MODELLING AND STRENGTH ASSESSMENT OF CONCRETE
MADE WITH FINE SAND MINED IN LAGOS STATE

MICHAELS, TEMITOPE OLUWADAMILARE AUGUSTINE
(17PC102074)

SEPTEMBER, 2024



MODELLING AND STRENGTH ASSESSMENT OF CONCRETE
MADE WITH FINE SAND MINED IN LAGOS STATE

BY

MICHAELS, TEMITOPE OLUWADAMILARE AUGUSTINE
(17PC102074)

A DISSERTATION SUBMITTED TO THE SCHOOL OF
POSTGRADUATE STUDIES IN PARTIAL FULFILMENT OF THE
REQUIREMENTS FOR THE AWARD OF THE DEGREE OF MASTER
OF ENGINEERING (M.ENG) IN CIVIL ENGINEERING (STRUCTURES
AND MATERIALS OPTION), COLLEGE OF ENGINEERING,
COVENANT UNIVERSITY, OTA, OGUN STATE, NIGERIA

SEPTEMBER 2024



ACCEPTANCE
This is to attest that this dissertation has been accepted in partial fulfillment of the requirements
for the award of Masters of Engineering (M.Eng) in Civil Engineering (Structures and

Materials) in the Department of Civil Engineering, College of Engineering, Covenant
University, Ota, Ogun State, Nigeria.

Miss Adefunke F. Oyinloye
(Secretary, School of Postgraduate Studies) Signature and Date

Prof. Akan B. Williams
(Dean, School of Postgraduate Studies) Signature and Date



DECLARATION

I, MICHAELS TEMITOPE OLUWADAMILARE AUGUSTINE (17PCI102074), declare
that this research was carried out by me under the supervision of Prof. Olatokunbo M. Ofuyatan
of the Department of Civil Engineering, Covenant University, Ota, Ogun State. | attest that the
dissertation has not been presented either wholly or partially for the award of any degree
elsewhere. All sources of data and scholarly information used in this dissertation are duly

acknowledged.

MICHAELS, TEMITOPE OLUWADAMILARE AUGUSTINE

Signature and Date



CERTIFICATION
This is to certify that this research was carried out by MICHAELS, TEMITOPE
OLUWADAMILARE AUGUSTINE (17PCI102074), and the research has been read and
approved as meeting the requirements of the Department of Civil Engineering, College of

Engineering, Covenant University, Ota, Ogun State, for the award of Master of Engineering.

Prof. Olatokunbo M. Ofuyatan
(Supervisor) Signature and Date

Prof. Olatokunbo M. Ofuyatan
(Head of Department) Signature and Date

Prof. Adeola A. Adedeji
(External Examiner) Signature and Date

Prof. Akan B. Williams
(Dean, School of Postgraduate Studies) Signature and Date



DEDICATION

| dedicate the entirety of this project to God who blessed me with life and mental capacity to

execute this project.

Vi



ACKNOWLEDGEMENTS
| appreciate the Chancellor and the Chairman Board of Regent, Dr. David O. Oyedepo, the
Vice-Chancellor, Prof. Abiodun H. Adebayo, the Registrar, Mrs. Regina A. Tobi-David for
their tenacious leadership here at Covenant University. | acknowledge the Dean, School of
Postgraduate Studies, Prof. Akan B. Williams, and the Sub-Dean, School of Postgraduate
Studies, Dr. Hezekiah O. Falola.

| appreciate the Dean of the College of Engineering, Prof. David O. Olukanni for his oversight
over all the units of the college. My sincere appreciation also goes to the able Head of
Department of Civil Engineering who also doubles as my supervisor in the person of Prof.
Olatokunbo M. Ofuyatan. | am grateful to God for the privilege of having her supervise this
work. Her consistent follow up and encouragement has facilitated the completion of this work

in no little way.

| also acknowledge the role of Dr. Rotimi M. Olofinnade who served and played the vital roles
of postgraduate coordinator for the department of Civil Engineering during the course of my

study.

| also acknowledge the vital contributions of all my departmental examiners, in persons of Dr.
Isaac Akinwumi, Dr. Paul Awoyera, Dr. Solomon Oyebisi, Dr. Mark Oluwaseun and Dr. John

Oluwafemi.

| thank Engr. Oghenevo Ogbor for being a good friend and a source of motivation to me. | also
thank Dr. Akintoye Oyelade, UNILAG for his contributions to this research.

Much more, | am grateful to God for my beloved wife, Mrs. Efe Augustina Michaels for being
a multifaceted source of blessings to me. My love and appreciation also go to my children
Temidire Michaels, Tamilore Michaels and Teniola Michaels.

vii



LIST OF ABBREVIATIONS

CDW - Construction and Demolition
CaO - Calcium Aluminate Hydrate
FRA - Fine Recycled Aggregates
FNA - Fine Regular Totals

PSD - Particle Size Distribution

viii



TABLE OF CONTENTS

CONTENT PAGES
COVER PAGE [
TITLE PAGE I
ACCEPTANCE ii
DECLARATION \Y%
CERTIFICATION %
DEDICATION Vi
ACKNOWLEDGEMENTS vii
LIST OF ABBREVIATIONS viii
LIST OF TABLES Xi
LIST OF FIGURES xii
LIST OF PLATES Xiii
ABSTRACT Xiv

CHAPTER ONE: INTRODUCTION
1.1 Background to the Study

1.2 Statement of the problem

1.3 Aim of the Study

1.4 Objectives of the Study

1.5 Significance of Study

1.6 Scope of the Study

OOl b WE -

CHAPTER TWO: LITERATURE REVIEW 7
2.1 Description of concrete 7
2.2 Aggregates 7
2.3 Fine Aggregates 8
2.4 Physical and chemical properties of aggregates 8

2.4.1 Characterization of aggregates 8
2.4.2 Particle size distributions 11
2.4.3 Engineering Properties 13
2.5 Effect of sand on compressive strength 14
2.6 Effect of sand on workability 18
2.7 Effect of sand on density 19
2.8 Statistical analysis on compressive strength of concrete 20
2.9 Research Gap 21
CHAPTER THREE: MATERIALS AND METHODS 22
3.1 Introduction 22
3.2 Materials 23
3.2.1 Cement 23
3.2.2 Coarse Aggregate 23
3.2.3 Fine Aggregate 23

3.2.4 Water 24



3.3 Tests
3.3.1 Chemical analysis
3.3.2 Sieve analysis
3.3.3 pH values determination
3.3.4 Chloride determination in soil by Mohr Method

3.3.5 Sulphate determination using Hach Dr 3900 Spectrophotometer

3.3.6 Determination of impurities in the Sand Specimens
3.4 Materials batching and development of concrete specimens
3.5 Compressive strength of Concrete Cubes
3.6 Regression analysis

3.6.1 Multi-linear regression (MLR)

3.6.2 Empirical Model Equations

3.6.2 Fuzzy Logic

CHAPTER FOUR: RESULTS AND DISCUSSION
4.1 Chemical composition of cement and the four sand samples
4.2 Particles-size distribution
4.2.1 Fine aggregate
4.2.2 Coarse aggregate
4.3 Soil pH Test
4.4 Chloride Test
4.5 Sulphate Test
4.6 Salinity Test
4.7 Workability Test
4.8 Compressive Strength Test
4.8.1 Badagry
4.8.2 Ikorodu
4.8.3 Bariga
4.8.4 Epe

CHAPTER FIVE: CONCLUSION AND RECOMMENDATION
5.1 Conclusion
5.2 Recommendation

REFERENCE
APPENDIX A
APPENDIX B
APPENDIX C

25
25
25
26
28
29
30
30
33
35
35
36
39

40
40
41
41
43
44
45
45
46
47
49
49
50
51
53

56
56
57

58
65
67
68



LIST OF TABLES

TABLE LIST OF TABLES PAGES

3.1 The concrete mix ratio, water/cent mix ratio and weight of aggregates used 32
3.2 Badagry 37
3.3 Ikorodu 37
3.4 Bariga 38
3.5 Epe 38
4.1 chemical composition of cement and sand samples summary 40
4.2 Distribution and range of particle sizes in a soil sample 43
4.3 pH result 44
4.4 Chloride result 45
4.5 Sulphate result 45
4.6 Sulphate result 47
4.7 Slump test result 47
4.8 Compaction factor 48

Xi



LIST OF FIGURES

FIGURE LIST OF FIGURES

A M Br B~ M Pr o0 DD DD DdDDDDDDDD
~N o oA W NP P N O R ®WN P

XRD results regarding natural aggregates

Particle size distributions of river (A), natural crushed sand and three different fRCA
Cumulative particle size distribution of fine aggregates obtained

Sieving curve of river sand

Particle size distribution curves of the sands in Osun State

Bulk density of sand concrete as function of plastic powder wastes content
Bulk density of sand concrete as function of plastic fibers wastes content
Fine Aggregates Selected Locations in Lagos State

Particle size distribution curves of the sands

Particle size distribution curves of the coarse aggregates

Average Compressive Strength for Badagry soil sample aggregates
Average Compressive Strength for Ikorodu soil sample aggregates
Average Compressive Strength for Bariga soil sample aggregates

Average Compressive Strength for Epe soil sample aggregates

Compressive Strength of Soil from Ikorodu, Bariga, Badagry and Epe

Xii

PAGES

12
12
13
13
20
20
22
42
44
50
51
52
54
55



LIST OF PLATES

PLATES LIST OF PLATES PAGES
1.1 Fine aggregates from selected locations in Lagos State 4
2.1 SEM images of fine natural sand 9
2.2 SEM images of coarse natural sand FNA2 10
3.1 Coarse aggregate used for the experiment 23
3.2 Fine Aggregates locations in Lagos State (a) Ikorodu (b) Bariga (c) Epe (d) Badagry 24
3.3 Picture showing water sample for concrete production 25
3.4 Sieve analysis samples (a) Ikorodu (b) Bariga (c) Epe (d) Badagry 26
3.5 Set of sieves in the laboratory (a) sieve arrangement (b) process of measurement 27
3.6 Electrical Sample Stirring in the Laboratory 27
3.7 Determining pH in soil Samples using a pH meter in the Laboratory 28
3.8 Chloride determination of the four samples of the sand through titration in the Laboratory 28
3.9 Determination of Sulphate using Hach Dr 3900 spectrometer in the Laboratory 30
3.10 Development of concrete specimen using a Concrete Mixer in the Laboratory 31
3.11 Slump test procedure 32
3.12 Compacting Factor test 32
3.13 Samples of concrete cube produced in the Laboratory 33
3.14 Curing of Concrete Cubes 33
3.15 Compressive Strength test done in the Laboratory 34

xiii



ABSTRACT

The utilization of locally sourced materials in concrete production is pivotal for sustainable
construction practices, particularly in regions with abundant natural resources. This research
proposal aims to assess the strength properties of concrete produced using fine sand mined in
different locations in Lagos State. The physical and chemical properties, as well as the grading
characteristics, of sand samples from Bariga, Badagry, Epe, and lkorodu were determined
using standard procedures. Additionally, concrete samples were produced using aggregates
from these selected locations. The concrete cubes were cured in water for periods ranging from
7 to 56 days. The constituents were modeled using Fuzzy logic, and the experimental values
were compared with analytical models (linear, and polynomial), and Fuzzy logic model
(Artificial Intelligence). The modeling predicted the compressive strength with a very high
degree of accuracy. The results indicated that all the sand samples contained high levels of
silica. Furthermore, the fine aggregates had pH values between 7.01 and 7.41, chloride contents
ranging from 0.002% to 0.028%, and sulphate contents between 0.0025% and 0.0039%. The
compressive strength of concrete made with all the fine sands exceeded 25 N/mm?2 at 28 days
of curing. It was observed that fine aggregates from Bariga gained strength more slowly in the
early days compared to those from the other locations. These findings provide valuable insights
into the different types of locally available sand materials, thereby promoting sustainable and
cost-effective construction practices in Lagos State and similar regions. Ultimately, this
research contributes to the development of guidelines for the effective use of fine sand in
concrete production, ensuring both structural durability and environmental sustainability.
Some improvement would be required during the use of some fine aggregate with impurities
to cast concrete. Given the significant role of sand quality in determining the structural integrity
of concrete, this study seeks to provide a comprehensive evaluation of the mechanical
performance of concrete incorporating these mined fine sands.

Keywords: Sand, Fuzzic Logic, Modelling, Strength, Lagos State, Regression Analysis
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