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ABSTRACT

Materials selection is done regarding to the availability, cost and performance of the candidates.

In buildings, cement is the material that is widely used, even though it is releases co2 (estimated

about  7% of  the  worldwide  production  of  co2).  There  is  therefore  a  need  to  look  for  new

materials  that  are  more  environmental  friendly.  Prior  research  on  earth-based  materials  has

shown that termite soil may serve as an alternative to cements in the stabilization of building

materials. This study presents the results and an experimental study of the mechanical properties

of termite soil addition as a partial replacement to cement. We examine the effects of termite soil

and Portland cement on the structure and mechanical properties (compressive strength, flexural

strength and fracture toughness) of sustainable building materials. The evolution of structure is

characterized using X-ray Diffraction (XRD) and Energy Dispersive Spectroscopy (EDX). The

mechanical properties are also elucidated after 7 days, 14 days and 28 days. The study shows that

the 28 day Compressive strength decreases with increasing of volume percentage of termite soil

for volume percentages up to 60%. The 28 day strength was also greater than 3 the requirement

of (NIS 87: 2000) for non-bearing load walls (δmin=2.8N/mm²› 2.5 N/mm²).  Furthermore, the

flexural  strength  for  20% replacement  (at  all  curing  days)  was  greater  than  7  N/mm².  The

fracture toughness was also observed to decrease with increasing volume percentage of termite

soil addition up to 20 volume percent. This resulted in a maximum fracture toughness of 4.24

MPa√m for the materials with 20vol.% of termite soil stabilization.  The implications of the

results are discussed for the development of sustainable termite-stabilized building materials.
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CHAPTER ONE

BACKGROUND AND INTRODUCTION

1.1 Background

The choice of building materials is influenced by cost, availability and properties [1]. 

Hence, concrete is the most commonly used construction material in the world, due to its 

availability, durability and outstanding strength [1]. Cement serves as a vital binding agent in the 

different types of concrete. Since its invention (in the first half of the 19th century), Portland 

cement has become the most widely available cementitious material (Building Advisory Service 

and Information Network BASIN) [2].

However, although Portland cement is relatively cheap, compared to alternative binders 

that are often used. The typical African worker that earns ½ USD per day may need to work for 

1-2 weeks to afford a bag of cement. This makes it difficult for a typical African worker to build 

a home with cement blocks and binders that are often used in modern construction.

In contrast, earth-based materials, such as clay and termite mounds soil are often available as 

binders in most parts of Africa. Hence, there is the potential to use these materials as 

replacements for cement. Furthermore the clay from termite mounds is capable of maintaining a 

permanent shape after molding. It is also less prone to cracking than most other types of clay 

(Mijinyewa et al., 2007). Furthermore, termite mounds have lower thermal diffusivities that 

result in their increased capacity for thermal energy storage [3]. They also have the potential to 

reduce the CO2 emission that is associated with cement production, which accounts for 7% vol. 

of global CO2 emission [1].

Prior work [8] has explored the use of clay and cement and termite clay in the production 

of lateritic soil-cement bricks. These were used to obtain strong and durable building materials at

relatively low prices (Meshack Oduor Otieno et al., 2015). However, underlying strengthening 

and toughening mechanisms were not studied in these materials. There is also a need to 

determine the effects of ageing on the strength and fracture toughness (robustness) of soil brick 

materials that are stabilized with termite mounds and cement.
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1.2 Problem Statement

            Portland cement is expensive, it consumes large amount of energy and it accounts for a 

significant portion of CO2 emission and other greenhouse gases from the calcination of limestone

and fuel combustion (Naik  al., 2008) [1]. The emission of such gases is not environmental 

friendly. There is, therefore, a need to develop alternative building materials that reduce CO2 

emissions, while being within this context. Termite mounds could be considered as alternative 

materials to cement. Their remarkable mechanical properties may also provide sources of 

bioinspiration for development of robust bricks. However, their use must be explored with an 

understanding of their roles in the eco-system.

1.3 Scope of Work

This thesis presents the results of an experimental study of the structure and mechanical 

properties of termite mound and cement building materials.

The study examines:

 The effects of Portland cements stabilization on:
 Structure
 Mechanical properties

 The effects of termites mound stabilization on:
 Structure
 Mechanical properties

 The different characteristics of different mix designs:
 Moisture content and
 Setting time

 The measurement of the mix design’s strengths and fractue toughness
 Compressive strength
 Flexural strength and
 Fracture toughness

 The structure  of the termite soil composites 

 X-Ray Diffraction (XRD)
 Scanning Electron Microscopy (SEM) and
 Energy Dispersive X-ray Fluorescence (ED-XRF)
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CHAPTER TWO

LITERATURE REVIEW

2.1 Physical Properties of Termite Mounds

The pile of earth made by termites resembling a small hill is called a termite mound. It is

made of clay (predominantly) whose plasticity has further been improved by secretions from the

termites during the construction of the mound. It is therefore a better moulding material than

ordinary clay without the addition of such secretions  [30]. Termite mound clay has also  been

reported to perform better than ordinary clay in dam construction [31].

Heat treated termite mound clay units are resistant to wear, abrasion and penetration by

liquids [32]. Termite mound clay also has low thermal conductivity [4]. Nevertheless, there are

few reports of the use of termite mounds as construction materials in Nigeria [6]. Although, they

exist in abundance across the country. Termite soil as an alternative building material, if properly

developed, will also have the advantage of promoting environmental sustainability, by limiting

the growing problem of termite mounds in Nigeria (and in Africa).

There are relatively few studies of the use of termite mounds for stabilization; plastering

of walls,  surfacing roads,  constructing tennis courts  and making pottery  [33]. Therefore,  the

number of termite mounds has always impressed people because they are wide spread in the

tropics (particularly in Nigeria).

The termite soil has been studied and classified as pozzolana [25].Pozzolanas are natural

rocks of volcanic origin. They are composed of silica and aluminum oxides, but almost no lime.

Therefore, they cannot develop hydraulic properties in the absence of hydrated lime. Hydrated

lime, or material that can release it during hydration (e.g Portland cement), is then required to

activate  the natural  pozzolanas  as a  binding material  (Bakker, 1999).  The activity of natural

pozzolana,  which  is  essentially  determined  by  the  reactive  silica  content,  is  also  closely

controlled by its specific surface area, chemical and mineralogical composition [4].

A greater part of mound walls is constituted by large aggregates cemented by termite

body fluids (saliva),  which quickly dismantle  into smaller particles,  increasing the aggregate

fractions smaller than 0.500 mm [34]. This suggests that fresh mound materials are formed by
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welded aggregates forming larger cemented clods (N1.00 mm), which are further released by

erosion  and weathering,  after  the  mounds  are  abandoned.  Micro-morphological  observations

strongly support this hypothesis, and thin sections of mound walls and adjacent soils  clearly

show  smaller  aggregates  partially  held  together.  In  these  larger  aggregates,  mica  particles,

charcoal and charred materials are seen randomly dispersed within the clay plasma, illustrating

the deep turnover of soil material in these mounds [5].

The interior of these mounds presents a maze of irregular chambers and passages and its

walls are so resistant that it is difficult to make any impressions upon them even with a sharp

pick [33].  This  is  resulting in a strong structure capable of keeping out most of the termite

enemies.

2.2 Strength of Materials

The strength of a material is dependent on its microstructure and defect content.. It can be

used to predict the response of structures during loading. The knowledge of the type of loading is

also important. The following types of loading are possible:

 Transversal loading (that may lead to the bending or flexion of the structure);
 Axial loading (that can implies tensile or compressive stress);
 Torsion loading (that leads to shear stresses);

However  when  it  is  to  determine  the  material’s  strength,  the  type  of  stress  applied  is

important. Different types of stress are possibly applicable in the determination of a material

strength (Bear and Johnson, 2006):

 Compressive stress: is the ratio of the axial force (that reduces the length of a sample) to the

cross-sectionnal area (Figure 1). It is given by:

where F is the applied load in (N) and A the cross sectional area in (mm²)
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F
A

                                                                                                                            (a)

Figure 1. Compression force (adapted from Structural Bonding Alternatives for Plastics by 
Rachel B. Nashett)



 Tensile stress: it is the stress caused by the application of a load that tends to elongate the

material (Figure 2). It is given by the ratio of the uniaxial force (that causes elongation of the

sample) to the cross-sectional area.
 Flexural stress: it can be tensile, compressive or zero. It is given by (Hibbeler,2004):

 where M is the maximum bending moment of the applied force F about 

the mid-point of the bar and is given by:

Izz

the

second moment of area I zz  of the cross section acting along the z-axis. It isgiven by:

where B and H are the breadth and height of the bar, respectively. Also Ymax is the distance from

centre of the specimen to outer fibers. It is given by:

 Shear stress: Is the stress state caused by opposing forces acting along parallel lines through

the material (Figure 3). The strength of the material in this case is given by:

τ=
Fs
As

                                                                                                                         (f)

where Fs is the shear force in (N) and As the sheared area in (mm²).
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¿

σ b=
M∗Y max

I zz
¿ b)

M=
F∗L

4
                                                                                                       (c)

Izz=
BH ³
12

                                                                                                     (d)

    Y max=
H
2

                                                                                                                 (e)

Figure 2. Tensile force (adapted from Structural Bonding Alternatives for Plastics by Rachel B. 
Nashett)



2.3 Strength of Termite Soil

The strength of materials refers the ability materials to support applied stresses without

failure. It is one of the most important mechanical properties. It can be expressed in N/mm² or

MPa.  An  applied  stress  can  be  mechanical  (compressive,  flexural,  shear  or  tensile  stress),

thermal, etc (Ilboudo, 2013).

Meshack Oduor Otieno [4]. have shown that the compressive strength at 28 day strength

for uncalcined Termite Clay Soil with partial replacement in cement up to 10% . This satisfies

the  requirement  of  KS  EAS  18-1:2001  of  minimum  of

42.5 N/mm² for 42.5N ordinary Portland cement. At 28 days the flexural strength (up to 40 %

replacement) satisfies the requirement of KS 02-444: 1984. This the specification for concrete

roofing tiles with a minimum of 2.80 N/mm² for individual tiles. 

Olaoye et  al [6]. worked on the properties of compressed earth bricks stabilized with

termite soil. They have shown that most of the mixes resulted in compressed bricks with strength

ranging  from  0.96  N.mm²  to  2.15  N.mm²  at  28  days.  Thus  makes  them  suitable  for  the

construction of bungalows and low rise buildings. They also showed that the strengths of the

bricks  increased with increasing in  termite  mound material.  However, when the bricks were

produced  only  with  termite  modified  mound  material  they  had  poor  resistance  to  water

absorption.

Hence, termite mound soils have good compressive and flexural strengths. However, their

water absorption characteristics are not very good. Also, the reports of papers presented at the

conference  ICSECM  2011  generally  showed  an  increase  in  compressive  strength  with  an
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Figure 3. Shear force (adapted from Structural Bonding Alternatives for Plastics by Rachel B. 
Nashett)



increasing  in  hydration  period  (Figure  4).  The  compressive  strengths  also  increased  with

increasing cement replacement with termite soil.

CHAPTER THREE

MATERIAL CHARACTERIZATION

3.1 Termite’s soil

Termite mound soils were obtained from New Kane (9°01’67’’ longitude and 7°58’33’’

latitude)  Abuja,  Federal  Capital  Territory, Nigeria.  This  termite  soil  was  air −¿ dried  and

squeezed by hand to different sizes. The termite mound soil used was manually crushed and

sieved to pass through the sieve of 1.18 mm, 710 m, 425 m, 150 m and 75 m sieve size.

The particle sizes used for cement also had the same dimensions as those above.
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Figure 4. Compressive strength of cement/termite soil at different composition (Adapted from 
the conference ICSECM 2011) 



3.2 Cement 

Portland cement produced by Dangote Portland Limestone Cement Industry, Obajana,

Kogi State, Nigeria. This served as the binder. It was partially replaced with the termite soil.

Several tests was performed to determine the characteristics of cement and its compatibility with

other materials in the mix design.  Compressive strength testing of mortar cubes was performed

at 7-days, 14-days and 28-days of aging are used to observe the development of the strength gain

of the mortar over time. 

3.3 River Sand

River sand is used in the design to avoid the effect of shrinkage. The sand was collected

from two different rivers; Jabi Bypass Airport Road and Utako, Abuja, Federal Capital Territory

(causes of some differences in the results).

This sand was dried in furnace for 24 hrs at 105C. the sand particles were obtained via

sieve analysis (see Table1).

N* Sieve
aperture

Mass
retained(g)

% mass
retained

total mass

1 5.00mm 3.32 0.663

500.86

2 4.75mm 0.51 0.102
3 2.36mm 10.82 2.160
4 2mm 3.8 0.759
5 1.18mm 24.35 4.862
6 600mm 117.42 23.444
7 425mm 120.03 23.965
8 300mm 90.16 18.001
9 212mm 58.02 11.584
10 150mm 34.42 6.872
11 75mm 28.78 5.746
12 pan 7.37 1.471

Also from the standard BS 1377, the quantity of  sand  used  in cubes was obtained as

shown in Table 2. In the same case of rectangular moulds, the results are presented in Table 3.

N° Sieve size % retained total mass
(g)

14

Table 1. Sieve analysis of river sand

Table 2. Sand combination for cubic moulds



1 2.00mm 0%

2 1.18mm 7% 124.78

3 710m 26% 463.50

4 425m 34% 606.11

5 150m 20% 356.54

6 75m 13% 231.72

N° Sieve size % retained total mass
(g)

1 2.00mm 0%

2 1.18mm 7% 630

3 710m 26% 1020.4

4 425m 34% 1749.2

5 150m 20% 1340.8

6 75m 13% 360.5

3.4 Experimental Procedures

The termite soil/cement matrix was examined at percentage proportions of 20%, 40%,

60%, 80%, and 100%. The mixture of termite soil/cement was mixed with sand, as shown in

Tables  2  and  3.  These  were  manually  mixed  with  water  for  few  minutes.  The  ratio  of

cement/water  was  determined following the  BS standard[6]..  That  ratio  is  equal  to  0.6 (see

Tables 4 and 5 for the amounts of cement, termite soil and water for the different percentages).

The mixtures were then poured into metallic cube moulds with dimensions of 70x70x70 mm³ for

the compressive tests. In the case of flexural and fracture toughness tests, the mixture was poured

into metallic moulds with dimensions of 200 mm x 100 mm x 50 mm. The mix designs were

moulded under the same conditions, but not the same day. The fracture toughness samples had

thicknesses of 20cm (as specified in Callister the ratio N/W=0.4 where N is the notch length and

W is the width of the sample).

Percentage of
replacement

Cement (g) Termite Soil T.S (g) Water (g)

15

Table 3. Sand combination for rectangular moulds

Table 4. Quantity of different component for the different percentages



0% T.S 1732.3 0 1039.3

20% T.S 1386.0 346.3 1039.3

40% T.S 1039.3 693.0 1039.3
60% T.S 693.0 1039.3 1039.3

80% T.S 346.3 1386.0 1039.3

A total of 135 samples was produced for flexural, compressive and fracture toughness 

testing. Those samples were cured in water for 7 days, 14 days and 28 days. However, every 7 

days the water was changed.

3.4.1 Compressive Strength Testing

After drying the samples for 7-days, 14-days and 28-days, the flexural and compressive

strengths, as well as the fracture toughness values were measured with a Universal Mechanical

Testing  Machine  (Hydraulic  universal  testing  machine,  4002  &  UTM7001).  DIDAC

International, New delhi, India.

The compressive tests were carried out under displacement control at a loading rate of 1.2

kN/s. The specimens were loaded monotonically until failure occurred by separation into two or 

more pieces. Prior to testing, the actual dimensions of the specimens were measured using a pair 

of Vernier callipers. The compressive strengths ( σc ) were calculated from:

where

Fi  is the force at the onset of failure and A i  is the initial cross-sectional area.

3.4.2 Flexural Strength Testing

The flexural tests were conducted on moulded specimens with dimensions of 200  ×  100

×  50 mm3. The specimens were loaded under three-point bending in a Universal Mechanical

Testing  Machine  (Hydraulic  universal  testing  machine,  4002  &  UTM7001)  DIDAC

International,  New delhi, India. The specimens were loaded under displacement control until

failure occurred by fracture into 2 or more pieces. The flexural strength was calculated from

(Callister 2007):
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σ f=
3 FoL
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where Fo  is the load at the onset of failure, L is the distance between the support points, b is 

the breadth of the specimen and w is the width of the specimen. Three (3) specimens were tested 

for each composition.

3.4.3 Fracture Toughness Experiments

Suppose the load on the specimen is increased until it breaks, i.e. fracture. The resistance

to this fracture may be characterized by the stress intensity at fracture, K IC, which is often called

the  fracture  toughness.  A KIC value  represents  a  lower  limit  value  of  the  material’s fracture

toughness. This value is used to estimate the relation between failure stress and critical defect

size of a material in service. 

The fracture toughness  experiments  were carried out  on Single Edge Notched (SEN)

bend specimens with dimensions of  200  ×  100  ×  50 mm3. These had notch widths of

20 mm. The fracture toughness was calculated from (Soboyejo 2002):

where K 

is the 

stress 

intensity factor, a is the crack length, f (
a
w

)   is the compliance function and σ  is the 

applied stress. As before, the specimens were produced by moulding in room temperature (28

℃ ). They were then tested in a Universal Mechanical Testing System (Hydraulic universal 

testing machine, 4002 & UTM7001) DIDAC International, New delhi, India. The fracture 

toughness tests were conducted under a loading rate of 1.2 KN/s. Monotonic loading was 

continued until fracture occurred by separation into 2 or more pieces.

3.4.4 Consistency and setting time tests

Before commencing setting time test, the consistency test is required to obtain the 

quantity of water needed to give the paste normal consistency as specified by the IS: 4031 (Part 

4) – 1988.

17
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a
w
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3.4.4.1 Consistency

The aim is to find out the water content required to produce a cement paste of standard 

consistency. 300 g of cement was weight and mix with a weighed quantity of water. The quantity

of water was obtained by 

c
w

=0.28       (j)

where c is the quantity of cement in grams and w quantity of water in grams;

The time of weighing-mixing was between 3 to 5 minutes. Then the Vicat mould was 

filled with the paste and leveled with a trowel. The plunger was gently lowered till it touches the 

cement surface. The plunger was released allowing it to sink into the paste. 

This procedure was repeated six (6) times taking fresh samples of cement with different 

quantities of water until the penetration reaches 33  2cm. the temperature was about 29°C.

3.4.4.2 Setting time

The setting time is the time at which the cement paste loses its plasticity. The paste obtain

from the procedure describe above (for the consistency test) is used for the initial and final 

setting time test.

 Initial setting time: 
Test block confined in the mould, resting on the non-porous plate, was placed under the 

rod bearing the needle. 
The needle was gently lowered until it comes in contact with the surface of test block and

released quickly, allowing its penetration into the test block.
This procedure was repeated i.e. quickly releasing the needle after every 15 minutes until 

the needle fails to pierce the block for about 5 mm measured from the bottom of the mould. The 

time was noted.
 Final setting time:

 The needle of the Vicat’s apparatus was replaced by the needle with an annular 

attachment. The cement is considered finally set when upon applying the final setting needle 

gently to the surface of the test block; the needle makes an impression there on, while the 

attachment fails to do so. Time was recorded.

The initial and final setting time test was done for the different composition of 20% 

termite soil 80% cement, 40%-60%, 60%-40% and 80%-20% to see the impact of the termite 
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soil in the setting time of the composite. For each composition three tests have been done for the 

initial and three others for the final. The average was considered.

Composition/
setting time (min)

0% TS-
100%C

20% TS-
80%C

40% TS-
60%C

60% TS-
40%C

80% TS-
20%C

initial setting time 118 147 91 90

final setting time 183 290 496 288 188

3.4.5 Moisture Content and Specific Gravity

3.4.5.1 Moisture Content

The moisture content is the quantity of water contained in material. The mixed design 

(termite soil-river sand-cement-water) was thermally dried in an oven at 105°C for 24 hours. The

composite was weighted before and after drying to determine the moisture content. The moisture

content was obtained from the formula:

where, MS is the moisture content expressed in percentage.

Composition TS0-C100 TS20-C80 TS40-C60 TS60-C40 TS80-C20
Wet weight (g) 73 43.8 39.1 74.4 75.2
Dry weight (g) 71.4 42.2 37.9 72.5 72.8

Moisture (%) 2.24 3.79 3.17 2.62 3.30

Where TS is Termite’s Soil and C cement

3.4.5.2 Specific Gravity

Specific gravity usually means relative density with respect to water. Cement’s specific 

gravity is 3.05 and that of termite soil is 2.60 [24].

3.4.6 X-ray Diffraction (XRD) and Energy Dispersive Spectroscopy (EDX) 

Analysis

The elemental analysis of the termite mound soil was determined using EDX. The cement

and the mix design at different percentages used in this study were also analyzed to determine 

the various elements present. The machine used for this analysis was the SKYRAY 
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100                 (k)

Table 6. Moisture content of different samples



INSTRUMENT (type EDX3600B) which detects elements between Sodium (Na, Z=11) and 

Uranium (U, Z =92) with high resolution and fast analysis.

The structural arrangement of both cement and termite soil were identified using XRD. 

This analysis was done with the machine GBC eMMA XRD; it Enhances mini-material analyzer 

which employs the XRD technology to conduct material analysis using standard XRD reference 

data. All the analysis; XRD and EDX were performed on the composite at the different 

percentages used above and on the cement and termite’s soil.

CHAPTER FOUR 

RESULTS AND DISCUSSION

4.1 Structure and composition

4.1.1 X-ray Diffraction (XRD) and Energy Dispersive Spectroscopy (EDX) 

The cement contains principally Calcium (Ca 56.57%), then some Silicate (Si 5.13%),

Sulfur (S 3.48%), Iron (Fe 2.10%) and Aluminum (Al 1.97%). Table 7 shows the variations

obtained from the EDX results. The main components of cement mixed with termite soil (in the

mix design) are presented in Table 7. 

The XRD and EDX patterns obtained from the termite’s soil, cement and the mix design

are presented below in Figures 8-14. The termite’s soil consists predominantly of Silicate (Si

27.40%), Iron (Fe 15.97%) and Aluminum (Al 14.05%). 
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COMPONE
NT

QUANTITIES %

Termite’s
soil

Cement 0% Replac. 20% Replac. 40% Replac. 60% Replac. 80% Replac.
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Al2O3 26.54 3.72 5.41 9.13 9.01 11.62 15.21

SiO2 58.77 10.99 32.44 36.34 63.23 47.51 50.71

(PO4)2 0.38 0.75 0.53 0.50 0.49 0.46 0.42
CaSO4.2H2

O
1.59 18.69 4.74 3.89 4.08 3.58 3.59

K2O 2.37 0 0.58 0.82 0.88 1.61 1.92

CaCO 0.37 79.15 83.99 66.82 49.55 43.96 27.27

V2O5 0.04 0.01 0.01 0.02 0.01 0.03 0.02

Cr2O3 0.02 0 0.00 0.02 0.00 0.01 0.01

MnO2 0.19 0.01 0.05 0.08 0.06 0.10 0.11

Co3O4 0.19 0.01 0.02 0.03 0.02 0.03 0.04

Fe3O4 22.07 2.91 4.45 9.80 5.40 11.34 10.17

NiO 0.08 0.03 0.06 0.06 0.07 0.06 0.09

CuO 0.06 0.02 0.05 0.05 0.05 0.05 0.06

ZnO 0.10 0.04 0.10 0.10 0.09 0.09 0.11

WO3 0 0 0.07 0.06 0.07 0.07 0.04

Nb2O5 0.00 0 0.01 0.01 0.01 0.03 0.01

MoO3 0.01 0.35 0.32 0.28 0.23 0.35 0.28

SnO2 0.01 0.31 1.03 1.10 1.12 1.10 1.34

Sb2O3 0.01 0.28 0.92 1.00 1.00 1.00 1.20
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Table 7. Chemical composition of different design 
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Figure 5. EDX and XRD of cement

Figure 6. EDX and XRD of termite’s soil
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Figure 7. EDX and XRD of the mix design with 100% cement and 0% termite’s soil
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Figure 8. EDX and XRD of the mix design with 80% cement and 20% termite’s soil
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Figure 9. EDX and XRD of the mix design with 60% cement and 40% termite’s soil
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Figure 10. EDX and XRD of the mix design with 40% cement and 60% termite’s soil



4.2  Mechanical Properties

4.2.1 Compressive Strength

The dependence of Compressive strength on various levels (of percentage replacement of

cement  with  termite’s soil)  are  summarized  in  Figure  15.  The  compressive  strengths  of  the

mortar cubes increased with aging (for the 40% and 80% replacement of cement with termite

soil) from 3.84 N/mm² to 6.21 N/mm² and from 0 N/mm² to 1.29 N/mm², respectively. for 20%

and 60% percentage replacement of cement with termite’s soil. The Compressive strengths also

increased at 14 days (from 7.12 N/mm² at 7 days to 8.04 N/mm² at 14 days and from 1.69 N/mm²

at 7 days to 4.66 N/mm² at 14 days, respectively), while it decreased at 28 days (7.55 N/mm² for

20% and 2.83 N/mm² for 60%). However, at 0% replacement of cement with termite’s soil, all

the mortar cubes are decreasing at 14 days (from 13.91 N/mm² at 7 days to 9.02 N/mm² at 14

days),  and then increasing at  28 days  (10 N/mm²) in  compressive strength though they had

higher early 7-day compressive strengths.
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Figure 11. EDX and XRD of the mix design with 20% cement and 80% termite’s soil



4.2.2 Flexural strength

Figure  16  shows  the  variations  in  Flexural  strength  of  various  levels  of  percentage

replacement of cement with termite’s soil at different curing ages. The results showed that the

flexural  strength  of  the  mortar  cubes  increased  considerably  with  age  for  0%  and  60%

replacement of cement with termite’s soil (from 9.2 N/mm² at 14 days to 19.77 N/mm² at 28 days

for 0% and from  0 N/mm² at 14 days to 7.0 N/mm² at 28 days for 60% replacement). A small

increase in flexural strength was observed for 20% replacement (from 7.90 N/mm² at 7-14 days

to  9.60  N/mm²  at  28  days).  However,  at  40%  replacement  of  cement  with  termite’s  soil,

increasing flexural strength was observed between the ages of 7 days to 14 days (from 0 N/mm²

to 7.44 N/mm², respectively), while from 14 days to the 28 days a constant flexural strength

(7.44 N/mm²) was observed. However, for 80% replacement of cement with termite soil,  no

significant change in flexural strength was observed.
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Figure 12. Compressive strength for different percentage replacement of cement with termite’s 
soil at different curing ages



4.2.3 Fracture Toughness

The Fracture toughness variations at different curing age for various levels of percentage

replacement of cement with termite’s soil are presented in Figure 17. The results showed that the

fracture toughness of the mortar cubes increased with age, for 40% and 60% replacement of

cement with termite’s soil (from 0.56 MPa√m at 7 days to 0.72 MPa√m at 28 days and from 0

MPa√m at 7 days to 0.63 MPa√m at 28 days, respectively). The results also showed that at 0%

and 20% replacement of cement with termite soil, decreasing in fracture toughness was observed

after ageing for 7 days and 14 days (from 5.18 MPa√m to 2.55 MPa√m respectively for 0% and

from 4.06 MPa√m to 1.82 MPa√m, respectively for 20%) the thougness were 2.65 MPa√m for

0% and 4.24 MPa√m for 20% after 28 days. However, for 80% replacement of cement with

termite soil, there was no significant change in the fracture toughness.

30

Figure 13. Flexural strength for different percentage replacement of cement with termite’s soil vs
curing ages



4.3 Consistency and setting time 

The consistency was done to indicate the ratio of cement: water needed to start the setting

time test. The ratio was found to be 0.28.

The results for the setting time are summarized in Figure 18. It showed that for the initial

setting time there is different variations comporting; two increase in setting time from 0% to

20% (from 118 mins to 147 mins respectively) and from 40% to 60% (from 91 mins  to 90 mins

respectively) and the setting time decreases from 20% to 40% (from 290 mins to  496 mins

respectively).

For the 80% the penetration of the needle was less than 30 cm at the start that’s why it has

been considered as zero.

While, for the final setting time it has showed that there is an  increase in setting time

from 0% up to 40%  replacement of cement with termite’s soil  (from 183 mins to 496 mins
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Figure 14. Fracture toughness for different percentage replacement of cement with termite’s soil 
at different curing age



respectively) then it has started to decrease until 80% replacement of cement with termite’s soil

(188 mins).

4.4 Moisture Content

The results obtained for the moisture content are summarized in Figure 19. These showed

that the moisture contents reached a maximum for 20% replacement of cement with termite’s 

soil (3.79%). This moisture contents decreased reaching 2.62% at 60% replacement of cement 

with termite soil. It increased 3.30% at 80% replacement of cement with termite soil. However, 

the minimum moisture content was obtained for 0% replacement of cement with termite soil.

32

Figure 15. Setting time at different % replacement of cement with termite’s soil



CHAPTER FIVE 

SUMMARY AND RECOMMANDATIONS

5.1 SUMMARY

Termite soil was used as a partial replacement for cement. The mechanical properties (the

compressive and flexural strength and fracture toughness) were determined for the various 

replacement mixtures.
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Figure 16.  Moisture Content for different % replacement of cement with termite’s soil.



Compressive strength decreased with increasing of termite volume fraction. However up 

to 60% replacement of cement with termite soil resulted in higher compressive strengths than the

compressive strength specified in the Nigerian Industrial Standard (NIS 87: 2000). Up to that 

60% replacement the compressive strength is higher than 2.83 N/mm², so it’s higher than 2.0 

N/mm² specified by the British Standard for non-load bearing walls.

Flexural strength decreased with increasing termite soil content in the sample, but for up 

to 60% replacement of cement with termite soil, the flexural strength was above 7.0 N/mm². 

Also, the flexural strength for 20% replacement is greater than 7 N/mm². 

A maximum fracture toughness of 4.24 MPa√m was obtained for 20% replacement of 

cement with termite soil. 

Up to 40% replacement with termite soil resulted in the acceleration of the setting time of

the paste. Termite soil is, therefore, accelerator when used at that percentage (40%). It could, 

therefore, be effective for cold weather concreting, where early removal of formwork is required.

5.2 RECOMMENDATIONS

It can be recommended that strengthening and toughening mechanisms of the materials 

should be studied. There is also a need to determine the effect of ageing on the strength and 

fracture toughness (robustness) of soil brick materials that are made of termite soil and cement.
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APPENDIX
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Figure 17. Sieving of sand through the different sizes needed (right) weighing of different 
materials to make the mortar (left)

Figure 18. Drying of samples in an oven at 105°C for 24Hrs 
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Figure 19. Casting and curing of cubic samples for compression test (from left to right)

Figure 20. Casting of rectangular samples and curing of samples (from left to right) 
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Figure 21. Consistency and setting time test

Figure 22. Flexural test on the rectangular samples (on the left) and compressive test on the cubic
samples (right)
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100m100m

Figure 23. Universal Testing Machine used for Compressive, Flexural and Fracture Toughness 
test

Figure 24. 60% replacement and 0% replacement image captured with a proscope. Cracks are 
different in both case
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