
 

 

 

Analyses of Cement Composites with the Addition of 

Quarry Dust as Partial Sand Replacement Materials 

 

 

 
by 

 

 

 

 

Madzura binti Mohamad 

(1230410755) 

 

 

 
A thesis submitted in fulfillment of the requirements for the degree of 

Master of Science in Materials Engineering 

 

 

 

School of Materials Engineering 

UNIVERSITI MALAYSIA PERLIS 

 

 

 

 

2016 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjH9JGCxPbMAhUJqo8KHav2Dg4QjRwIBw&url=http%3A%2F%2Fwww.brandsoftheworld.com%2Flogo%2Funimap&bvm=bv.122852650,d.c2I&psig=AFQjCNH2aY4xA5sxXrCqU3zxrRkC3nklTA&ust=1464310427058149


ii 
 

ACKNOWLEDGEMENTS  

 

 

First of all, the deepest thanks to Allah because gave me the strength and 

guidance to face the challenges until successfully completed my study. I believe only 

Allah knows my wish and what is the best for me. 

Secondly, I would like to express my sincere gratitude to my supervisors, Dr. 

Mazlee Mohd Noor and Professor Dr. Shamsul Baharin Jamaludin for their guidance 

and support, especially continuous encouragement and commitment throughout my 

journey at the UniMAP. I am also very thankful to laboratory staff and technicians from 

School of Materials Engineering, who provided me lots of help on my research works. 

Specially, my sincere thanks to my colleagues and Head of Department at Politeknik 

Sultan Abdul Halim Mu’adzam Shah for support and encouragement. 

My sincere appreciation to friends at School of Materials Engineering, Chan and 

Yasmin, thanks a lot for your assistance. Finally, my deepest gratitude from the bottom 

of my heart goes to my family (my late mother and father), especially my husband, 

Hamidon bin Abu Hassan for his everlasting love and unconditional support. My kids, 

Amin and Rizq, I hope someday both of you will understand this sacrifice is for our 

future.  

 

 

 

 

 

 

 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



iii 
 

TABLE OF CONTENTS 

 

 

 PAGE 

THESIS DECLARATION i 

ACKNOWLEDGEMENT ii 

TABLE OF CONTENTS iii 

LIST OF TABLES viii 

LIST OF FIGURES ix 

LIST OF ABBREVIATIONS xiii 

LIST OF SYMBOLS xiv 

ABSTRAK xv 

ABSTRACT  xvi 

  

CHAPTER 1  INTRODUCTION 1 

  

1.1 Research background 1 

1.2 Problem statement 2 

1.3 Objectives of research 4 

1.4 Scope of research 5 

  

CHAPTER 2  LITERATURE REVIEW 6 

  

2.1 Introduction 6 

2.2 Sustainable construction from general viewpoint 6 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



iv 
 

2.3  The important of sand replacement in sustainable construction 7 

2.4 The utilisation of by-product wastes as sand replacement in    

            sustainable construction 

 

8 

            2.4.1 Quarry dust 11    

            2.4.2 Environmental problems of quarry dust 15 

            2.4.3 Quarry dust as sand replacement in concrete and cement    

                        composites 

 

16 

2.5 Strength properties of cement composites 19 

2.6 Durability properties of cement composites 24 

            2.6.1 Alkali-silica reaction (ASR) 25 

            2.6.2 Sulphate attack 26 

  

CHAPTER 3  RESEARCH METHODOLOGY 31 

  

3.1 Introduction 31 

3.2 Raw materials 33 

            3.2.1 Ordinary Portland cement (OPC) 33 

            3.2.2 River sand 34 

            3.2.3 Quarry dust 34 

            3.2.4 Water 36 

3.3  Characterisation of raw materials 37 

            3.3.1 X-ray fluorescence (XRF) 38 

                        3.3.1.1 Quarry dust 38 

                        3.3.1.2 River sand 39 

                        3.3.1.3 Ordinary Portland cement (OPC) 40 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



v 
 

3.4  Mixture proportioning and samples preparation 41 

            3.4.1 Weighing 42 

            3.4.2 Mixing 43 

            3.4.3    Slump test 44 

            3.4.4 Casting and finishing 45 

             3.4.5   Curing 48 

3.5 Testing for physical and mechanical properties of cement composites 48 

            3.5.1 Physical testing 48 

                        3.5.1.1 Density test 49 

                        3.5.1.2 Water absorption test 49 

                        3.5.1.3 Moisture content test 50 

            3.5.2 Mechanical testing 50 

                        3.5.2.1 Compression test 51 

                        3.5.2.2 Flexural test 52 

3.6 Characterisations of cement composites 53 

            3.6.1 Mineralogy analysis 53 

            3.6.2 Crack profile 54 

            3.6.3    Fracture morphology 54 

3.7 Durability properties testing of cement composites 54 

             3.7.1 Sample preparations 55 

             3.7.2   Compressive strength of cement composites 56 

             3.7.3   Length change of cement composites due to sulphate attack 

 

57 

  

 

 

 

 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



vi 
 

CHAPTER 4  RESULTS AND DISCUSSION 60 

  

4.1  Introduction 60 

4.2. Characterisations of raw materials 61 

            4.2.1 Particle size distribution 61 

            4.2.2 Surface morphological analysis 62 

                        4.2.2.1 Ordinary Portland cement (OPC) 62 

                        4.2.2.2 Quarry dust 63 

                        4.2.2.3 River sand 63 

4.3  X-ray diffraction (XRD) 64 

4.4 Workability measurement of cement composites 65 

            4.4.1 Slump test 65 

4.5 Proportioning study of quarry dust in cement composites 68 

            4.5.1  Density 68 

            4.5.2 Water absorption 70 

            4.5.3 Moisture content 71 

            4.5.4  Compressive strength 73 

            4.5.5  Modulus of rupture (MOR) 76 

4.6 Mineralogy of cement composites 78 

4.7 Crack profile of cement composites 81 

4.8 Fracture pattern of cement composites 85 

4.9 Surface morphology of cement composites 87 

4.10 Durability of cement composites 92 

            4.10.1 Length changes of cement composites due to sulphate  

                        attack 

93 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



vii 
 

            4.10.2 Visual examination of cement composites due to sulphate  

                        attack 

 

94 

4.11 The effects of quarry dust as partial sand replacement on physical,   

            mechanical and durability properties of cement composites 

 

100 

            4.11.1 Shape, surface texture and particle sizes of quarry dust 100 

            4.11.2 Mineralogy of quarry dust 101 

            4.11.3 Workability of cement composites 102 

            4.11.4 Water cement ratio 

 

103 

4.12  Relationship between physical, mechanical and durability   

            properties of cement composites 

104 

  

CHAPTER 5  CONCLUSIONS AND FUTURE WORK 106 

  

5.1     Conclusion 106 

5.2     Recommendations for future work 108 

  

REFERENCES 109 

APPENDIX A 122 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



viii 
 

LIST OF TABLES 

 

 

NO.  PAGE 

2.1 Properties from three types of aggregates in concrete.  14 

2.2 Physical and chemical properties of quarry dust and river sand. 15 

3.1 Chemical composition of quarry dust. 39 

3.2 Chemical composition of river sand. 39 

3.3 Chemical compositions of OPC. 41 

3.4 Proportions of cement composites in proportioning study. 42 

3.5 Proportions of cement composites in durability study. 43 

4.1 Mineral compositions in cement composites. 79 

4.2 Length changes of cement composites due to sulphate attack. 94 

4.3 Percentage strength of concrete at various ages. 105 

 

 

 

 

 

 

 

 

 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



ix 
 

LIST OF FIGURES 

 

 

NO.  PAGE 

 

2.1 The process of quarry dust production. 

 

12 

2.2 Composition of a granite. 

 

13 

2.3 Image of ITZ in perpendicular line by scanning electron 

microscope. 

 

20 

2.4 The relationship between compressive and flexural strength of 

the concrete. 

21 

2.5 The relationship between compressive strength with curing 

age of concrete. 

22 

2.6 The relationship between mechanical strength with curing age 

(days) of copper tailings in cement mixtures. 

  

23 

2.7 Graph of compressive strength against curing ages. 

 

24 

2.8 The process of ASR.  

 

25 

2.9 SEM micrograph of ettringite crystals in cement mortar. 

 

27 

2.10 Ettringite on the surface of (1) sand grain and in (2) cement 

paste. 

28 

2.11 The example of efflorescence.  

 

29 

3.1 Flow chart of raw material characterisations, preparation, 

testing and sample characterisations. 

32 

3.2 Phases in preparing and analysing cement composites. 

 

33 

3.3 Flow of quarry dust preparations. 

 

36 

3.4 Raw materials before mixing process. 43 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



x 
 

3.5 Slump test apparatus. 

 

44 

3.6 Types of slump. 

 

45 

3.7 Mould for compression test (40 mm x 40 mm x 100 mm). 

 

46 

3.8 Mould for flexural test (40 mm x 40 mm x 160 mm). 

 

46 

3.9 Mould for density, moisture content and water absorption test 

(50 mm x 50 mm x 50 mm). 

 

46 

3.10 Mould for durability test (25 mm x 25 mm x 285 mm). 

 

47 

3.11 Example of cast cement composites. 

 

47 

3.12 Compression test of cement composites. 

 

51 

3.13 Schematic diagram for flexural test of cement composites. 

 

52 

3.14 Flexural test of cement composites. 

 

53 

3.15 The preparation of bars and cubes of cement composites. 

 

55 

3.16 pH values of saturated calcium hydroxide and water. 

 

56 

3.17 Mould of sample compression test (50 mm x 50 mm x 50 

mm). 

 

57 

3.18 Mould for length change test (25 mm x 25 mm x 285 mm). 

 

57 

3.19 The pH value of sodium sulphate solution. 58 

 

4.1 Particle size distribution of quarry dust. 61 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



xi 
 

4.2 Surface morphology of OPC at 2000x magnification. 

 

62 

4.3 Surface morphology of quarry dust at 500x magnification. 

 

63 

4.4 Surface morphology of river sand at 300x magnification. 

 

64 

4.5 XRD of quarry dust. 

 

65 

4.6 Slump test results of cement composites. 

 

 

66 

4.7 Slump test with the addition of 10 wt.% quarry dust. 

 

 

66 

4.8 Slump test without the addition of quarry dust. 67 

 

4.9 Density of cement composites. 69 

 

4.10 Water absorption of cement composites. 71 

 

4.11 Moisture content of cement composites. 72 

4.12 Compressive strength of cement composites at 7 days of 

curing. 

73 

4.13 Compressive strength of cement composites at 28 days of 

curing. 

74 

4.14 MOR of cement composites at 7 days of curing. 

 

76 

4.15 MOR of cement composites at 28 days of curing. 

 

77 

4.16 XRD of cement composites. 

 

78 

4.17 Surface morphology of cement composites. 

 

80 

4.18 Crack pattern of cement composites with (a) 0.0 wt.%, (b) 

10.0 wt.% and (c) 12.5 wt.% of quarry dust. 

82 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



xii 
 

4.19 Crack pattern of cement composites with (a) 15.0 wt.% and 

(b) 17.5 wt.% of quarry dust. 

84 

4.20 Example of surface scaling. 

 

85 

4.21 Example of fracture pattern without the addition of quarry 

dust under flexural load. 

 

86 

4.22 Example of fracture pattern with the addition of 17.5 wt.% 

quarry dust under flexural load. 

86 

4.23 Surface morphology of cement composites without the 

addition of quarry dust. 

 

87 

4.24 Surface morphology of cement composites with 10.0 wt.% of 

quarry dust. 

88 

4.25 Surface morphology of cement composites with 12.5 wt.% of 

quarry dust. 

90 

4.26 Surface morphology of cement composites with 15.0 wt.% of 

quarry dust. 

91 

4.27 Surface morphology of cement composites with 17.5 wt.% of 

quarry dust. 

92 

4.28 Surface condition of cement composites due to sulphate attack 

without the addition of quarry dust. 

95 

4.29 Concrete damage in field exposure to salt crystallisation. 

 

97 

4.30 Surface condition of cement composites due to sulphate attack 

with the addition of 12.5 wt.% quarry dust. 

97 

4.31 Surface condition of cement composites due to sulphate attack 

with the addition of 17.5 wt.% quarry dust. 

 

99 

4.32 Relationship between moisture content and water absorption 

of cement composites. 

104 

 

 

 

 

 

 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



xiii 
 

LIST OF ABBREVIATIONS 

 

 

ASTM  American Society for Testing and Materials 

BS  British Standard 

MS  Malaysian Standard 

SEM  Scanning electron microscope 

XRF  X-ray fluorescence  

XRD  X-ray diffraction 

MOR  modulus of rupture  

OPC  ordinary Portland cement 

ITZ  interfacial transition zone 

ASR  alkali silica reaction 

UTM  universal testing machine 

wt.%  weight percent 

C-S-H  calcium silicate hydrate 

w/c  water cement ratio 

 

 

 

 

 

 

 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



xiv 
 

LIST OF SYMBOLS 

 

 

θ  Theta 

ρ  rho  

О  omicron 

ω  omega 

∆  Delta 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



xv 
 

Analisis Komposit Simen dengan Penambahan Debu Kuari Sebagai Bahan 

Pengganti Pasir Separa 

 

 

ABSTRAK 

 

Pembangunan komposit simen telah diperkenalkan sejak beberapa dekad untuk 

memenuhi keperluan di dalam sektor pembinaan dan telah menjadi salah satu pengeluar 

utama bahan buangan dan pengurangan sumber, terutamanya pasir sungai. Debu kuari 

telah menjadi bahan alternatif di dalam komposit simen untuk mengurangkan 

penggunaan pasir sungai dan pemulihan ekologi dalam usaha untuk mempromosikan 

pembangunan yang mapan di dalam industri pembinaan. Oleh itu, kajian ini dijalankan 

untuk mengkaji kesan-kesan debu kuari sebagai bahan gantian separa bagi pasir untuk 

menentukan nilai optimum debu kuari di dalam komposit simen. Sehubungan dengan 

itu, komposit simen dikategorikan kepada dua bahagian. Bahagian yang pertama ialah 

kajian perkadaran yang mengkaji kesan debu kuari terhadap sifat-sifat fizikal dan 

mekanikal, profil retak, patah dan morfologi permukaan komposit simen di bawah 

beban tekanan. Dalam kajian ini, pembangunan komposit simen dijalankan dengan 

menggantikan debu kuari dengan sebahagian pasir sungai mengikut kepada pelbagai 

peratusan pada nisbah air simen berkadar tetap (0.45). Komposit simen dihasilkan 

daripada campuran simen Portland biasa (OPC), pasir sungai, debu kuari dan air. Lima 

nisbah campuran yang berlainan iaitu 1: 1.00: 0.00, 1: 0.90: 0.10, 1: 0.875: 0.125, 1: 

0.850: 0.150 dan 1: 0.825: 0.175 (simen: pasir sungai: debu kuari) disediakan dengan 

merujuk kepada piawaian yang berkaitan. Komposit simen diawet di dalam air selama 7 

dan 28 hari, dan diuji untuk menentukan sifat-sifat mekanikal seperti kekuatan 

mampatan dan modulus pecah, sifat-sifat fizikal seperti ketumpatan, penyerapan air dan 

kandungan lembapan. Bahagian yang kedua pula adalah kajian ketahanlasakan, yang 

telah dijalankan untuk memantau perubahan panjang komposit simen apabila terdedah 

kepada serangan sulfat dengan penambahan debu kuari pada 12.5 dan 17.5 peratus 

berat. Tempoh kajian untuk menentukan sifat-sifat ketahanlasakan adalah 15 minggu. 

Berdasarkan pemantauan, penambahan debu kuari di dalam komposit simen 

menunjukkan peningkatan pada sifat-sifat kekuatan, berbanding dengan komposit simen 

tanpa penambahan debu kuari (1: 1.00: 0.00). Namun begitu, sifat-sifat kekuatan 

komposit simen menunjukkan hala pengurangan apabila debu kuari meningkat, 

manakala penyerapan air dan kandungan lembapan telah meningkat apabila kandungan 

debu kuari semakin digunakan sebagai bahan pengganti di dalam komposit simen. 

Dapatan kajian menunjukkan bahawa komposit simen dengan nisbah bancuhan 1: 

0.875: 0.125 (12.5 peratus berat debu kuari) pada 28 hari memberikan nilai optimum 

pada kekuatan mampatan (56.04 MPa), modulus pecah (16.34 MPa), ketumpatan (2192 

kg/m
3
), penyerapan air (3.09%) dan kandungan lembapan (0.74%). Profil keretakan dan 

morfologi permukaan komposit simen juga berada dalam keadaan yang baik. 

Disamping itu, komposit simen tidak menunjukkan sebarang perubahan panjang dan 

kemerosotan permukaan yang ketara selepas direndam di dalam larutan sodium sulfat. 

Sebagai kesimpulan, debu kuari boleh digunakan sebagai bahan ganti separa kepada 

pasir sungai pada peratusan tertentu (12.5 wt.%) dan didapati dapat memperbaiki sifat-

sifat fizikal, mekanikal dan ketahanlasakan komposit simen.  
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Analyses of Cement Composites with the Addition of Quarry Dust as Partial Sand 

Replacement Materials 

 

 

ABSTRACT 

 

The development of cement composites has been proposed for many decades to fulfil 

the requirements in the construction sector and became one of the major producers of 

waste and source depletion, especially river sand. Quarry dust became an alternative 

material in cement composites to reduce the consumption of river sand and ecology 

rehabilitation in order to promote sustainable development of the construction industry. 

Therefore, this research was conducted to study the effects of quarry dust as partial sand 

replacement material on physical, mechanical and durability properties of the cement 

composites. In relation to this, the cement composites were categorised into two main 

sections. First section is the proportioning study that investigates the effect of quarry 

dust on the physical and mechanical properties, crack profile, fracture and surface 

morphology of cement composites under pressure load. In this study, the fabrication of 

cement composites was carried out by substituting quarry dust with a portion of river 

sand according to the various percentages at constant water cement ratio (0.45). The 

cement composites were produced from a mixture of ordinary Portland cement (OPC), 

river sand, quarry dust and water. Five different ratios of 1: 1.00: 0.00, 1: 0.90: 0.10, 1: 

0.875: 0.125, 1: 0.850: 0.150 and 1: 0.825: 0.175 (cement: river sand: quarry dust) were 

prepared according to the related standards. The cement composites were cured in water 

for 7 and 28 days, and tested to determine the mechanical properties such as 

compressive strength and modulus of rupture, physical properties such as density, water 

absorption and moisture content. The other section is the durability study, which was 

conducted to observe the length change of cement composites when subjected to 

sulphate attack with the addition of 12.5 wt.% and 17.5 wt.% of the quarry dust. The 

period to determine the durability properties was 15 weeks.  Based on the observations, 

the addition of quarry dust in the cement composites showed improvement in strength 

properties, compared to cement composites without the addition of quarry dust (1: 1.00: 

0.00). However, the strength properties of cement composites showed a reduction trend 

when quarry dust increases, while the water absorption and moisture content increased 

when the content of quarry dust was increasingly used as a substitute in the cement 

composites. The findings showed that the ratio of 1: 0.875: 0.125 (12.5 wt.% of quarry 

dust) at 28 days obtained the optimal value of compressive strength (56.04 MPa), 

modulus of rupture (16.34 MPa), density (2192 kg/m
3
), water absorption (3.09%) and 

moisture content (0.74%). The crack profile and surface morphology of the cement 

composites also in good condition. Besides that, the cement composites with the 

addition of 12.5 wt.% of quarry dust did not show any major changes in length and 

surface deterioration after being immersed in the solution of sodium sulphate. As a 

conclusion, quarry dust can be used as a partial substitute for river sand at certain 

percentage (12.5 wt.%) and was found can improved the physical, mechanical and 

durability properties of the cement composites. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Research background 

 

Malaysia is generally perceived as one of the successful countries and have 

achieved modern economic growth in various sectors. In modernisation process, the 

economic sector grows rapidly to fulfil the living requirements, including the 

construction industry. Subsequently, there are many materials and goods that have been 

produced. In respect of that, the mining industry is operated extensively to produce 

construction materials for many construction applications (Safiuddin et al., 2010), 

which are essential for the development of modern countries, including Malaysia. This 

has led to major solid wastes or residues that need proper management. 

One output of the quarry industry is the production of quarry dust that has been 

used in large scale for various construction activities including road construction and 

manufacturing of building materials such as bricks, lightweight concrete, tile blocks and 

so on. Quarry dust has been adopted as a building material in the industrially advanced 

countries of the west for the past three decades (Abhijeet, 2014). Besides that, the use of 

quarry dust in construction gives the benefits to economic and environmental aspect for 

the quarry industry, which can reduce the disposal cost and the lifespan of primary rock 

sources could be extended (Florida Department of Transportation, 2002).  
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In recent years, tremendous efforts were taken in concrete technology to 

investigate the consumption of by-products and waste materials (Raman et al., 2005). 

Unfortunately, only a handful of researchers have investigated the development and 

characterisation of cement composites by using quarry dust. Therefore, it is important to 

study and promote a new product in construction applications based on quarry dust. 

Successful utilisation of quarry dust will reduce the environmental load, waste 

management and concrete production cost (Raman et al., 2005), besides improving the 

properties of cement composites. 

The aim of this research is to fabricate and characterise the cement composites 

with the addition of quarry dust as partial replacement to river sand, subsequently study 

the effects on the strength and durability of cement composites.  

  

1.2 Problem statement 

 

Nowadays, the growth of population, modern urbanisation and the improvement 

in living standards has donated to the increase of waste materials resulting from the 

manufacturing, mining, domestic and agricultural activities. These wastes have become 

environmental burden and require disposal management in Malaysia, so recycling the 

wastes to be used as construction materials is increasingly important (Safiuddin et al., 

2010).  

In the construction industry, the productions of concrete, bricks, hollow and 

solid blocks, pavement blocks, tiles and others are generally from natural resources, 

such as river sand. Excessive and continuous dredging of river sand tends to contribute 

to ecological disruption and environmental destruction. Erosion has changed vegetative 

properties leading to soil infertility for the agricultural activity, as well as the survival of 
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flora and fauna, and the alteration of river ecosystem that can attribute to flood 

(Sakthivel et al., 2013).  

Besides that, the production of coarse aggregates especially at the crushing and 

screening processes generate the dust in large quantities. Consequently, various toxic 

substances such as carbon monoxide, oxides of sulphur, oxides of nitrogen and 

suspended particulate matters are invariably emitted into the atmosphere during the 

manufacturing process of construction materials (Safiuddin et al., 2010). The emission 

of this substance can contaminate air, water and soil which can influence the standard of 

human health.  

In order to safeguard the environment, many efforts are taken to recycle or reuse 

different types of waste such as agro waste, industrial waste, mining or mineral waste, 

hazardous and non-hazardous waste (Pappu et al., 2007) by utilising them as 

construction materials (Safiuddin et al., 2010). According to Kralj (2011), the 

government contribution is necessary in attaining the sustainable construction, which 

give the benefits to the environmental aspects and economical dynamics of society. For 

instance, environmental issues becomes the major concern in Hong Kong since the 

waste material produced annually by local construction activities increased more than 

75 percent (Poon et al., 2013). Thus, many extensive researches and development work 

have been taken to explore waste alternatives and to conserve natural resources towards 

achieving sustainable construction industry.  

In this research, the utilisation of quarry dust as sand replacement material in 

cement composites is to produce the construction material that can bring about strength 

improvement and can solve the environmental problems. Based on the previous study, 

the consumption of quarry dust in desirable because it is a useful by-product material, 

reducing the utilisation of river sand and improve the strength of concrete (Chaturanga 
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et al., 2008). Furthermore, quarry dust is known to increase the strength and gives 

additional benefit, and has been proposed by many researchers as an alternative to the 

river sand (Chandana et al., 2013). In 2009, Hameed & Sekar revealed that the 

compressive strengths and durability resistance to sulphate attack was enhanced when 

utilising quarry dust compared to the traditional concrete. 

Consequently, many researchers around the world utilised quarry dust as a 

partial replacement for sand (Celik & Marar, 1996; Lohani et al., 2012; Manguriu et al., 

2013; Kannan et al., 2014; Mohammad et al., 2015) or cement (Abukersh & Fairfield, 

2011; Soman & Abubaker, 2014; Kartini et al., 2014; Kumar & Krishna, 2014) in 

concrete production and a lot of results were published, but very limited in the concept 

of cement composite. Therefore, this study was conducted to identify the effects of 

quarry dust as a partial substitute for river sand in terms of physical, mechanical and 

durability properties of cement composite. Previous studies on the use of quarry dust in 

concrete can be used as a benchmark or guidelines in the perspective of cement 

composites. 

          

1.3 Objectives of research 

 

 The main purpose of this research is to fabricate cement composites with the 

utilisation of quarry dust and the specific objectives are listed as the followings: 

 

1. To study the raw material characterisations of cement composites. 

2. To study the effects of quarry dust as partial sand replacement material on the 

physical, mechanical and durability properties of cement composites.  
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3. To analyse the crack profile, fracture and surface morphology of cement 

composites with the addition of quarry dust.  

 

1.4 Scope of research 

 

The research can be divided into three phases, namely proportioning, 

characterisation and durability studies. The materials used in the experiment were 

cement, water, river sand and quarry dust. The samples were prepared depending on the 

respective test and curing for 7 and 28 days by following the related standards. The 

suitable weight percent of quarry dust was obtained from proportioning study according 

to the results of physical and mechanical properties of cement composites. 

According to the results, the characterisations of the samples were determined 

by studying the crack profile, fracture and surface morphology of cement composites. 

Finally, in the durability study, the samples were prepared and immersed into the 

solution of sodium sulphate to investigate the effects of quarry dust on cement 

composites due to sulphate attack. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Introduction 

 

 The chapter is to review the related literatures from many researchers about the 

utilisation of by-product materials in the concrete and cement composites. The findings 

and the gathered information form the basis for the investigation on the effects of quarry 

dust as a partial sand replacement in the development of cement composites.  

 

2.2 Sustainable construction from general viewpoint 

 

The construction sector plays an important role in generating economic 

development and provides job opportunities for many people. Besides that, construction 

industry is a major resource of waste, and responsible for around half of the total carbon 

dioxide (CO2) emissions (Zuhairi et al., 2011) and depletion of natural resources such as 

natural sand. The environmental imbalance has made the people to focus on the 

implementation of eco-friendly construction materials and new technologies, which 

human and nature can live in harmony (Sakthivel et al., 2013). In order to achieve the 

goal, one way is to go „green‟ or create the sustainability in the construction industry.     

Basically, sustainable construction refers to the construction process that is 

responsible to environment and uses resources efficiently starting from planning, 

designing, construction, operation, maintenance, renovation and demolition. According 
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to Nazirah (2009), sustainability has focused on the consumption of energy and raw 

materials, and method to decrease the impacts on the environment in the technical 

issues such as materials, building components and construction technologies. In this 

regard, renewable energy resources appear to be one of most effective solutions, 

whether to replace the consumption of cement or natural aggregates. 

 

2.3  The important of sand replacement in sustainable construction 

 

Generally known, river sand is one of the important material in cement 

composites which is affecting the strength of cement composites. The utilisation of river 

sand must be free from any impurities such as salts, clay or other foreign materials that 

will affect the adhesion factor between cement and water. In the same way, it offers 

surface area for film of cementing material to adhere and spread, which avoids the 

shrinkage and cracking of cement composites (Tasnia et al., 2013).  

 Besides that, the strength of cement composites is mainly affected by the 

function of fine aggregates or sand (Sharmin et al., 2006). According to Lohani et al. 

(2012), fine aggregates are usually sand from the river.  River sand that is normally 

included as fines aggregates in cement composites, is smaller than 4.75 mm but larger 

than 75 µm (Mehta & Monteiro, 2006).  

Lately, the demand for river sand is very high due to its strength properties to 

satisfy the infrastructure growth. For an example, India has been facing the shortage of 

river sand that are causing serious threat to environment and the society (Lakhan et al., 

2013). Unfortunately, the excessive and continuous excavation of river sand has 

contributed to deteriorating the environmental ecology such as failure of river banks, 

disturbs the aquatic life and become a high demand in the construction industry. 
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Therefore, proactive methods must be taken to investigate the potential construction 

materials to minimise the consumption of river sand.  

River sand (costly material) promote the motivation to the researchers to explore 

other alternatives that are cheaper and easily available without neglecting the strength 

properties of the cement composites. At the same time, sustainable infrastructure 

demands the other construction material that should fulfil the technical requirements of 

fine aggregate (Lakhan et al., 2013). Many industrial or by-product wastes such as silica 

fume, fly ash and others can be utilised as new products or admixtures, so that natural 

sources are used efficiently and the environment is well protected (Siddarth, 2001). On 

the other hand, the advantages of waste materials are noticeable in the reduction of 

environmental load, waste management and production cost as well as enhancing the 

quality of cementitious product (Lohani et al., 2012). 

 

2.4 The utilisation of by-product materials as sand replacement in sustainable 

construction  

 

 Since decades ago, the utilisation of industrial wastes has become a global 

concern and serious attention regarding the challenge for the engineers to produce 

cementitious materials at reasonable cost and environmental friendly in the construction 

industry. There has been a growing trend for the utilisation of industrial wastes as 

supplementary materials in concrete due to environmental and economic reasons 

towards the sustainable development (Gidley & Sack, 1984).  

In fact, there are many materials that can be used in concrete or cement 

composites such as urban wastes, industrial by-products, agriculture and mineral wastes. 

According to Vasu & Gajanan (2013), industrial wastes or by-products such as coal fly 

ash, ground granulated blast furnace slag, metakaolin, waste glass, plastics, wood ash 
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