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Abstract 

This study evaluated 

the effects of dry, wet, 

cured and saturated 

curing conditions on 

Termite mound clay 

mortars modified with 

a water –repellent 

chemical. 50 50  50mm 

moulds were used in 

the production of the 
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INTRODUCTION  

The construction 

industry plays a very 

dominant role in the 

economy of any 

nation. A healthy 

economy usually 

experiences an in 

construction 

activities, but in a 

depressed economy, 

the incidence of 

project abandonment 

tends to be more 

prevalent (Ayodele 

and Alabi, 2011). 

Asides from the 

extending list of 

project delays, the 

major cause narrows 

down to the 

escalation of 

construction 

materials. The cost of 

the conventional 

building materials in 

the construction 

industry are 

accretionary on a 

large scale due to the 

government 

economic policies in  
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mortars, with the mix 

ratio of 1.2.3 and 

varying binder 

replacements of 

Portland cement and 

hydrated lime of 0%,  

10%, 20%and 

30%were used. Water 

absorption (WA) and 

thickness swelling 

(TS) properties were 

evaluated on the 

samples. The result of 

the water absorption 

test showed that the 

highest W A value was 

17.75%of composition 

VII with 70% termite 

mound clay and 30% 

cement while the least 

value was recorded at 

3.39% of composition 

with 70% termite 

mound clay, 10% 

cement, 20% hydrated 

lime and 0.051/m3  

Hydropruf WP100. 

Also, the thickness 

swelling test had the 

samples of a few 

compositions at the 

least value of 0% , the 

sample of those 

composition remained 

constant in thickness 

after immersion in 

water for 24 hours and 

are compositions II of 

70% termite mound 

clay,30%cement and 

Hydropruf  WP100, IV 

of 70% termite mound 

clay ,10% cement, 20% 

hydrated lime and 

Hydropruf  WP100, V 

of  70% termite mound 

clay and 30% lime. The 

highest value of the TS 

test was the 

composition VII of 

70% termite  mound 

clay and 30% cement 

at 3.21%. The 

compressive strength 

test was conducted at 

the concrete  

laboratory using the 

compression testing 

machine at a speed of 

10N/s  the test was 

conducted for the 

samples of the wet 

curing condition after 

24 hours and 28days 

for the dry, cured and 

saturated curing 

conditions. The 

compressive strength 

test on the samples 

production an 

optimum value of 

63.71N/mm2 of 

composition VII with 

70%termite mound, 

30%cement and 

hyropruf WP100 while 

the least value of 

composition was 

recored at 

6:87N/mm2 of  

composition  V with 

70%trmite  mound 

clay, 30% hydrated 

lime and Hydropruf 

WP100. Also, the 

curing condition with 

the highest 

compressive strength 

was the Saturated 

curing condition with a 

value of 42.96N/mm2 

and the last was the 

wet curing condition 

with a value of 

42.96N/mm2. This 

research has shown 

that the structural 

integrity of termite 

mound clay and be 

improved by the 

inclusion of water –

repellent Additive and 

when the saturated 

curing condition is 

maintained. 
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Nigeria, this unavoidably leads to the abandonment of some construction 

project. Beside this, the provision of housing for the nation’s increasing  

population is becoming more and more unaffordable. there is need for 

alternative environmental-friendly building material technologies in 

construction that is capable of reducing demands on expensive 

conventional  building material  such as cement (Aderibigbe and Ataguba, 

2017) quality housing enhances the health and welfare of man and 

contributes immensely to his productive, thus underscoring  its important 

as a fundamental need. The provision of his low-cost housing is hinged to 

the availability of durable and affordable building materials 

(Olotuah,2002)  

A tenable step to solving this tarrying issue is to source for other options 

that could reasonably reduce the cost of needed  materials for construction 

projects to avoid or substantially decrease the abandonment of these 

project. This is being done through the sourcing, development and use of 

alternative, non-convention, locally available materials suitable for 

construction that could partially replace cement, which is one of the most 

expensive construction materials in most developing countries  

(Olusola,2006).  

Cement is one of the most conventional material for most construction 

projects, 

Therefore, a reduction in its cost in a project can be cause a significant 

change on the total  cost of that construction project to reduce the reliance 

on conventional building materials, especially cement intensified research 

have concluded that the use of alternative materials can be used to replace  

cement partially for construction purposes.  

To this end, this research aims at a critical study of the use of hydrated lime 

and termite mound as building materials for the partial replacement of 

cement as a suitable solution for reducing the overall cost in the production 

of sandcrete blocks for construction work. The use of termite mound, and 

its abundance in the country produces a relatively lower cost in sandcrete  

production than that of the modern conventional materials. 

Termite clay is obtained from termite mound, while mound is a pile of earth 

made by termite resembling a small hill. It is made of clay whose plasticity 

has further been improved  by the secretion from the termite while being 
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used in building the mound (Mijinyewa et al., 2007).Termite mound clay 

has been reported to be better than ordinary clay. The clay from the termite 

mound is capable of maintaining a permanent shape after moulding 

because of its plasticity; it is also less prone to crack when compared with 

ordinary clay. In addition, it has low thermal conductivity and expectedly 

reduced solar heat flow and temperature fluctuation within an enclosure 

(mijinyewa et al., 2007).     

However, there are a number of research work on the use of termite mound 

as a construction material in Nigeria, where they exist abundantly and 

serve on particular economic benefit presently. The use Termite Mound 

clay can reduce the use of cement, conserve the country’s foreign reserve, 

thereby making housing affordable to individuals.   

Termite mound is an earthen material and is prone to water absorption 

which reduces concrete strength, this is an unfavourable factors with 

respect to its possibility to be used as a construction material as it can lead 

to the failure of a structure, but this factor can be conveniently contained 

by reducing its water absorption property by the addition of water 

repellent chemical additives to avoid structural failure. This study, 

therefore, eliminates termite mound as a waste material and establishes it 

usefulness in the partial replacement of cement in sandcrete blacks 

production. 

  

Aim of the study  

The aim of this research is to propose an alternative to the production of 

sandcrete blacks using termite mound clay to obtain a durable and strong 

building material at a cheaper price for the reduction  overall cost of 

construction works.  

 

Objectives of the study  

The objective of the research work are as follows:  

To produce termite mound clay mortars.  

To reduce the use of cement by replacing it with hydrated lime and termite 

mound clay.  
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To determine the compressive strength of the termite mound mortars, the  

water absorption and thickness swelling properties of the termite mound 

mortars. Justification of the study  

There is an advantageous need to develop a low-cost building material that 

would replace costly, conventional building materials.the manufacturing of 

sandcrete blacks from  a very available and affordable waste such as 

termite mound provides an opportunity for this development.  

   This proposed material for study is locally available, cost-friendly, 

environmental-friendly, requires very litte skill in obtaining it and is easily 

accessible as it available all over the country. Its availability landmark 

university fortunately provides it is a readily-available accessible material. 

 

Literature Review 

Clay soils  

Clay has been used for building purposes throughout the word for 

thousands of years extending across different climates and cultures. Clay 

soil is a term simply used for soil that have potential shrinking and swelling 

property under changing water content. Clay is made of fine mineral 

particles, and these particles largely contributes to its properties. 

Foundations that are constructed on these forces will certainly result in 

many structural problems. Generally, clay, based on physical properties, is 

known to hold moisture, drain poorly, warm  slowly, have and buckle, turn 

gummy and hard, crust and crack, the moisture, from this clay soil may 

come from rain, flooding, leaking water or sewer lines, or from a reduction 

in surface evapotranspiration when an area is covered by a building or 

pavement. Soil containing the clay mineral montmorillonite generally 

exhibit these properties (Sivapullaiah et al.1996). 

 

Termites and the Formation of Termite Mound 

Termites are group of eusocial insects usually classified at the taxonomic 

rank of infraorder Isoptera along with ants and some bees and wasps 

which are all placed in the separate order Hymenoptera, termites divide 

labour among gender lines, produced overlapping generations and take 

care of young collectively. They mostly feed on dead plant material, 

generally in the form of wood, leaf litter, soil, or animal dung, and about 
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10% of the estimated 4,000 species are economically significant as pests 

that can cause serious structural damage to buildings, crops or plantation 

forests. Termites are major detritivores, particularly in the subtropical and 

tropical regions, and their recycling of wood and other plant matter is of 

considerable ecological importance. 

Termites are considered “ecosystem engineers” because they modify the 

environment , creating biogenic structures (galleries, sheeting, nests, 

mounds and funguscomb chambers) that change the physical and chemical 

properties of soils(Nobre et al.2011). 

Termites, like many social insects, build nests of complex architecture. 

While some termites live in the wood of our homes, others build their own 

houses, some of the most impressive structures in the animal world. Their 

mounds are forever-evolving cities, made from the simplest materials. 

Working independently, without any coordinator or blueprint to reference, 

they construct temperature controlled environments that include 

elaborate ventilation and cooling systems, and specialized chambers that 

store food, contain fungal gardens, hold eggs, and house the egg-producing 

queen. As a colony, they are able to create worlds that far exceed their 

individual capabilities. A city of termites requires a lot of food, and the 

mound has many storage chambers for wood, the insect’s primary food 

source. Termites also cultivate fungal gardens, located inside the main nest 

area. All termite species locate their colonies underground, where they 

cultivate these fungi that aid in cellulose digestion. Termites eat this fungus 

which helps them extract nutrients from the wood they consume. 

Maintaining the fungal gardens takes precise temperature control, and the 

remarkable architecture of the mound keeps the temperature almost 

constant. These constructions have been proposed to optimize different 

structural features. 

A termite mound (also termitaria) is an above-ground termite nest which 

has grown beyond its initially concealing earth surface. Olusola (2006) 

stated that termite mounds are available all over the world. However, the 

availability and distribution depend on soils and vegetation, climatic 

features and presence of water. There are about 24 identified species of 

termites in the country. In Nigeria, the most dominant species of mound 

building termites are the wood-feeding and fungus-growing Macrotermes  
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bellcous and the grass-harvesting   Trinevitermes germinates. However, m. 

Bellicosus constitue  the dominant sp Mecies and has a wider distribution 

in the south-western zone of the country .A survey of the distribution of 

termites, hence, termite hills, has revealed that certain species are 

restricted to a particular vegetation zone while others are distributed all 

over the zones. The Macrotermes bellicosus erect light-brown chimney 

shaped mounds, which tower above the ground, sometimes up to 3-m high 

in the mangrove forest, rain forest zones, and forest to the Sudan savannah. 

The termites mound soil raw material is plastic enough to be moulded and 

it is composed of quartz and kaolinite as its constituents, as clay mineral. 

So, basically, the mound is constructed out of a mixture of soil, termite 

saliva and dung. Although the mound appears solid, the structure is 

incredibly porous. Its walls are filled with tiny holes that allow outside air 

to enter and permeate the entire structure. 

Termite mounds are the most complex, non-anthropogenic constructions. 

Termite mounds functions as nests for their inhabitants, which are 

colonies of small potentially vulnerable insects that are also susceptible to 

environmental fluctuations. Thus, the mound protects against enemies and 

hostile environmental condition. Mounds vary in shape, between and even 

within species. Yet, different species might  also build   similar  mounds 

The mound  enclose a ramifying network  of   tunnels  that  forms    a  

respirator    gas   exchange  for   the   nest.some  species  may build open 

chimneys  or vent  holes into   their  Mounds,   while others build completely  

enclosed mounds that exchange gas through porous thin- walled tunnel. 

Even within population, the variation of mound structure is colossal. The 

top of the mound consists of a central chimney surrounded by an intricate 

is network of tunnel and passages. Air travels through the porous walls into 

a series of small tunnels unity it reaches the central chimney and rises up. 

This ventilation system constantly circulates the air `and ensure that 

oxygen reaches the lower areas of the mound and keeps nest from 

overheating.  

 

Termite mound Clay 

The possibility of usage of termite mound soil as low cost building material 

have been studies in order to determine the strength, durability, and 
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engineering properties (Mijinyawa and omobowa, 2013) with a view to 

evaluate whether it could used to replace more costly building materials 

particularly for low income earning counties such as Nigeria (Alabadan, 

201). Termite mound clay, with its high clay content, can be applied in the 

following ways:  

 

Termite mound as Aggregate 

Ecologists report that termite mound is built of earth particles that are 

cemented together to from hared bric-like materials, which are very 

resistant and difficult to chip with sharp pick. These characteristics of 

termite mounds are some of the essential properties of good construction 

materials and can be consider as a good building material. This material 

seems to have a good mechanical strength and is less  

 

Termite mound pozzolan as cement replacement  

Termite mound clay has been recommended as an admixture for the 

stabilization of ordinary soil due to its enhance properties. Clay being a 

building agent has predisposed termite mound clay as a veritable 

structural material and indeed, structural applications using TMC have 

been reported. For example, it was reported that material from termite 

mounds have been crush and used to pave tennis courts and houses which 

is as result of high clay content. Also, termite mound soil has been used in 

flooring, construction of footpath, driveways as well as for plastering the 

exterior of houses as a substitute for Portland cement, lime and sand. 

A pozzolan is a material that exhibits cementitious properties when 

combined with calcium hydroxide. The are commonly used as an addition 

to Portland cement mixtures . 

 

Termite mound for plastering (Rendering works) 

Olusola (2006) developed a composite plastering mortar form the mixes of    

Termite mound, lime, cement and sand. He further conducted compressive 

strength tests on the samples produced, the results showed that water 

absorption property was reduced with the inclusion of the composites. 

Compressive strength results showed that lime and termite mound had the 

best strength over unmodified samples. This developed material could be 
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used as plastering in most rural buildings without absorbing moisture 

during high incidence of rainfall as well as when used in a moist 

environment.  

 

Termite mound in the production of bricks  

The blocks produced from termite clay is a form of unfired clay brick 

comprised of mechanically compacted earth. Mound soils have been 

successfully utilized as bricks in most rural communities with good 

performance over time. The bricks were stronger and durable than most 

types produced from conventional clay soils.  

 

Structure Application of Termite mound 

Termite mound clay is known to be potentially useful structure, and as a 

readily available material in Nigeria, it has been used for some contracture 

purpose. Being used as a building material, some structures that have been 

built with termite Mound clay, significantly reducing the use of other 

conventional material and a few of them include the following;  

 

Silo  

Structure are require for various purpose in agriculture, one of which is 

bulk again storage. Postharvest technology required for prevention of 

grain deterioration an year round food supply includes the provision of 

silos. Conventional material used in the construction of silos include 

galvanized steel and reinforced concrete, high of which  

 

Bricks Made From Termite Mound Clay  

In 2019, a group of engineering students of the Brigham Young University 

sought to create a sustainable building material for their senior 

engineering project for Mozambicans living in impoverished villages. For 

their senior Capstone engineering project, the students sought to create a 

sustainable building material for Mozambique. Termite mounds proved to 

be a resource for sturdy bricks. The students went to Mozambique to train 

villages how to produce the bricks, which are now in use (Smart, 2009). 

The material was locally available, resulting little or no cost, it also had to 

withstand harsh weather conditions, and so the mud bricks were fired after 
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they were produced, thereby making them water-resistant. Termite 

mound clay has is known to have found evidence of mud brick buildings 

constructed as early as ten thousand years ago in the Middle East and 

North Africa, where impressive building up to ten stories high have been 

recorded in an unbroken architectural tradition that continuous today 

(Hamed, 2013) 

 

House  

Many parts of African have used clay for thousands of years to build house, 

especially the impoverished parts. The use of the termite Mound Clay has 

been used in various parts of Africa for the building of house, some of them 

with thatched roofs. Most of the house in this village are made out of 

termite clay and have grass roofs. An example of this would be Atsiekpoe 

village in Ghana who have used this primitive technology to  build homes 

for themselves. Also, the bricks obtained from the moulding of termite clay 

have been used to build brick walls and houses. Heated termite clay bricks 

are known to be resistant to weather, penetration of liquids and abrasion, 

also the structures built out of them are eco-friendly. They generally 

reduce cost and maintenance is very cheap. If regular clay can be used to 

construct durable and stable structure, Termite mound Clay, with a higher 

clay content, can result in so mush better structure.  

 

Mortars 

Mortars is a binding material which can be used to blind building blocks as 

sandcrete blocks and bricks. Mortars can be made with ordinary Portland 

Cement (OPC), Masonry Cement or Blended Cement, some of which are 

combined with hydrated lime; and sand (fine aggregate) is usually added; 

it is typically a mixture sand, a binder such as cement or lime and water 

mixed together to form a plastic paste. They can also be used for plastering 

rendering purpose.  

Ordinary Portland cement mortar (OPC) is made by mixing powered 

ordinary Portland cement, fine aggregate and water. Lime mortars are 

softer than cement mortars; they permit a certain magnitude of flexibility 

to adapt to conditions that might change overtime as the structure gets 

alder. Cement mortars, on the other hand, are harder and allows little 
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flexibility. They dissimilarity between them can cause brickwork to crack 

where the two mortars are present in single wall, therefore, Portland 

cement mortars are not used to repair buildings constructed with lime 

mortars as it would stop the evaporation that keeps the wall dry and cause 

problems  with moisture behind the cement. 

 

Hydrated Lime 

Hydrated lime, which has been used as a primary component in 

construction for thousands of years, is a calcium compound produced by 

hydrating quicklime in a process called ‘hydration’ or ‘slaking’ where the 

calcium oxide and water combine chemically to form calcium hydroxide. 

Hydrated lime, Cα(OH)2, generally comes in the form of a dry, odourless, 

white powder (plate 2.6). it used as a binder in the production of bricks, as 

a constituent, of mortars for exterior rendering and interior plasters.  

Hydrated lime mortar is composed of an aggregate such as sand, hydrated 

lime and water. It was first used by the Ancient Egyptians, it was used to 

plaster the pyramids of Giza, likewise. Its use gradually depreciates when 

Portland cement was introduced in the nineteenth retention of Portland 

cement (PC) mortars. Also, hydrated lime reacts with carbon dioxide from 

the air, hardens and contributes to  the overall strength of the mortar.  

 

Uses of Hydrated Lime  

Hydrated lime can be applied in different ways for different purpose. 

Among others some of the areas hydrated lime is used include the 

following: 

i. Aerate concrete blocks 

ii. Agriculture, for the adjustment of the pH of soils to give optimum 

growing conditions. 

iii. Soil stabilization  

iv. Internal plastering  

v. Mortars  

vi. Production of Calcium Silicate Bricks 

vii. As an additive to mix hot asphalt  

viii. External rendering 
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Benefits of Hydrated Lime 

Hydrated lime is known to have some unique properties that enhance 

durability. The addition of lime (hydrated lime/building lime, (Ca(OH)2) 

into cement based mortars has been commonplace for years. The main 

purpose has been to provide better “workability” of the mortar in the fresh 

state thus providing an easier material for the brick or stone layer to work 

with. This workability is attributed to two modifications to the mortar 

when lime is added; water retention and air. The addition of hydrated lime 

in mortars is known to increase breathability of the mortar and moisture 

control, reduce cracking, reduce water penetration and reduce 

efflorescence. Lime-based mortars perform remarkably on the different 

aspects of masonry: freeze-thaw resistance (due to their permeability), 

water leakage and resistance to SO2 (sulphate attack). They are also 

flexible and can absorb a high degree of deformation before breakage. 

 

Materials and Methodology 

The materials collected for this research work include: Portland cement, 

hydrated lime, termite mound, fine aggregate (sand), water and a water-

repellent chemical additive called Hydropruf. 

Cement 

Portland cement Type 1 was procured from the concrete laboratory and it 

conformed to the ASTM C 150 Standard Specification for Portland cement. 

 

Hydrated Lime 

The hydrated lime, was bought in an open market in Omu-aran, Kwara 

state and slaked before use. 

 

Termite Mound Soil  

The termite mound used was obtained from a cluster of termite mounds 

located behind the Old staff quarters, very close to the generator house 

within Landmark University compound, and deposited in the Concrete 

Laboratory, Engineering Workshop Building, Landmark University, Omu-

aran, Kwara state, Nigeria. At first, these mounds were broken down into 

large clumps and subsequently they were milled into finer particles and 

packed into polythene bags for analysis at the Concrete Laboratory. 
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Moulds 

Prefabricated cubic metals moulds of internal dimension 50x50x50mm in 

dimension were used for the production of the mortars. Twelve mortars 

were made for each of the ten compositions, with four different curing 

media, giving 120 samples produced in total. 

 

Methodology 

Experimental Mix Design 

The table below shows the experimental design of each composition and 

the percentages of each constituent in each sample. 

 

Experimental design 

Sample Termites       Cement         Lime          Hydropruf 

codes   soil (% mass)   (%by mass)   (% by mass) (1/m3)    

1  100   -  -    0.05 

2  70   30  0    0.05 

3  70   20  10    0.05 

4  70   10  20    0.05 

5  70   0  30    0.05 

6  100   -  -     - 

7  70   30  0     - 

8  70   20  10     - 

9  70   10  20     - 

10  70   0  30     - 

 

Sample Composition by mass 

Sample Termites Cement  Lime Hydropruf 

Codes  (kg)  (kg)  (kg) (kg) 

1  3.0  -  - 0.06 

2  2.1  0.9  0 0.06 

3  2.1  0.6  0.3 0.06 

4  2.1  0.3  0.6 0.06 

5  2.1  0  0.9 0.06 

6  3.0  -  - - 
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7  2.1  0.9  0 - 

8  2.1  0.6  0.3 - 

9  2.1  0.3  0.6 - 

10  2.1  0  0.9 - 

 

A total of 3 replicates for each composition, 4 curing conditions and 10 

variable compositions, giving a total of 120 samples, were produced. 

The composition, by kilograms, of each sample is as follows: 

Total mass of mix = 3kg 

Water-cement ratio = 1kg = 0.3  

                             3kg    

Sample 1    

100% Termite clay = 100% of 3kg = 3kg 

0.05 l/m3 of Hydropruf = 0.06kg 

 

Sample 2 

70% Termite clay = 70% of 3kg = 2.1kg 

30% Portland cement = 30% of 3kg = 0.9kg 

0.05 l/m3 of Hydropruf = 0.06kg 

 

Sample 3  

70% Termite clay = 70% of 3kg = 2.1kg 

20% Portland cement = 20% of 3kg = 0.6kg 

10% Hydrated lime = 10% of 3kg = 0.3kg 

0.05 l/m3 of Hydropruf = 0.06kg 

 

Sample 4    

70% Termite clay = 70% of 3kg = 2.1kg 

10% Portland cement = 10% of 3kg = 0.3kg 

20% Hydrated lime = 20% of 3kg = 0.6kg 

0.05% l/m3 of Hydropruf = 0.06kg 

 

Sample 5    

70% Termite clay = 70% of 3kg = 2.1kg 

30% Hydrated lime = 30% of 3kg = 0.9kg 
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0.05 l/m3 of Hydropruf = 0.06kg 

 

Sample 6   

100% Termite clay = 100% of 3kg = 3.0kg 

 

Sample 7 Termite clay = 70% of 3kg = 2.1kg 

30% Portland cement = 30% of 3kg = 2.1kg  

Sample 8   

70% termite clay = 70% of 3kg = 0.9kg  

20% portland cement =20% of 3kg = 0.6kg  

10% Hydrated lime =10% of 3kg =0.3kg  

 Sample8 

70% termite clay = 70% of 3kg =2.1kg  

10% Portland cement = 10% of 3kg =0.3kg  

20% Hydrated lime =20% of 3kg = 0.6kg  

 

Sample 10               

70% termite clay = 70% of 3kg =2.1kg  

30% Hydrated lime = 30% of 3kg = 0.9kg 

 

Proportioning and mixing of constituent material  

The mix ratios of 1:2.3 (binder: termite clay) would be used, the binders 

been cement and hydrated lime (table 3.1). The calculated quantity of each 

of material, i.e. grounded termite mound, hydrate lime, and cement, was 

measured and place on a prepared in a clean head pan. They were manually 

mixed with a hand trowel until a homogenous colour was attained. Water 

was measured and added to the mixture and the mixing continued until a 

paste of uniform consistency was achieved. The wet mixture was poured 

into already prepared cube mortar cubes of size 50×50×50mm. 

 

Casting   

The wet mixture was filled into the mould in two layers and each layer was 

compacted for 25 strokes and applied uniformly distributed over its 

surface as stipulated by BS 12390:3 (2000). The top of each mould was 

smoothened and leveled with a hand trowel and the outside surface 
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cleaned. The moulds and their contents were kept and left in the laboratory 

for 24 hours. 

 

Curing  

After remolding the samples, the following curing condition were used: 

• Dry: specimens were dried in ambient conditions. Blocks were 

column-stacked on a palette with thick pieces of wood in between 

layers. This allowed for airflow between specimens. Specimens were 

dried in the lab using this configuration for a minimum of 28 days. 

The moisture content of typical blocks, measured by oven drying, 

was found to be in the range of 0.4-0.6%  

• Wet: specimens were submerged in tank for water for 24 hour 

immediately before testing. There was a minimum spacing of 25mm 

between specimen. The chose duration allowed the samples to reach 

equilibrium in water.  

•  Cured: specimens were submerged in tank of water for 24hours s, 

mimicking wet conditioned specimens. Thereafter, the block were 

remove from the tank,  

Laboratory tests on specimens (physical and mechanical tests) 

The following laboratory tests would be conducted on the various 

specimens to ensure that the selected samples used for the research work 

complied with established standards: 

• Compressive strength test for each curing condition 

• Water absorption test  

• Thickness swelling test 

 Physical tests  

 

Water absorption Test  

The water absorption test was performed in accordance with ASTM D570 

standards. After demoulding, the samples specimens were oven-dried at 

200 0c for a few hours for complete drying, excess moisture was dried off 

using a dry cloth and the dry mass of the samples were measured using an 

electronic weighing balance. Then, the samples were placed in tank of 

water for 24 hours. After 24 hours, the samples were taken out of water, 

therefore, to acquire their wet mass, excess moisture was removed by 
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cleaning them with dry cloth and the mass of the samples were measured 

using the elect ionic weighing balance. The water absorption test was 

performed to determine the amount of water the sample could absorb 

within the 24-hour duration.  

 

WA=Wf-Wi ×100% 

Wi 

Wf= final weight 

Wi= initial weight 

WA= water absorption(%) 

 

Thickness Swelling test 

The thickness of each sample was measure after demoulding , then they 

were soaked in water for 24 hours. The immersed samples were taken out 

a wiped with a dry cloth in order water from t6he surface. The thickness 

was measured using a vernier caliper at room temperature and average 

result were recorded. The test is a dimensional analysis test used to 

determine the change in thickness of the sample after it has been immersed 

in water for the 24hours given period. It is, basically, used to determine the 

effect of water on the thickness of the sample. 

 

Ts=T2-T1×100  

T1 

T1=Initial thickness 

T2= final thickness 

Ts= thickness swelling(%) 

 

Mechanical Tests 

Compressive Strength Test 

Comprehensive strength tests were carried out on the specimens, the 

Universal Testing Machine was used on specimens, each 50x50x50 mm and 

with a volume of 125,000 mm3 and an area of 2500mm2. The loading plate 

was lowered to touch the specimen and loading rate maintained at 10N/S 

in accordance with the requirements of B.S 1881 standards until failure 
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occurred. The compressive strength of each specimen was calculated using 

the equation below: 

Compressive strength, Cs = compressed load (N)     

                                                 Cross-sectional area of the specimen(mm2) 

 

Results and Discussion 

Physical Properties 

Water Absorption Test 

Water absorption (WA) test is targeted at investigating the amount of 

water that the samples of different compositions can absorb within a 24-

hours period. Notably, the samples with the dry curing condition have no 

wet mass as they were not immersed in water according to the curing 

specification. D,W,C and represent the dry, wet, cured and saturated curing 

conditions respectively. The ten compositions were labeled I to X. Each 

specimen was immersed in water after 24 hours for the purpose of the test, 

leaving only the wet curing condition achieved. Generally, water 

absorption was higher in mixtures without Hydropruf WP100, samples 

such as VII (70% termite mound clay and 30% cement), VIII (20% cement 

and 10% lime) and IX (10% cement and 20% lime) at WA values of 

17.75%, 7.79%, and 12.37%, which have higher values than those 

containing the water-repellent chemical additive. From the investigation of 

Olusola (2006), at WA value for the mix of termite mound clay and soil was 

lesser than this probably because the mix ratios were different.  

The different in the WA values of the composition of termite mound clay 

and cement with the without hydropruf WP 100 (i.e. composition II and 

VII) was noticeably high at an increase of 0.28% between the two 

composition (4.96% and 17.75% WA values respective), showing  the 

massive advantage of the water-repellent chemical. Also, in comparing the 

WA values of composition III (70% termite mound clay, 20% cement, 10% 

hydrate lime and hydropruf of AP100) and VIII (70% termite mound clay 

cement and 30% hydrated lime), it was discovered that the values were 

quite close to each other, this could be a result of the percentage of cement 

than lime in the mix at WA values of 7.59% and 7.79% respectively, even 

with the presence of hydropruf in composition III. It was observed that 

where there  was only cement as a binder in the mix, in composition VII as 



 

INTERNATIONAL JOURNAL OF ENGINEERING & RESEARCH TECH. 

(VOL. 10 NO.2) JUNE, 2019 EDITIONS 

 
 
 

19 

seen in Table 4.8 (70% termite mound clay and 30%IV as the le cement), 

the WA value was the highest probably due to the absence of lime and 

hydropruf Wp100, comparing the where the percentage of lime was higher 

than of cement by  (where hydrate lime was 20% and cement was 10% 

with and without hydropruf WP100, that is, composition IV and IX 

respectively, the WA values were 3.39% respectively, with composition  as 

the least WA value.   

 From Table 4.4, composition IV (70% termite mound clay 10% cement, 

20% hydrated lime and 0.05 1/m3 hydropuf WP100 had the lowest WA 

value at 3.39% probably because of the presence of hydropruf WP100 and 

a higher percentage of lime as binder more than cement while the highest 

WA value was 17.75% of composition VII with 70% termite mound clay 

and 30% cement. The least WA value was seconded by composition V with 

70% termite mound clay and 30% hydrate lime with the addition of 

Hydropruf WP100 with a value of 4.71. This was followed by composition 

II with 70% termite mound and 30% cement with the addition of 

hydroprof WP100, 100% termite mound clay and 70% termite mound clay 

and 30% hydrate lime respectively had no WA values as they dissolved in 

water before the 24-hours duration elapsed. From these result, it is seen 

that the mortar mixture of termite mound clay, cement and hydrated lime 

at 70%, 10% and 20% respectively with the addition of hydopruf WP100, 

produced the lest water absorption value, this may be attributed to its 

property of low water penetration in mortars coupled with the effect of the 

water-repellent properties of hydroprup wp100 and it shows that the WA 

value of this composition is low and could be considered reasonable from 

an engineering standpoint  

 

Table 4.1: composition I-100% termite clay, o.0i/m3 hydropruf 

WP100absorption 

Sample               Curing Condition        Dry mass         Average         wet mass       Average     Average Water 

Code (g)           Dry Mass (g)     Wet Mass     Absorption  (g)        (g)  value (%) 

ID1                           DRY                         189.84              196.86             0          o                     0 

ID2                                                    202.98                  0 

ID3                                                                                                                           197.76                                                           0 
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IW1                     WET                         181.25               195.25              0                   0                      0 

IW2                                                                                     191.32                                   0 

IW3                                                                                     213.17                                   0 

IC1                             CURED                           183.13                187    0                    0                      0 

IC2                                                                                      190.10               0 

IC3                                                                                      187.77           0 

IS1                                 SATURATED                  197.48           0                       0                   0 

IS2                                                                                      19.90           0 

IS3                                                                                      198.21                          0    

 

There is no value for the wet mass for the composition above, no WA value 

was acquire the sample dissolved in water before the 24-hour duration 

elapsed  

                                                                                                                                                                                                                                                                                                           

Thickness Swelling Test  

The Thickness Swelling (TS) test is a dimensional analysis test aimed at the 

determination of the thickness of the sample after it has been immersed in 

water for 24 hours. From the results, the composition I, VI and X had no 

thickness Swelling values because they dissolve in water before the 24-

hour duration elapsed. The composition that resulted in the TS value of 0% 

remained constant in thickness after immersion in water for 24 hours and 

composition II of 70% termite mound clay, 30% cement and Hydroprup 

WP100, IV of 7% termite mound clay, 10% cement, 20% hydrate lime and 

Hydroprup WP100, IV of &)% termite mound clay, 30% lime and 

Hydropruf WP100 and IX of 70% termite mound clay and 30% lime. It was 

observed that the samples with the constant thickness swelling values 

were so probably because of the present of the binders, cement and lime in 

varying proportions in composition IV with the inclusion of the water 

repellent chemical, the presence of a higher amount of cement as seen in 

composition IV with the addition of Hydropruf WPO100, and the presence 

of a higher lime cement in composition IX. 

The composition with Ts values include: compositions III with the value of 

0.78% comprising of 70% termite mound clay, 20% cement, 10% lime and 

Hydropruf WP 100, VII with the value of 3.21% consisting of 70% termite 

mound clay and VII with the value of 3.13% consisting of 70% termite 
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mound clay, 20% cement and hydrated lime. The highest TS value at 3.21% 

of composition VII, this is probably attribute to the presence of a high 

cement of cement at 30% without HYdropruf WP100, closely followed by 

composition VII because of a related high cement at 20% also  without the 

chemical and a lower cement of lime at 10% as composition VII. 

 

Mechanical Properties 

Compressive strength test  

The compressive strength test is a mechanical test performed on a material 

to measure 

The maximum amount of compressive loads the material can bear before 

fracturing under the load. For the 50×50×50 mortar cubes, the Universal 

Testing machine was used to measure their compressive strength. Table 

4.21 shows the results obtained from the tests, sectioning it into the 

compressive strength obtained in relation to the curing conditions and the 

sample composition. 

For the curing media, the various strength variation with curing age  at the 

different composition are shown in Figs.4.3 The average compressive 

strength value was obtained by finding the average of the three replicates 

of each composition. The wet curing condition was performed 24hours 

after immersion in water, after the water abrasion test. From Table 4.21, 

the average compressive strength obtained was 42.96N/mm2. The dry, 

cured and saturated curing condition, however, had higher average 

compressive strength values as they were cured for 28 days by different 

specifications to their curing media. The dry curing condition produced an 

average compressive strength value of 65.40N/mm2 after 28 days, the 

cured curing condition produced a value of 66.71N/mm2, after 28days and 

the saturate curing condition result in a value of 79.79N/mm2 therefore, 

the saturated curing condition produced the highest compressive strength 

in comparison with the other three curing condition. The cure cured curing 

condition and the dry curing condition had close values, the cured curing 

condition produced the second highest compressive strength value, after 

the saturated curing condition. The wet curing condition produce the least 

compressive strength value probably due to the curing specification of 24 

hours, unlike the other three curing conditions which underwent 28days 
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of curing. The result shows that the compressive strength of mortars 

increase with the saturated curing media producing the highest value. 

For the compressive strength values obtained in relation to the sample 

compositions, composition II (70% termite mound clay, 30% cement and 

Hydropruf WP100) produced the highest values of 63.71N/mm2. It was 

observed that with the sample composition with the highest values with 

and without the inclusion of Hydropruf WP 100 were compositions II and 

VII (70% termite mound clay, 30% cement) at values of 63.71N/mm2 and 

45.45N/mm2, this could be attributed to Portland cement’s high strength 

property, and resulted in an increment of 0.71% between the two, this is 

certainly due to the addition of the water-repellent chemical. Observing, 

the sample composition with higher  compressive strength were those with 

a larger percentage of cement in them, with and without Hydropruf 

WP100. Comparing composition III ((70% termite mound, 20% cement 

and 10% hydrated lime with Hydropruf WP100) and VIII (70% termite 

mound, 20% cement and 10% hydrate lime) of the same component except 

for the increase of 0.52% in strength because of the presence of the 

chemical. The percentage of the increase in strength between compositions 

II and VII was greater than the of compositions III and VII at 0.71% and 

0.52% because of the presence of lime in composition III and VII, thought 

it was at a lower percentage of 10% to that of cement which was 20% in 

comparison to compositions II and VII whose binder was fully cement at 

30%.This shows that the presence of lime reduces compressive strength, 

as seen also in compositions IV  (70% termite mound, 10% cement, 20% 

hydrated lime and Hydropruf WP 100)and IX ( 70% termite mound, 10% 

cement,20% hydrate lime) with compressive strength values of 

16.02N/mm2 and 16.02NMM2 respectively. It is obvious here, with 

compositions V producing the least value among all the composition, that 

the presence of lime as a full binder of 30% will produce a low compressive 

strength. The values of compositions IV and IX are the same at 16.02Nmm2 

despite the addition the of the water-repellent chemical in composition IV 

because of a higher percentage of lime as binder in both composition, 

showing that the chemical had no effect on the compressive strength of the 

composition with a higher lime percentage than cement. Olusola (2006) 

reported in his research that the cement/ termite hill mortar cubes 
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exhibited a higher compressive strength. Mortar cubes made from 

cement/lime and cement/termite hill mixture had almost the same 

strength only at 50% replacement level. At replacement levels less than 

50% the cement/termite hill mixture exhibited greater strength. Generally, 

it was observed that mortar cubes made from cement/termite hill mixtures 

exhibited grater compressive strength than those made from cement/lime 

mixtures.  

From the result, it shows that the compositions with a highest compressive 

strengths are the ones with a total or higher cement percentage as binder. 

This is probably due to the ability of cement to quickly hydrate when curing 

starts which helps to from cementitious compounds in the mortars.   

 

Conclusion and Recommendation 

Conclusion 

This research work has shown the possible use of termite mound clay as a 

building material rather than as waste. Thus, the cost of building material 

can be reduce using these replacement in the production of material. 

From the test results and analysis, the water absorption tests showed that 

a higher percentage of hydrate lime more than Portland cement in the mix 

with the addition of Hydropruf WP100 produced the mortar. In the 

thickness swelling test, the thickness of the composition with Hydropruf 

WP100 remained constant, except one of the samples which had a low 

value of thickness swelling. The ones without the water-repellent chemical 

had higher values of thickness except one of the composition, favoring the 

use of a lower percentage of cement and a higher percentage of hydrate 

lime and also favoring the use of Hydropruf WP100. The compressive 

strength test showed that the saturated curing state produced the highest 

compressive strength test showed and the composition with a total or 

higher percentage of Portland cement produced the greater compressive 

strength values than cement alone and the use of lime produce a long-term 

effect on stability and durability by reducing the aging of the binder. The 

addition of cement and lime, with high strength of cement and the low 

water penetration of hydrated lime, make up for the low penetration of 

cement and low strength of concrete, and generally improving the results 

by the addition of the water-repellent chemical, Hydropruf WP100.  
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Termite mound clay, with the addition of these binders and water-

repellent chemical contribute effectively to the provision of affordable 

housing for the low medium income earners in Nigeria other countries 

where similar materials are available. 

 

Recommendation  

For a suitable, workable and good mortar, in terms of strength, durability 

and water absorption, the percentage replacement of Portland cement and 

hydrate lime, as binder contain about 30% in the mix.  

With further studies on the long-term effect of weather, these replacement 

performance of mortar containing will no doubt be accepted as a suitable 

material for mortar in masonry building construction. These innovations 

will contribute effectively to the provision of affordable housing. 
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