to 

mineral binders [12]. These organic products have very great 

diversity and therefore a significant potential for scientific 

study, like the variety of practices depending on the location 

of the globe [13]. 

We then find an interest in the use of materials of natural 

origin such as plants (wood, straw, hemp, flax, rice husks, 

etc.) which are renewable, recyclable and sustainable    

and can contribute to significantly limit greenhouse gas 

emissions thanks to their ability to trap CO2 [14]. Each year 

after the harvest, the rice husks are either thrown away or 

burned for lack of recycling, posing thus a threat to the 

environment. The objective of our study is to perform the 

physical and mechanical characterizations of an earth brick 

stabilized with sodium silicate from the ash of rice husks. To 

achieve this objective, the identification tests of the physical 

and mechanical properties will be carried out. 

2. Material and Experimental Procedure 

2.1. Materials Used in the Study 

The materials used in this research are: Earth (sandy clay), 

rice hull ash, caustic soda and tap water. 

2.1.1. Soil 

The soil used, as shown in Fig. 1 comes from the coastal 

region (Cameroon), it is chosen on the basis of its availability 

and abundance in the region. We took four soil samples at a 

place called Nkolbon just after the Chinese base located in 

Yassa by Douala 3rd. 

2.1.2. Study Area 

The localization map, as shown in Fig. 2, which is 

obtained using an electronic GPS gives us: 60 meters altitude 

and for the geographical coordinates 04°0'44.0856 ’North 

latitude and 09°48'34.90884’ East longitude. 

2.1.3. Rice Husks 

The rice husks used throughout this research were 

calcined at a temperature of 700°C for six hours to obtain ash 

[14]. Figures 3 and 4 shows the balls. 

2.1.4. Caustic Soda 

Caustic soda, also called sodium hydroxide, is an odourless 

white solid. Sodium hydroxide will be used throughout this 

research associated with the ash of rice husks to stabilize 

(BTC). Figure 5 shows caustic soda. 

 

 

Figure 1.  PER1, PER2 soil samples 
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Figure 2.  Location map of the sample collection site 

  

Figure 3.  Rice husks 

   

Figure 4.  Rice husk ash 
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Figure 5.  Caustic soda 

  

Figure 6.  Texture of caustic soda and rice husk ash 

2.2. Composition of Caustic Soda and Rice Husk Ash 

To continue this research in order to stabilize the earth 

bricks, the following different percentages are used: 02%, 

04%, 05%, 6% and 08% of sodium silicate. This formulation 

was made in order to analyze and assess the optimal value to 

be used for making quality bricks. 

  Sodium silicate: Sodium silicate is made by mixing 

caustic soda and the ash of rice husks. 

  Mixture of caustic soda and rice husk ash: in order to 

bring out the sodium silicate solution, this work was 

done in three different formulations, a composition of 

50% caustic soda and 50% rice hull ash , a composition 

of 30% caustic soda and 70% rice husk ash, a 

composition of 20% caustic soda and 80% rice husk ash. 

These compositions were made with the aim of finding 

the optimal formulation of the stabilizer (sodium silicate). 

This composition will be put into practice during the 

making of stabilized earth bricks while respecting the dosage 

parameters defined. Heat is observed when water is added to 

the mixture. Figure 6 shows the texture of the caustic soda 

(left) and rice husk center mixture (right). 

2.3. Characterization of Raw Materials 

Due to their significant heterogeneity, clay materials  

have been characterized in order to ensure their suitability 

for the production of stabilized earth bricks [15]. This 

characterization concerns the identification of terrestrial 

materials by physical tests experienced in the laboratory. 

Table 1 shows the summary of the physical properties of the 

soil samples taken in the laboratory such as: natural water 

content, specific gravity, particle size analysis, Atterberg 

limits, proctor test, and CBR test. 

Table 1.  Physical properties of the soil samples under consideration 

Parameters PER1 PER2 

Natural water content 17.5% 18.1% 

Gravel rate 01% 0.6% 

Sand rate 58.5% 71.4% 

Limon rate 04% 06% 

Clay rate 36.5% 22% 

liquidity limit 57.6% 58.7% 

plasticity limit 34.4% 31.8% 

Plasticity index 22.7% 26.9% 

Optimal water content 18.8% 19% 

Dry density 1.806g/cm3 1.801g/cm3 

CBR Index 7.8 7.1 
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2.4. Preparation of Compressed Stabilized Earth Block 

Samples 

The manufacture of stabilized earth bricks is based on the 

principle of clay-sandy compaction, optimized matrices 

according to the water content and the grain size of the 

mixture [16]. 

It is carried out in 3 stages: preparation of the soil material 

(see Figs. 7 and 8) from which the samples were extracted by 

surface excavation, compression of the mixture introduced 

into a 22 × 10 × 5 cm3 mould and hardening for flexion tests, 

and into cylindrical mould for compression tests. Referring 

to previous studies conducted with straw as stabilizers for 

clay bricks; indicate that the presence of these straws will 

prevent the shrinkage and swelling responsible for cracks, 

thus improving the physical properties and mechanical 

resistance [17]. In soil preparation, it must be given an 

appropriate compressive load to obtain the best results after 

the mixture is placed in the mould [5]. 

 

Figure 7.  Weighing and mixing the soil 

 

(a)           (b) 

Figure 8.  Preparations of test pieces (a). Test pieces produced and put to drying (b) 

 

(a)           (b) 

Figure 9.  Weighing of the test piece (a). Test pieces produced and put to drying (b) 
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Figure 10.  Compression test apparatus 

 

Figure 11.  Bending test device 

In order to achieve the BTCs, static compaction was 

applied to the mixtures, according to the centre for 

development of enterprise (C.D.E) method, applied in 

literature [18]. This is done by applying a uniform load to the 

mixture to optimize the use of the properties of compressed 

earth bricks based on the result of the standard Proctor test. 

Compression of the mixture was necessary to achieve 

preferred properties and to limit production costs in order to 

extend the use of stabilized bricks to all types of bricks [19]. 

2.5. Preparation of Test Specimens 

Table 2.  Preparation of specimens for mechanical characterizations 

Formulation Number of samples 

100% clay + 12.5% water 12 

98% clay + 2% stabilizing +12.5% water 12 

96% clay + 4% stabilizing +12.5% water 12 

95% clay + 5% stabilizing +12.5% water 12 

94% clay + 6% stabilizing +12.5% water 12 

Total 60 

Paper and plastic are placed inside the mould to prevent 

the clay from sticking to the wall. Compaction starts by 

dropping the ram on the material up to 25 times per layer 

(Figure 8a). Once the compaction of three layers is complete, 

the test piece will be removed from the mould, weighed 

(Fig.9 a), then placed on a bench for drying in the open air or 

in an oven at 105°C until a constant dry mass is obtained 

(Figure 9 b). A total of 60 test tubes were made and crushed 

at different ages. Details are given in Tab. 2. 

2.6. Mechanical Testing 

The mechanical study of bricks is made by simple 

compression and bending by three bridges. 

2.6.1. Simple Compression Test [20] (NF P 94-077) 

In this test, the compressive strength of unstabilized and 

stabilized raw earth bricks is carried out in order to check 

their quality and resistance to compression (see Fig. 10). The 

compressive strength will be measured during crushing of 

the test pieces after a period of 7 days, 14 days and 28 days 

for this work. The test consists of subjecting the specimen or 

brick to a continuous and progressive load using an 

electro-hydraulic press of the FORM TEST type until it is 

crushed. Compressive strength is the ratio of the breaking 

load to the cross section of the specimen. Designating by S 
 𝑚𝑚2  the surface of the parallelepipedal specimen and by 

F (𝑁) the maximum load it supports until failure. Hence the 

compressive strength expressed in (Mpa) is 

 𝑅𝑐 =  𝐹𝑐 / 𝑆.   (1) 

2.6.2. Three-point bending test [21] (NF B 51-008) 

Bending strength tests are carried out on blocks of 

dimensions 1604040 mm3 using an electro-hydraulic 

press as shown in Fig. 11. The test piece is placed on two 

metal rods 50 mm apart on the lower plate of the machine;  
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A third rod, on which pressure will be exerted, is then placed 

on top of the test tube. At failure, the maximum tensile stress 

due to bending is calculated from the equation below: 

 𝜎𝑚𝑎𝑥 =
3

2
 
𝐿𝐹𝑚𝑎𝑥

𝑏×𝑒2   (2) 

With, 𝜎𝑚𝑎𝑥  (MPa) the flexural strength at three points; 

𝐹𝑚𝑎𝑥  (N): the breaking force; L (mm): the length of the BTC; 

b (mm): the width of the BTC; and e (mm): the thickness of 

the BTC. 

2.6.3. Water Absorption Test 

Water absorption by immersion is the result of capillary 

movements in the pores of the brick which are open to the 

surrounding environment. Being a picture of porosity, water 

absorption is therefore used as one of the important 

indicators of the quality of the brick. The operations are 

performed in the following order during our work: 

-  Immersion in a water tank for a minimum of 48 hours or 

until constant wet mass. Before weighing to the nearest 

gram, the test pieces are carefully wiped with a cloth 

absorbing all surface water; 

-  Drying for a minimum of 72 hours or to a constant dry 

mass in a ventilated oven, the temperature of which is 

maintained at 105°C; 

-  The mass is considered constant when two successive 

weighings 24 hours apart do not give significant 

difference, not more than 0.1%; 

-  The water absorption rate by immersion (Ta%) is the 

percentage of the dry mass calculated by the following 

relationship:  

  𝑇𝑎  % =  100 × 
(𝑚ℎ − 𝑚𝑠)

𝑚𝑠
  (3) 

With 𝒎𝒉: The constant wet mass of the test specimen 

after immersion; 𝒎𝒔: The constant dry mass of the test piece 

after drying in an oven. 

3. Results and Discussions 

In this section, the results obtained from the tests 

described in the previous section are presented. 

3.1. Compression Test 

The results of the compression test for different admixture 

are shown in Fig. 12 for 50% soda and 50% ash, in Fig. 13 

for 30% soda and 70% ash, and in Fig. 14 for 20% soda   

and 80% ash. From these figures, it is obvious that the 

compression strength found from the admixture of 50% soda 

and 50% ash are lower than that of 30% soda and 70% ash. 

however, the results of the dosage of (20% soda and 80% ash) 

are improved compared to the two other cases. The first 

formulation gives an optimal result at 28 days of 2.70 MPa 

which corresponds to (05% and 06%); The second gives   

an optimal result of 4.10 MPa at 28 days which also 

corresponds to 05%; however the third formulation gives an 

optimal result at 28 days of 6.68 MPa for the proportions of 

(05% and 06%). Following these different results, the third 

formulation could be adopted because the dosage at 5% 

gives the improved values. Thus, the dosage adopted for 

making quality bricks is 5%. One also notices that, the more 

the percentage of sodium silicate increases and the more  

the resistance decreases from 8%, this is justified by the 

appearing of cracks on the bricks of 8% before crushing from 

21 days and a deformation of the brick. Taken together, these 

results suggest that sodium silicate appears to be the essential 

element in the optimization of formulations and, therefore,  

it contributes to improving the mechanical performance of 

mud bricks in compression. However, the mechanical 

characteristics obtained on the stabilization of clay by Arabic 

gum gave a resistance from 1.67 MPa to 3.25 MPa [2]. These 

results are similar to those obtained with the second 

formulation; with a compressive strength at 28 days from 

2.91 to 4.10 MPa. In addition, the results of the third formulation 

are improved even, giving a compressive strength of 6.68 

MPa at 28 days, which are better as compared to result found 

in [9] for earthen brick stabilized using sugar cane molasses, 

which gave a compressive strength at 28 days between 4.65 

and 4.85 MPa. The results found in [9] for 8% of sodium 

silicate at 28 days gave the compressive strength of 4.45 

MPa. The mechanical characteristics of bricks in compressed 

sand and laterite mortars stabilized with cement gave 2.55 

MPa and 7.90 MPa. The results found here remain acceptable 

at 28 days of 6.68 MPa as compared to the latter [22]. 

Moreover, undertaken work of the fly-ashes - lime used to 

stabilize the lateral soil blocks subjected to alternating cycles 

of wetting and drying gave resistances of 3.12 and 3.04 MPa 

[23], which is small as compared to result found here at 28 

days. The results found here offer better compression strength 

as compared to several works carried out in the literature 

[24,25]. 

3.2. Bending Test 

The results of the bending test as shown in Fig.15 give 

values in the order of 25% to 30% compared to the results 

obtained in compression. These values are justified by the 

fact that bricks resist better in compression than in bending. 

It should be noted that the earthen brick stabilized      

with sodium silicate has a maximum which varies between 

1.90 and 2 MPa at 28 days, respectively for the dosages of  

5% and 6%. The results of the bending test are similar to 

those found in [28], in what concern the effect of length   

and content of bamboo fibers on the physico-mechanical  

and hygroscopic properties of compressed earth blocks  

(BTC) used in construction, in which the bending strength  

at 28 days was 2 Mpa. Other studies made on the mechanical 

and thermal characterization of compact blocks in clayey  

soil with the addition of wood ash gave a bending strength  

at 28 days of 2.6 MPa which is comparable with the     

best value of flexural strength, which is 2 MPa obtained at 28 

days [25]. 
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Figure 12.  Compressive strength for the admixture of (50% soda and 50% ash) 

 

Figure 13.  Compressive strength for the admixture of (30% soda and 70% ash) 

 

Figure 14.  Compressive strength for the admixture of (20% soda and 80% ash) 
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Figure 15.  Flexural strength 

 

Figure 16.  Water absorption rate as a function of time (min) 

 

3.3. Water Absorption 

The results of the water absorption rate (Fig. 16) show   

a change in the water content over time. It is noted that 

stabilized earth bricks have a low water absorption rate 

compared to unstabilized earth bricks. The amount of water 

absorbed by capillary action decreases as the sodium silicate 

content is increased. The unstabilized brick has a water 

absorption rate of 12.8%, while the stabilized brick has a 

water absorption rate that varies between 5% and 10%. Note 

that the mud brick stabilized at 06% at a water absorption  

rate of 5%, while the one stabilized at 08% at a water absorption 

rate of 7.4%. Following these results, we can notice that the 

percentage of sodium silicate from 06% is optimal because 

beyond 05% and 06% the water absorption rate begins to 

increase. However, we note that the water absorption rate of 

8% is higher than the contents of 05% and 06%, so from 05% 

we can ensure quality bricks. We also note that, for treated 

earth bricks, the water absorption rate is practically constant 

beyond sodium silicate content of the order of 05% and 06%. 

It can be seen in Figure 16 that for a sodium silicate content 

varying from 04 to 06%, the water absorption rate drops 

sharply. For all exposure times, this water absorption rate is 

practically stable when the silicate content is in the range 04 

to 06%. The quantity of water absorbed by capillarity is then 

very low between (0.8 and 1.2%), which suggests a better 

durability for a material with a sodium silicate content in  

the range (05 - 06%), constituting l building envelope 

capable of receiving rainwater. We can therefore observe 

that the addition of sodium silicate decreases the absorption 

rate of BTC. We observe that 0% of sodium silicate 

corresponds to 12.5% of absorption rate, 2% of sodium 

silicate corresponds to 11% of absorption rate, i.e. a decrease 

of 1%, value which is within the acceptable range of water 

absorption which is 10% to 20%, and therefore, meets the 

minimum requirements for use in construction [27]. 
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4. Conclusions 

The objective of this study was the stabilizing of the earth 

bricks by incorporating sodium silicate and rice husk ash. 

The samples for this study were taken in the city of Douala 

(economic capital of Cameroon), specifically in Yassa at   

a place called Nkolbon in the third district of Douala.    

The samples were taken at two points called here PER1 and 

PER2, 200 m apart at a depth of 1m and 1.5m. These samples 

after collection were immediately brought to LABOGENIE 

in Douala for various tests. Fieldwork shows that raw 

materials for bricks do not have a prior study from which the 

samples are analyzed in the laboratory. Laboratory tests were 

performed on measurements of the physical characteristics 

of soil samples, mechanical, and water absorption hardness tests.  

Laboratory tests on samples show natural water contents 

of 17.5% and 18.1%. The specific weight gives 2.424 T/m3 

and 2.427 T/m3. Particle size analysis showed that the 

samples consist of gravel, sand, clay, silt in proportions of 

(0.6% -01%) for gravel, (58.5% -71.4%) for sand, (04% 

-06%) for silt and (22% -36.5%) for clay. The Atterberg limit 

tests allowed us to define the liquidity limit of the samples 

(57.6% -58.7%), the plasticity limit (31.8% -34.8%), and the 

plasticity index (22.7% -26.9%). Through the Casagrande 

apparatus we have carried out a classification of samples 

which present a character of very plastic loamy soils. The 

PROCTOR test gives an optimum water content of (18.8% 

-19%), the maximum dry density is (1.801 g/cm3-1.806 g/cm3). 

The CBR test gives the index of (7.1 and 7.8). The mechanical 

tests were the subject of this work on stabilization insofar as 

we made three formulations (50% soda - 50% ash), (30% 

soda - 70% ash), (20% soda - 80 % Ash) to find the improved 

results for quality bricks. The rates used for stabilization 

were 02%, 04%, 05%, 06%, and 08%. Thus, the compressive 

strength for this work was optimal on the formulation of  

(20% soda and 80% ash) with the results of 2.50 MPa, 3.68 

MPa and 6.68MPa respectively at 7 days, 14 days and 28 

days of age for a rarte of 5% stabilizer. The flexural strength 

gives 0.75MPa, 1.10MPa, 2.00 MPa at 7 days, 14 days   

and 28 days of age with 5% stabilizer. Water absorption 

consisted of evaluating the ability of the bricks  to absorb 

water after 28 days of age. The amount of water absorbed by 

capillary action decreases with the increasing of sodium 

silicate content. The unstabilized brick has a water 

absorption rate of 12.8%, while the stabilized brick has a 

water absorption rate that varies between 05% and 10%. 

Note, sodium silicate stabilization dramatically improves 

strength and reduces total immersion water absorption which 

is much lower in the case of high percentage bricks than   

in the low percentage case. For the future works, it should  

be interesting to better characterize this type of brick;     

by carrying out other tests such as: shrinkage and swelling, 

thermal study, impact resistance, as well as erosion. 
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