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Abstract 

This research studies the effect of Terrasil, a nanotechnology water-soluble product, on the properties of the mud-

brick produced from a lateritic deposit in Ona – Egbo, Ilaro, Ogun State, Nigeria. The soil samples were subjected to 

initial tests such as Natural Moisture Content, Particle Size Distribution, Specific gravity and Atterberg Limits in 

accordance with BS 1377. The resultant mud bricks from the sampled soil were subjected to engineering behaviour 

analyses such as total water absorption, capillary rise and compressive strength tests. Results show that the mud-

brick is made up of soil containing 5.6% gravel, 77.4% sand, 9% silts and 8% clay. The soil is clayey sand of low 

plasticity with a plasticity index of 10% that does not meet the recommendation for mud brick.  Water absorption, 

capillary rise and compressive strength show a positive correlation with the increase in terrasil concentration in the 

tested bricks. The compressive strength limit attained, however, failed to meet with the recommended value, but 

there is a tendency of improving with further studies. This research is however helpful in improving the durability of 

mud brick hence increasing the economic value of brick and thereby providing another vocational opportunity for 

the people.  

Keywords: Terrasil, mud brick, water absorption, capillary rise and compressive strength 

 

Introduction 

Lateritic soils are extensively used as a building material, for embankment dams, fill materials for foundations, and 

roads (Okogbue, Aghamelu and Magasi 2020). Mud-brick mainly made up of lateritic soil, water and sometimes 

specific stabilizer, is widely used in house construction in rural areas. It is one of the oldest building materials, and it 

can be said that the level of technology attained in the construction industry today, especially in the building 

construction, originated from the use of mud as the building material (West African Technical Report, 2004). 

According to Abdullah et al. (2017), the inherent advantage of employing mud-brick is that it utilizes local materials 

and reduces transportation costs since the production is on-site. Other benefits include faster production, and easier 

construction method that generally requires less skilled labour, and local economy generation rather than spending 

for imported materials (Deboucha and Hashim, 2010; Fetra et al., 2011; Nagaraja et al., 2018). Guillaud et al. (1985) 

reported that the mud-brick wall costs 32% less than sand–cement blocks. According to Al-Ajmi et al. (2016), "there 

are many disadvantages in using mud bricks as building materials which include erosion under rain impact; 

absorption of water which causes swelling of the brick, while evaporation of water from the mud-brick gives rise to 

shrinkage and cracking; and mud-brick is a relatively fragile material, which cannot resist earthquake hazards”. 

Recently, with the evolving trend in sustainability and the need to develop more civil engineering materials to help 

the construction industry in bridging the housing deficit gap, studies are in progress on the stabilization of mud brick 

with several binding materials without losing its thermal property.  

  

Stulz and Mukerji (1993) refer to mud-brick as compressed stabilized earth bricks (CSEB) and consequently defined 

it as "masonry elements, which are small in size with regular and verified characteristics obtained by the static or 

dynamic compression of the earth in a humid state followed by immediate de-moulding". Aderinola and Nnochiri 

(2017) reported that terrasil is a water-soluble compound which forms water clear solution. Its nanotechnology 

offers a permanent water repellent nano-layer on all types of soils, aggregates and other inorganic road construction 
materials (Zydex Industries). The reaction leads to permanent nano-siliconization of the surfaces by converting the 

water-loving silanol groups' to water repellent siloxane bonds. The siloxane is non-leachable as it chemically binds 

to surfaces permanently. Terrasil is defined according to Sridharan (2004) as an organo-silane compound which 

reacts with soil particles and forms hydrophobic (oily) layers on the surface of the soil and clay particles. This 

makes soil particles water insensitive and can be compacted to a better particle interlock state by equipment and 
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traffic forces. Terrasil can treat material ranging from clays to silty sand and gravel. This research, however, studied 

the impact of terrasil on the properties of mud brick made from laterite abstracted from a borrow pit in Ona-Egbo, 

Ilaro. 

 

Materials and Methods 

 

Materials 

 

The following materials were used in the research: Soil sample, Terrasil, Distilled water and Brick mould. 

 

Soil Sample 

The soil sample used in the study was brownish-red soil taken from a burrow pit at Ona-Egbo (long. 6
o
54

'
8.23

" 
N, 

lat. 3
o
00

'
43.98

" 
E) Ilaro, Ogun State southwestern Nigeria (see Fig. 2). The sample taken from the burrow was 

subjected to preliminary tests.  

 

 
Fig. 1: Soil Sample  Fig.2: Site of the soil sample abstraction (Source: Google map) 

 

Terrasil  

Terrasil is a commercially available chemical stabilizer which is used in the present investigation. It is available in 

concentrated liquid form and is to be mixed with water in specified proportion before mixing with the soil 

(Aderinola and Nnochiri, 2017). It is a pale yellow liquid with about 68 % solid content and a specific gravity of 

1.01.  

 

Methods 

Preliminary tests such as Natural Moisture Content test, Particle Size Distribution test, Specific gravity and 

Atterberg Limits test were performed on the lateritic sample for the determination of its index properties in 

accordance with procedures set out in BS1377-1990. 

 

Solutions of terrasil (terrasil/water) of varying concentrations of 0%, 0.2%, 0.3%, 0.4%, 0.5% and 0.6% were 

prepared and added to the soil sample passing through 2mm diameter hole for moulding mud bricks of dimensions 

285mm x 135mm x 85mm. A workable soil mixture made of the terrasil solution - laterite mixture at ratio of 1:10 

with the different concentration of varying from 0%, 0.2%, 0.3%, 0.4%, 0.5% and 0.6% were made. Thorough 

mixing was done continuously for 10 minutes in batches to achieve a uniform homogenous paste. Fifty-four (54) 

bricks of well compacted 285mm x 135mm x 85mm were cast. The bricks were carefully de-moulded and exposed 

to direct sunlight in a shielded area for 4weeks (28days) to lose sufficient moisture, thereby, gaining more strength 

complying with IS1725 Standard before carrying out a specific test. 
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Fig. 3:   Mud-brick moulding and drying. 

 

Fifty-four (54) bricks at 28 days were tested for water absorption, capillary and compressive strength at three (3) 

samples each of the six (6) different types of sample composition following the standard practice (BS EN 772-

21:2011 and BS EN 772-11:2011 

 

Results and Discussion 

The results of the preliminary tests carried out for identification and classification as well as effects of water 

absorption, and compressive strength are as presented below: 

 

Classification (Preliminary) Tests 

From Table 2, the studied sample was reddish-brown, with its natural moisture content of 18.2%. The moisture 

content is a function of the void ratios, the higher the void ratio, the higher the tendency for the soil to have high 

moisture content. The high moisture content of the soil sample indicated the climatic condition of the study area 

(Amu et al., 2011). The sieve analysis shows the proportion of the composition of the grains. The proportion of 

particle size more than 2mm (gravel) of the sample is 5.6 %, while that lesser than 2mm but greater than 0.02mm, 

which represents sand is 77.4%. This shows that the sample is predominantly sand. Silt is just 9% content of the 

sample while clay which is expected to be binder is 8%. Delgado and Guerrero, 2007 agreed that the clay content in 

the soil for brick moulding must be within 10 - 22% while clay content above 25% is detrimental in mud-brick 

(icomos international). However, clay is susceptible to shrinkage; hence the higher it's content in any laterite the 

poor the material for mud brick. Also, insufficient clay could lead to the disintegration of the brick as a result of 

inadequate binding. Though the sand content may be necessary for imparting strength to the brick, and improperly 

bonded brick is also not desirable. The clay content, 8%, in the soil employed in this study can, however, be 

described not too suitable for mud brick. 

 

The specific gravity of the soil is 2.62, which lies within the range for clay minerals, although at the extreme lowest 

(2.62-2.76) (Das 2002.). The development of the Atterberg Limits test shows that the Liquid Limit (L.L.), Plastic 

Limit (P.L.) and Plasticity Index (P.I.) of the soil sample is 32%, 22% and 10% respectively. According to Whitlow 

(1995), liquid limit less than 35% indicates low plasticity, between 35% and 50% suggests intermediate plasticity, 

between 50% and 70% high plasticity and between 70% and 90% very high plasticity and greater than 90% too high 

plasticity. This shows that the soil sample has low plasticity. From the Cassangrande plasticity chart, the soil is also 

classified as clay of low plasticity. The USCS classified the soil as clayey sand or sand-clay mixtures and based on 

the AASHTO system of classification the sample was further classified as A-2-4, which indicates the sample is 

relatively good for most geotechnical construction works but mud bricks since the clay content is low. It was found 

that the soil contains a little amount of clay hence its tendency for swelling has significantly been curtailed since the 

laterite is not in the high plasticity class and shrinkage is expected to be minimal since the clay content is not at a 

high level.  
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Fig. 4: Particle Size Distribution Curve 

 

 

Table 1:  Summary of properties of soil sample 

Properties Value 

Colour 

Natural Moisture Content (%) 

Gravel (%) Ɵ > 2mm 

Sand (%) 2mm > Ɵ > 0.02mm 

Silts (%) 0.02mm > Ɵ > 0.002mm 

Clay (%) Ɵ < 0.002mm 

Specific gravity 

Shrinkage Limit (%) 

Plastic Limit (%) 

Liquid Limit (%) 

Plasticity Index (%) 

Coefficient uniformity 

Coefficient of curvature 

AASHTO classifications 

USCS classifications 

Casagrande plasticity chart 

Reddish-brown 

18.2 

5.6 

77.4 

9 

8 

2.67 

5 

22 

32 

10  

15.05  

3.6 

A-2-4 

SC (clayey sand or sand-clay mixtures) 

CL (clay of low plasticity) 

 

Absorption Test 

Almost all earth blocks can absorb water by capillarity. The existence of pores of varying magnitudes in these 

materials confers marked capillarity in them. The total amount of water absorbed is a useful measure of brick 

quality. The total volume of voids (or pore space) in a block can be estimated by the amount of water it can absorb. 

Without the addition of terrasil, that is at 0%, and the percentage water absorption is 12.6% which naturally satisfies 

the water absorption criteria as per I.S. specification, (Venkatarama Reddy and Gupta, 2008). The maximum 

allowable percentage of water absorption is 15%. 
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Fig.5: Average total water absorption 

 

Fig. 5 shows that none of the bricks failed in the test, since the water absorption rate of the bricks were lower than 

the standard allowable value. Also, there exists a nearly linear decrease in water absorption with an increase in 

terrasil treatment with the optimum reduction in water absorption gotten at 0.6%. It could be concluded that the 

absorption property of the mud-brick improves with increase in terrasil addition. 

 

Capillary Test 

 

 
Fig. 6: Capillary Rise in Mud-brick 

 

Fig. 6 presents the summary of the capillary test results of the stabilised soil bricks. In general, the results show that 

terrasil-solution improve water penetration resistance of the mud bricks, compared with non-stabilised brick. It can 
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be seen that the capillary rise of water of the soil bricks decreased with the increase in terrasil content. The low 

capillary rise in the mud bricks with increased concentration of the terrasil in the mud bricks content may be 

attributed to the generation of hydrophobic silinol on the surface of the mud-brick which inhibits the rising of water 

in mud brick. The decrease in capillary rise is almost of a linear relationship. This implies that the higher the 

concentration of terrasil, the lower the water rises in the mud-brick. 

 

Compressive Strength 

The maximum compressive strength value obtained was 1.23N/mm
2 

(See Fig. 7) for the mud-brick with 0.6% 

terrasil treatment. As per IS 1725, the compressive strength range expected of mud block is between 2-3 N/mm
2 

(Venkatarama Reddy and Gupta, 2008). The ratio of sand to mud in the sample was found out to be 4.6. However, 

Al-Ajmi et al. (2016) found out that the optimum sand-mud ratio is 0.15 for mud brick and that any increase in the 

ratio would lead to a decrease in compressive strength. The bricks (0, 0.1, 0.2…..0.6%) failed the compressive 

strength test as they could not meet the maximum strength specified for mud brick. This could, however, be 

associated with the improper composition of the particle size distribution of the. The result obtained after crushing 

the cubes is as shown below: 
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Figure 7: Compressive Strength Result 

 

Nevertheless, a nearly linear correlation exists between the terrasil treatment and the compressive strength with the 

optimum strength at the highest percentage of 0.6, the sealant treatment, therefore, proved an improver of the 

compressive strength as the strength improved with increment in terrasil treatment. 

Moreover, it could be suggested that a further increase in the percentage of the terrasil will lead to an increase in the 

compressive strength until it complies with IS 1725 standard. 

 

Conclusions 

The total water absorption, capillary rise and compressive strength of mud brick were examined in this study. The 

primary contents of the brick samples were mud, sand, and water and terrasil. The impact of incremental terrasil 

concentration was observed in the brick mixture, sacrificing their thermal property. The following conclusions were 

drawn from the experiment: 

 The sandy component, though well-graded does not meet the standard specification required of mud-brick 

production. 
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 The natural soil, though meets the water absorption requirement of good mud brick, improves with terrasil 

treatment. 

 The soil, at its natural and treated forms, failed the compressive strength. 

 That terrasil can be said to have improved the mechanical properties of the mud-brick tested.    
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