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ABSTRACT
The purpose of this research was to stabilize laterite soils using cement and metakaolin.
The need for this research is driven from the problems experienced during cement
stabilization particularly autogenous shrinkage that is associated with cement
hydration. Metakaolin which is pozzolanic in nature has in previous research
demonstrated the capacity to minimize this shrinkage by increasing the voids formed
during hydration of cement. Metakaolin has also been found to improve the strength
properties of concrete. Therefore, this research aimed at increasing the strength of
laterite soil stabilized with cement and metakaolin. To achieve this, cement and
metakaolin were mixed together with cement kept at a constant 3%, which is the
optimum for this purpose according previous research and metakaolin increased from
0% to 8% in intervals of 2% in order to determine the suitable mix design for stabilization
of the laterite soils. A design mix of 3% cement and 4% metakaolin was selected as the
optimum since this soil gave the highest values for the strength properties of the
laterite soil after stabilization that is 57% for CBR and 1.41MPa for UCS. The shrinkage
characteristics of the soil that is Pl, CBR swell and linear shrinkage were all found to
be within the allowable range according to the MoWT general specifications for road

and bridge works 2005.



DECLARATION
| hereby declare that this is my original work, is not plagiarized and has not been

submitted to any other institution for any award.

Signed: Date:

---------------------------------------------------------------------------------------------------------------------------------

AGABA JOEL

520B32/216



APPROVAL
| certify that this report is for AGABA JOEL and | fully accept that he has been under
supervision and so submitted to the Faculty of Engineering, Design and Technology
Uganda Christian University in partial fulfillment of the requirements for an award of a

Bachelor of science in civil and environmental engineering.

Signed; Date

Ms. Josephine Ritah Nakyeyune

Academic Supervisor



DEDICATION
| dedicate this research to my parents Mr. & Mrs. Bataringaya who have been my biggest
support throughout this my academic journey. Additionally, | dedicate this research to
my siblings Arinda Joan, Ahabwe Joshua and Ankunda Jonathan as well for being a

motivation to my life.



ACKNOWLEDGEMENT
| thank the Almighty God for enabling me to carry out this research project and seeing

me through this entire duration.

| would also like to thank my parents as well as my siblings for their continued support
financially and emotionally for their unwavering support allowed me to focus on this

research project and it would not have been possible without this support.

| would like to extend my gratitude to Ms. Josephine Ritah Nakyeyune, my research
supervisor for the guidance, assistance, advice and time that she dedicated to this

research project.

Appreciation goes out to Mr. Kakooza Paul my project partner for being collaborative

and active throughout this research process.

Finally, | would like to thank the faculty of engineering design and technology at Uganda
Christian university for supporting us and allowing us to do this research under their

guidance and supervision.



TABLE OF CONTENTS

Y2 2 i
3 0 Y 1 ii
APPROVAL ...ttt ittt et ettt ettt e e e e e aesaeeaes iii
13 O iv
ACKNOWLEDGEMENT ..ttt et ettt ettt eraesaeenens v
LIST OF TABLES ... ettt ettt ettt ae et eae e eaeeaes ix
LIST OF FIGURES ...ttt ettt ettt e e e eaees X
LIST OF ACRONYMS AND ABBREVIATIONS . ...cuuuittiiietiie it eiieeeeeeeeaeeeeeeaaes Xi
CHAPTER ONE: INTRODUCTION ...etnteititteiteie et eeteeaeeeaneeaneeaneeaneeaneeannenns 1
L I 2 = Ted X o 1 s T IR PP 1
1.2 Problem statement ......ooouuiiiiiiiiiiiiiii i e 2
(I 0] o) (=Tt 4 )L S PP 3
1.3.1 Main ODJECHIVE ittt e areaeaaaaaaaans 3
1.3.2 SPeCifiC ODJECHIVES tiiiiiiiiiiiiiiii it anarrreeeaaaaaaans 3

1.4 ReSearCh QUESTIONS ....iiiiiiiiii ittt eennneeaaaaaaaans 4
1.5 JUSEIFICAtION «evvii e 4
LI T (o] o T PP 5
1.5.1 GEOgraphiCal SCOPE . .uuuueettttttteeeeeeeiiiiiiieeeeeeeeeeeennnnnnnnnenneeeeens 5

L T2 Oe T €= | B o] o1 N 5

Vi



I TG T I 4T3 o1 5

CHAPTER TWO: LITERATURE REVIEW.......utitiiiitiiiiieii i eeieeeieeeeeeeenees 6
72 0 | o T [t o o P 6
2.1 Laterite SOIlS .vvvnuiiii i 6
2.2 S0il stabilization ......ooeiiiiiiiiiiiii e 8

2.2.1 Mechanical stabilization .........ccoiiiiiiiiiiiiiiiii 8
2.2.2 Chemical stabilization ........c.cooviiiiiiiiiiiiiiiiiiiiii 10
2.3 COMENE . ettt e 13
2.3.1 Hydration of cement ... .ccoiiiiiiiiiiiiiiiiiiiii e aaas 14
2.3.3 Environmental cost of cement. .......oooviiiiiiiiiiiiiiiiiiii 15
2.4 MetaKaolin..oovneueiiiiii i e 16
2.4.1 Chemical composition of metakaolin. ......cceeviiiiiiiiiiiiiiiiiiiiiiiiinnnnn.. 17

CHAPTER THREE: METHODOLOGY ...uutintiteiteieeneeeeaeeeaeteeneeaneeeneenneeannes 19
3.0 INErOdUCEION «.uuueiiii e e 19
3.1 Materials and Methods.......coovuiiiiiiiiiiiiiiii e 19

T T L U= L 19
3.2 MEthOdS e 20

CHAPTER FOUR: RESULTS AND DISCUSSION. .....ciittiiiitiiiitiiieeiieeeineerenneenns 26
T 0 1 o e [ T [ 26
4.1 Neat laterite SOil.....cvvieiiiiiiiiiiiiiii i 26

vii



4.1.1 Particle Size distribUtion . ... v iie it ittt et ietesasenesnesnsessnsonnss 27

4.1.2 Atterberg imit testS . uuuueeeii ittt eeeeeeereneeeeeeeeaenns 28
4.1.3 Proctor teSt...cvviiiiiiiiiiiii i e 29
4.1.4 California bearing ratio ......eeeeiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeenirieneeeeeens 31

4.2 Chemical analysis of the metakaolin. ......coiiiiiiiiiiiiii e 32
4.3 Stabilized laterite SOil ...cuviiiiiiiiiiiiiiiii e 33
4.3.1 Effect of the metakaolin on the Atterberg limits of the soil .................. 33
4.3.2 Effect of the cement and metakaolin on proctor values of the soil.......... 35
4.3.3 Effect of cement and metakaolin on the CBR of the soil ...................... 36
4.3.4 Effect of cement and metakaolin on UCS of the soil .............ooeeiiiiiiee 38
CHAPTER FIVE: CONCLUSION AND RECOMMENDATION ...c.uviiiiiiieiieeinenaenanennnen. 41
o 0 I 00 T U 1 T o 41
5.2 ReCOMMENAAtIONS «.uunneiiiiiii ittt e 42
REFERENCES ...ttt ettt ettt et e e e e eaeeeeeeneeeeeeneeannenns 43
APPENDIX. Lttt ettt ettt e ettt eeaas 52
APPENDIX A: PICTORIAL. .. ttteeiiieeiitt it e ettt ee et eeeeeeeeeeenaneeenneaaans 52
APPENDIX B: LABORATORY RESULTS ... uuttitiiiitiiiieiiieiieeeieeeeneeeennneanns 54

viii



Table 1:

Table 2:

Table 3:

Table 4:

Table 5:

Table 6:

LIST OF TABLES

Requirements for cement stabilization .........ccoiviiiiiiiiiiiiiiiiiiiiiiiiin., 12
The chemical composition of Metakaolin ........ccoevviiiiiiiiiiiiiiiiiiiiinnnn.. 17
1 Qe [=35] = o N 24
Summary of the test results on the neat soil.......c.ccviiiiiiiiiiiniiiiint, 26
Chemical composition of the Metakaolin sample......c.cccovvviiiiiiiiiiiiiinat, 32
SUMMAryY Of the FeSULS ..uvuu i i it e e e ee e eee e eeeeaes 39



LIST OF FIGURES

Figure 1: Showing distribution of soils in Uganda (Obtained from

https://esdac.jrc.ec.europa.eu/content/uganda-soils) .....c.ceeiiiiiiiiiiiiiiiiieninnnnnnns 1
Figure 2: The grading curve for the neat soil..........coviiiiiiiiiiiiiiiiiiiiiiiiiiean.., 27
Figure 3: Determination of liquid limit for the neat soil.......ccccevuiiiiiiiiiiiiiiiiit 28
Figure 4: MDD curve for the neat SOil......uueiiiiiiiiiiiii e ee e 30
Figure 5 A graph shows the chemical composition of Metakaolin......................... 32
Figure 6: A graph showing changes in Pl with % MK and cement.............ccccoeent.... 33
Figure 7: A graph showing variation in LS against %MK and cement...................... 34
Figure 8 : A graph of MDD against %metakaolin and cement ...........ccccvvvveeeennnn.. 35
Figure 9: A graph of OMC against %cem and MK ........ccoiiiiiiiiiiiiiiiiiiiiiiieeeeannnn. 36
Figure 10: A graph of Variation of CBR with changes in cement and metakaolin....... 36
Figure 11: A graph of CBR swell against %metakaolin and cement ....................... 37
Figure 12: A graph of UCS against % Cement and Metakaolin .........cccevviiiiiiiiaaa.t 38
Figure 13: Washing the sample for Sieve analysiS.......cccviiiiiiiiiiiiiiiiiiiiiiiiieinnnn. 52
Figure 14: Sampling the laterite SOil......uiiiiiiii e 52
Figure 15: Liquid limit determination .......ccciiiiiiiiiiiriiiiiiiiiiiiiiiiiieeeeeeaeannns 52
Figure 16: Sampling the metakaolin ......ccoiiiiiiiiii i eeeeeees 53
Figure 17: Sampling metakaolin .......coviiiiiiiiiiiiiiiii ittt iiiieiiie e eeeeaans 53
Figure 18: Crushing the metakaolin.......ccoiiiii e eaees 53
Figure 19: Crushing the metakaolin sample .......ccooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeaaenn, 53



ASTM

BS

C-A-H

CBR

CEM

C-S-H

LL

MDD

MK

MoWT

OMC

PI

PL

ucs

LIST OF ACRONYMS AND ABBREVIATIONS

American Society for Testing and Materials

British Standard

Calcium Aluminate Hydrate

California Beating Ratio

Cement

Calcium Silicate Hydrate

Liquid limit

Maximum Dry Density

Metakaolin

Ministry of works and transportation

Optimum Moisture Content

Plasticity index

Plastic limit

Unconfined Compressive strength

Xi



CHAPTER ONE: INTRODUCTION

1.1 Background

Laterite soils are heavily worn tropical or sub-tropical residual soils which contain
varied ratios of clay size to gravel-sized particles (Oyelami and Van Rooy, 2018). Laterite
soils are reddish yellow soils that result from the processes of weathering in tropical
climatic conditions of alternate hot and wet weather (Santha Kumar et al., 2022). The
reddish yellow color is due to the presence of large quantities of iron oxide in the form
of hematite (Fe203) (Kamtchueng et al., 2015). Uganda being located in the tropics has

got laterite soils available in abundance in many parts of the country (Kamanyire, 2000).

Figure 1: Showing distribution of soils in Uganda (Obtained from

https://esdac.jrc.ec.europa.eu/content/uganda-soils)
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From figure 1 above, it can be seen that majority of the soils in Uganda are ferralitic in
nature. Ferrallitic soils are iron containing soils among which is laterite soil. This has
led to the adaptation of these soils in many engineering activities. Uganda is highly
dependent on laterite soils for road construction. These soils are most notably used in
the subgrade and subbase layers of roads. However, these soils often have low bearing
capacity. Laterite soils have also been found to contain quantities of clay minerals
(Reda, Mohamad and Harris, 2021). Therefore, these soils are susceptible to volumetric
changes which poses a challenge to motorists. This problem can be seen along Jambula
road located in Akright city in Entebbe municipality where the presence of weak laterite
soils in the subbase has left the road susceptible to damage from heavy traffic hence
causing uneven settlement of the road surface and thus development of potholes in the
road. This has caused problems for motorists that use the road (Richard, 2023). Various
techniques have been developed to stabilize these soils like the use of cement as a
chemical stabilizer. However, cement has got a challenge of shrinkage among others.
Materials like meta-kaolin have been found to be effective in increasing the strength

properties of cement-based concrete.

1.2 Problem statement

Laterite soils are a result of weathering in tropical conditions which is typical in most
parts of Uganda(Smith et al., 2017). These types of soils are not suitable to be used as
fill materials since they can’t be compacted back to their natural density therefore
being unable to offer enough resistance to traffic loads since they crush easily under
loading (Tugume et al., 2019). They are also greatly affected by water due to the

presence of quantities of clay minerals in the soils which often fail during the rainy



season (Bello Yamusa et al., 2019). This problem can be seen along Jambula road
located in Akright city in Entebbe municipality where the presence of weak laterite soils
in the subbase has made the road susceptible to heavy traffic causing uneven
settlement on the road surface leading to formation of potholes causing problems for
motorists that use the road. A study conducted on the road concluded that the reason
for failure of the road surface was because the laterite soils used in the subbase that
did not offer enough resistance to traffic loading. The subbase material used was found
to have a design soaked CBR (at 95% MDD; OMC) between 29-32%. The study concluded
that subbase material with a minimum CBR of 45% be used on the road because of the
traffic requirements of this road. Many researchers have tried to find materials that
can be used to stabilize this type of soils. One of the materials that have been
extensively researched is cement since it is able to increase their bearing capacity.
However, the use of cement is marred by several problems particularly the shrinkage of
cement-based materials that occurs during hydration. To solve this issue, the cement
may be partially replaced with meta-kaolin. This study therefore aims to stabilize

laterite soil using cement and metakaolin.

1.3 Objectives

1.3.1 Main objective

To stabilize laterite soils using cement and metakaolin.

1.3.2 Specific objectives
1. To determine the engineering properties of the neat laterite soil.

2. To determine the properties of meta-kaolin.



3. To determine the engineering properties of laterite soil stabilized with varying

percentages of cement and meta-kaolin

1.4 Research questions
1. What are the engineering properties the laterite soils used on the road?
2. What are the properties of metakaolin?
3. What are the engineering properties of the soil when stabilized with different

percentages of cement and metakaolin

1.5 Justification

Meta-kaolin (Al;Si;07) is produced from calcination of kaolinite clay at temperatures
between 700°C to 800°C(Astutiningsih, Banjarnahor and Zakiyuddin, 2018). Meta-kaolin
has pozzolanic properties (Branco and Angulski, 2018). This implies that meta-kaolin
can react at room temperature in the presence of water to form substances that possess
cementitious properties (Okitoi, 2021). Meta-kaolin itself is made up of (50-60) % silica
and around (40-45) % alumina which are in active form. This silica and alumina will
react with the calcium hydroxide (Ca(OH);) formed during hydration of cement leading
to formation of calcium aluminum feldspars like calcium silicate hydrate and calcium
aluminate hydrate which are components of the gel (Okitoi, 2021) that serves to bind
the soil particles thus increasing the bearing capacity of the soil and reducing the
plasticity index. (Kolovos et al., 2013) proved that the shrinkage associated with
cement during hydration is reduced by (0-20) % by the use of meta-kaolin and reduction
in the amount of cement used. From the MoWT General specifications for road and

bridge works 2005, cement should be selected as a stabilizer of the Pl of the soil is less



than 20. This is because beyond a Pl of 20, the fines in the soil are too high and lime

would be more suitable for stabilization.

1.5 Scope

1.5.1 Geographical scope

The laterite soil that was used for the study was obtained from Jambula road in Akright
city in Entebbe municipality in central Uganda. The metakaolin was got from Buwambo
Parish in Gombe sub-county Wakiso subcounty in central Uganda. The cement was

purchased from a hardware store in Mukono town.

1.5.2 Content scope
The scope of this research was be aimed but not limited at improving the engineering
properties of laterite soils used on Jambula road in Entebbe municipality using cement

and metakaolin.

1.5.3 Time scope

The research was carried out from August 2023 to March 2024.



CHAPTER TWO: LITERATURE REVIEW

2.0 Introduction
This chapter discusses the theoretical foundations upon which the research was built
and centered and also highlights the important discoveries from analyzing different

scholars’ research findings.

2.1 Laterite soils

Laterite soils are a reddish-brown soil that are formed as a result of weathering in areas
with tropical climate. Tropical climate implies alternate hot and wet weather (Trewin,
2014). In academic writing, the term “laterite” was originally used by geologist Francis
Buchanan in 1807. He described the type of soil in the mountainous region of Malabar,
India (Santha Kumar et al., 2022). The Latin word "Later,” means "brick earth,” and is
the origin of the word "Laterite" originates (Rajashree, 2020). Laterite soil is a highly
weathered soil rich in the secondary oxides of aluminum, iron, and or both. It is nearly
void of primary silicates and bases, but it may include substantial amounts of kaolin
and quartz (Quadri, Adeyemi and Olafusi, 2012). According to geomorphology,
laterization involves the concentration of hydrated iron and aluminum oxides also
known as "sesquioxide” as well as the leaching out or removal of silica, alkali, and
alkaline earths (Prasad and Parthasarathy, 2018). It is either hard or capable of
hardening on exposure (Quadri, Adeyemi and Olafusi, 2012). The reddish-brown color is
due to the presence of these secondary oxides of iron and aluminum (Tiboti et al.,

2021).

The properties of laterite soils greatly vary depending on the area in which the soils are

found (Saing et al., 2017). These variations are caused by differences in the
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characteristics in the area in which the soils are found. The following are some of the

factors that cause variations

e Parent rock- the characteristics of the soils will depend on the chemical
composition of the rock from which the soils were formed (Oyelami and Van
Rooy, 2018).

e Degree of weathering- when weathering occurs for a long time, the silica in the
soil will almost be completely leached out and therefore only aluminum and iron
oxides will be present in the soil which will influence its engineering properties
(Santha Kumar et al., 2022)

e Geology in the area- the geology in the area has got a direct effect on the
hydrology of the area and hence the flow of rain water. This will therefore
influence how weathering in the area takes place and therefore affect the
properties of soil formed (VALLERGA BA and VAN TIL CJ, 1970).

e Climate in the area- tropical climates with alternate hot and cold weather are
the most favorable for the formation of laterite soils (McCauley, Jones and

Jacobsen, 2005).

Laterite soils also contain very small quantities of clay minerals which cause a degree
of volumetric changes with changes in moisture content of the soil (Adebisi et al.,

2013).

Depending on the size of the soil's particles, the laterite soil may be cohesive or non-
cohesive. While the sand -based laterite soil displays non-cohesive behavior, the silt

and clay-based laterite soil displays cohesive behavior (Roshan et al., 2022).



Uganda is one of the countries in the tropics, this implies that Uganda has got an
abundance of laterite soils. As such, these soils are readily available to be used in the
construction industry because they are very economical. However, these soils often do
not offer enough resistance to traffic loading and therefore will crush easily under

traffic loading when used in road construction projects.

2.2 Soil stabilization

In the process of building roads, soil stabilization is an essential task. It is done when
the local soils are soft and do not have enough bearing capacity, when the natural
aggregates available locally are of not of good quality and expensive to import, or when
it is expensive to remove the soils and replace with granular materials (Tan, Zahran
and Tan, 2020). It is the process of adding together and combining different elements
with soil to enhance specific engineering characteristics or properties of the soil. The
procedure involves mixing additives to change the texture, gradation, and or the
plasticity of the soil or to work as a binder for cementing the soil, or it may involve
blending soils to produce the required engineering properties like gradation (Guyer,

2011).

Stabilization involves several techniques but they can broadly be classified into 2 types:

1. Mechanical stabilization

2. Chemical stabilization

2.2.1 Mechanical stabilization
Through physical processes, such as induced vibration, compaction, or the addition of

additional physical elements like aggregates, barriers and nailing, it is possible to



stabilize soil by changing the physical characteristics of the native soil particles. This
process is known as mechanical stabilization (Makusa, 2012). Mechanical stabilization
produces the required engineering properties by compaction of the soil aggregates

particles hence producing a dense soil (Samuel, 2023).

Mechanical stabilization attempts to change the soil’s engineering properties without

changing its chemical make-up (Fondjo, Theron and Ray, 2021).

Mechanical stabilization techniques

(Fondjo, Theron and Ray, 2021) state the following as different mechanical stabilization

techniques;

Pre wetting

The fundamental theory underlying this method is that saturating soil causes a swell
prior to the commencement of construction, meaning that any additional wetting of
the soil material will be too minimal to cause sufficient failure by maintaining a high
water content (Schanz and Elsawy, 2015).

Compaction

The following are the reasons for which compaction of soil is carried out.
1. Reduction of the soil material's subsequent settling under loading.
2. Decrease in permeability stops rise in water stresses that would cause problems
with liquefaction and water content.
3. Lastly, it raises the soil material's bearing limit and shear resistance.

Soil replacement



This technique involves excavating the weak soil from the area and replacing it with

soil from a different area that demonstrates better strength characteristics.

Blending of various soils

This involves mixing the weaker soil with another soil with better engineering
properties. This can be done with for example aggregates or sand and will generally

improve the gradation in the soil to increase the properties of the soil.

Soil reinforcements

This technique involves addition of materials with a greater tensile strength as
compared to the local soil. Such materials include geo-textiles as well as fibers (Sayyed

et al., 2012).

The scope of this research however is not mechanical stabilization.

2.2.2 Chemical stabilization
In chemical stabilization, the desired impact of soil stabilization is mostly achieved by
chemical reactions between the stabilizing substance and the soil minerals (Makusa,

2012).

In this type of stabilization, a chemical compound is added to the soil and the chemical
composition of the compound added will react with the elements in the soil to improve

the soil.

Chemical stabilization is done by mixing materials like lime, cement, fly ash, rice husk
ash and other pozzolanic materials or a mixture of these materials with the soil whose

engineering properties are to be stabilized(Guyer, 2011). The subsequent chemical
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reactions are what lead to the soil’s engineering properties improving (Patel et al.,

2020).

Chemical stabilization can be divided into 2 broader categories (Fondjo, Theron and

Ray, 2021);

i

ii.

Using traditional stabilizers for example cement, lime as well as fly ash.
Using non- traditional stabilizers for example cement kiln dust, lime kiln dust,

bitumen emulsion, silica fume and metakaolin.

Advantages of chemical stabilization

(Okoko, 2014) reported significant monetary savings when using chemical
stabilization rather than mechanical stabilization in the stabilization of soils.
This method is also suitable for all different soil types regardless of the soil’s

characteristics (Chijioke and Donald, 2019).

Limitations of chemical stabilization

Some of these chemical stabilizers may be toxic to the environments in which
they are exposed. Moreover, due to limited research on the subject, knowledge
of this toxicity is not known to many people (Chijioke and Donald, 2019).

The production of some of these chemical stabilizers such as cement is an energy
instance process and the energy used is often from non-renewable resources such
as coal among others (Ohunakin et al., 2013). Additionally, the production of
these stabilizers often leads to production of particulates which contribute to

global warming (Larr and Neidell, 2016).
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2.2.2.1 Selecting a suitable chemical stabilizer for a soil

For a given type of soil, there may be more than one potential stabilizer that can be
used, however there are some general rules that make certain stabilizers more
desirable based on soil properties such as the granularity, fluidity, or texture of the soil
(Guyer, 2011). Traditionally, the 2 mostly used chemical stabilizers are cement and lime.

To determine which of the 2 is most suitable for a stabilization of a given soil, the MOWT

General specifications for road and bridge works 2005 guide as follows;

Table 1: Requirements for cement stabilization

% passing the 0.075mm

screen BS 1377-2

Plasticity index (%)

BS1377: Part 2

Best suited stabilizer

Less than 25%

Pl less than 6 or Pl x (%
passing 0.075mm) is less

than 60

Cement only

6-10

Cement is preferred

More than 10

Cement and/ or lime

More than 25%

Less than 10

Cement is preferred

10 - 20

Cement and/ or lime

More than 20

Lime is preferred

From the table, it is concluded that cement is generally suitable for soils with a Pl less

than 20. For a Pl above 20, then lime is more suitable.

12




Additionally, when the PI of the soil is between 10 and 20, then both cement and lime

can be used.

For lime to be effective, it requires the presence of fine sized soil particles to react
and is therefore used for soil material with a relatively high PI. A high Pl indicates that
the soil has a large capacity to swell. This is proof of presence of clayey particles in the

soil (KeyStone, 2003)

Cement can be used to stabilize soils with a high PI, although lime is usually preferred
in these cases. However, if cement must be used, the MoWT General specifications for
road and bridge works 2005 suggest that the material be pre- treated with addition of

2% lime prior to cement stabilization so as to improve the workability of the soil.

2.3 Cement

Cement is a powdery substance bearing cohesive and adhesive qualities, and being able
to bind objects such as building blocks, stones, and bricks. The main elements in cement
are clay and calcined lime. While lime after calcination primarily gives calcium oxide,
the clay used offers alumina, silica, as well iron oxide (Dunuweera and Rajapakse,

2018).

Cement composition depends on the purpose for which it was manufactured. However,
ordinary Portland cement usually contains about 63% calcium oxide (Ca0), 21.9% silicon
oxide (5i0), 6.9% aluminium oxide (Al203), 3.9% iron oxide (Fe203) (Tan, Zahran and Tan,
2020). Some organic soil types, sandy soils with limited reactivity, soils with moderate
to high SO levels and high plasticity clays are not appropriate for cement stabilization.

Due to high organic content in organic soils and the lack of pozzolans and silts, cement

13



alone will not be able to give the needed stabilization strengths unless cement is
applied in significant dosages (ACI Committee 230 and American Concrete Institute.,
2009). An unsuitable soil candidate for cement stabilization is one with a pH of less than
5.5 and more organic matter than 2%. The low pH will negatively affect hydration rate

of the mixture and hence resulting in slower strength gain (Tan, Zahran and Tan, 2020).

2.3.1 Hydration of cement

Hydration is an exothermic chemical reaction happens between cement and water. This
reaction is responsible for the ability of cement to bond particles. Hydration in actual
sense is however not one reaction. It is rather is collective term used to refer to a series
of reactions that take place either simultaneously as well as successively when

anhydrous cement is mixed with water(Ridi, 2018).

Dicalcium silicate (C2S),tricalcium silicate (C3S), tetracalcium aluminoferrite (C4AF) and
tricalcium aluminate (C3A) are phase compounds that can be found in cement (Ridi,
2018). The fastest reaction is that of C3S, and the slowest is that of C;S. C3A plays a
crucial role during the early stages of hydration because it reacts strongly with water,
thereby stiffening the cement paste. It also reacts more quickly than C3S. Gypsum is
added during cement manufacture to delay this reaction, and stop the immediate
stiffening. Ettringite is created when water reacts with C3A and gypsum. Tricalcium
aluminate hydrate (CAH), which is produced after gypsum is used up, is created when
C3A and water interact. A soil-cement matrix is created when the CSH and CAH combine
to produce a gel that acts as a binder for the particles of the soil (Tan, Zahran and Tan,
2020). Once the cement paste has hardened, it gains strength. Crystallized calcium
hydroxide (CH) and tricalcium silicate hydrate (CSH) which are byproducts of the

14



hydration reaction between C3S and C;S and the water, are what give hardened cement

paste its consistency (Ridi, 2018).

Cement is generally an adequate stabilizer in most engineering applications. An
advantage of using cement is that there is minimal leaching of calcium when it is used
(Tan, Zahran and Tan, 2020). Although, exclusive use of cement for soil stabilization is
strongly discouraged, mostly because to the detrimental environmental effects of
cement manufacture, which include significant energy consumption and carbon dioxide

emissions (Firoozi et al., 2017).

2.3.3 Environmental cost of cement.

Although cement is a widely used and effective construction material, it is important
to note its effect on the environment. It is estimated that the construction industry
contributes about 8% of the annual CO; tonnage in the environment (Michael, Peter and

David, 2022).

Cement is made by heating limestone, clay and other materials in a kiln at a very high
temperature about 1450°C to form cement clinker (Ohunakin et al., 2013). Very high
amounts of energy are required to produce these amounts of energy (Ohunakin et al.,
2013). Recent developments in renewable energy technologies are still not enough to
produce the amount of energy required to cater for the world’s cement needs in a
manner that is economically sustainable (Larr and Neidell, 2016). As such, the only
viable solution is the use of energy sources like coal and other hydrocarbons. These
produce vast amount of carbon dioxide which is the major driver of global warming.

Additionally calcium carbonate (CaCOs3) in the lime stone produces carbon dioxide as a
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by-product as it changes to lime (CaO) further contributing to the carbon dioxide load
into the environment (Michael, Peter and David, 2022). The environmental cost of
cement is therefore one of the major reasons why stabilization techniques like
metakaolin that require less energy to produce is important. These chemicals can

greatly reduce the carbon dioxide pollution by the construction industry.

2.4 Metakaolin

Metakaolin is a product of the thermal activation of kaolin clay (Rashad, 2015). Kaolin
clay is a type of clay whose main clay mineral is kaolinite. Kaolinite is a hydrated
aluminosilicate (Al2Si,05(0OH)4) (Survey, 2009). Thermal activation of the clay removes
the water from the clay leaving behind a dehydrated aluminosilicate (Astutiningsih,

Banjarnahor and Zakiyuddin, 2018).

The thermal activation involves heating the kaolin clay at a high temperature. This
temperature generally varies depending on the intended use of the Metakaolin as well
as the preference of the scholar. Generally, this temperature is between 600°C- 800°C

(Rashad, 2015).

The period for which the clay is heated is also subject to variations similar to those for
the temperature. The general duration is however between 2-12 hours (Soleil-Raynaut,

2018).

It is important to note that the temperature required for production of MK is about 55%

less that that required to produce cement.
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Metakaolin is a pozzolanic material (Okitoi, 2021). This implies that it will react at room
temperature in when there is moisture to form materials that possess cementitious

properties (Risdanareni et al., 2019).

2.4.1 Chemical composition of metakaolin.
The table below shows the composition of different oxides in samples of metakaolin by

3 different scholars

Table 2: The chemical composition of Metakaolin

Oxides Tosten Lorange | 2 (Risdanareni et | Ana Luisa VELOSA

(Lorange, 2020). al., 2019). (Velosa, Rocha and
Veiga, 2009).

SiO2 55.78 31 60.11

Al203 29.42 53.5 29.61

Fe203 0.55 6.58 1.28

Cao 0.68 1.1 0.05

MgO 0.21 0.12 0.15

SO3 0.00 0.00 0.00

K20 2.22 5.79 3.32

NazO 0.02 0.04 1.94

Ti203 0.08 0.919 0.36
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P20s 0.01

Mn203 0.02

LOI 11.0 - 2.61

From the table, it can be seen that Silica (5i0;2) and alumina (Al203) are the predominant
oxides in the Metakaolin. When used together with cement, this Si02 and Al203 will
react with the calcium hydroxide formed during hydration forming substances that

possess pozzolanic properties.

Sub-base.

The layer of aggregate material directly beneath the base course is known as the
subbase, and it typically comprises of recycled materials, crushed aggregate, or gravel.
This layer is directly above the subgrade. Subbases perform a number of functions, such
as relieving the subgrade of stress and supplying drainage for the pavement structure
(Transportation and Administration, 2016). In addition to providing drainage for the
pavement on the lowest layer of the pavement, the granular subbase serves as a load-
bearing layer and reinforces the structure of the pavement immediately under the

pavement surface (Hein and Izevbekhai, 2018).

The ministry of works general specifications provide for the subbase layer of a road to
be made of material of either G30 or G45 as specified by the engineer. The strength of
this layer is very important in ensuring longevity of the road as it distributes the forces

to the subgrade.
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CHAPTER THREE: METHODOLOGY
3.0 Introduction
This chapter discusses the procedures, methods and materials which were employed to

meet the specific objectives of the project.

3.1 Materials and methods

3.1.1 Materials

Laterite soil

The soil was sampled from a borrow pit along Jambula road from 2 different locations
at depths of 1.5m in disturbed form using a shovel and a hoe. This borrow pit was the
source of the material used on the road. The total weight of the soil sample collected
was about 350kg and it was placed in 5 airtight sacks and transported to Stirling

laboratory in Mbalala for testing.

Upon arrival at the laboratory, the material was placed on large trays to air dry so as

to bring the soil to a consistent moisture content and the soil tests carried out on it.
Cement

Cement was purchased from a hardware store in Mukono town and transported to the
laboratory. Type Il cement 32.5N was used for the stabilization as it is most suited for

stabilizing laterite soils (Dunuweera and Rajapakse, 2018).
Meta-Kaolin

Kaolin clay was obtained from Buwambo from an already existent pile of the material.

The kaolin was allowed to dry for 1 day and then subjected to temperatures of 750°C
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for 2 hours using the electric furnace at Uganda Christian University Mukono campus at
the Visual Arts Department. (Sanchez et al., 2020; Okitoi, 2021) note that this time and
temperature is sufficient to allow removal of the water from the clay leaving behind a
dehydrated aluminosilicate. After a period of cooling, the sample was crashed and
sieved using sieve size 300pm to form a white powder. A sample of this was taken to the
government analytical laboratory from where an XRF test was done to determine the

chemical composition of the metakaolin.

3.1.2 Methods

To determine the engineering properties of the neat soil

3.1.2.1 Particle size distribution

This test was carried out in accordance with BS1377: Part 2: 1990.

The purpose of this test was to determine how much of each particle size was present

in the sample.

After preparation of the sample, it was passed through the different sieve sizes and the
weight retained on each sieve noted. From this, the cumulative percentage passing was

calculated.

Sample retained = weight of the sieve with the sample - weight of the sieve without

the sample

Percentage retained = (mass retained)/(initial sample mass)x100

cumulative % passing = 100-% percentage retained

The grading modulus of the sample was also obtained from

20



GRADING MODULUS= 3-(summation of % retained on 2+0.425+0.075/100)/100

3.1.2.2 Atterberg limit tests

They were done with reference to BS1377: Part 2: 1990.

The Atterberg limit tests were composed of 3 different soil tests that is: liquid limit,
shrinkage limit and plastic limit. These tests were important because they informed the

ability of the soil to expand. They helped to determine the PI of the soil.
Equipment

e Cone penetrometer
e 0.045mm Sieve

e Drying oven
Liquid limit (LL)
The moisture content at which the soil changed from plastic to liquid.

A sample of 200g of the air-dried sample that had passed the 0.0425mm sieve was

obtained and the prepared in accordance with the standard.

A graph of penetration against moisture content was plotted and LL determined as the

moisture content at a penetration of 20mm.
Plastic limit (PL)
This was carried out with reference to BS1377: Part 2: 1990.

This was the water content at which soil begun to behave plastically.
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As water was added, the same material from the liquid limit test was molded with the
hands. It started to crack when it was rolled to a thickness of around 3 mm. The rolled
samples were weighed before being placed on a mold and dried in an oven for 24 hours.
After oven drying, the final weight was measured, and the amount of water added

computed and documented as the plastic limit.

Plasticity index (PI)

It can be defined as the stomach of the soil as it indicates the capacity of the soil to

swell.

3.1.2.3 Proctor compaction test

This was carried out with reference to BS1377: Part 4: 1990

This test was used to obtain the optimum moisture content and the MDD that can be

achieved upon compaction of the soil.

Equipment

Proctor mold

Oven

Filter paper

Weighing scale

Five layers of the sample were inserted into the mold, and each layer blown 27 times
with a 4.5 kg rammer. The sample was taken out and dried in the oven for 24 hours.
The dried sample's weight was noted, and the dry density computed for the given

moisture content. The dry unit weight and water content were plotted on a graph after
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this is repeated multiple times. The optimum moisture content was identified as the

moisture content when the dry density was maximum.

3.1.2.4 California bearing ratio
The test was done because it helps inform the soils ability to resist penetration and

therefore it indicates the strength of the soil.

It was carried out with reference to BS1377: Part 4: 1990.

Equipment
e CBR mold
e Rammer
e Soaking pit

e (CBR machine

Using the OMC from the proctor test a sample was prepared in a mold and compacted.
The sample was then soaked in water for a duration of four days after which its surface
was dried and prepared for penetration. The CBR machine was used to measure
resistance of the soil to penetration and this is the CBR value. The swell of the sample

was also calculated.

To determine the composition of the metakaolin.

3.1.2.5 Xrf test
It was done to determine the chemical composition of the metakaolin. The results of

this test provided information on the percentage of different oxides in the material.
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The sample was be subjected to x-rays using an x-ray spectrometer. The sample then
emitted florescent x- rays where each element reacted by releasing a specific
fluorescent print. An Xray analyzer then captured these signals and they were analyzed

to determine the chemical composition of the sample.

To determine the engineering properties of laterite soil stabilized with varying

percentages of cement and metakaolin.

3.1.2.6 Mix design
Previous researchers have determined the optimum amount of cement for stabilization

of laterite soils to be 3% (Patel et al., 2020), (Ali Ashraf, 2018) and (Bilal et al., 2017).

With this, a mix design was developed such that the percentage of cement was kept at

a constant 3% while the percentage of metakaolin was increased from 0 to 6%.

Previous research has shown that the optimum percentage for stabilization of soil using
metakaolin alone was between 5 and 6% (Rashad, 2015; Kolovos, Asteris and Tsivilis,

2016; Abdulkarim et al., 2022; Bharadwaj, Burkan Isgor and Jason Weiss, 2023)

Table 3: Mix design

Soil (%) Cement (%) Metakaolin (%)
100 0 0
95 0 5
97 3 0
95 3 2
93 3 4
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CHAPTER FOUR: RESULTS AND DISCUSSION
4.0 Introduction
This chapter presents the results from different tests that were done on the materials.
The tests were done to achieve the different objectives that were stated in chapter

one and they were done using the methods described in chapter 3.

4.1 Neat laterite soil

Table 4: Summary of the test results on the neat soil

Property Neat soil Standard as per MoWT General
specifications for road and bridge
works 2005

Liquid limit (%) 45.2 Maximum 40

Plastic limit (%) 29.5

Plasticity index 15.6 Maximum 14

Linear shrinkage 7.8 Maximum 7

MDD 2.159

OMC 10.7

CBR 33 Minimum 45

CBR swell 0.79 Maximum 0.5

Grading modulus 1.181 Minimum 1.5
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The soils cannot be categorized as G45 material since some parameters are below those

set in the MOWT manual.

4.1.1 Particle size distribution
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Figure 2: The grading curve for the neat soil

The grading curve for the soil was obtained as shown above.

The shape of the curve is such that it occupies almost all the particle sizes. This means

that this soil can be classified as well graded based purely on the particle sizes occupied

(Jebur, 2017).

Using the unified soil classification system (USC),

Since the percentage passing sieve No.200 is 55.76%>50%, then it is fine grained soil.
The liquid limit is 45.2<50, then it falls under silts and clays with low liquid limit.

The soil is made up of 27.86% gravel and 16.38% sand and since it plots below the A-

line, the soil can be classified as a gravelly silt with sand.
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55% of the soil passes sieve No. 200 and therefore there is a large percent of fine-
grained soils as such, the soils have a Pl of 15 which is above the requirement for the
subgrade layer of G45 according the Ministry of works general specifications for roads

and bridges 2005 and hence a need to improve the PI by stabilization.

The Grading modulus of the sample was calculated to be 1.181 which is below the 1.5
minimum for G45 material according to the MoWT manual for road and bridge works.
Grading modulus gives a relationship between the fine grains and coarse grains with in
a soils sample. The higher the grading modulus, the finer the soil. this indicates that

the soil is too fine to be used as subbaseG45 material.

These fines contribute to the high Pl of the sample and therefore lead to a low CBR of

the soil since they hinder its ability to resist loading (Kevin, 2021).

4.1.2 Atterberg limit tests

Liquid limit determination
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Figure 3: Determination of liquid limit for the neat soil
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Liquid limit is the moisture content at which the soil turns to plastic from liquid state.
It is the lowest moisture content at which a soil will flow when very little shear force
is applied (Shakya, 2024). The liquid limit of the sample was found to be 45.2%. The
higher the liquid limit, the finer the particles in the soil because the soil is able to
absorb more water before it flows. That is why Sandy soils will easily flow when water

is added as compared to clay soils which expand before they flow.(James, 1990)

The plastic limit is the moisture content at which it becomes impossible to remold fine-
grained soil without it splitting (KeyStone, 2003). The plastic limit of the soil was found

to be 29.5% and hence the plasticity index was found to be 15.6%.

Plasticity index describes the ability of the soil to absorb water. It is obtained by the
difference between Liquid limit and plastic limit. The higher the PI of the soil, the more
the soil changes in volume due to changes in moisture content (Ahmed and Agaiby,

2020).

The PI of the sample is 15.6% which is above the minimum PI for G45 material according
to the MoWT General specifications for Roads and bridge works. The high PI can be
attributed to the percentage of fines in the sample which indicates that the soil has a
high percentage of clay and silt which significantly increase its Pl (James, 1990).
Therefore, the soil needs to be stabilized to lower this Pl and make it suitable for G45

material.

4.1.3 Proctor test
Proctor test was used to determine the optimum moisture content for compaction of a

given soil and the maximum dry density of that soil for a given compaction effort.
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The MDD and OMC were obtained from the proctor curve as shown below.

A graph of dry density against moisture content
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Figure 4: MDD curve for the neat soil

The soil particles in dry soil are not in contact with each other and therefore the soil
when compacted becomes stiff and cracks hence forming gaps (Violah, 2020). The
addition of water to soil at low moisture content during compaction forms a thin film
around each soil particle which causes the particles to be close to each other by acting
as a lubricant thereby making the soil denser (Connelly et al., 2008). Therefore, low
void ratios are produced when water is added to soil at a low moisture content, allowing
the soil particles to move freely during compaction. As such, as the volume of air in the
sample decreases and the dry density of the soil reaches its maximum. (Jongpradist,

2011). The moisture content at this point is the optimum moisture content.

Further addition of water beyond the Optimum moisture content leads to a decrease in

the dry density. This is because the water no longer serves a s a lubricant but rather
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occupies the void spaces and forces the soil particles to separate from one another

which leads to a decrease in the dry density of the soil (Violah, 2020).

The OMC of the soil was found to be 10.7% and the Maximum dry density 2.159m/cm3.
This implied that the best compaction of this soil is achieved at a moisture content of

10.7%.

4.1.4 California bearing ratio
CBR is a measure of the strength of the soil. it is obtained by measuring the resistance

of a soil sample to penetration.

The soil did not meet the requirements for G45 subbase material as per the MoWT
General specifications for road and bridge works 2005. The specifications require the
material to have a CBR of 45 while the sample had a CBR of 33. This soil therefore needs

to be stabilized before it can be used to construct the subbase.

The CBR swell was also found to be 0.79 which is above the 0.5 maximum for G45
material according to ministry of works and transportation general specifications

indicating that the soil swells a lot when exposed to moisture.

The reason for this low value in CBR may be associated with the large amount of fines
in the soil which cause volumetric changes of the soil with changes in moisture content

thus making the soil weak (Bilal et al., 2017).

Therefore, the neat properties of the soil highlight that it is not suitable to be used as
G45 subgrade material according to the requirements of the MoWT General

specifications for road and bridge works 2005. Also considering the Pl of the soil 15.6 is
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less than 20%, and the percentage of fines of 55.56%, cement is a better stabilizer than
lime since lime requires a large quantity of fines for stabilization according to the

general specifications.

4.2 Chemical analysis of the metakaolin.
XRF analysis was performed on the metakaolin and the table shows the composition of

the powder.

Table 5: Chemical composition of the Metakaolin sample

Chemical compound Composition (%)
Silicon dioxide 57.459
Aluminum oxide 24.926

Calcium oxide 8.579

Iron (Ill) oxide 7.778
Potassium oxide 0.376

Titanium dioxide 0.261
Phosphorous pent oxide 0.249
Manganese (lll) oxide 0.211

Figure 5 A graph shows the chemical composition of Metakaolin

The dominant oxides in the sample were found to be silicon dioxide and aluminum oxide
which are the most important for the metakaolin to serve as a partial replacement for
cement since they will react with the calcium hydroxide formed during hydration to
form calcium aluminum feldspars that form the substance that bind the soil particles

together (Lorange, 2020).
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The metakaolin can also be classified as a class N pozzolan since the summation of
silica, alumina and iron (lIl) oxide in the sample is greater than 70% according to ASTM

standard.

4.3 Stabilized laterite soil

The following are the results of the stabilization on the properties of the neat soil.
4.3.1 Effect of the metakaolin on the Atterberg limits of the soil

Pl agaisnt %cement and metakaolin
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Figure 6: A graph showing changes in Pl with % MK and cement

The Pl initially reduces from 14.1 to 13.1 on increasing the amount of metakaolin from
0% to 4% because of the pozzolanic reaction that takes place between cement,
metakaolin and the soil. This reaction causes formation of a gel that binds the particles
of the soil together hence reducing the amount of fines in the sample (Bamwesigye,

2020). However, beyond 4% the Pl of the soil no longer reduces but rather increases due

33



to the excess metakaolin which implies some of the silicates will not react (Lorange,

2020). The lowest Pl is obtained at 4% metakaolin and 3% cement.

Linear shrinkage against %metakaolin and cement
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Figure 7: A graph showing variation in LS against %MK and cement

The same trend is observed in the linear shrinkage of the soil with a minimum linear
shrinkage observed as 6.4 at 4% metakaolin. The initial decrease in Linear shrinkage is
because of the formation of Calcium Aluminate Hydrate and Calcium Silicate hydrate
which are the main components of the gel that binds the soil particles and reduces the
amount of fines in the soil (Sanou et al., 2023). The amount of fines in the soil is directly
proportional to the shrinkage of the soil. Beyond 4% MK, a decrease in the linear
shrinkage is observed because the metakaolin is in excess. This implies that there will
be excess silicates which influence the structure of the calcium silicate hydrate and

lead to a weaker soil (Dao and Ebid, 2022).
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4.3.2 Effect of the cement and metakaolin on proctor values of the soil

4.3.2.1 Maximum dry density

MDD agaisnt %metakaolin and cement
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Figure 8 : A graph of MDD against %metakaolin and cement

Increasing the amout of metakaolin used led to a general decrease in the maximum dry
density of the soil from 2.159g/cm3 to 2.022g/cm? due to the heat generated during
the hydration reaction. Since the cement and metakaoiln are fine grained, they lead to
a higher water absorption capacity of the soil and hence reduction in MDD (Bamwesigye,

2020) as shown in the graphs above.
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4.3.2.2 Optimum moisture content

5 OMC against %cem and MK
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Figure 9: A graph of OMC against %cem and MK

The optimum moisture content increased from 10.7% to 13.4%. This increase was
because hydration that takes place generates a lot of heat as water in the precence of

the water (Bamwesigye, 2020).

4.3.3 Effect of cement and metakaolin on the CBR of the soil

Variation of CBR with changes in cement and metakaolin
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Figure 10: A graph of Variation of CBR with changes in cement and metakaolin
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The CBR of the soil increased with addition of metakaolin from 0-4% with a maximum
CBR value of 57% obtained between 4 and 6% metakaolin. This was because of the
decrease in fine clay contents due to addition of cement and metakaolin. This decrease
in fines is due to the pozzolanic reaction whereby calcium oxide from the cement reacts
with silicates and aluminates from the laterite soil and metakaolin. During this reaction,
the soil texture is changed and clay particles clamped together into larger particle sizes
to form an inter-locking mass of soil (Tumuhimbise and Kahunza, 2018). The same
process results in the formation of calcium silicate hydrates and calcium aluminate
hydrates that are responsible for strength gain in chemical stabilization hence the
increase in CBR(Kolovos et al., 2013). Beyond this, further addition of metakaolin leads
to reduction in the CBR due to the presence of excess metakaolin. Excess metakaolin
leads to presence of excess silicates that do not react (Lorange, 2020). The excess

silicates alter the structure of the C-S-H hence a weaker soil (Brykov et al., 2002).
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Figure 11: A graph of CBR swell against %metakaolin and cement
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The CBR swell of the soil reduced with increase in metakaolin content up to 4%
metakaolin since there was a gain in strength of the soil (Sorsa, 2022). However beyond
4% metakaolin, the CBR swell of the soil was seen to reduce to the excess silicates from

excess metakaolin in the soil (Yu et al., 2015; Dao and Ebid, 2022).

4.3.4 Effect of cement and metakaolin on UCS of the soil

UCS against % Cement and Metakaolin
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Figure 12: A graph of UCS against % Cement and Metakaolin

The above graph shows the variation of UCS of the soil with increase in Metakaolin

content.

From 0% to 4% metakaolin, the UCS of the soil increases to a maximum of 1.41 at 4%
metakaolin due to the pozzolanic reaction which causes the soil particles to clamp
together to create an interlocking structure (Tumuhimbise and Kahunza, 2018). The
reaction produces calcium aluminum feldspars, which are what give the soil its strength

(Patel et al., 2020). Beyond this, the UCS value reduces with increase in metakaolin
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due to the excess silicates which do not react(Bharadwaj, Burkan Isgor and Jason Weiss,

2023).

Research design

Table 6: Summary of the results

Meta-
Soil Cement Linear MDD OMC | CBR | CBR ucs
kaolin | PI
(%) (%) Shrinkage | (gm/mm3) | (%) | (%) | swell | (MPa)
(%)
100 0 0 15.6 | 7.8 2.159 10.7 | 33 0.79
95 0 5 15.5 | 7.6 2.152 10.1 | 37 0.77 |0.12
97 3 0 14.1 | 7.1 2.138 12.1 | 49 0.5 0.68
95 3 2 13.55] 6.9 2.097 12.3 | 51 0.4 1.02
93 3 4 13.1 | 6.4 2.071 12.2|57 |0.3 1.41
91 3 6 14.3 | 7.1 2.033 12.3 | 57 0.63 |1.31
89 3 8 16.2 | 8.2 2.022 13.4 | 45 0.75 |0.46

From the summary of the results shown in the table above, the optimum mix ratio is

93% laterite soil, 3% cement and 4% metakaolin.

This ratio was seen to have a CBR of 57% which is above the 45% for material class C0.7
according to the MoWT General specifications for road and bridge works 2005. The UCS

of 1.41MPa is also above the 0.7MPa minimum for C0.7 cement stabilized material.
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Additionally, the PI of 13.1% obtained at this ratio was below the minimum 14 for G45

subbase material.

The soil at this ratio also demonstrated a low linear shrinkage that is 6.4 below the

maximum 8 as well as a low CBR swell of 0.3 which was below the maximum of 1.0.
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATION

5.1 Conclusion
This study was mainly focused on the use of cement and metakaolin to stabilize laterite

soils and the following are the conclusions drawn from the tests carried out.

The following conclusions were made from the research;

It was found that the laterite soil sample collected from Jambula borrow pit was a silt-
based laterite soil with 55.56% fines and had a PI of 15.6% which was above the minimum
Pl of 14 % for G45 material according to the General specifications for roads and bridges.
The CBR of the neat soil was 33% which is below the required CBR in the MoWT general
specifications that is 45%. The CBR swell of 0.79 and linear shrinkage of 7.8 were above
the maximum allowable of 0.5 and 7 respectively. The soils properties were below the
required standards for G45 mainly because of the amount of fines in the soil. Therefore,
this soil required stabilization to improve its strength to be able to meet the traffic

requirements of the road.

The composition of the metakaolin was such that the sum of the percentage of silicon
dioxide, aluminum dioxide and iron (lll) oxide was 90.163% which greater than 70%
implying that metakaolin is a class N natural pozzolan according to the ASTM standard.
The metakaolin sample was also dominated by silicon dioxide 57.46% and aluminum
oxide 24.93% which are the most important for hydration and lead to formation of C-S-
H and C-A-H that form the gel which binds the soil particles increasing the strength of

the soil and reducing its PI.
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The strength parameters of the laterite soil stabilized with cement at 3% and varying
percentages of metakaolin that is 0%, 2%,4%, 6% and 8% were seen to initially increase
with the maximum CBR and UCS values of 57 and 1.41 MPa respectively at 4% MK. Beyond
4%, there was a decrease in the strength parameters of the stabilized soil because of

the excess silicates in the mix as a result of excess MK.

5.2 Recommendations
This research could be extended further to study the microstructure of the product
formed after stabilization of the soil with metakaolin. This research could help

understand the long-term characteristics and durability of stabilized soil.

Further research into other pozzolanic materials that may be used to enhance the
usability of metakaolin to stabilize soils should also be carried out in order to expand

the existing knowledge on metakaolin stabilization.
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APPENDIX

APPENDIX A: PICTORIAL

Figure 13: Washing the sample for Sieve analysis Figure 14: Sampling the laterite soil

Figure 15: Liquid limit determination
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Figure 18: Crushing the metakaolin Figure 19: Crushing the metakaolin sample
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LABORATORY RESULTS
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INSTITUTION STUDENTS NAMES CONTRACTOR
UGANDA CHRISTIAN e
UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stirling

PROJECT :

ASSESSING THE PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE
STABILISATION OF LATERITE SOILS

PARTICLE SIZE DISTRIBUTION (BS 1377 -2 - 90)

Test Reference No.:

Lab. Refernece No.:

|Location :(km) NEAT Dry wt. of sample before washing: (g) 10039.9
Depth: (m) Dry wt. of sample after washing: (g) 4608.4
Material  |BROWN YELLOWISH LATERITIC GRAVEL | DateSampled:  |Date Tested: |  Technician
RaSn, MATERIAL 9Dec/2023 - |12/Dec/2023 |  Labteam
ined (% ing (% ing Limits (G60 & 80
Sieve Size (mm) | Weight Retained ( Retained (%) Passing (%) Grading Limits (G )
63.0 0.0 .0 100 100 100
375 184 .4 1.8 98 80 100
20.0 498.6 50 93 60 95
5.0 1909.0 19.0 74 30 65
2.00 626.5 6.2 68 20 50
0.425 954 9 95 58 10 30
0.075 4255 42 54 5 15
Total fines 54410 54.2
Bottom Pan 9.5
Extracted fines 5431.5
Total sample 10039.9
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PROJECT: ASSESSING THE PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE
STABILISATION OF LATERITE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
Test Reference No.: [Lab. Reference No.- Technician: Lab Team
Location -
IL NEAT Sample Date 9/Dec/2023
Test method BS 1377: Part 2, 1990:4.3/4 4 Test Date 12/Dec/2023
,[U\YER BROWN YELLOWISH LATERITIC GRAVEL MATERIAL
It
uPLASTIC LimiT Test No. SO 0G Average
[Imass of wet soil + container (g) 38.43 35.23 36.83
“Mass of dry soil + container (g) 349 32.05 33.475
llMass of container (g) 229 2139 22145
"Mass of moisture (g) 3.53 32 3.355
"Mass of dry soil (g) 12 10.66 11.33
[Moisture content % 29.4 298 206
IAVERAGE
|LIQUID LIMIT Test No 1 2 3 4
"Ininal gauge reading (mm) 0 0 0 0,
Final gauge reading (mm) 15.5 18.7| * 21 243
penetration (mm) 15.5 18.7 21.0 243
IAVERAGE 15.5 18.7 21.0 243
Container No. P135 P126 P157 A7
Mass of wet soil + container (g) 56.41 57.32 46.41 45.00
"Mass of dry soil + container (g) 42.82 41.93 33.98 32.98
"Mass of container (g) 9.21 6.92 6.82 9.21
"Mass of moisture (g) 13.59 15.39 12.43 12.02
[IMass of dry soil (g) 33.61 35.01 27.16] - 23.77
Moisture content (%) 40.4 44.0 45.8 50.6
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Liquid Limit Determination
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UNIVERS|

&GS e o o 1

STABILISAT

AGABA Joy, & KAKOOZA p

MENT OF CE
ION OF LATE

AlL,

MENT WITH MET A
RITE SOILS

A
e \F\L‘ARING RATIO TEST (BS 1377 =
l.ahoralory Reference No - : )
Location Sampling Date 9/)ec/23
Ll Casting date : ~ 1¥/Dec23
5 T Test : 17/Decr2
Sample Description BROWN YELLOWISIH LATIRMT o esting Date Dec/23
el SHLATERITIC GRAVE:, Technician | Lab team
MATERIAL e -
Volume of Mould used (m’) 2305
Natural moisture of air dried sample
Tin No Volume of water added
BBC Mass of air dried soil
Tin + air dried soil sample (g) 2660 ried soil (g) 6000
[1'in + oven dry soil sample MDD (Mg/m?) 2.159
Tin (g) A i o NM.C (%) 62
=0 OMC (%) 10.7
Dry soil sample 1779
- Added OMC (%) 45
2R () 11 ) Calculated dry wt of soil (g) 56256
IN.M.C (%) 6.2 Water added (g) 252
hverage (%) 62 Water added (mL) 252
Number of blows 62
Number of layer 5
Water Content Determination Before Soaking | After Soaking
Tare No CML = - BOJ -
Mass of wet sample + Tare g 1435 - 3050 -
ass of dry sample + Tare g 1375 - 2758 -
Mass of Tare % g 760 800 -
Mass of water 2 60 - 292 -
Mass of dry sample g 615 - 1958 -
Water content % 9.8 - 149 -
Average water Content % 9.8 14.9
Density determination
Mould No MM “
Mass of mould + soil g 12205 12488
2
Mass of mould g 6720 6720
Mass of soil g 5485 5768
Volume of the mould cm3 2305 2305 s
2
Moist density g/em3 2.380 2.502
2
Dry density g/em3 2,168 2,178
|@ell Determination
"&te Hour D Gauge Reding
; ] 5
“imual reading 96 hrs 14.2
: i 1525
Iinal reading
2
Height of the specimen /I{
[eight of swell - 2O X =
Swelling(%) L <019 \
Observations

£gla Technician . 8

60
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Institution Students Names Testing Lab
UGANDA CHRISTIAN
UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stirling
-
ASSESSING THE PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE
SOILS ‘
CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)
[Test sample reference |l,ahoralury Reference No . Sampling Date 9/Dec/23
ocation Penetration Date 17/Dec/23
[Depth Technician Lab team
iSalnple Description BROWN YELLOWISH LATERITIC GRAVEL MATERIAL
[[Number of blows per layer 62 B
[Number of layers 5 5 5
IMould No MM
“apacity of the Proving Ring (KN) 50 50 = 30
Proving Ring Constant (KN/div.) 0.2052 0.2052 0205
Speed mm min. Top Bottom
[Penetration of Time | Reading Force Reading  Force
he plunger (mm) (s) “+10'mm (KN) *10'mm (KN)
0 0 0o ' 00 0 0.0 _
- 0.25 12 102 | 102 _ -
0.5 24 1 0.2 2 04
0.75 35 1 0.2 3 0.6
1 47 | 2 04 6 1.2
5 ) i 3 06 12 25 N |
3 94 5 1.0 16 33
25 118 714 20 | a1
3 142 9 18 2 49
35 165 1054 421 27 5.5
4 189 12 25 30 62
4.5 213 14 29 33 68
5 236 16 33 3s 7.2
55 260 19 39 38 78
e 283 21 43 40 82
6.5 307 23 47 42 86
L/ 331 25 5.1 44 9.0
—
7.5
Ik)bservations
ab._Techmcian
ey
Jaak




LATERITE SOILS

Institution
Students Name ;
UGANDA CHRISTIAN ’ Testing Lab
. . AGABA JOKL & KAKOOZA PALY m
ASSESSING THE PARTIAL R PLAC EMENT OF CEMENT WITH ME TAKAOLIN IN

THE STABILISATION OF

est sample reference

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

ocation
Yepth

Sample Description

250

Laboratory Reference No

Technician

BROWN YELLOWISH LATERITIC GRAVEL MATERIAL

Samphing Date

lesting Date

9/Dec/23
17/Dec/23

Lab tcam

240
20
20
200
200
190
180
170
160
150
140
130
120
10
100
00
80
70
60
50
40
30
20
10

Force (KN)

PENETRATION vs FORCE CURVE

0o

40

70 75

Penetration (mm)

2.5 mm Penetration

62 blows

Force

CBR

Bottom

Top

Bottom

lop

14

31

11

5.0 mm Penetration

16

verage

Retained CBR

136

bservations

33.3

For the L

Lab_Technician

\\f"
s

X

A 18"
eC
0"~
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Telephone
+256 (0) 414 250 464 (Gen)
+256 (0) 414 250 474

MINISTRY OF INTERNAL AFFAIRS
DIRECTORATE OF GOVERNMENT

Email: dgal@mia.go.ug ANALYTICAL LABORATORY
Website: www.mia.go.ug :l{ot (Iro. 2 Lourdel Road
' andegeya,

P.O. BOX 105639
Kampala - Uganda

In any Correspondence on
this subject please -
QUOte N ccimscisiosmoszssinsssmmons

GE 032/2024
31% January 2024

MR. AGABA JOEL AND MR KAKOOZA PAUL
S20B32/216 / S20B32/228

UGANDA CHRISTIAN UNIVERSITY

P.O BOX 4,

MUKONO-UGANDA

Tel: 256-786-819434

REPORT OF ANALYSIS
Description of the Samples
One sample in a black polythene bag containing Meta kaolin powder was
submitied by Mr. Agaba Joel, on 19" January 2024, and analysed on 22" February
2023. A summary of the sample received is shown in table below
S/N Description Quantity

Cream powdered sample packed in a black
polythene bag.

Assigned Lab ID

‘ Sample “A”
} GE 032/2024

Anulysis Requested
Elemental analysis

Method of Analysis
Elemental analysis wcis done using the XRF Method.

Results of Analysis
The above sample has been analyzed with the following results as below,

U U
Silicon dioxide Jom/m | 57.459
- Aluminum Oxide 1l %m/m | 24926 ]
Calcium Oxide 7% m/m 8.570 |
Iron (lll) Oxide % m/m N 7.778
Potassium Oxide % m/m 0.376 |
Titanium di oxide % m/m _0.261
Phosphoious pent oxide | Jom/m 0.249
Manganese (Il)Oxide %Bm/m | _0.211 ]

Remarks
1. Results relate to sample analyzed and are reported as on received basis.

T ailen\aen
Semalago Fredrick
Government Analyst

“Go Scientific for a Safe and Just Soc icty” Page 1 of 1
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INSTITUTION STUDENTS ~ TESTINGLAB
UGANDA .ﬁ:-p—v.:)z _, N4 a
" . UNIVERSITY | AGABA JOEL & KAKOOZA PAUL H Stirling g

PROJECT: PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

LOCATION

Lab Technician

SUMMARY OF ALL THE TEST RESULTS FOR LATERATIC GRAVEL MODIFIED WITH METAKAOLINE AND CEMENT

BLENDED % SAMPLING

DATE

NEAT LATERATIC
GRAVEL

STABILISED WITH 5%
METAKAOLINE ONLY

3% CEMENT ONLY

3% CEMENT AND 2%
METAKAOLINE 12/9/2023

3% CEMENT & 4%
METAKAOLIN

1

1

3% CEMENT & 6% |
METAKAOLIN |

3% CEMENT & 8%
METAKAOLIN |

\ ~
:ﬂ..wzr\‘:c. 2~

63 EYA

1
100 | 98

t
100 97
100 100
100 99
100 98
100 96
1000 | 100.0 |
100.0  100.0
1000  100.0
1000  100.0
1000  97.2
100.0  96.7
W00 1000

20

93

90

93
69

GRADING
5 2| o4z
74 6 | 58
v +
70 66 60
T
60 54 46
it |
56 a7 34
48 a2 32
49 a2 33
60.9 44.6 30.5
59.7 43.9 30.9
53.4 442 299
573 46.7 29.5
47.7 39.6 26.1
50.1 41.6 274
74 2 552 281 ;
€6.3 513 37.9 M

0.075

54

57

40
22

26

26

171

18.3

19.9

18.0

17.9

185

26.3

308

GM

119

117

1.604
1.961

2,005

1.991

2,078

2.068

2.060

2.058

|
_
|
n
|

2.163

2.126 43.0

1.798

1.799

L

45.3

45.0

42.9

429
428

41.8

415

424

423

42.8

418
41.7

ATTERBERG LIMITS MDD CBR CBR
; , ; . SWELL
PL 7 Pl MDD OMC 62Blows 62
i |
296 | 157 | 78 | 2159 107 33 079
29.4 ~, 15.6 M 7.8 . .
. : )
|
f - R
27.5 | 155 “ 7.6 | 2152 101 37 0.66
27.5 _ 15.4 . 7.6 - . - _ . 5
! L R -
t R e — -
288 | 141 F 74 2138 121 49 0.5
28.7 ﬁ 141 71 - | - - )
0. M . O sV SRS S : !
T e G S e . - S 1
283 , 13.5 6.9 2.097 123 51 0.40
279 13.6 W 6.9 - | - - - # - -
] ) e SN A Sl
292 | 132 | 64 2.071 12.2 57 0.30
293 ' 130 6.4 = < .
28.4 14.4 7.1 2.033 12.3 50 0.63
28.7 14.2 7.1 - - - &
25.7 161 8.2 2.022 134 45 o‘.q‘m‘
25.4 163 8.2 -
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| s iR STUDENTS TESTING LAB
{ - y
| UGANDA CHRETIAN
UNIVERSITY
AGABA JOEL & KAKOOZA PAUL . .
wtnngeneni IR ﬁ Stirling w
“ PROJECT: PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
SUMMARY-OF TEST RESULTS FOR LATERATIC GRAVEL NEAT
i GRADING ATTERBERG LIMITS MDD CBR o
iocanon mewe% | L i ! ! R oo T
62 BLOWS OF
_k DATE | 63 .ww.ma;w“lim»- wlP&.PSm‘mz. i_...;,:. ] i s .rGo oMC COMPACTION __ B ><ms>mm
100 98 93 74 68 58 s4 119 453 | 296 157 78 | 2159 107 33 o7 | om
BROWN - w0 97 20 70 86 60 s7 117 450 | 294 156 78
YELLOWISH St ST SN ST DECE N T T k= T I e SR
LATERITIC | 100 97.47 WH.QHMNN.#D 66.94 mw.u.w%wm.ﬂm 1.18 45.2 _ 295 156 78 ,N.wmw 10.7 33 c..\ow 0.79
GRAVEL I S e O s S e, SR S DS — + - - . . -
NEAT MATERIAL | 12/9/2023
. | of S : o7s | 018
Jo— # 56 | 1181 | 452 M 24 Fo. 18 “ 2189 07 33 M
- &> <
e g™
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INSTITUTION STUDENTS TESTING LAB

A Cwmtee of Enwmas e Bowt o Alscs

UGANDA CHRISTIAN
UNIVERSITY AGABA JOEL & KAKOOZA PAUL h mm ”—m:m g

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

66

PROJECT:
SUMMARY OF TEST RESULTS FOR LATERATIC GRAVEL STABILISED WITH 5% METAKAOLINE ONLY
— T CBR
GRADING ATTERBERG LIMITS MDD cer
LOCATION BLENDED % _ — S

M_ E,o‘_nﬂmzm 63 375 20 5 2 0425 | 0075 GM L PL ﬁh Pl s | MDD omc 62Blows 62  [AVERAGE

_ Ml (I il ] |

ﬂ 100 100 93 60 54 46 40 1.60 43 275 | 155 | 76 | 2152 101 37 0.66 066

BROWN | N SN T N S L N T e A
YELLOWISH | 100 99 69 -| 56 47 34 22 196 429 | 275 154 76 |
LATERITIC , T L | D e T
STABILISE GRAVEL | 100 93.53 80.81|57.96 50.66 40.09| 31 1.78  43.0 Nu.w‘._yvum.m 7.6 |2.152 10.1 37 0.66 | 0.66
DwH MATERIALZ | Gt
5% 5% | 12/9/2023 | |
METAKAD METAKAOUN S e e ERT ST T NS S ¢ ’ | | S s =
LINE ONLY {
- i S SR, = S - — | = = 1 I
{
; S 14 ST ML LN o el - I
“ AVERAGE 40 31 1732 | 430 Hu__ 155 7.6 | 2152 | 101 37 066 | 066
& P IESRRSSE S ANEE SR [
,
e .

= go—

= Techmcian




INSTITUTION STUDENTS NAMES CONTRACTOR
UGANDA CHRISTIAN o 3
UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stirling
PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE
ECT:
SOILS
PARTICLE SIZE DISTRIBUTION (BS 1377 -2 - 90
Test Reference No.: Lab. Refernece No.:
STABILISED WITH 5% METAKAOLINE
ocation :(km) ONLY Dry wt. of sample before washing: (g) 5068
*(m) Dry wt. of sample after washing: (g) 3063.5
Material BROWN YELLOWISH LATERITIC GRAVEL Date Sampled: Date Tested: Technician
" MATERIAL & 5% METAKAOLIN 9/Dec/2023 24/Jan/2024 Lab team
Sieve Size (mm) | Weight Retained Retained (%) Passing (%) Grading Limits (G60 & 80)
63.0 0.0 0 100 100 100
37.5 0.0 0.0 100 80 100
20.0 362.0 71 93 60 95
5.0 1688.1 33.3 60 30 65
200 274 4 54 54 20 50
0.425 426.7 8.4 46 10 30
0.075 301.7 6.0 20 5 15
Total fines 2015.1 39.8
Bottom Pan 10.6
Extracted fines 2004 .5
Total sample 5068.0
Modulus 1.60

Y Pussing

1
i
|
|
{
|

1.00
Diameter(mm)

10.00

100.00

echnician

|z oz~

\
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INSTITUTION STUDENTS NAMES
UGANDA CHRISTIAN ’
UNIVERSITY AGABA JOEL & KAKOOZA PAUL

CONTRACTOR

PROJECT : SOILS

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE

PARTICLE SIZE DISTRIBUTION (BS 1377 - 2 - 90)

Test Reference No.:

Lab. Refernece No.:

STABILISED WITH 5% METAKAOLINE

Location :(km) ONLY Dry wt. of sample before washing: (g) 5663.2
Depth: (m) Dry wt. of sample after washing: (g) 44142
Material | BROWN YELLOWISH LATERITIC GRAVEL DRpSHmpes: (Do Tasgs | Teibagtn
descnptlon: MATERIAL & 5% METAKAOLIN 9/Dec/2023 24/Jan/2024 Lab team
Sieve Size (mm) Weight Retained ( Ritaiosd (%) Faesing (%) Grading Limits (G60 & 80)
63.0 0.0 0 100 100 100
37.5 52.8 0.9 99 80 100
20.0 1715.8 30.3 69 60 95
5.0 702.4 12.4 56 30 65
2.00 520.1 9.2 47 20 50
0.425 719.8 12.7 34 10 30
0.075 693.1 12.2 22 5 15
Total fines 1259.2 22.2
Bottom Pan 10.2
Extracted fines 1249.0
Total sample 5663.2
Grading Modulus 1.96

% Passing

1.00
Diameter(mm)

10.00

100.00

o

68




INSTITUTION _ STUDENTS [
UGANDA CHRISTIAN P
UNIVERSITY AGABA JOEL & KAKOOZA PAUL irling
PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF
PROJECT: LATERITE 80ILS
ATTERBERG LIMITS
Liquld limit (cone p ter) and plastic limit
Test Reference No_. [Lab. Reference No.: Technician Lab Team
Location STABILISED WITH 6% ME TAKAOLINE ONLY Sample Date 9/Dec/2023
Test method B8 1377 Part'2, 10904 3/4 4 lest Date 13/Feb/2024
LAYER BROWN YELLOWISH LATERITIC GRAVEL MATERIAL & 5% METAKAOLIN
PLASTIC LIMIT Test No D2 Q Average
[Mass of wet soil + container (g) 365,94 411 3852
[Mass of dry soil + container (g) 33.1 36.91 35005
Mass of container 22.76 21.69 . 2222
Mass of moisture 284 472 3515
10.36 16.22 12785
274 27.6 27.5
LIQUID LIMIT Test No 1 2 3 4
Initial gauge reading (mm) 0 0 0 0
Final :auée reading (mm) 16.3 18.3 215 244
netration (mm) 15.3 18.3 215 24.4
IAVERAGE » 15.3 18.3 21.5 24.4
Container No. AB A7 P1600 PI2H
Mass of wet soil + container 52.27 57.92 56.80 53.54
Mass of dry soil + container 39.66 43.59 41.43 40.11
Mass of container 6.86 9.28 6.92 11.50
[Mass of moisture Q) 12.61 14.33 15.37 13.43
[Imass of ary soil (g) 32.8 34.31 34.51 28.61
IMoisture content (%) 384 41.8 445 46.9
AVERAGE 38.4 41.8 44.5 46.9
Liquid Limit Determination
2 Liquid limit (%) 43.0
23 Plastic limit (%) 275
E SEER| Plasticity Index (%) 155
- .
g 21 Linear shrinkage
e
&
§ 19 -t H -
(5] Trough No. J
17 A e Trough length (cm) 14.0
J O AT T T T Specimen length (cm) 12.9
15 e S WA R Ly ; ;
B8 39 %%. comefd, 44 45 45 47 |-Shringage = L
2 % L.shrinkage = 76
A ;

pp-

'i'fg'f(\ '/
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INSTITUTION I STUDENT§
UGANDA CHRISTIAN
UNIVERSITY AGABA JOEL & KAKOOZA PAUL

“TESTING (AB |

i Stirling i

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF

PROJECT: LATERITE 8OILS
ATTERBERG LIMITS
Liguld limit (cone p ) and plastic limit
Test Reference No |Lab. Reference No.: Technician Lab Team
Location STABILISED WITH 5% ME TAKAOLINE ONLY ple Date 9/Dec/2023
Test method BS 1377 Part2, 19904 3/4 4 Test Date 13/Feb/2024
LAYER BROWN YELLOWISH LATERITIC GRAVEL MATERIAL & 5% METAKAOLIN
PLASTIC LIMIT Test No D2 Q Average
Mass of wet soil + container 35.94 41.1 3852
Mass of dry soil + container 33.1 36.91 35005
[Mass of container (g) 2275 21.69 . 2222
[Iass of moisture (9) 284 42 3515
[Mass of dry soil (g) 10.36 15.22 12.785
Moisture content % 27.4 276 275
VERAGE
lLiquio LimiT Test No 1 2 3 4
Initial gauge reading (mm) 0 0 0 9
Final gauge reading (mm) 16.3 18.3 21.5 244
netration (mm) 16.3 18.3 215 244
IAVERAGE 15.3 18.3 215 244
Container No. AB A7 PI600 PI2H
(Mass of wet soil + container (9) 52.27 57.92 56.80 53.54
|Mass of dry soil + container 39.66 43.50 41.43 40.11
[IMass of container (g) 6.86 9.28 6.92 11.50
Mass of moisture Q) 12.61 14.33 15.37 13.43
Mass of dry soil 32.8 34.31 34.51 28.61
Moisture content (%) 38.4 418 44.5 46.9
AVERAGE 38.4 41.8 445 46.9
Liquid Limit Determination
25 T Liquid limit (%) 430
23 | Plastic limit (%) 275
E Plasticity Index (%) 155
c 1 L
§ 21 -1 Linear shrinkage
i I L
E 19 +-4—+ ;,5;1 ..... A e IS R
3 i | i | Trough No. J
- ~73—Q¢‘1 1+ L Ll i}
1111 | i
17 4 L ; Pl L ERE USRS ERREENE RN Trough length (cm) 14.0
7 IBEREE FEEED T T T Specimen length (cm) 12.9
L e SR } ;
§ y L.shringage = 1.1
38 39 40 \19&3 Conlom/. 44 45 46 47 dage
A2, % L.shrinkage = 76
N
8
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INSTITUTION STUDENTS NAMES TESTING LAB
UGANDA CHRISTIAN -
UNIVERSTY AGABA JOEL & KAKOOZA PAUL Stirling
IPROJECT PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
Test Reference No Il.ab Reference No . |Date Sampled Date Tested Technician
| T STABILISED WITH 5% METAKAOLINE ONLY  |9/Dec/23 24/Jan/24 Lab team
BROWN YELLOWISH LATERITIC GRAVEL . .
. 1.0
IMatenal descripbon MATERIAL & 5% METAKAOLIN Natural moisture (%)
TEST DATA
Weght of rammer (Kg) No of blows per layer No of layers  [Height of drop (mm) [Diameter of mould(mm) |Volume of mould (cm)
45 27 3 457 100 1.000
MOISTURE CONTENT DATA
Test No
- 1 2 3 4 5
[Tin No A A A A A
Added cm’ 200 300 400 500 600
of Compacted soil + mould gm 6,283 6,540 6,654 6,527 6.469
of Mould __gm 4279 4279 4,279 4,279 4279
of soil m 2004 2261 2375 2248 2190
\Volume of mould cm’ 1,000 1,000 1,000 1,000 1.000
Wet density of soil glem’ 2004 2261 2.375 2.248 2190
DATA FOR PROCTOR CURVE
iContainer No FDC BOJ 26T BBC ACB
of wet soil + Container gm. 2,518.0 2,378.0 2,700.0 2,471.0 2,563.0
of dry soil + container gm 24120 2,252.0 2,485.0 2,286.0 23410
of container gm 8050 801.0 438.0 809.0 7820
Mass of water added an 106 126 215 185 222
[Mass of dry soil am 1607 1451 2047 1477 1559
[Mossture content bod 66 8.7 105 12,5 142
[Dry density glem’ 1.880 2.080 2.149 1.998 1917
Maximum dry density (gm/cm”) 2152 Optimum moisture content (%) 10.1
[ 215
| > o - 1
| =
, = I
2.100 T +
~+——
AT PN BE
| 2050 +
I ] 1 N S i 2 = e e i ] D] L 1
I g 2,000 - - . . —— -
| 4]
| = Tt 7 6 o
gguso 1A+ 1 ] e e o N gk.
| & L 1 = N =
g 4————+—+-
-] 7 e T B - B N \..._..-? T
| 1800 78 - =
| -+ +
1 = . ! . I
| 1250 { - {
- - T [ -
S
| s ! o e
| 1800 ) el T e 2
! 6.0 7.0 8.0 9.0 \&Cm. 11.0 120 13.0 14.0 150
& e?\\ Moistlye Content (%)
= & e WL SR TS
S
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Institution

Students Names

UNIVERSITY

A Comtoe o b 5 e b

UGANDA CHRISTIAN

.

AGABA JOEL & KAKOOZA PAUL

Testing Lab

Stirling

LATERITE SOILS

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF

CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)

T'est sample reference :

Location:

Il,aboralory Reference No.:

STABILISED WITH 5% METAKAOLINE ONLY

ample Description:

BROWN YELLOWISH LATERITIC GRAVEL.
MATERIAL & 5% METAKAOLIN

Technician

Sampling Date

Casling date
Vesting Date

Yec'23
27/3an/24
107Feb 24

1ab wam

Volume of Mould used (m”) 2305
Natural moisture of air dried sample Volume of water added
Tin No._ . i NBM Mass of air dried soil (g) 6000
[Tin + air dried soil sample (g) 1713 MDD (Mg/m®) 2152
Tin + oven dry soil sample (g) 1693 NM.C (%) 22
Tin (g) 797 OMC (%) 101
Dry soil sample 896 Added OMC (%) 7.9
ater (g) 20 Calculated dry wt of soil (g) 5466 1
IM.C (%) B k) Water added (g) 462
Average (%) 22 Water added (ml.) 462
Number of blows : 62
hber of layer I 5
[IWa!er Content D Before Soaking |After Soaking
aeNo | BA - KT -
Mass of wet sample + Tare 8 | 2395, - 1874 -
Mass of dry sample + Tare g 2215 - 1753 -
Mass of Tare g 768 - 799
Mass of water 8 180 - 121 -
Mass of dry sample g 1447 - 954 -
Water content % 124 - 127 -
verage water Content % 124 12.7
IMMy determination
Mould No AS u
Mass of mould + soil g 10662 10675
Mass of mould '3 5264 5264
[Mass of soil g 5398 5411
Volume of the mould cm3 2305 2305
[Moist density g/lem3 2342 2348
Dry density g/cm3 2.083 2083
ILS‘WII Determination i
"@e Hour D Gauge Reding
[initiat reading 96 hrs 1321
Final reading 1405
Height of the specimen 127
Height of swell I 084
Swen%%ﬁ“ 0.6
. ¢ \
Observations / ¥_ \
= ,~/
)‘ e o
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Institution Students Names ‘Testing Lab
UGANDA CHRISTIAN ’
UNIVERSITY AGABA JOEL & KAKOOZA PAUL l Sti rling |
A Cree of Luwienr e Mot of by
-
PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)
Test sample reference JLabora(ory Reference No.: Sampling Date 9/Dec/23
-cation: Penetration Date 10/Feb/24
epth : Technician ¢ Lab team
ample Description : ? BROWN YELLOWISH LATERITIC GRAVEL MATERIAL & 5% METAKAOLIN
umber of blows per layer 62
umber of layers 2 “7‘7VV?M I | I ) ”5V o ] i %
ould No N 77'7”7A754 » 7 ) o T
“apacity of the g = so | s | 50
\Proving Ring Constant (KN/div.) N Toas2 ) O owm 02052
ISpeed : .. ........mm min, Top Bottom
If’cnctration of Time | Reading Force | Reading | Force
he plunger (mm) (s) *10’mm (KN) | *10°mm (KN)
I SRR, [ i 00 ) o yeoe @ 1 b § _ | S —— S
1
PENESNI - R - 1 02 | 4 1 oo NSNS S| TS T | TR S
—— 05 000l 2] 1! 02 | 6 3 | — I R | .
[ 0.75 .3 ] 2 04 9 18 I I . | .
Ao e ] 4 | 68 | w1 P | A N W N S |
15 7 s 10 CENEEE TN | I I | i
i T e Al ¥
|
B 94 6 12 LUR N A | I N R
2s  fus )l s | e | om o [asff | -
3 142 | 10 21 28 | 57 R B p
35 o les | 12 | a5 | o3 ' 64 | | o |
4 189 4| 29 | 3 | 70 B I I
i e e Rty e S i
4.5 R 2_13 7~l7| 73.5» 37 76 ~ | s
S 86| 19 | 39 | 39 | 80
55 0 | 2 | 43 | @ | s )
T | !
6 283 23 | 47 | a4 | 90
____ T
6.5 *ﬁ,ﬂ’l.,wls,ﬂL 51 | 46 94 |
7 331 27 | 5.5 48 yi‘).S Jl L | 'S
PR Tl o S e | ety S BES S = .‘ o
7.5 354 | 28 57 /?‘0?\ ‘“‘Si\o..\ o
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Observations e ‘}‘*’,, 2R
e ¥
A
For the Contractor /((n@%@ 4 X = =
N / ) 4_1
e e
Lab. Technician {
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Institution Students Names Testingl,ab
UGANDA CHRISTIAN s .
. UNIVERSITY AGABA JOEL & KAKOOZA PAUL [ Sti rhng

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)
Test sample reference 'Iv.lhnrulur\ Reference No. Sampling Date 9/Dec/23
Location ’ Testing Date 10/Feb/24
Depth ’ Technician Lab team
Nample Description BROWN YELLOWISH LATERITIC GRAVEL MATERIAL & 5% METAKAOLIN

Ni TION vs FORCE CURVE

ELYY
ao ’ y
2o

P
a0
200
"o
180
7o
160
150

b2l

130

120
1no
=
|t 11T
et}
LT

100
| ot

Force (KN)

90
80

st
70 11
60 et
50 1

30
411

20 »
1o -1
oo

oo 0s 10 15 20 26

30 s 40 a5 50 55 60 65 70 756 80

Penetration (mm)

62 blows

CBR

Force

Bottom lop | Bottom Top

2.5 mm Penetration 45 16 34 12

80 39 40 20

5.0 mm Penetration

63 28 371 16 0

Average

Retained CBR 37,17 N

Observations N CBR\—A\ 37 1
: — -

For the Lab

Lab Techmcian p. ¢
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INSTITUTION

STUDENTS

UGANDA CHRISTIAN
UNIVERSITY

A& Cpnpes of Frvdones s e Fowt of Ao

AGABA JOEL & KAKOOZA PAUL

TESTING LAB

| Stirling |

PROJECT:

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

SUMMARY OF TEST RESULTS FOR LATERATIC GRAVEL 3% CEMENT ONLY -

\FOR LAB

Lab Technician

GPRADING ATTERBERG LIMITS MDD CBR | CBR

LOCATION BLENDED % _ SWELL
SAMPLING 62 BLOWS I
" i . i MD |
: B 63 375 | 20 5 2 | 0425 | 0075 | GM LL PL Pl LS D | OMC P i 62 | AVERAGE,
100 | 98 80 48 42 32 26 201 | 429 | 288 | 141 71 | 2138 | 121 49 | 049 0.49 “
T = - 1
LATERIC 100 | 96 83 49 42 33 26 199 | 428 | 287 | 141 71 3 - - - [ = |
GRAVEL i
STABILISED 100 | 97 |81.34|48.09|41.85|32.52(25.84| 2.00 | 42.9 | 28.7 | 14.1 | 7.1 |2.138]| 12.1 49 049 | 049 |
3% WITH 3% - - , {
CEMENT CEMENT ONLY| 15/9/2023 “ , ,,
ONLY ! P J— | S .
I ﬁ | |
B i _ |
i | ,

|

_ e I _ |
AVERAGE 28.7 11 71 2138 | 121 49 0.49 0.49 L
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INSTITUTION STUDENTS NAMES CONTRACTOR

Stirling

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE
PROJECT : SOILS

UGANDA CHRISTIAN
‘ UNIVERSITY AGABA JOEL & KAKOOZA PAUL

A Cowivw o Gacetbomee i, oy Vimser of Mria

PARTICLE SIZE DISTRIBUTION (BS 1377 -2 - 90)

Lab. Refernece No.:

Test Reference No.:

Location :(km) 3% CEMENT ONLY Dry wt. of sample before washing: () 4585.8
[Depth: (m) Dry wt. of sample after washing: (g) 3419.0
Material | LATERIC GRAVEL STABILISED WiTH 3% | Dete Sampled:  [DateTested: |  Techmdian
description: CEMENT ONLY 9/Dec/2023 24/Jan/2024 Lab team
] s o . s
Sieve Size (mm) | Weight Retained (g) Retained (%) Passing (%) Grading Limits (G60 & 80)
63.0 0.0 - 0 100 100 100
37.5 93.0 2.0 98 80 100
20.0 841.4 18.3 80 60 95
5.0 1471.2 321 48 30 65
2.00 274.4 6.0 42 20 50
0.425 426.7 ) 9.3 32 10 30
0.075 301.7 6.6 26 5 15
Total fines 1177.4 25.7
Bottom Pan 10.6
Extracted fines 1166.8
Total sample 4585.8
|Grading Modulus 2.01

100 +

90
80
70
60
50

% Passing

40 f
30 |

0.01 0.10 1.00 10.00 ’ 100.00
// \‘\\‘Cj Diameter(mm)
Z,
N ge— o
e N
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INSTITUTION STUDENTS NAMES CONTRACTOR
UGANDA CHRISTIAN . .
UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stirling
PROJECT : PARTIAL REPLACEMENT OF CEMENT Wi

SOILS

TH METAKAOLIN IN THE STABILISATION OF LATERITE

PARTICLE SIZE DISTRIBUTION (BS 1377 -2 - 90)

Test Reference No.:

Lab. Refernece No.:
Location :(km) 3% CEMENT ONLY Dry wt. of sample before washing: (g) 4175.7
Depth: (m) Dry wt. of sample after washing: (g) 3093.5
Material LATERIC GRAVEL STABILISED WITH 3% Date Sampled: __ |Date Tested: |  Technician
description: CEMENT ONLY 9/Dec/2023 24/Jan/2024 Lab team
] -y o
Sieve Size (mm) | Weight Retained ( Retakind (%) Passing (%) sy il (G0 2.80)
63.0 0.0 0 100 100 100
375 165.5 40 96 80 100
20.0 5422 13.0 83 60 95
5.0 1437 .4 344 49 30 65
2.00 270.8 6.5 42 20 50
0.425 390.6 94 33 10 30
0.075 283.3 6.8 26 5 15
Total fines 1085.9 26.0
Bottom Pan 3.7
Extracted fines 1082.2
Total sample 4175.7
[IGrading Modulus 1.99
100

90 +——

too—
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STUDENTS

AGABA JOEL & KAKOOZA PAUL

TESTING LAB

INSTITUTION
UGANDA CHRISTIAN "
'”"‘ - I Stirling I

PROJECT:

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF

LATERITE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
Test Reference No. |Lab Reference No Technician. Lab Team
JiLocation 3% CEMENT ONLY . Sample Date SDec2023
[rest method BS 1377 Part2 19904 34 4 Test Date 13Feb2024
hvr;n LATERIC GRAVEL STABILISED WITH 3% CEMENT ONLY
IL
lpLasTiC LIMiT TestNo ) KK Average
IMass of wet soil + ) 3854 4301 40775
IMass of dry soil + container (g) 3505 3837 871
IMass of container (g) 2293 2225 2258
[IMass of moisture () 349 45 4085
IMass of dry soil (g) 1212 ®12 1212
i content % 288 288 288
IAVERAGE
liuQuip Limir Test No 1 2 3 4
I'nmalgaugereadmg (mm) 0 0 0 0
[[Final gauge reading (mm) T 152 189 21 245
penetration (mm) 15.2 189 21.0 245
IAVERAGE 15.2 188 21.0 245
(Container No. P Pis2 PI2 P
[Iass of wet soil + container (g) 45.01 5026 4294 5283
[IMass of dry soi + @ 3482 3748 3206, 3844
of container (g) 7.09 7.00 .80 53¢
IIMassofmoismre(g) 11.19 1278 10.88 1449
[[Mass of dry soi (g) 2773 3048 2526 315
isture content (%) 404 419 431 450
AVERAGE 404 419 431 450
Liquid Limit Determination
25 a ] |Uiquid imit (%) 429
i | | |Plastic mit (%) 288
B3 +— 7 1
g e - ‘ Plasticity Index (%) | 141
/
§ 2 i 1 Linear shrinkage
: Lol
H {
S 19 1
5 | |Trough No 2
o |
| [Trough length (cm) 140
1
| |Specimen length (cm) 130
L shringage = 10
% L.shrinkage = 7.1
- /.
\_S /

78




INSTITUTION STUDENTS
UGANDA CHRISTIAN
UNIVERSITY AGABA JOEL & KAKOOZA PAUL

TESTING LAB

| Stirling I

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF

PROJECT: LATERITE SOILS
ATTERBERG LIMITS
Liquid limit (cone penot ter) and plastic limit
Test Reference No.: |Lab. Reference No.: Technician: Lab Team
Location 3% CEMENT ONLY Sample Date 9/Dec/2023
Test method BS 1377: Part 2, 1990:4.3/4.4 Test Date 13/Feb/2024
LAYER LATERIC GRAVEL STABILISED WITH 3% CEMENT ONLY
PLASTIC LIMIT Test No. SM DT Average
[Mass of wet soil + container 36.25 354 35.825
[IMass of dry soil + container (g) 33.19 3275 32.97
[Mass of container (g) 225 2352 23.01
|[Mass of moisture (g) 3.06 27 - 2.855
[IMass of dry soil () 10.69 9.23 9.96
Moisture content % 28.6 28.7 28.7
IAVERAGE
LIQUID LimMIT Test No 1 2 3 4
Initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 15.5 19 21.3 24.6
penetration (mm) 15.5 19.0 21.3 246
IAVERAGE 15.5 19.0 213 246
Container No. A P121 Pl46 FOO
Mass of wet soil + container (9) 55.07 53.05 44.25 60.35
| Mass of dry soil + container (g) 41.27 39.48 33.08 43.49
[Mass of container (g) 7.07 7.06 7.20 6.86
(IMass of moisture (g) 138 13.57 11.17 16.86
(IMass o dry soi 34.2 3242 25.88 36.63
[Moisture content (%) 40.4 41.9 43.2 46.0
AVERAGE 40.4 41.9 43.2 46.0
5 Liquid Limit Determination
; L] Liquid limit (%) 428
23 e Plastic limit (%) 287
£ IRRRRREEI Plasticity Index (%) 14.1
21 —— R e s S S SR NS S W G
§ 11| | Linear shrinkage
4 . {0 O O O | :
o
3
a 19 4 e dealoade ol
[ : ]
e ] |
S a__'__‘_;_r_ 1 e e . i Trough No. 2
[ | A || |
17 4 / I RENAEEERENNEEE RN R Trough length (cm) 14.0
E<ENERERER |
i | ! L w i Specimen length (cm) 13.0
40 M 42 43 44 45 46 L.shringage = 1.0
> sture Content %
(‘\;\@\ % L.shrinkage = 71
Remarks: N
o \
TESTING LAB—~#7F /. 4
TN NASD s £
= ‘.-\‘ﬂ{f/l"( - N \ '
faterfls Engineel/ D XA
\ N i
P‘\/
ab Tgchnician N ?&‘-\Q
Qe
obt
0®
°.
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INSTITUTION STUDENTS NAMES TESTING LAB
UGANDA CHRISTIAN
Unvasty AGABA JOEL & KAKOOZA PAUL
IPROJECT: PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
Test Reference No |Lab Reference No Date Sampled Date Tested Technician
IMix 3% CEMENT ONLY 9/Dec/23 24/Jan/24 Lab team
IMaterial " LATERIC GR:VEL STABILISED WITH 3% \ %) 1.0
TEST DATA
Weight of rammer (Kg) No. of blows per layer No of layers  [Height of drop (mm) |Diameter of mould(mm) |Volume of mould (em’)
45 27 3 457 100 1,000
MOISTURE CONTENT DATA
est No. 1 5
A A A A A
200 300 400 500 600
6,412 6,551 6,674 6,619 6,566
4279 4279 4,279 4,279 4,279
2133 ° 2272 2395 2340 2287
\Volume of mould cm® 1,000 1,000 1,000 1,000 1,000
[Wet density of soil glem’ 2133 2272 2.395 2340 2287
DATA FOR PROCTOR CURVE
(Container No. LDy OPD XZM EX DJ
of wet soil + Container m 1,781.0 1,986.0 2,747.0 1,735.0 2,273.0
ss of dry soil + container m 1,670.0 1,850.0 2,538.0 1,689.0 2,0410
ss of container gm 4170 551.0 805.0 §32.0 546.0
[Mass of water added gm 11 136 209 148 232
IMass of dry soil am 1253 1299 1733 1057 1495
Moisture content s 8.9 105 121 138 155
Dry density glem’ 1.959 2057 2137 2056 1.980
Maximum dry density (gm/cm®) 2138 Optimum moisture content (%) 12.1 \
r ] )
2150 ‘i
] — ] |
L1 ™~ |
2.100 {
4 \ |
3 L }
=
2.050 |
z
: / Eadl
a Y o [ -
g N ‘
2000 Vi 1
N
el - > {
J
o« J
1.950
85 95 105 115 125 135 145 155
= s /(R Moisture Content (%) s
SN Y ¥
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Testing Lab

Institution Students Names
GANDA CHRISTIAN
‘ SNIVERSITY AGABA JOEL & KAKOOZA PAUL

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF

LATERITE SOILS
CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)
Test sample reference [1.aboratory Reference No.: Sampling Date : IDesi23
. 27/Jan/24

.ocation 3% CEMENT ONLY Casting date : .

Testing Date : 10/Feb/24

LATERIC GRAVEL STABILISED WITIH 3% CEMENT [Technician :  : Lab team
[Sample Description: ONLY Volume of Mould used (m’) 2305
Natural moisture of air dried sample Volume of water added
T No. ZION Mass of air dried soil (g) . 6oo B
ITin + air dried soil sample (g) 2240 MDD (Mg/m®) soa'y 2.138 SR
Tin + oven dry soil sample (g) 2212 N'M;C (%)ﬂ_ S| (F—. ,4,,ILMf * ¥
Tin (2) 436 oMmc(%) {121 .
Dry soil sample 1776 Added OMC (%) P 105 .
Water (g) 28 Calculated dry wt of soil (g) o %054
N.M.C (%) 1.6 Water added (g)r o 763_77 o
Average (%) 1.6 ‘Water added (mi,) 622
Number of blows 62 e OSSR WSS
[Number of layer 5
Water Content Determination Before Soaking |After Soaking
TareNo i Y6Y - C™ML | - | | ) -
Mass of wet sample + Tare g | 214 - | e - Y S
Mass of dry sample + Tare g | 1984 - 189 - f| | =
[Mass of Tare g 820 - 763; - - R S | N, TR 4 B
[Mass of water ) g 57 = I B = SISO WSS W | |
Mass of dry sample _ 8 1164 - 46 - 1 )
Water content % 13.5 - 13.1 - N ]
Average water Content % 135 IR T
M‘ily determination
MouldNo - 4 N i
Mass of mould +soil g | 10847 [ 10826 fl .
Mossof mould g | 552 5592 1 )
Massofssl g 5255 5234 1 1 .
Volumeofthemould  em3| 2305 | 2305 I ]
Moist density gom3| 2280 2271 - I
Dry density  gem3| 2009 2,008 N
l well Determination
“% Hour D.Gauge Reding
{linitat reading 96 hrs 5.9
Finalreading
[Height of the specimen -
[Height of swell PEDLES
Observations

Lab. Technician
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Institution Students Names Testing Lab

UGANDA CHRISTIAN & =
UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stlrllng
A Comive of Enewtionce o she Vonin of Abrics
PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)
T'est sample reference : Il.aboratory Reference No.: Sampling Date 9/Dec/23
LLocation: Penetration Date 10/Feb/24
(Depth Technician .2 Lab team
Sample Description : : LATERIC GRAVEL STABILISED WITH 3% CEMENT ONLY
[Number of blows per layer . 62
|:,umbcr of layers 5 o 5 i 5
ould No o /‘5 I ||
Capacity of the Proving Ring (KN) R 50' o 7 7 o 5_0* 50
\Proving Ring Constant (KN/div.) - 02052 o — i 0.2052 0.2052
\Speed : ... . .. ....mm'min. Top Bottom
Penetration of Time | Reading Force | Reading Force
the plunger (mm) (s) *10°mm | (KN) *10’mm (KN)
i I o ] oo 00 | 0 o0 fp b
0.25 I N Y ] 02 | 2 04 e
os 24 | 2 i 04 | 6 12 1 . B
075 | '3 | 4 o8 | w0 22 || | ] |
1 47 | 6 .12 13 27
15 ) 71 9 | 18 20 4] -
2 1ol s | 27 | a5 | sa
2.5 ) 118 18 | 37 | 30 | 62 |
3 142 25 | 51 M 10
3.5 165 29 | 0.0 8 18
4 189 8 78 3 88
4.5 213 42 8.6 46 | 94
5 236 46 9.4 50 | 10.3
5.5 260 52 10.7 54 1.1
6 283 56 » 11.5 59 121
6.5 307 59 121 64 13.1 -
7 331 62 12.7 66 13.5
1.5
Observations

.ab. Technician

,ig‘yi( 1/

82



Students Names Testing Lab

Institution
UGANDA CHRISTIAN r-_—. .
' UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stirling

R

-

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

ITest sample reference llaboralpry Reference No.: - ASaAmplirlg Date : ?/Dec/?.3_ o
ocation ) |Testing Date 10/F °b’24
_ P - |Technician _ : Labteam
Description LATERIC GRAVEL STABILISED WITH 3% CEMENT ONLY
PENETRATION vs FORCE CURVE

F-1]

2¢0 +4 iS5 SSAE | aEm

F-T] FEREREEENREEREEREREREESRESERREES 885 EE

23 Edls SEEEEEEEEE R SRS

arbbtt EEER HEEEENESE SRS RS ¢

x;s SEENENEENEERER s

158 FENREERRRNENEREEENENE RRER a8

a8 1 d8SES 32 E 2 ES3E8 23 N ‘3 2

78 SRR ERERES A1 SEE =3 2 |

%0 X | EmEsRERS L RE 2SS 2T

158 SERSEERNEEERREEERER | |

»
Y
1AW

Force (KN)

@
@
| '™

o o5

62 blows

Force CBR

Bottom Top Bottom Top

2.5 mm Penetration 62 37 46 28

5.0 mm Penetration 10.3 9.4 51 47

o 82 66 | 4891976

Retained CBR 2 \

JObservations ) S
<5 CBRy. \48.9

For the Lab 0 .
/ \.'; ‘\\
/R
o’ A o~
T c =, — ¢
§lab Techmcian = A > JUSSSS. EE—
= Lt ( s

83



Lab Technician

4
INSTITUTION STUDENTS W TESTING LAB
UGANDA CHRISTIAN ﬁ
UNIVERSITY ,
AGABA JOEL & KAKOOZA PAUL 2 ®
e s S | h Stirling _
e e — et e
PROJECT: PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
SUMMARY OF TEST RESULTS FOR LATERATIC GRAVEL 3% CEMENT AND 2% METAKAOLINE
" GRADING - ATTERBERG LIMITS MDD CBR EBR
LOCATION, BLENDED % A . SWELL
. mﬁhwmzm 63 | 375 _ 20 5 2 | 0425 | 0075 | Gm I PL | P s | MDD omc Mwﬂw“w%h 62 | AVERAGE
100 ; 100 | 99 61 45 | 30 17 1 208 .| 418 | 283 | 135 | 69 | 2097 123 51 040 | 0.40
¥ ! _ ~ |
LATERIC 100 | 100- | 99 60 | 44 | 31 18 | 207 | 415 | 279 | 136 | 69 - = -l - - £
GRAVEL | ,
=T B 100 | 100 |98.86|60.28 |44.27| 307 | 17.7 | 2.07 | 417 | 281 | 13.6 | 6.9 |2.087| 123 51 040 | 040
CEMENT ' CEMENT & 2% ,
AND 2%  meTAKAOLINE | 12/9/2023 , M ” ;
METAKAO ! ,_ . : 1
LINE !
T T T
AVERAGE 18 | 2073 | a17 s 138 69 | 200 23 51 , 040 | 040
FOR LAB
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INSTITUTION STUDENTS NAMES CONTRACTOR
UGANDA CHRISTIAN . oy
UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stirling
ETAKAOLIN IN THE STABILISATION OF LATERITE

PARTIAL REPLACEMENT OF CEMENT WITH M

ROJECT : SOILS
PARTICLE SIZE DISTRIBUTION (BS 1377 -2 - 90)

Test Reference No.: Lab. Refernece No.:
ocation :(km) 3% CEMENT AND 2% METAKAOLINE  [Dry wt. of sample before washing: () 3825.6
th: (m) Dry wt. of sample after washing: (g) 3183.7
Material LATERIC GRAVEL STABILISED WITH 3% HateSampiad: Bets Tesfesl: |  Techoisian
description: CEMENT & 2% METAKAOLINE 9/Dec/2023 24/Jan/2024 Lab team
Sieve Size (mm) | Weight Retained (g) Retained (%) Passing (%) Grading Limits (G60 & 80)
63.0 0.0 0 100 100 100
375 0.0 0.0 100 80 100
20.0 38.4 1.0 99 60 95
5.0 1457.8 38.1 61 30 65
2.00 622.7 16.3 45 20 50
0.425 539.9 14.1 30 10 30
0.075 514.0 13.4 17 5 15
Total fines 652.8 174
Bottom Pan 10.9
Extracted fines 641.9
Total sample 3825.6
rading Modulus 2.08
100
F—
%0 : =t }
we—— =
i i
70 =: ==
ga: 160 ’
i =
: ;'
|
==

Diameter(mm)

100.00

Lib Technician

6,

Hht— 6—:#/
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INSTITUTION STUDENTS NAMES CONTRACTOR

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE
PROJECT : SOILS .

UGANDA CHRISTIAN
' UNIVERSITY AGABA JOEL & KAKOOZA PAUL

A Contee of Eneonen o the Hawrt of Atica

PARTICLE SIZE DISTRIBUTION (BS 1377 - 2 - 90)

Test Reference No.: Lab. Refernece No.:
|Location :(km) 3% CEMENT AND 2% METAKAOLINE _ |Dry wt. of sample before washing: (g) 4002.9
Depth: (m) Dry wt. of sample after washing: (g) 3281.1
Material LATERIC GRAVEL STABILISED WITH 3% Date Sarmpled; P e | T
descnptlon: CEMENT & 2% METAKAOLINE 9/Dec/2023 24/Jan/2024 Lab team
’ - - 0, - - -
Sieve Size (mm) | Weight Retained (g) | = Retained (%) Passing (4] it At
63.0 0.0 0 100 100 100
37.5 0.0 0.0 100 80 100
20.0 50.8 1.3 99 60 95
5.0 1563.8 39.1 60 30 65
2.00 629.8 15.7 44 - 20 50
0.425 521.4 13.0 31 10 30
0.075 502.8 12.6 18 5 15
Total fines 734.3 18.3
Bottom Pan 12.5
Extracted fines 721.8
Total sample 4002.9
Grading Modulus 2.07

: 10.00 100.00
Diameter(mm)

| S=
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN o me
UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stirling
' PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF
PROJECT: LATERITE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
Test Reference No.. [Lab. Reference No.. Technician: Lab Team
Locaton 3% CEMENT AND 2% METAKAOLINE Sample Date 9/Dec/2023
[Test method BS 1377 Part 2. 19904 3/4 4 Test Date 13/Feb/2024
YER LATERIC GRAVEL STABILISED WITH 3% CEMENT & 2% METAKAOLINE
| N
TIC LIMIT Test No oG KK Average
of wet soil + container 43,66 41.29 42475
of dry soil + container 388 37.06 37.93
of container 2142 22.26 21.84
of moisture 4.86 4.2 4.545
of dry soil 17.38 148 16.09
content % 28.0 23.6 28.3
JAVERAGE
LWt Test No 1 2 3 4
reading (mm) 0 0 [ 0
inal reading (mm) 15.3 18.1 219 24.4
(mm) 15.3 18.1 21.9 244
AVERAGE 15.3 18.1 219 24.4
iner No P133 48 A11 P119
of wet soil + container (g) 59.81 61.91 62.56 64.80
Of dry soil + container (g) 44.98 45.99 46.05 46.99
of container (9) * 897 6.87 7.19 7.33
of moisture (g) 14,83 15.92 16.51 17.81
of dry soil 38.01 39.12 38.86 39.66
content (%) 39.0 407 425 449
AVERAGE 39.0 407 425 449
Liquid Limit Determination
BEE Liquid limit (%) 418
Plastic limit (%) 283
E Plasticity Index (%) 135
s
§ Linear shrinkage
s I
s
a
2 H
S Trough No. X
Trough length (cm) 140
Specimen length (cm) 130
44 45 46 L.shringage = 1.0
% L.shrinkage = 6.9
- £
il b
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UNIVERSITY

\ - o Vet f ABGe

INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN [__'—] .
AGABA JOEL & KAKOOZA PAUL Stll‘llng

PROJECT:

LATERITE SOILS

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF

ATTERBERG LIMITS

Liquid limit (cone penotrometer) and plastic limit

st Reference No.: [Lab. Reference No.: Technician: Lab Team
R ocation 3% CEMENT AND 2% METAKAOLINE Sample Date 9/Dec/2023
Test method BS 1377: Part 2, 1990:4.3/4.4 Test Date 13/Feb/2024
I.AYER LATERIC GRAVEL STABILISED WITH 3% CEMENT & 2% METAKAOLINE
L
EASTIC LT Test No. SO RAD Average
of wet soil + container () 47.86 44.87 46.365
hcss of dry soil + container (g) 42.42 39.92 41.17
IMass of container (g) 23.13 21.97 22.55
[IMass of moisture (g) 5.44 5.0 5.195
mass of dry soil (g) 19.29 17.95 18.62
ture content % 28.2 27.6 27.9
IAVERAGE
ILIQUID LIMIT Test No 1 2 3 4
Initial gauge reading (mm) 0 0 0 0
IFinal gauge reading (mm) 155 18.3 21.9 24.6
penetration (mm) 15.5 18.3 21.9 246
IAVERAGE 15.5 18.3 21.9 24.6
Container No. P115 P160 P182 A4
Mass of wet soil + container (g) 56.27 66.69 63.57 68.34
[Imass of dry soil + container (g) 4242 49.39 46.66 49.64
lass of container (g) 7.08 6.94 6.90 6.85
[Imass of moisture (g) 13.85 17.3 16.91 18.7
[imass of ary soil (g) 35.34 42.45 39.76 42.79
lMoisture content (%) 39.2 40.8 42.5 43.7
AVERAGE 39.2 40.8 42.5 43.7
- Liquid Limit Determination
| ) ) Liquid limit (%) 415
23 - 1 { Plastic limit (%) 27.9
| \
. : ;
£ { . | Plasticity Index (%) 136
£ 21 1 | \ i i
13 I ] 1 N | ]
2 . I N A P Linear shrinkage
£ B e e e ‘
2 | [ A
& 19 N 1 L
L 1 t T
: BraiRlInnn
o = / Lo bbb d b I Trough No. X
| el Trough length (cm) 14.0
Specimen length (cm) 13.0
L.shringage = 1.0
! % L.shrinkage = 6.9
Remarks™ -\, \3 .
R ’//\) 1o/
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TESTING LAB

INSTITUTION STUDENTS NAMES
UGANDA CHRISTIAN irhi
UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stirling
PROJECT: * PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
Test Reference No. Lab. Reference No Date Sampled Date Tested Technician
[Mix 3% CEMENT AND 2% METAKAOLINE 9/Dec/23 24/Jan/24 Lab team
3 LATERIC GRAVEL STABILISED WITH 3% Natural moisture (%) : 11.0
Material description: CEMENT & 2% METAKAOLINE
TEST DATA
Weight of rammer (Kg) No. of blows per layer No of layers  [Height of drop (mm) |Diameter of mould(mm) |Volume of mould (em?)
4.5 27 3 457 100 1,000
MOISTURE CONTENT DATA
Test No 1 2 3 4 5
[Tin No. A A A A A
\Water Added cm® 150 210 270 330 390
[Mass of Compacted soil + mould gm 5115 5,356 5,562 5,488 5,302
Mass of Mould gm 3,220 3,220 3,220 3,220 3,220
Mass of Compacted soil m 1895 2136 2342 2268 2082
Volume of mould cm® 1,000 1,000 1,000 1,000 1,000
Wet density of soil glem’ 1.895 2.136 2.342 2.268 2,082
DATA FOR PROCTOR CURVE
Container No. Xxzm NBM BBC CcML BXR
(Mass of wet soil + Container am 2,785.0 2,691.0 2,595.0 2,546.0 2,608.0
Mass of dry soil + container gm 2,632.0 2,516.0 2,399.0 2,326.0 2,360.0
Mass of container gm 807.0 802.0 764.0 769.0 812.0
m 5
Mass of water added g 153 175 196 220 248
il m
Mass of dry soil g 1825 1714 1635 1557 1548
i %
Moisture content o 8.4 102 120 14.1 180
Dry density glcm’ 1.748 1.938 2.091 1.987 1.795
Maximum dry density (gm/cm?®) 2.097 Optimum moisture content (%) 123
(2120 .
2,070
= *“Twh‘ S S i | I U <N VAN Do b s (5 2 - \
2020 4—1— = = i i i n
7 1.970 \ -
g - - » N
2
£
2 1920 = \
z ] =1 . .
2
&8 1870
> A
Q
2 — ~
N
] - i 3
S I Bt s |
)
8.0 8.0 10.0 r 120
‘j | 130 14.0 150 160
\ ad Mdisture Content (%)
——
FRemarks:

Lab Technicia
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Institution

Students Names

UGANDA CHRISTIAN
UNIVERSITY

AGABA JOEL & KAKOOZA PAUL

Testing Lab

I Stirling I

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF

Sample Description:

LATERIC GRAVEL STABILISED WITH 3% CEMENT &

LATERITE SOILS
CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)
[Test sample reference Il‘aboralory Reference No.: Sampling Date : 9/Dec/23
Iocation 3% CEMENT AND 2% METAKAOLINE  |Casting date = 27/an/24
Testing Date 10/Feb/24
Technician : . _Lab team

2% METAKAOLINE Volume of Mould used (m®) 2305
Natural moisture of air dried sample Volume of water added
T'in No. K26 Mass of air dried soil (g) 6000
Tin + air dried soil sample (g) 3125 ) MDD (Mg/ml R B 2.097
Tin + oven dry soil sample (g) 6| AN S .
Tin (g) | sos OMC (%) o123
Drysoilsample | ca2; [ | AddedOMC(%) | 75
Water @) 99 . Calculated dry wt of soil (g) _Sm6
INMC (%) T Nt i _'4.5 e Water added (2) ..
Averages) | 45 Water added (mL) | 450
INumber of blows 62 =
N—ur;ber oflaye:r‘_ o 5 N
Water Content Determinati. Before Soaking |After Soaking
TareNo B BK | - |[xzm @ . |
[Mass of wet sample + Tare g 745 - 2540 - I U | ‘
[Mass of dry sample + Tare g 669! - 2340; - |l N N S .
Mass of Tare g 550 - 805 - |
"Mass of water g 76,i - 2000 - R R B
Mass of dry sample g 614 - 1535, - | N B —
Water content % 124 - 130, -
[Average water Content % 7‘2.4 13.0 T ) i
\Density determination
Mould No HB P 1
[Mass of mould + soil g | 10900 10935 |
Mass of mould g 5510 ] 5510 i ]
Mass of soi e | s 5425 i —
I!olume of the mould cm3 | | 2305 i
Moist density g/em3 2.338 [ 2354
Dry density g/em3 2081 2082 L
IM] Determination
lbate Hour D.Gauge Reding
3.59
a1
B
0.51
/S - -{
o ' ot

(G
Lab.. Fechnician
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Testing 1 nh

Institution Students Names
CHRISTIAN ‘ .
gﬁﬁ’ﬁﬁﬂ AGABA JOEL & KAKOOZA PALIL, h'irl'ng

PARTIAL REPLACE

CALIFORNIA BEARING RATIO TEST (B

est sample reference
Jocation:
Depth :

Sample Description :

L'aboratory Reference No

Humpling | ite
Penetration |ule

Techmeimn

MENT OF CEMENT WITH METAKAOLIN INTHE STABILISATION OF LATERETY, 80118

1377 Part 4)

Y we/2h
10/1eh/ 24

1 aby fesini

LATERIC GRAVEL STABILISED WITII 3% CEMENT & 2% METAKAOLINK

Number of blows per layer 62
Number of layers § s 3
IMould No Ha
“apacity of the Proving Ring (KN) 50 50 kL]
|Proving Ring Constant (KN/div.) 0.2052 0.2052 0 2042
peed : . ..mm nn. Top Bottom
enetration of Time | Reading | Force | Reading [ Force
fthe plunger (mm) (s) *10'mm | (KN) *10"mm | (KN)
i
S (R (N 0 . 00 0 | 0.0
|
. 025 . | 12 | 3 0.6 5 1 10,
| o5 | 24| 6 12 8 16
L 0.75 35 | 9 18 123
o 1 B n_ 23 17| s
|
_ L5 7 15 3.1 20 | 43
13 M (S 1
2] e 18 | 37 | 25 | sl
\
o 25 us | 21 43 0 | 62
3 42 | 26 53 6 | 74
| 35 165 30 62 2 | 86
R = t
[
L 4 s | 32 |, 66 a6 | 94
. !
| 45 e | 3 70 50 103 .
| 5 1 236 | 36 | 74 54 1.1
L 55 260 | 37 76 56 115
. 6 23 | 38 78 | 8 | 119
- 6.5
e 72
1.5

{Observations

ab. Technician
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Institution Students Names Testing Lab

5 Cowtin # Rurationes e da Voany ot Al

UGANDA CHRISTIAN —
. UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stlrl]ng

v

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

T'est sample reference Il,uhurutory Reference No.: Sampling Date : 9/Dec/23
Location Testing Date 10/Feb/24
Technician ~ : Labteam

Depth

[Sample Description LATERIC GRAVEL STABILISED WITH 3% CEMENT & 2% METAKAOLINE

PENETRATION vs FORCE CURVE

5.0
240
3.0
320
Mo
300
290

Force (KN)
333
coo

|

T

Ll
|

!
0
—

©
°

N\
A
A }

00 05 10 15 2.0 25 3.0 35 40 45 50 55 60 65 70 75 80

Penetration (mm)

62 blows

Force CBR

Bottom | Top | Bottom | Top

2.5 mm Penctration 6.2 4.3 46 33

5.0 mm Penctration 11.1 7.4 56 37

Average

Retained CBR

(Observations

51.0

Lab. Technician
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN __
UNIVERSITY AGABA JOEL & KAKOOZA PAUL ; s 12

| Stirling

A Crawpw oF Fuoisone o he Fowrt of Afecr

PROJECT:

]

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

SUMMARY OF TEST RESULTS FOR LATERATIC GRAVEL 3% CEMENT & 4% METAKAOLIN

A
GRADING ATTERBERG LIMITS MDD ; | cBr , m@wmﬂ
LOCATION BLENDED % : : | | |
SAMPLING 62 BLOWS
] j q M
— 63 375 20 5 2 | 0425 | 0075 | GM L PL M| ts | MDD O c ‘ couptenal | 2 ><ma>nm
100 = 100 89 53 44 30 20 206 | 424 | 292 | 132 w 6.4 | 2071 | 122 “ 57 | 030 0.30
= e \__’! G i |
LATERIC 100 | 100 89 57 47 30 18| 206 | 423 | 293 | 130 | 64 g 4 = H 5 o f - m,
GRAVEL | J
STABILISED 57 _
3% WITH 3% 100 | 100 |89.42(55.36|45.4529.75|18.93 | 2.06 | 42.4 | 29.2 | 13.1 | 6.4 [2.071| 12.2 0.30 | 0.30 M
CEMENT  CEMENT & 4% ,_ 1 m
& 4% METAKAOLIN 12/9/2023 | M |
METAKAO | NONERAFY DU I shesfomre ey~ ;
LN _ < ‘
AVERAGE 2,059 |. 424 293| 131 64 | 2071 | 122 57 030 | 030 ;
e b e . N
FOR LAB

Lab Technician
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN __
UNIVERSITY AGABA JOEL & KAKOOZA PAUL ; s 12

| Stirling

A Crawpw oF Fuoisone o he Fowrt of Afecr

PROJECT:

]

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

SUMMARY OF TEST RESULTS FOR LATERATIC GRAVEL 3% CEMENT & 4% METAKAOLIN

A
GRADING ATTERBERG LIMITS MDD ; | cBr , m@wmﬂ
LOCATION BLENDED % : : | | |
SAMPLING 62 BLOWS
] j q M
— 63 375 20 5 2 | 0425 | 0075 | GM L PL M| ts | MDD O c ‘ couptenal | 2 ><ma>nm
100 = 100 89 53 44 30 20 206 | 424 | 292 | 132 w 6.4 | 2071 | 122 “ 57 | 030 0.30
= e \__’! G i |
LATERIC 100 | 100 89 57 47 30 18| 206 | 423 | 293 | 130 | 64 g 4 = H 5 o f - m,
GRAVEL | J
STABILISED 57 _
3% WITH 3% 100 | 100 |89.42(55.36|45.4529.75|18.93 | 2.06 | 42.4 | 29.2 | 13.1 | 6.4 [2.071| 12.2 0.30 | 0.30 M
CEMENT  CEMENT & 4% ,_ 1 m
& 4% METAKAOLIN 12/9/2023 | M |
METAKAO | NONERAFY DU I shesfomre ey~ ;
LN _ < ‘
AVERAGE 2,059 |. 424 293| 131 64 | 2071 | 122 57 030 | 030 ;
e b e . N
FOR LAB

Lab Technician
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INSTITUTION

B UGANDA CHRISTIAN
UNIVERSITY

STUDENTS NAMES

CONTRACTOR

NT WITH METAKAOLIN IN THE STABILISATION OF LATERITE

PARTICLE SIZE DISTRIBUTION (BS 1377 -2 - 80)

AGABA JOEL & KAKOOZA PAUL

| Ak

PARTIAL REPLACEMENT OF CEME

PROJECT : SOILS

Test Reference No.:

Lab. Refernece No.:

[Location :(km)

3% CEMENT & 4% METAKAOLIN Dry wt. of sample before washing: (g) 4729.8
Depth: (m) Dry wt. of sample after washing: (g) 3883.8
Material LATERIC GRAVEL STABILISED WITH 3% Dt Samplr! Date Tested: | _Technician
deSCflptlon: CEMENT & 4% METAKAOL'N 9/Dec/2023 24/Jan/2024 Lab team
peo o " -
Sieve Size (mm) | Weight Retaine d (g) Retained (%) Passing (%) Grading Limits (G60 & 80)
63.0 0.0 0 100 100 100
37.5 0.0 0.0 100 80 100
20.0 502.6 10.6 89 60 95
5.0 1515.8 32.0 57 30 65
2.00 502.6 10.6 47 20 50
0.425 811.4 17.2 30 10 30
0.075 546.3 11.6 18 5 15
Total fines 851.1 18.0
Bottom Pan 5.1
Extracted fines 846.0
Total sample 4729.8
Grading Modulus 2.06
100 - :
9 ;
70 { = S :
» 60
% s0
A~ - ¥
R ==——=C
e e
A== ESESSSEiiEEE
00 01 W 1.00 10.00 100.00
. i Diameter(mm)
L )
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INSTITUTION STUDENTS
UGANDA CHRISTIAN
UNIVERSITY AGABA JOEL 8 KAKOOZA PAUL
X PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF
PROJECT: LATERITE SOILS
ATTERBERG LIMITS
Liquid limit (cone p ) and plastic limit
Test Reference No |Lab Reference No Technician Lab Team
Location 3% CEMENT & 4% ME TAKAOLIN Sample Date 9/Dec/2023
[Test method BS 1377 Part2 19904 /4 4 Test Date 13/F eb/2024
LAYER LATERIC GRAVEL STABILISED WITH 3% CEMENT & 4% ME TAKAOLIN
STIC LIMIT Test No RAD 13 Average
[Imass of wet soil + container 3617 3318 34 675
%dwwmmm« 3295 30 77 3186
55 of container (g) 2196 22 47 22218
of moisture (g) 322 24 2815
of dry soil 10 99 83 9 645
content % 203 290 292
VERAGE
Limit Test No 1 s 4 3 4
reading (mm) 0 0 0 0
inal reading (mm) 155 18 219 249
{mm) 1556 18 0 219 249
AVERAGE 155 180 219 249
Container No A15 P153 AS A43
of wet sofl + container 57 62 56 62 63 30 62 38
of dry soil + container 43 36 42 55 46 13 4505
of container 693 861 685 6 96
of mosture 14 26 14 07 17 26| 17 33
of dry soil 36 43 3354 3928 36 0%
content (%) 391 415 43 % 4% &
AVERAGE 391 415 439 455
Liquid Limit Determination
25 v ——————
. ' | Uiquid bmit (%) 424
s
| |Plastic imit (%) 202
1
|
] Plasticity index %) 132
E Linear shrinkage
|
i
Trough No R
Trough length (om) 140
{ Specimen length (cm) 131
45 46 |LShringage = 09
% L shrinkage = 64
¥
f\ ‘
" o b /
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INSTITUTION STUDENTS i TESTING LAB
UGANDA CHRISTIAN - me
UNIVERSITY AGABA JOEL & KAKOOZA PAUL I Stirling |
Pmmmorcaanmmmunisrmnouor
PRRMELE: LATERITE SOLS
ATTERBERG LIMITS
Liqﬁﬁﬂ(mmaﬂ;hﬁcﬂ
Test Reference No.: [Lab. Reference No {Techmican: Lab Team
lLocation 3% CEMENT & £% METAKAOUN |Samgie Da= SDec2i0z
[Test method BS 1377: Part 2 19904 34 4 i [TestD== 13F 200
jraver LATERIC GRAVEL STABILISED WATH 3% CEMENT 2 £% METAKAOLN
I
lprasmic Lmi Test No J P P—
of wet soil + container (g) 2865 3246 1855
of dry soil + container (g) 27.36 2277 22585
of container (g) 19.56 2055 20055
of moisture (g) 22g 27 | 243
of dry sail (g) 78 52 | zz-
isture content % 204 252 f 23
IAVERAGE
IQUID LIMIT Test No 1 2 ] 2 &
hﬁalgaugereadhg (mm) (1 e | al -
Final gauge reading (mm) 158 183 | 217} =0
penetration (mm) 159 153 | =17} 20
IAVERAGE 158 " 183 | 27 =2
(Container No AS AX | 2 ] AD
[[Mass of wet soil + container (q) 5420 ssoe | ss= =33
Mass of dry soil + container (g) 4091 4378 £0 oo -
of container (g) 6.83 698 6 E1} =
of moisture (g) 1329 1528 14 55} |
of dry soil (g) 3408 %79 320
isture content (%) 3g0 415 233
AVERAGE 3so '

(=
E
<
S
=
£
°
H
a
e
c
S
o

At

Lab Technician'
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INSTITUTION STUDENTS NAMES TESTING LAB
UGANDA CHRISTIAN e
UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stirling
PROJECT: PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
Test Reference No. ILab, Reference No. Date Sampled . ,D,a,te Tested Technician
Mix 3% CEMENT & 4% METAKAOLIN 9/Dec/23 24/Jan/24 Lab team
- LATERIC GRAVEL STABILISED WITH 3% e - .
i . | moisture (%) : 11.0
Material description: CEMENT & 4% METAKAOLIN Natural (%)
TEST DATA
Weight of rammer (Kg) No. of blows per layer No of layers  |Height of drop (mm) Diarﬁei{ cﬁ Tgu{dﬁ(n](n)w |Volume of mould (cm’)
4.5 27 3 457 100 1,000
MOISTURE CONTENT DATA
Test No. 1 2 3 4 5
Tin No. A A A A A
Water Added cm® _ 180 280 380 480 580
Mass of Compacted soil + mould gm 5,108 5413 5,543 5,488 5,302
Mass of Mould gm 3,219 3,219 ) 3,219 3,219 3.219
Mass of Compacted soil gm 1889 2194 2324 2269 2083
\Volume of mould cm® 1,000 1,000 1,000 1,000 1,000
Wet density of soil g/lcm® 1.889 2194 2324 2.269 2.083
DATA FOR PROCTOR CURVE
Container No. KT UPC MJR CML CR7
Mass of wet soil + Container gm 2,375.0 2,251.0 2,196.0 2,282.0 2,346.0
Mass of dry soil + container gm 2,253.0 2,115.0 2,042.0 2,093.0 2,128.0
[Mass of container gm 798.0 808.0 790.0 762.0 770.0
Mass of water added 9 122 136 154 189 218
Mass of dry soil o 1455 1307 1252 1331 1358
- 9
Moisture content * 84 10.4 12.3 14.2 16.1
Dry density glem® 1743 - 1.987 2.069 1.987 1.795
Maximum dry density (gm/cm®) 2.071 Optimum moisture content (%), 12.2
.
2070 1 o et C . e e e e s B
== 1 ] = i £l 5 ) T ] T I [T 1
2.020 = = 1 ——— " oo
1.970 ]
s - m T = e
£ ) k | r
<
§ 1.920 —— 19 —+—
z e I I o e e e ]
§ 1.870 !
Q
> —1- - — B |
=} s S e e D B e F i B {
1.820 ]
I Sl 0] s 1 i35 Bl | s s 5 |
1770 +—— T u
1.720 - ST —— L B S S - -
80 Y 120 130 140 15.0 16.0
Q‘\ oisture Content (%)
Y
Remarks:
=
A—""X_
Lab Technician 1 "/&/
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Testing Lab

Institution

Students Names

UGANDA CHRISTIAN

. UNIVERSITY

AGABA JOEL & KAKOOZA PAUL

Stirling

PARTIAL REPLACEMENT OF CEMENT WIT

LATERITE SOILS

H METAKAOLIN IN THE STABILISATION OF

CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)

Test sample reference

Il ocation

II aboratory Reference No.:

3% CEMENT & 4% METAKAOLIN

sample Description

LATERIC GRAVEL STABILISED WIT11 3% CEMENT &

4% METAKAOLIN

Sampling Date
Casting date :
‘Testing Date

Technician

9/Dec/23
27/Jan/24

10/Feb/24

. Lab team

Volume of Mould used (mJ)

2305

Natural moisture of air dried sample

Volume of water added

Tin No BA Mass of air dried soil (g) §000
Tin + air dried soil sample (g) 2546 MDD (Mg/m®) 2.071
Tin + oven dry soil sample (g) 2510 i N.M.C (%) 2.17
TI'n (2) 768 OMC (%) 12.2 )
soil sample 1742 Added OMC (%) 10.1
‘ater (g) 36 ] Calculated dry wt of soil (g) 5876.0
IN M.C (%) 2., Water added (g) 596 )
Average (%) 21 \\.'nter added (mL) : o 59_6A——7 ]
[Number of blows 62
INumber of layer 5 - S s
\Water Content Determination Before Soaking |After Soaking
are No YY - BBC B
[Mass of wet sample + Tare 2 1835 . 2103 R | T
Mass of dry sample + Tare 2 1710 - 965 - |l g — -
Mass of Tare g 783 - 809 - I N | I e
Mass of water ° 125 - FET T —f— ] U S
Mass of dry sample g 027 - we - | Tttt
/ater content _ % 13.5 s 71 1_9. o R D | I e e —
verage water Content % 13.5 e ;19’*‘ IE——— & NS || S N - N
uD‘J‘b‘ determination
OMS
28 | woear | o - ——
e | e | t+———p— ]
5263 5182 ‘““*‘”*‘l e o B
2305 o D — — .
2288 | a3 | — = | )
2.012 2.008 1 SO .
; 96 hrs 12.89
Height of the specm]e,:, S N [ 1327 -~
G 0.38 B
\M\
Observations X :

<

Lab. Techmician
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Testing Lab
Institution Students Names
UGANDA CHRISTIAN ~ s wl3
; ;L & KAKOOZA PAUL tirlin
UNIVERSITY AGABA JOEL Stirling
A Contre of bresties i dhe Hieast o€ ADY
PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)
Test sample reference : Jl;abora(ory Reference No.: . Sa,m,p“,ng,??ti ,A,.?,/[_)id% ¢
caon: Penetration Date ,] Oerlil%4 e B
Depth : . Technician La? team o )
Sample Description : % ATERIC GRAVEL STABILISED WITH 3% CEMENT & 4% METAKAOLIN
Number of blows per layer 62 —— -
Number of layers 5 . 5 5
IMould No -
A‘flgﬁ{(}:oﬁlu Proving Ring (KN) 50 B | SOA | 50 o
|\Proving Ring Constant (KN/div.) 02052 B | 6;&;— = "0.2052
Speed : ... .........mm min. Top Bottom
[Penetration of Time | Reading | Force | Reading Force
he plunger (mm) . | *10mm | &N | *10°mm | KN
[ 0 0 0o | 00 0 0.0 |
e 0.25 12 1 0.2 2 04
., 05 24 2 04 4 08
L 0.75 .3 4 | 08 7 1.4
; s N PRSI
e 1 47 § 1.0 10 2.1
A 15 |7 9 1.8 16 33 |
2 94 14 2.9 24 49 7
- 2.5 118 19 | 39 33 6.8 1
L 3 142 | 24 | 49 | 39 8.0 7 h
sl 3.5 165 28 -4 45 9.2
. 189 2, 66 52 10.7
SRESy }
| ~ —
45 213 3 12 s1 | g
— S 236 37 6 | e 127
I 38 ] 20 [ 40 | 82 | 66 135
o] 283 ) 42 4 86 | 69 | 142
I Y R N R
N =
75 —
Observations
S =
[l )
For the Contrac}}r/ \\V
AP
(S
Lab. Technician \‘<' -
Mterls S B
,’——\w-
> /
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Institution Students Names Testing Lab
UGANDA CHRISTIAN - ——""'—""—‘.
, UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stirl ing

PARTIAL REPLACEMENT OF CEMENT WI

TH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

Sample Description:

Test sample reference : ILaboralory Reference No.: ’ ) Sampling Date 9/Dec/23
Location: Testing Date 10/Feb/24
Depth: B Technician - Lab team

LATERIC GRAVEL STABILISED WITH 3% CEMENT & 4% METAKAOLIN

PENETRATION vs FORCE CURVE

280 +HHHHHH

T

25.0 +1-1

Force (KN)

0.0 05

1.0 15 20 25 30 35 40 45 50 55 60 65 70 75 o

Penetration (mm)

62 blows
Force CBR
Bottom | Top | Bottom | Top

2.5 mm Penetration

6.8 39 51 29

5.0 mm Penetration

127 | 76 64 38

|Average

Retained CBR

(Observations

Lirb. Technician

Wi
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN ;ﬁ
UNIVERSITY AGABA JOEL & KAKOOZA PAUL

A Contre of Frostionen ins she Heart of Afvicy

|

H

Stirling

PROJECT:

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

SUMMARY OF TEST RESULTS FOR LATERATIC GRAVEL 3% CEMENT & 6% METAKAOLIN

| GRADING ATTERBERG LIMITS MDD CBR , mmwm_“._. ,
LOCATION| BLENDED % |
_ SAMPLING 30 BLOWS 95% _
ﬁ 3 | ] : M :
| BATE 63 | 375 | 20 5 2 | 0425 | 0075 | Gm L L Pl s | MbD | oMmC s 62 ><mx>mJ
100 | 97 79 48 40 26 18 | 216 | 428 | 284 | 144 | 71 | 2033 | 123 50 063 | 063 |
3
i |
LATERIC . 100 | 97 83 50 22- 27 18 | 213 | 430 | 287 | 142 |- 71 5 . . - T ﬁ
GRAVEL |
STABILISED
3% WITH 3% 100 . 96.94 | 80.93 | 48.86 | 40.62 | 26.72|18.21 | 2.14 | 429 | 286 | 14.3 | 7.1 [2.033| 12.3 50 0.63 | 0.63
CEMENT ' CEMENT & 6% i
& 6% METAKAOLIN 12/9/2023 ,
METAKAO T !
LIN |

AVERAGE
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INSTITUTION

STUDENTS NAMES

CONTRACTOR

A Cevtve of Eumbone 1 e thoart of Al

UGANDA CHRISTIAN
, UNIVERSITY

AGABA JOEL & KAKOOZA PAUL

PROJECT : SOILS

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE

PARTICLE SIZE DISTRIBUTION (BS 1377 - 2 - 90)

Test Reference No.: Lab. Refernece No.:
|Location :(km) 3% CEMENT & 6% METAKAOLIN Dry wt. of sample before washing: (g) 5410.2
Depth: (m) . Dry wt. of sample after washing: (g) 44420
Material | LATERIC GRAVEL STABILISED WITH 3% Deisoanpien:  |DaleTestod: | Tiehiioian
description: CEMENT & 6% METAKAOLIN 9/Dec/2023 24/Jan/2024 Lab team
Sieve Size (mm) | Weight Retained @ Retained (%) Passing (%) Grading Limits (G60 & 80)
63.0 0.0 0 100 100 100
375 1517 28 97 80 100
20.0 986.7 18.2 79 60 95
5.0 1693.8 31.3 48 30 65
2.00 433.6 8.0 40 20 50
0.425 733.1 13.6 26 - 10 30
0.075 440.4 8.1 18 5 15
Total fines 970.9 17.9
Bottom Pan 2.7
Extracted fines 968.2
Total sample 5410.2
Grading Modulus 2.16
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INSTITUTION

STUDENTS NAMES

CONTRACTOR

A Contrr o Baowoncs oo the Hiart of Afisca

UGANDA CHRISTIAN
‘ UNIVERSITY

AGABA JOEL & KAKOOZA PAUL

Stirling

PROJECT :

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE

SOILS

PARTICLE SIZE DISTRIBUTION (BS 1377 - 2 - 90)

Test Reference No.:

Lab. Refernece No.:

Location :(km) 3% CEMENT & 6% METAKAOLIN Dry wt. of sample before washing: (g) 4861.2
Depth: (m) Dry wt. of sample after washing: (g) 3965.5
Material | LATERIC GRAVEL STABILISED WITH 3% Ceispampid.  |(dlTesieds | Seouiien
description: CEMENT & 6% METAKAOLIN 9/Dec/2023 24/Jan/2024 Lab team
: B : .
Sieve Size (mm) | Weight Retained (g Retained (%) Passing (%) Grading Limits (G60 & 80)
63.0 0.0 0 100 100 100
37.5 161.2 3.3 97 80 100
20.0 670.3 13.8 83 60 95
5.0 1596.1 32.8 50 30 65
2.00 4115 8.5 42 20 50
0.425 692.4 14.2 27 10 30
0.075 431.5 8.9 18 5 15
Total fines 898.2 18.5
Bottom Pan 2.5
Extracted fines 895.7
Total sample 4861.2
Grading Modulus 213

100

90

80

Lab Technician

70
w 60
£
% 50 -
-9
40 £
30
20
10 |
0 : = == S
0.01 2\ 1.00 10.00 100.00
Diam{r(mm)
FOR TESTING LAB .~

104




' UNIVERSITY

Abes

AGABA JOEL & KAKOOZA PAUL

INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN l St] rling " ]

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF

LATERITE SOILS

PROJECT:
ATTERBERG LIMITS
Liquid limit (cone p ter) and plastic limit
Test Reference No.: [Lab. Reference No.: Technician: Lab Team
Location 3% CEMENT & 6% METAKAOLIN Sample Date 9/Dec/2023
Test method BS1377: Part 2, 1990:4.3/4.4 Test Date 13/Feb/2024
LAYER LATERIC GRAVEL STABILISED WITH 3% CEMENT & 6% METAKAOLIN
PLASTIC LIMIT Test No. JL PL Average
Mass of wet soil + container (g) 39.3 36.31 37.805
|IMass of ary soil + container (g) 35.59 33.28 34435
[IMass of container (g) 22.54 22,61 22575
|IMass of moisture () 3.71 3.0 387
[Imass of ary soil (g) 13.05 10.67 11.86
Moisture content % 28.4 28.4 284
VERAGE
LIQUID LIMIT Test No 1 2 3 .
Initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 15.0 18.4 21 24.6
penetration (mm) 15.0 18.4 21.0 246
AVER{\GE 15.0 18.4 21.0 24.6
Container No. ‘A3 PI84 PI8 P135
[Mass of wet soil + container (g) 53.18 49.24 45.84 59.68
Mass of dry soil + container (9) 39.73 ) 36.72 34.06 44'11
[Mass of container (g) 6.99 7.04 6.68 9.28
,MLass of moisture (g) 13.45 12.52 11 -78 1 5‘57
[Mass of dry soil : .
e ry soil (g) 32.74 29.68 27.38 34.83
oisture content (%) 41.1 42 -
Ko ) 2 43.0 447
GE 41.1
d 42.2 43.0 44.7
Liquid Limit Determination
Liquid limit (%) 42.8
Plastic limit (%) 28.4
£
- Plasticity Index (%) 14.4
=
8 ~
£ Linear shrinkage
5
a
2
S \“ —
o
Trough No. 1
\_4_\
Trough length (cm) 14.0
— ]
Specimen length (cm) 13.0
L.shringage = 1.0
—_—
Remarks: % L.shrinkage = 7.1

TESTING LAE by 3 >
i\ (
7
Mater heer. % -
¥ <
Lab Technician o 185
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INSTITUTION STUDENTS TE
UGANDA CHRISTIAN
UNIVERSITY AGABA JOEL & KAKOOZA PAUL

STING LAB

l Stirling l

PROJECT:

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF

LATERITE SOILS

ATTERBERG LIMITS

Liquid limit (cone penotrometer) and plastic limit

Test Reference No.: [Lab. Reference No.: Technician: Lab Team
Location 3% CEMENT & 6% METAKAOLIN Sample Date 9/Dec/2023
Test method BS 1377: Part 2, 1990:4.3/4.4 Test Date 13/Feb/2024
LAYER LATERIC GRAVEL STABILISED WITH 3% CEMENT & 6% METAKAOLIN
PLASTIC LIMIT Test No. P4 DT Average
Mass of wet soil + container (g) 38.52 35.01 36.765
[IMass of dry soil + container (g) 34.99 32.23 33.61
"Mass of container (g) 22.78 22.5 2264
"Mass of moisture (g) 3.53 2.8 3.155
[IMass of dry soil () 12.21 9.73 10.97
Moisture content % 289 28.6 28.7
IAVERAGE
Liquip LimiT Test No 1 2 3 4
Initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 15.0 18 20.8 243
penetration (mm) 15.0 18.0 20.8 24.3
IAVERAGE 15.0 18.0 20.8 24.3
Container No. P128 PI26 PIVPN FORD *
Mass of wet soil + container (g) 50.96 45.11 41.11 45.14
(IMass o dry soil + container () 38.17 3379 30.77 33.33
"Mass of container (g) 6.95 7.00 6.91 6.81
"Mass of moisture (g) 12.79 11.32 10.34 11.81
(IMass of dry soil () 31.22 26.79 23.86 26.52
Moisture content (%) 41.0 423 43.3 445
AVERAGE 41.0 42.3 43.3 44.5
a8 Liquid Limit Deternnination
i ERERREEEER Liquid limit (%) 430
BEEREEEREE
| I ; - ‘l ‘ fa it ok Plastic limit (%) 28.7
fed e Ll
E ’ | Plasticity Index (%) 14.2
e ;
§ : 77777777 Linear shrinkage
% |
a A
2 ! T
3 | Trough No. |
17 1 , i
[ ‘ Trough length (cm) 14.0
15 4 | / | Specimen length (cm) 13.0
405 M5 D s ' .
- — /; % L.shrinkage = Al
Remarks: /a‘;ﬁi
TESTING LAR/ {257

St
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INSTITUTION STUDENTS NAMES TESTING LAB
UGANDA CHRISTIAN R aons
UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stirling
IPROJECT: PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
Test Reference No Lab Reference No Date Sampled Date Tested Technician
" 3% CEMENT & 6% METAKAOLIN . 9/Dec/23 24/Jan/24 Lab team
LATERIC GRAVEL STABILISED WITH 3% .
. | %) : 1.0
Mw descnption: CEMENT & 6% METAKAOLIN Natural moisture (%) 1
TEST DATA
Weight of rammer (Kg) No. of blows per layer No of layers  [Height of drop (mm) [Diameter of mould(mm) |Volume of mould (cm®)
45 27 3 457 100 1,000
MOISTURE CONTENT DATA
Test No 1 3 2 3 4 5
Tin No. A A A A A
\Water Added cm® 160 220 280 340 400
IMass of Cc d soil + mould gm 5,209 5,393 5,503 5,457 5,403
Mass of Mould gm 3,219 3,219 3,219 3,219 3,219
Mass of Compacted soil am 1990 2174 2284 2238 2184
\Volume of mould cm® 1,000 1,000 1,000 1,000 1,000
Wet density of soil glem® 1.990 2174 2.284 2.238 2.184
DATA FOR PROCTOR CURVE
Container No. MANU NM MU YY YMC
Ess of wet soil + Container gm 2,275.0 1,634.0 2,266.0 2,444.0 2,093.0
of dry soil + container gm 2,142.0 1,531.0 2,104.0 2,234.0 1,857.0
of container gm _548.0 543.0 799.0 785.0 418.0
[Mess of water added am 133 103 162 210 236
ESS of dry soil am 1594 988 1305 1449 1439
o 0y
fMoisture content & 8.3 10.4 12.4 14.5 16.4
Dry density g/lem® 1.837 1.969 2.032 1.955 1.876
Maximum dry density (gm/cm®) 2.033 Optimum moisture content (%) 12.3
- o = 44 1 - b > A | i A 10! BT i ’7
2.050 - T G ] i T ) O 5 O I | AT
- - ]
| =
5
T 1950
= e
fz o =
iz - -
] -
| T ~
| N N N I Y 5 O O e -
i
{ 1.800 i B S g ) R O - 5 ) 8 ] (N
% 8.0 s.0 10.0 110 /)\{t&i‘ .0 13.0 140 15.0 16.0
RN
- ‘¢(,\/Iaislure CoRtent (%)
4 S 1
[Remarks: d

Lab Technician
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Institution

Students Names

Testing Lab

UGANDA CHRISTIAN
' UNIVERSITY

AGABA JOEL & KAKOOZA PAUL

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF

LATERITE SOILS

CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)

Test sample reference

I ocation

II aboratory Reference No.:

3% CEMENT & 6% METAKAOLIN

[Sample Description

LATERIC GRAVEL STABILISED WITH 3% CEMENT &
6% METAKAOLIN

Sampling Date
Casting date :
‘Testing Date

Technician

9/Dec/23
13/Dec/23
20/Dec/23

Iab team

Volume of Mould used (m‘)

2305

Natural moisture of air dried sample

Volume of water added

Yoy
2589
2539

819

I'n No

[Tin + air dried soil sample (g)
Tin + oven dry soil sample (g)
Tin (g) )

L[z,r)' soil sample

INM.C (%) ) 2
Average (%)

1720 |
ater (g) ) ) 50

9

2.9

Mass of air dried soil (g)
MDD (Mg/m®)
N.M.C (%)
OMC (%)
____Added OMC (%)
Calculated dry wt of soil (g)
Water added ()

Water added (mL)

6000
2.033
29
12.3

94
5825.6

548

[Number of blows
[Number of layer

62
S

Water Content Determination

Before Soaking

After Soaking

[Tare No

Mass of wet sample + Tare

Mass of dry sample + Tare

Mass of water
Mass of dry sample

Water content %

NBM -
1729 -

1622 -

107 -
832 -

129

verage water Content %

7% -

12,9 -

CR7 -
2279 -
2112° -

70

lgm:ity determination

MouldNo o
[Mass of mould + soil 2

10790

Mass of mould S g r 7 5521
Mass of soil g 5269 -
[Volume of the mould __cm3 2305
oist density i g/cm3 2.286
Dry density g/cm3 7025 1
|&ell Determination
IlDétfe Hour D.Gauge Reding
"Imual reading 96 hrs 9.6
Final reading 104
Height of the specimen N D 12—;—— o o i
eight of swell T BTN R
0.8\
AN
Observations :

Lab. Technician
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Institution Students Names

Testing Lab
UGANDA CHRISTIAN —
UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stlrlmg

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

[Test sample reference : lLaborator_\' Reference No. Sampling Date 9/Dec/23
_ocation: Penetrauon Date 20/Dec/23
epth . Technician Lab team
[Sample Description : LATERIC GRAVEL STABILISED WITH 3% CEMENT & 6% METAKAOLIN
INumber of blows per layer 62
Number of layers 5 S 5
IMould No AZ
‘apacity of the Proving Ring (KN) 50 50 50
[Proving Ring Constant (KN/div.) 02052 02052 02082
Speed : ..mm min. Top Bottom
Penetration of Time | Reading Force | Reading Ilorce
he plunger (mm) (s) | *10'mm  (kN) | *10°mm (KN)
0 1 o 0 0.0 0 0.0
025 | 2 | 1 02 3 0.6
0.5 24 306 10 21
0.75 35 5 1.0 12 215
1 47 9 1.8 14 29
1.5 71 11 23 20 41
2 94 19 319 25 5.1
2.5 118 24 49 32 66
3 142 28 5.7 37 76
3.5 165 3 64 4l LR
4 189 34 70 45 92
4.5 213 36 74 49 101
5 236 38 78 50 103
5.5 260 4] 84 53 109
6 283 44 90 56 s
6.5 307 46 94 58 119
7 331 48 98 60 1231\
. \ —
7.5 354 | s 105 2 T \
\
Observations > s \
», \

ab. Technician
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Institution

Students Names Testing Lab

P

v

UGANDA CHRISTIAN E 5
. UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stlrhng

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

Location

Depth
Sample [

[Test sample reference |l,uboramry Reference No.: Sampling Date :

9/Dec/23

Testing Date 20/Dec/23

Technician : Lab team

description: LATERIC GRAVEL STABILISED WITH 3% CEMENT & 6% METAKAOLIN

Force (KN)

PENETRATION vs FORCE CURVE

pa =L L= Rata RLLARLC S AL 2ol

80 {1 SEEEEEESE

7.0 LA

50 HHH L LT

00 05 10 15 20 25 30

85 6.0 65 70 75

Penetration (mm)

2.5 mm Penetration

62 blows

Force

CBR

Bottom Top

Bottom Top

5.0 mm Penetration

6.6 49

50 37

Average

10.3 7.8

Retained CBR

8.4 64

bservations

Lab. Technician

110




INSTITUTION STUDENTS | TESTING LAB

UGANDA CHRISTIAN oo

UNIVERSITY w .

N T ot A AGABA JOEL & KAKOOZA PAUL w H m.ﬂﬁ.—t—ﬂsm g
|

PROJECT: PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

SUMMARY OF TEST-RESULTS FOR LATERATIC GRAVEL 3% CEMENT & 8% METAKAOLIN :

111

{ . ; I !
| GRADING ATTERBERG LIMITS MDD H | CBR | ken
LOCATION, BLENDED % _ | i | SWELL
mﬁMMzm 63 | 375 | 20 5 2° | 0425 | 0075 | GM L PL M Pl ﬂ ts | mpbD # omc | Mmhww,%%_” 62 | AVERAGE
T , T T
100 100 98 74 56 H 38 26 180 | 418 | 257 | 161 4, 82 | 2022 | 134 * 45 1075 075
LATERIC 100 | 100 | 100 66 51| 38 31 | 180 1 417 | 254 . 16.3 4. 8.2 - ] = _ s ) - P - - !
GRAVEL | o | , ~ _
g, b 100 | 100 |98.69|70.26 | 53.58 37.98|28.59 1.80 | 41.8 | 25.6 m.u. 8.2 N.SN. 84 a5 .ZZL 075 |
CEMENT ' CEMENT & 8% f ,_ 4 , , ,
&8% | METAKAOLIN | 12/9/2023 | ! p , | | ,
METAKAO W i .ﬂ , | I P
LIN W ” W , | # | H , ,
| | | | | . P
, , ,_ , 4. ., m .,
| L L
AVERAGE 29 | 1799 | 418 254 162| 82 | S 075 | 075
FOR LAB

|Lab Technician




CONTRACTOR

INSTITUTION

STUDENTS NAMES

A Comton of Fuewilonce i she Mest of Afiwe

UGANDA CHRISTIAN
. UNIVERSITY

AGABA JOEL & KAKOOZA PAUL

Stirling

PROJECT : SOILS

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE

PARTICLE SIZE DISTRIBUTION (BS 1377 - 2 - 90)

Test Reference No.:

Lab. Refernece No.:

Location :(km) 3% CEMENT & 8% METAKAOLIN Dry wt. of sample before washing: (9) 5024.7

Depth: (m) Dry wt. of sample after washing: (9) 8717.3
Material LATERIC GRAVEL STABILISED WITH 3% it Eampli: Dt emieel: || - Teshmlcian
description: CEMENT & 8% METAKAOLIN 9/Dec/2023 24/Jan/2024 Lab team

Retained (%) Passing (%)

Grading Limits (G60 & 80)

Sieve Size (mm) | Weight Retained (g)
63.0 0.0 0 100 100 100
37.5 0.0 0.0 100 80 100
20.0 117.3 2.3 98 60 95
5.0 1178.6 23.5 74 - 30 65
2.00 924.4 18.4 56 20 50
0.425 892.5 17.8 38 10 30
0.075 588.6 11.7 26 5 15
Total fines 1323.3 26.3
Bottom Pan 15.9
Extracted fines 1307.4
Total sample 5024.7
Grading Modulus 1.80

100

90

80

70 == ==

60

50

% Passing

40 =

30 :

20 =

10

e ———

0.01

1.00
eter(mm)

10.00

100.00

4 €

FOR TESTING LAB

—— TNV LAD

TIPS T e —
Lab Technician
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INSTITUTION

STUDENTS NAMES

CONTRACTOR

UGANDA
UNIVERSI

CHRISTIAN
TY

AGABA JOEL & KAKOOZA PAUL

A Convee o Buiwionce

W Vinart o Afoen

PROJECT :

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE
SOILS

PARTICLE SIZE DISTRIBUTION (BS 1377 - 2 - 90)

Test Reference No.:

Lab. Refernece No.:

Location :(km) 3% CEMENT & 8% METAKAOLIN Dry wt. of sample before washing: (g) 4956.2
Depth: (m) Dry wt. of sample after washing: (g) 3448.2
Material LATERIC GRAVEL STABILISED WITH 3% Dt Bemples: Pelo ot | Tesinsia
deSCﬂptlon: CEMENT & 8% METAKAOLIN 9/Dec/2023 24/Jan/2024 Lab team
. L . o
Sieve Size (mm) | Weight Retained (g) Retained (%) Passing (%) Grading Limits (G60 & 80)
63.0 0.0 0 100 100 100
37.5 0.0 0.0 100 80 100
20.0 145" 0.3 100 60 95
5.0 1655.2 334 66 30 65
2.00 7421 15.0 51 20 50
0.425 665.1 13.4 38 10 30
0.075 350.8 7.1 31 5 15
Total fines 1528.5 30.8
Bottom Pan 20.5
Extracted fines 1508.0
Total sample 4956.2
Grading Modulus 1.80

100

90

80

70

60

50

% Passing

40

30

" 100.00

FOR TESTING LAB

@ /

|Lab Technician
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN v e
’ UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stlrlmg
PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF
PROJECT: LATERITE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
Test Reference No.: [Lab. Reference No.: Technician: Lab Team
Location 3% CEMENT & 8% METAKAOLIN Sample Date 9/Dec/2023
Test method BS 1377: Part 2, 1990:4.3/4.4 ) Test Date 13/Feb/2024
nLAYER LATERIC GRAVEL STABILISED WITH 3% CEMENT & 8% METAKAOLIN
[lPLasTIC LiMiT Test No. 4z D Average
"Mass of wet soil + container (g) 40.65 39.05 ] 39.85
"Mass of dry soil + container (g) 36.64 35.11 35.875
"Mass of container (g) 21.04 19.8 20.42
"Mass of moisture (g) 4.01 3.9 3.975
[Imass of ary soil (g) 156 15.31 15.455
Moisture content % 25.7 257 25.7
IAVERAGE
LIQUID LIMIT Test No 1 2 3 4
Initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) oo 151 18 24.7 24.9
penetration (mm) 15.1 18.0 217 249
IAVERAGE 15.1 <" 180 21.7 24.9
Container No. P152 P112 P182 P12H
Mass of wet soil + container (g) 68.27 62.51 70.18 68.47
{IMass of dry soil + container (g) 51.46 46.65 51.13 5067
{IMass of container (g) 714 6.91 7.14 11.67
[iMass of moisture (g) 16.81 15.86 19.05 17.8
[Imass of dry soil () 44.32 30.74 43.99 39
Moisture content (%) ) 37.9 39.9 43.3 45.6
AVERAGE 37.9 39.9 433 45.6
Liquid Limit Determination
25 B Liquid limit (%) 418
It 2 .
P LT Plastic limit (9 ;
28 L Ly ic limit (%) 257
| | 1
| | | |
E i Plasticity Index (%) 16.1
s
S 21 Linear shrinkage
g
®
5
a
e 19
3 Trough No. : 2
17 ! ; R Trough length (cm) 14.0
EREENSEE N REENEREEE Specimen length (cm) 12.9
15 T ; -
ESven > : L.shri = .
43 44 45 46 shringage 1.2
% L.shrinkage = 8.2
Remarks:
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN PR
UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stirling
Do & heiis i) b o1 A
PROJECT: PARTIAL.REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF
- LATERITE SOILS
ATTERBERG LIMITS
Liquid limit (cone p ter) and plastic limit
Test Reference No.: [Lab. Reference No.. Technician: Lab Team
Location 3% CEMENT & 8% METAKAOLIN Sample Date 9/Dec/2023
Test method BS 1377: Part 2, 1990:4.3/4.4 Test Date 13/Feb/2024
LAYER LATERIC GRAVEL STABILISED WITH 3% CEMENT & 8% METAKAOLIN
PLASTIC LIMIT Test No. 18 Tl Average
[Mass of wet soil + container (g) 42.79 38.96 40.875
|I@s of dry soil + container (g) 38.02 35 36.51
[Imass of container () 19.32 19.38 19.35
||Mass of moisture (g) 4.77 4.0 4.365
[IMass of dry soil () ' 187 15.62 17.16
Moisture content % 255 254 254
IAVERAGE
LIQUID LiMIT Test No 1 2 3 4
Initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 15.1 18.4 21.2 24.9
penetration (mm) 15.1 18.4 21.2 249
IAVERAGE 15.1 18.4 21.2 249
Container No. 4B AX PIB6 A8
Mass of wet soil + container (g) 65.98 62.93 76.49 65.70
IMass of dry soil + container (g) 49.84 46.91 55.67 47.22
Mass of container (g) 6.72 7.07 742 6.93
[Mass of moisture () 16.14 16.02 20.82 18.48
(Imass of dry soil (g) 43.12 30.84 4855 40.29
Moisture content (%) 37.4 40.2 429 45.9
AVERAGE ) 374 40.2 42.9 45.9
Liquid Limit Determination
25 T
Liquid limit (%) 417
LA L] Plastic limit (%) 254
: i Plasticity Index (%) 16.3
§ I Linear shrinkage
T ]
H
H
8 §
@
5 Trough No. g
o
TTT Trough length (cm) 14.0
Specimen length (cm) 129
46 L.shringage = 1.2
% L.shrinkage = 8.2

S
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INSTITUTION STUDENTS NAMES TESTING LAB
UGANDA CHRISTIAN g
UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stirling
IPROJECT: PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
Test Reference No. Lab. Reference No. Date Sampled Date Tested Technician
IMix 3% CEMENT & 8% METAKAOLIN 9/Dec/23 24/Jan/24 Lab team
LATERIC GRAVEL STABILISEDWITH3% |\ 010! moisture (%) : 110
CEMENT & 8% METAKAOLIN Netural moistlye () :
TEST DATA
Weight of rammer (Kg) No. of blows per Iaye_r No of Laxerg Height of dro_p_(mm)g Dla‘mgt‘eiriof '"2‘"_“.(!'_""), Volume of mould (pm’) i
45 27 3 457 100 1,000
MOISTURE CONTENT DATA
Test No. 3 7 . 4 4 5
Tin No. A A A A A
Water Added cm® 180 280 380 480 580
[Mass of Compacted soil + mould gm 5,960 6,193 6,358 6,288 6,102
Mass of Mould gm 4,085 4,085 4,085 4,065 4,085
Mass of Compacted soil am 1895 2128 2293 2223 2037
Volume of mould cm® 1,000 1,000 1,000 1,000 1,000
Wet density of soil 9/ch 1.895 2128 2.293 2.223 2.037
' DATA FOR PROCTOR CURVE
Container No. HED FDC KT BOJ BA
Mass of wet soil + Container gm 2,869.0 3,015.0 2,735.0 2,795.0 2,645.0
Mass of dry soil + container gm 2,685.0 2,786.0 2,506.0 2,530.0 ‘ 2,369.0
[Mass of container gm 785.0 -° 800.0 800.0 800.0 770.0
[Mass of water added am 184 229 229 265 276
Mass of dry soil om 1900 1986 1706 1730 1599
Moisture content L 9.7 11.5 13.4 15.3 17.3
Dry density glem® 1.728 1.908 2.022 1.928 1.737
Maximum dry density (gm/cm’®) 2.022 Optimum moisture content (%) 13.4
2020 —T=r= =] = ]
= m o o e
1.970 - —TT Z T~
0
£ 1920
' Pod
& Sl = [ — - o I S S [ ] [ e ol
pe T I R I / I ] - . ]
H L8790 I I - ] o 5 B ) | B e T
k] . [ .
© 1820 \
1.770
111 —+—t1111 - —- e
1720 1T 8 = S 5P L S L .
90 100 110 120 ,/:)-'-\\" 3 140 15.0 160 17.0
AR
-~ \G" Moisture Spntent (%) .

3 x
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Institution Students Names Testing Lab
. {}'va’éggr? i AGABA JOEL & KAKOOZA PAUL Stirling
PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF
LATERITE SOILS
CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)
Test sample reference |l aboratory Reference No.: Sampling Date 9/Dec/23
> " , 28/Jan/24
|ft ocation 3% CEMENT & 8% METAKAOLIN Casting date :
Testing Date 11/Feb24
LATERIC GRAVEL STABILISED WITH 3% CEMENT & [Technician . Lab team
giample Description 8% METAKAOLIN Volume of Mould used (m’) 2305
Natural moisture of air dried sample Volume of water added
T'n No NMT Mass of air dried soil () 6000
[Tin + air dried soil sample (g) 3280 MDD (Mg/ms) 2.022
[Tin + oven dry soil sample (g) 3195 N.M.C (%) 35
Tin () 765 B OMC (%) 134
[Dry soil sample 2430 | AddedOMC(%) | 9.9 ~
ater () 85 Calculated dry wt of soil (g) 579011 B
IN.M.C (%) 35 . Water added (g) ) . L
Avc;'agc (%) 35 Water added (mL) ) 574
umber of blows 62
| Num-berrrc;rfrlnyeir ] 5
Water Content Deter Before Soaking |After Soaking
|Tare No 76T - NMT - B B | B
Mass of wet sample + Tare 2 3005 - 2661 - 1 J PN VRN W——
Mass of dry sample + Tare 2 2750 - 2390 - I N R
[Mass of Tare I3 815 - 769 - e B B
[Mass of water [ 255] -~ 2. - 1 . T P R
[Mass of dry sample g 1935 - e - | S NN W I T I S
|Water content % 132 - | w7 - B
verage water Content % 132 167 T T
ensity determination
Mould No o I 21 I __¥L
[Mass of mould + soil g 12595 12780
Massof moud g n6s | omes || . S
Massofsoil g 5230 5415 - 1
Volume of the mould  em3 2305 2305 T )
Moist density glem3 2269 2.349 T
Dry density g/cm3 2.005 2.013 S o
|LS‘well Determination
"pate Hour D.Gauge Reding
“Lnilial reading 96 hrs 20.14
Final reading P S 21.09
Height of the specimen B e
Height of swell '*0735 N
Swelling(%) 0.75
Observations
* \J
)
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Testing Lab

Institution Students Names
ANDA CHRISTIAN ’ it
lLJ'gWERSITY AGABA JOEL & KAKOOZA PAUL [ Stll‘llng ]

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

[Sample Description :

LATERIC GRAVEL STAB

Test sample reference Jl,aboralory Reference No.: Sampling Date 9/Dec/23
_ocation: Penetration Date 11/Feb/24
Depth : Technician : Lab team

ILISED WITH 3% CEMENT & 8% METAKAOLIN

umber of blows per layer - 62 - S ' I .
Number of layers 5 5 I i _ 2 .
[Mould No 21 R B
Capacity of the Proving Ring (KN) 50 i 50 o 59 L
Proving Ring Constant (KN/div.) 0.2052 0.2052 0:2052
ISpeed : ............mm'min. Top Bottom
Penetration of Time | Reading j Force | Reading Force
he plunger (mm) () | *10Pmm | ®N) | *10°mm | (KN)
—— o 0 0 0.0 [ 0.0 R A (S | . (S— -
B 0.25 12 4 0.8 2 0.4 - i _ -
| 05 24 6 | 12 5 1.0
— N Y SN, || E—— N —
I 35 8 | 16 8 16|
I
1 47 13 | 27 13 27 || N
L5 71 19 3.9 16 33 1 _J
L P B L E Aas e ]
2.5 118 28 59 26 53 -
3 142 34 70 | 31 64 ||
3.5 165 37 1 7.6 35 7.2
o O R .. s e e —— 4
4 189 40 82 40 82
. - 213 42 | 86 45 9.2
%, SR S T ) - . =
i
5 236 4 | 9.0 49 10.1
. 55 260 46 | 94 52 10.7
! i || M— s
6 |
- 283 48 | 938, 57 11.7
| S — i -
65 |
. 7
=y e ———
7.5
Observations
ey
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Institution Students Names Testing Lab

UGANDA CHRISTIAN —
UNIVERSITY AGABA JOEL & KAKOOZA PAUL Stlrhng

v

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

Test sample reference ) Il.uborulory Reference No. __ |Sampling Date : 9/D°°?3 )
Location: 53 Testing Date : ll/l“(':b/24h

Depth: < Technician ~ : Labteam

|Sample Description: LATERIC GRAVEL STABILISED WITH 3% CEMENT & 8% METAKAOLIN

PENETRATION vs FORCE CURVE

Force (KN)

FT

00 05 1.0 30 35 40 45 50 55 60 65 70 75 80

Penetration (mm)

62 blows

Force CBR

Bottom | Top | Bottom | Top

2.5 mm Penetration 53 5.7 40 43

5.0 mm Penetration 10.1 9.0 50 45

Average 79 74 453 443

Retained CBR

|Observations

Lab. Technician
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I PR STUDENTS NAMES TESTING LAB
. o
UGANDA CHRISTIAN AGABA JOEL & KAKOOZA PAUL Stlrlln g
‘ UNIVERSITY -
PROJECT THE PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
STABLISED CBR
(BS 1924 PART 2 1)
r STABILISED WITH 5% METAKAOLINE ONLY
Mic of air dried sample Mic After Mixing
Tin No NBM Stabliser 5% METKAOLINE ONLY
Tin + Wet soil  gm 1713 Content 50
Tin + Dry Soil gm 1693 Tin No. BA
Tin gm 797 Tin + Wet Soil 2,395.0
Water gm 20.0 Tin + Dry Soil 2,215.0
Dry Soil gm 896.0 Tin 768.0
M/c % 22 Water . 180.0
Av. M/c % 22 Dry Soil 1,447.0
' Mic 12.4
(a)MDD 2152 kg/m3 (b)Air Dry M/c 22 %
(C/WD 2174 kg/m3 (e)M/c to add 7.9 %
(d)oMC 101 % (F) volume 2.305
Date prepared 277/J;17n/i4 Date immerse 7 73/7Fe7b/24“ Date tested iOII}eb/24
Mould No.
Factor(f) 2.305
(h)Wet Soil to fill mould ¢ x f x %comp . 5,010.0
(i) Wt of air dried soil 6,000
Air dry M/c 22
(k) soil dry wt (100j/100+b) 5,869.0
Stabliser &% MEOTmOLINE
(m)Stablisers content % 5.0
(n) Stabliser to add k x(m/100) 293.4
|Water Addition((j+n)x(d-b))/(100+b) 484.3
Wt. per layer CBR Only h/3
SPECIMEN WEIGHT CHECK
No. of blows 62.0 62.0 AVERAGE
Pl
Stabliser §% METKAOLINE ONLY | 5% METKAOLINE ONLY
Content % 5.0 5.0
. Mould g A B
Wet Soil g 55534 5,486.0
Compaction M/c % " ’,.(Z}\ 124
Dry density kg/m3 } X 2117
%Compaction 98.4
FORCE N\, 25
. >;\\‘>o.135 0.12
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I PR STUDENTS NAMES TESTING LAB
. o
UGANDA CHRISTIAN AGABA JOEL & KAKOOZA PAUL Stlrlln g
‘ UNIVERSITY -
PROJECT THE PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
STABLISED CBR
(BS 1924 PART 2 1)
r STABILISED WITH 5% METAKAOLINE ONLY
Mic of air dried sample Mic After Mixing
Tin No NBM Stabliser 5% METKAOLINE ONLY
Tin + Wet soil  gm 1713 Content 50
Tin + Dry Soil gm 1693 Tin No. BA
Tin gm 797 Tin + Wet Soil 2,395.0
Water gm 20.0 Tin + Dry Soil 2,215.0
Dry Soil gm 896.0 Tin 768.0
M/c % 22 Water . 180.0
Av. M/c % 22 Dry Soil 1,447.0
' Mic 12.4
(a)MDD 2152 kg/m3 (b)Air Dry M/c 22 %
(C/WD 2174 kg/m3 (e)M/c to add 7.9 %
(d)oMC 101 % (F) volume 2.305
Date prepared 277/J;17n/i4 Date immerse 7 73/7Fe7b/24“ Date tested iOII}eb/24
Mould No.
Factor(f) 2.305
(h)Wet Soil to fill mould ¢ x f x %comp . 5,010.0
(i) Wt of air dried soil 6,000
Air dry M/c 22
(k) soil dry wt (100j/100+b) 5,869.0
Stabliser &% MEOTmOLINE
(m)Stablisers content % 5.0
(n) Stabliser to add k x(m/100) 293.4
|Water Addition((j+n)x(d-b))/(100+b) 484.3
Wt. per layer CBR Only h/3
SPECIMEN WEIGHT CHECK
No. of blows 62.0 62.0 AVERAGE
Pl
Stabliser §% METKAOLINE ONLY | 5% METKAOLINE ONLY
Content % 5.0 5.0
. Mould g A B
Wet Soil g 55534 5,486.0
Compaction M/c % " ’,.(Z}\ 124
Dry density kg/m3 } X 2117
%Compaction 98.4
FORCE N\, 25
. >;\\‘>o.135 0.12
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INSTITUTION STUDENTS NAMES TESTING LAB
. .
UGANDA CHRISTIAN AGABA JOEL & KAKOOZA PAUL St l
UNIVERSITY 1 r l n
PROJECT PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
STABLISED CBR
(BS 1924 PART 21)
[ 3% CEMENT & 4% METAKAOLINE
M/c of air dried sample M/c After Mixing
: 2% CEMENT & 3%
Tin No ZION Stabliser METAKAOLIN
Tin + Wetsoll gm 2240 Content 20
Tin + Dry Soil  gm 212 Tin No. YeY
Tin gm 436 Tin + Wet Soil 2,141.0
ater gm 280 Tin + Dry Soil 1,984.0
Dry Soil gm 1,776.0 Tin 820.0
M/c % 1.6 Water 157.0
v. M/ic % 16 Dry Soil 1,164.0
Mic 13.5
(a)MDD 2.138 kg/m3 (b)Air Dry M/c 16 %
(c)WD 2,587 kg/m3 (e)M/c to add 10.5 %
(d)OMC 121 % (F) volume 2.305
Date prepared 27/Jan/24 Date immerse JIFeﬁfzi Date tested - I(;/F;l;/i4-
Mould No.
[Factor(f) 2.305
(h)Wet Soil to fill mould ¢ x f x %comp 5,963.0
(i) Wt of air dried soil 6,000
Air dry M/c 1.6
“(k) soil dry wt (100j/100+b) 5,906.9
2% CEMENT & 3%
ls“b"’" METAKAOLIN
(m)Stablisers content % 2.0
(n) Stabliser to add k x(m/100) 118.1
ater Addition((j+n)x(d-b))/(100+b) 633.8
per layer CBR Only h/3
SPECIMEN WEIGHT CHECK
No. of blows 62.0 62.0 AVERAGE
Mould No. 7DAYSARTIGHT | 7 e Mol
2%CEMENT&3% | 2% CEMENT & 3%
Stabliser METAKAOLIN METAKAOLIN
Content % 2.0 2.0
Mould g A B
Wet Soil g 5,293.0 5,199.0
Compaction M/c % 135 135
Dry density kg/m3 1.987
%Compaction 93.0
FORCE 251
ucs (Fia) \1-379 1.42
7
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INSTITUTION STUDENTS NAMES TESTING LAB
o .
UGANDA CHRISTIAN AGABA JOEL & KAKOOZA PAUL Stlrlln g
UNIVERSITY
PROJECT PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
STABLISED CBR ]
(BS 1924 PART 21)
l 3% CEMENT & 2% METAKAOLIN
M/c of air dried sample M/c After Mixing
Tin No BA Stabiiser 3‘/;:;5::2;5:%
Tin + Wet soil  gm 2546 Content 30
Tin + Dry Soil gm 2510 Tin No. YY
Tin gm 768 Tin + Wet Soil 1,835.0
Water gm 36.0 Tin + Dry Soil 1,710.0
Dry Soil gm 1,742.0 Tin 783.0
M/c % 21 Water 125.0
v. M/c % 21 Dry Soil 927.0
Mic 135
(a)MDD 2.071 kg/m3 (b)Air Dry M/c 21 %
(c)WD 2,527 kg/m3 (e)M/c to add 101 %
(d)OMC 12.2 % (F) volume 2.305
Eto prepared 27/Jan/24 Date immerse 3/Feb/24 Date tested 10/Feb/24
Mould No.
Factor(f) 2.305
(h)Wet Soil to fill mould ¢ x f x %comp 5,823.9
(J) Wt of air dried soil 6,000
Air dry M/c 21
ILI() soil dry wt (100j/100+b) 5,878.5
Stabliser 3% CEMENT & 2% METAKAOLIN
MStablisers content % 3.0
lwublisor to add k x(m/100) 176.4
I‘”L"' Addition((j+n)x(d-b))/(100+b) 613.2
Im. per layer CBR Only h/3
SPECIMEN WEIGHT CHECK
No. of blows 62.0 62.0 AVERAGE
Mould No. 7DAYSARTIGHT | 7 D:lfs‘;':’:'fs’g 7
Stabliser 3% CEMENT & 2% | 3% CEMENT & 2%
Content % HF-IA::DUN_. 3.0
Mould g A B
Wet Soil g 5,476.0 5,452.0
Compaction M/c % 135 135
Dry density kg/m3 /2(‘093 2.084
%Compaction 4;5?5?0\1 100.6
FORCE SETEN 18.1
0.990 1.02
—f
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INSTITUTION STUDENTS NAMES TESTING LAB

.
° 3
uumrgg T?msmu AGABA JOEL & KAKOOZA PAUL Stlrlln g
PROJECT PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS
STABLISED CBR
(BS 1924 PART 2 1)
| 3% CEMENT ONLY
M/c of air dried sample . Mic After Mixing

Tin No K26 Stabliser. 3% CEMENT ONLY

Tin + Wet soil gm 3125 Content 30

Tin + Dry Soil gm 3026 Tin No. HOY

Tin gm 805 Tin + Wet Soil 1,965.0

Water gm 99.0 Tin + Dry Soil 1,833.0

Dry Soil gm 2,221.0 Tin 758.0

Mic % 4.5 Water 132.0

Av. M/c % 4.5 Dry Soil 1,075.0

M/c 123

(a)MDD 2.097 kg/m3 (b)Air Dry M/c A5 %

(c)WD 2,579 kg/m3 (e)M/c to add 7.8 %

(d)omc 123 % ' (F) volume 2.305

Date prepared 27/Jan/24 Date immerse 3/Feb/24 Date tested  10/Febnd
Muld No.

Factor(f) 2.305

|(h}Wet Soil to fill mould ¢ x f x %comp 5,945.3

(j) Wt of air dried soil 6,000

Air dry M/c 45
M) soil dry wt (100j/100+b) 5,744.0

lsm,""r 3% CEMENT ONLY

ﬂ(m)subllsers content % 3.0

(n) Stabliser to add k x(m/100) 172.3

ater Addition((j+n)x(d-b))/(100+b) " 4634

Wt. per layer CBR Only h/3

SPECIMEN WEIGHT CHECK
No. of blows 62.0 62.0 AVERAGE
Mould No. 7DAYSARTIGHT | 7 °:13:;';::?:J 7
Stabliser 3% CEMENT ONLY | 3% CEMENT ONLY
Content % 3.0 3.0
Mould g A B
Wet Soil g 5,563.0 5,601.0
Compaction M/c % 123
Dry density kg/m3 2164
%Compaction 103.2
FORCE 125
\. 0.687 0.68
ooy J
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TESTING LAB

INSTITUTION STUDENTS NAMES
L ®
UGANDA CHRISTIAN AGABA JOEL & KAKOOZA PAUL St l
UNIVERSITY lr ln
PROJECT PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE STABILISATION OF LATERITE SOILS

STABLISED CBR’
(BS 1924 PART 2 1)

3% CEMENT & 6% METAKAOLIN

M/c of air dried sample M/c After Mixing
i 3% CEMENT & 6%
Tin No N Stabliser METAKAOLIN
Tin + Wet soil gm 3280 Content 3.0
Tin + Dry Soil gm 3]95 Tin No. TED
Tin gm 765 Tin + Wet Soil 2,635.0
\Water gm 85.0 Tin + Dry Soil 2,415.0
Dry Soil gm 2,430.0 Tin 805.0
M/c % 3.5 Water 220.0
Av. M/c % 3.5 Dry Soil 1,610.0
Mic ' 13.7
(a)MDD 2.022 kg/m3 (b)Air Dry M/c 35 %
(c)WD 2,709 kg/m3 (e)Mic to add 9.9 %
(d)OoMC 134 % (F) volume 2.305
Date prepared T 27/Jax;24 Date immerse - Jll;;b/i4 Date tested i li)/F;b/24
Mould No.
Factor(f) 2.305
(h)Wet Soil to fill mould ¢ x f x %comp 6,245.4
(j) Wt of air dried soil 6,000
Air dry M/c 3.5
(k) soil dry wt (100j/100+b) 5,797.2
|Sibliser 3% CEMENT & 6% METAKAOLIN
(m)Stablisers content % 3.0
(n) Stabliser to add k x(m/100) 173.9
[[Water Addition((j+n)x(d-b))/(100+b) 590.7
Wt. per layer CBR Only h/3
SPECIMEN WEIGHT CHECK
No. of blows 62.0 62.0 AVERAGE
Mould No. 7DAYSAIRTIGHT | 7 Dé‘:f;;’;;fg 7
Stabliser 3% CEMENT & 6% 3% CEMENT & 6%
T, METAKAO! IN
Content % 3.0 3.0
Mould g A B
Wet Soil g 5,896.0 5,785.0
Compaction Mic % | T 13.7
Dry density kg/m3 A 228 2.208
%Compaction 3 109.2
23.6
\ 1.294 1.32
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INSTITUTION
UGANDA (NRATIAN
UNIVERNTY
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B S

RTUDENTS NAMER

AGARA JOEL & RAROOZA PAUL

TERTING | AR

Stirlin

v

PARTIAL REPLACEMENT OF CEMENT WITH METAKAOLIN IN THE BTARILIBATION OF LATERITE 8018

BTARLIRED CHR
(B8 (D24 PARY 2 1)
% CEMENT & 8% METAKAOLINE

v/

NG O v e sampve Mic Atter Mixing
s T ey
70+ Wetsod g S ! Content A 1
T« Dy S oo N »_i - 1in No Nim |
T i N o 1+ Wet 8ol 17200 T
Waver o N0 T+ Dy Sl 1622 0 ]
Ory Soi am = Mh‘_‘: - n 00 N —.——--:
% 28 - Water 107.0 |
e % 29 ] Dry Soll 832.0 T
1 e 129 - ]
2)MDD 2033 kg/m3 (b)Air Dry Mic 29 %
WD 801 kg/m3 (e)M/c to add 9.4 %
d)oMC 23 % (F) volume 2,306
prepared 27Jan 24 Date immerse Jleh 24 Date tested 10/0eh/24
buldm S
[Factortn 208 | T
{(hwet Soil to fill mould ¢ x f x %comp 5,763.9 B
{0) Wt of air dried son 6,000 ’
fair dry we 29
§(X) soil dry wt (100§/100+b) 5,830.5
st G
f(m)Stablisers content % 4.0
{(n) Stabliser to add k x(m/100) 233.2
E&r Addition((j+n)x{d-b))/(100+b) 568.9
per layer CBR Only h/3
SPECIMEN WEIGHT CHECK
No. of blows 62.0 62.0 AVERAGE
Mould No. TDAYSAIRTIGHT | 7 DW it
Stabliser 3% CEMENT & 8% 3% CEMENT & 8%
Content % 4.0 4.0
Mould g A B
Wet Soil g 5,389.0 5,392.0
Compaction M/c % 129 129
Dry density kg/m3 2,072 2,073
%Compaction A101.9 102.0
FORCE - ‘:;\QG\\QJ 8.2
ues ’/\,{\\H\“\' 0.5 0.450 0.48
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