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ABSTRACT 

The global environment is witnessing rapid negative charges caused by human activities 

and natural hazards. The development of alternative indigenous building materials will 

help mitigate environmental pollution and climate change. The Compressed Stabilized 

Earth Block (CSEB) is an alternative walling material for sustainable building over the 

conventional sandcrete and burnt brick. CSEB is less expensive, use locally sourced raw 

materials and consumes less energy with reduced carbon emission at the production stage. 

The NBRRI interlocking CSEB is made of suitable soil (laterite) stabilized by cement of 

not less than 5% by weight with a minimum compaction effort of 3N/mm
2
. CSEBs are 

durable, non-toxic, good thermal insulators and aesthetically pleasing. 

 

Keywords: Thermal Insulation, Non-toxic, Aesthetics, durability 

 

 

 

1.0 INTRODUCTION 

The Nigerian Building & Road Research Institute (NBRRI) was established by the Federal 

Government of Nigeria to conduct integrated applied research and development in the 

building and construction sectors of the economy. NBRRI is geared towards evolving 

technologies and process to increase local content and capacity utilization of 

alternative/local building materials and evolving cost-effective methods of providing 

shelter. 

Earth has been widely used in building construction for thousands of years.  (Rigassi, 

1995) cited that earth is an effective economical and most abundant material available for 

housing construction globally. 
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 (Maton et al., 2008) cited that earth blocks technology has been utilized in housing 

one-third of the world’s population. Houben & Guillard (1994) also accerted that a modest 

30% of the world’s population lives in homes constructed on earth. 

Earth building techniques was commonly used in Nigeria until the influx of Portland 

cement into the country after independence. Brick for wall construction in Nigeria is of 

long proven use. Earth bricks are still mostly used for dwellings such as obtained in the 

rural housing which is mostly fire bricks. The air pollution from firing these bricks is 

posing serious health hazards. Firing bricks has also caused emission of Green House 

Gases (GHG) resulted in unusual climate changes as smog, acid rain and global warming. 

However, the chronicle problem of GHG emission and their impact has not been tackled 

properly. Several researchers addressed the amount of GHG emission and their impacts on 

human lives but only few researchers took the initiatives in developing eco-friendly bricks 

in economical and environmental concern. 

(Baba S.W. et al., 2013) citing B.S. 82 compared the energy consumed and CO2 emission 

in CSEB production against conventional wailing materials. CSEB create 22kg CO2/tonne 

compared to that of sandcrete block (143kg CO2/tonne), common burnt bricks (200kg 

CO
2
/tonne). 

From estimation by (Gonzallez N. et al., 2006), up to 30% reduction in CO2 emission are 

deducible from the choice and use of building materials with low conventional impact. 

Earth is generally considered to be heavy and of low strength. However, it can be 

stabilized and compressed to yield high compressive strength such as the Compressed 

Stabilized Earth Blocks (CSEB). CSEB is a block unit formed from a loose damp mixture 

of laterite, cement and water, which is then compacted mechanically to form a hydrated 

block that is characterized by higher compressed strength and improved durability as 

compared to a laterite block produced in similar manner without the addition of cement 

(Aleku, 2007). Studies have shown that CSEBs are durable, strong, cost effective and 

eco-friendly (Jagadish, 2007) 

The NBRRI interlocking CSEB is a technology that employs dry stacking of blocks with 

nor mortar needed for bonding of blocks during use in construction rather, blocks interlock 

via tongue and groove joints at the lateral and posterior positions. 

When performance and quality variables such as wet compressive strength, moisture 

movement, density, thermal conductivity and durability are considered, CSEB compared 

favourably with other wailing materials in common use (UNESCO, 2001)    

 

 

2.0 MATERIALS METHOD 

The NBRRI cement stabilized laterite bricks/block are based on the concept of 

Compressed Stabilized Earth Block (CSEB) and are produced by compressing a soil and 

cement mixture with suitable moisture content in the NBRRI interlocking Block making 
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machine. The machine has the basic advantage of impacting adequate compressive effort 

on blocks to achieve suitable and adequate strength for low cost housing  

Five stages are necessary for the production 

i. Preparation of Soil 

ii. Preparation of mix 

iii. compression of mix 

iv. Stacking of blocks 

v. Curing of blocks 

 

1.1 Production Material 

 

2.11 Laterite 

The raw material for the production of the NBRRI interlocking CSEBs are laterite soil. 

The basic raw material needed for the production of the NBRRI interlocking CSEB is the 

soil (laterite) with good grain size distribution and good cohesive performance. Laterite 

consists of gravel, sand, silt and clay. Thus in selecting the soil, care is taken to ensure that 

the soil contains the right proportions of gravel and sand on one hand and silt and clay on 

the other hand. The soil to be chosen should be free from organic matter. 

 

2.12 Stabilizer (Cement) 

The stabilizer used to produce NBRRI interlocking CSEB is ordinary Portland cement. 

 

2.13Water 

Clean and portable water is used. Water that contains salt and organic malter is avoided 

because it affects the binding qualities of cement. Generally sea and stagnant water are 

characterized by salt and organic malter respectively. 

 

2.2 Tools 

Depending on the volume of work, these includes; Shovels, sieve mesh, mechanical 

crusher, head pans, wheel barrows, soil mixer, filter mask, safety boots, graduated buckets, 

discarded engine oil, polythene sheet, helmet, iron square, plumb, measuring tape, ranging 

rod, towels, building line, brick brush, brick cutter/scrapper and NBRRI interlocking 

making machine. 
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2.3 Preparation Of Materials For The Block Production 

2.31 Sieving of Soil 

Usually when soil is brought from the field, it may contain boulder and lumps. To obtain a 

powdery material that can be efficiently mixed with stabilizer (cement) the soil has to be 

sieved. This is done manually or by passing the soil through a locally constructed sieve 

(8ft by 4ft) of mesh 8-12m. 

 

2.32 Covering of Materials 

Soil (Sieve and Unsieved) and cement are stock piled under a shade or covered with large 

sheet of nylon or tarpaulin especially during rainy season. 

 

2.33 Mixing materials 

Calibrated containers such as graduated buckets, head pans, wheel barrow are used to 

measure the exact quantity of required materials (i.e. laterite and cement). This is achieved 

by volume or weight. Mixing is done manually or in NBRRI laterite mixer machine. 

 

2.4 Ejection Of Blocks From The Machine  

When ejecting the blocks from the machine, the following points are taking into 

consideration: 

i. If cracks appears, the moisture content of the mix is checked and remix properly 

ii. If soil stocks to the mould, the moisture content and mix are check, then the 

mould is cleaned 

iii. If the edges are rough, the moisture content of the mix are checked, remixed and 

the mould cleaned 

 

2.5 Stacking 

The lower layers of the blocks in the stack are checked for cracking. If cracks appear it can 

be due to many reasons: 

i. The ground is rough, which can be corrected by leveling it with a layer of wet 

soil. 

ii. The stacking is too high and should be reduced, a stacking of up to 5 layers is 

recommended. 

 

 

2.6 Curing 

The stacked blocks are covered with polythene. If water drop are not seen on the internal 

surface of the polythene, the following are checked 
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i. The polythene may not be properly fixed and therefore allows water to evaporate 

ii. The polythene is leaving and should be changed. 

 

 

2.7 Field Pests On Raw Materials 

The suitability of the raw materials for the block production is checked on the field by 

simple preliminary tests. The necessary field test and procedure are hereby tabulated in 

Table 1 

 

Table 1: Recommended Field Tests 

S/N Raw Materials Test Procedure 

1 Cement Test for lump Place a small quantity of cement between the 

thumb and finger 

2 Water Test for salt Put a small quantity of water in an 

evaporating dish and evaporate to dryness and 

taste the residue 

3 Soil  Smell test Smell a moistened quantity of soil 

4  Bottle test i. Sieve a sample of soil 

 

ii. Fill a transparent bottle to height of 5cm 

with the sieved soil 

 

 

iii. Fill the bottle with water to 
3
/4 of its 

capacity 

 

iv. shake it vigorously for some times until 

the soil dissolved in water 

 

 

v. Shake it again and on a flat horizontal 

surface. 

 

3.0 RESULT & DISCUSSION 

 

Table 2: Recommended Field Tests Result 

S/N Raw Material Objective Observation Inference 

1 Cement To know the If any ball or The cement might have spoil 
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quantity of 

the cement 

lumps are not 

easily crushed 

between thumb 

and finger 

and should be avoided 

2 Water  To check for 

the presence 

of salt 

If the residue is 

salty 

Salt is present and the water 

should be avoided 

3 Soil To 

determine 

whether the 

soil contains 

organic or 

vegetable 

matters 

If the soil has a 

musty odour or 

smells earthy or 

plants 

The soil is organic and should 

be rejected 

4 Bottle Test To 

determine 

proportion 

or 

percentage 

of gravel, 

sand, silt and 

clay in the 

soil sample 

After complete  

settlement there 

will be 

separation 

between the 

gravel/sand and 

silt/clay 

When the sand/gravel portion 

measured with a ruler or 

measured tape from the 

bottom of the bottle is 

3.5-4.5cm (70-90%), the soil 

is ok. i.e., this leaves a 

silt/clay portion of 1.5-0.5cm 

(30-10%). If the sand/gravel is 

greater than 4.5cm, it means 

the sand/gravel is too much. 

Then the soil could be 

improved by adding a clayed 

soil or by increasing the 

stabilization, if the sand/gravel 

portion is less than 3.5cm, it 

means the sand/gravel is too 

low. Then the soil could be 

improved by adding a sandy 

soil or increased stabilization.  

 

Table 3: Technical Information on the NBRRI Interlocking Blocks Technology 

PROPERTY SPECIFICATION 

Size of Interlocking block (240 x 230 x 110)mm 

Raw Materials Laterite, cement & water 

% Stabilization 5% 
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Volume of laterite to 50kg of cement 9No. wheel-barrows (0.54m
3
) 

No. of blocks per 50kg bag of cement 70-80 blocks 

Curing Time 14days (minimum of 7 days) 

No. of  blocks/m
3
 wall 39 

Machine NBRRI Interlocking Blocks-making 

Machine 

 

Table 4: Properties of CSEB versus other wailing materials 

Property CSEB Fired clay 

bricks 

Calcium 

silicate 

bricks 

Dense 

concrete 

bricks 

Aerated 

concrete 

blocks 

Light 

weight 

concrete 

blocks 

Wet 

compressive 

strength 

(MN/m
2
) 

1-40 5-60 10-55 7-50 2-6 2-20 

Moisture 

movement (%) 

0.02-0.2 0.00-0.02 0.01-0.035 0.02-0.05 0.05-0.10 0.04-0.08 

Density 

(kg/m
3
) 

1700-2200 1400-2400 1600-2100 1700-2200 400-950 600-1600 

Thermal 

conductivity 

(w/m
o
c) 

0.81-1.04 0.70-1.30 1.10-1.60 1.00-1.70 0.10-0.20 0.15-0.70 

Durability 

against rain 

Excellent 

to very 

poor 

Good to 

very poor 

Good to 

moderate 

Good to 

poor 

Good to 

moderate 

Good to 

poor 

     (Source: UNESCO, 2001) 

 

3.0 DISCUSSION  

 

3.1 The Benefits Of The NBRRI Interlocking CSEB Over Sandcrete And Burnt 

Bricks  

 

3.11Durability 

One of the drawnbacks of using earth-alone as a walling material is its durability which is 

strongly related to its compressive strength. This is because most soils in their natural 

condition have the strength, dimensional stability and durability required for building 

instruction. Thus, there is need to stabilize in order to enhance its natural durability and 

strength. CSEB buildings are durable, stronger than those build with cement. When 
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considered that the oldest structures standing throughout the world today are made of earth, 

to say that earth blocks are durable seems an understanding.  

 

3.12 Non-toxic 

CSEB making itself unlike turn bricks is a non-toxic process with less carbon emission 

and embodied energy in the production phase; and cause no direct environmental pollution 

during the whole life cycle. The building are comparatively clean devoid of man-made 

ingredient of modern construction (like sandcrete) which contribute to an environment that 

is filled with toxic chemical and gases. CSEB buildings are friendly to both occupants and 

the community  

 

3.13 Thermal Insulation 

The NBRRI interlocking CSEB is a good insulator as a walling material. It makes wall 

heavy, dense and conduct heat slowly. CSEB walls have the ability to absorb atmospheric 

moisture thus creating a healthy environment inside a building for its occupants. The 

thermal mass and moisture that the block absorbs can keep the interior temperature of the 

house relativity constant during the day and the night thereby mitigating climate change. 

More than 14% energy can be achieved using the NBRRI interlocking CSEB as compared 

to sandcrete blocks. CSEB is of beneficial climatic performance especially in most regions 

due to its high thermal capacity, low thermal conductivity and porosity; it can moderate 

extreme outdoor temperatures and maintain satisfactory internal temperature balance. 

 

3.14 Acoustic Advantages 

CSEBS are virtually soundproof since they are so dense a building material. They are also 

non-porous (voids) hence, reduce noise transmission and deflect noise from outdoor 

thereby ensuring a peaceful and quit home. Occupants can be effectively “shut off” from 

the outside world thereby creating their own world on the inside which most people find it 

an added attraction.  

 

3.15 Good Resistance 

The CSEBs do not warp, rust, split, peel or fade. They do not harbour termites (pest 

resistance). Earth block are bullet and bug resistance. Earth block is so strong that its 

molecular composition provides excellent wear resistance. 

 

3.16 Compressive Strength  

The NBRRI interlocking CSEB offers excellent high compressive strength. The porosity 

of blocks is attracted to its fine capillaries. The ability to release and absorb moisture is 

one of the most important and useful properties of block, regulating temperature and 

humidity inside structure  
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3.17 Lighter In Weight 

The NBRRI interlocking CSEB is lighter in weight with density between 1700-2200 kg/m
3
. 

NBRRI CSEB has high density which gives it more load bearing capacity and improved 

water resistance  

 

3.18 Aesthetically Pleasing  

NBRRI interlocking CSEB structures have natural and infinite pleasant look. The use of 

this technology as the primary building material provides an opportunity to explore an 

endless number of creative architectural designs.  The natural colours of the earth can be 

used to enhance the warmth of the living environment. Exteriors are typically given a 

weather-resistance skin which can be coloured or left natural. This technology has a look 

and feel which envelops their occupants and blend beautifully with the natural world.  

 

3.19 Cheaper 

CSEB are cheaper in production cost and low maintenance since it does not required 

plastering and painting. 

 

3.20 Social Acceptance 

Social acceptance is very important feature of introducing a new technology. There are 

many ways that the NBRRI interlocking CSEBs offer an ideal solution to this. The NBRR 

interlocking CSEB is suitable for manufacturing at local level with a combination of 

semi-skilled and unskilled labour. This will solve the unemployment problem to a certain 

extent in short term while creating a better social acceptance for the technology.  

 

 

CONCLUSION 

NBRRI interlocking CSEB show a considerable development over traditional earth 

construction techniques. When guaranteed by qualify control, this technology can easily 

stand it ground with other material such as sandcrete blocks or the fired blocks, hence the 

confidence it inspire among decision makers, builders and en-users is well earned. 
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Fig. 1: stacked NBRRI Interlocking CSEBs 

 

 

Fig.2: 1-Floor Laboratory/Library Built with the NBRRI Interlocking CSEBs 
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