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ABSTRACT

Current trend in cement production is to introduce inorganic admixtures to improve the
technical properties such as workability and reduced cracks in concrete. In addition,
replacement of clinker or cement greatly reduces environmental pollution due to release

of greenhouse gas emissions such as carbon dioxide, carbon monoxide, Nitrogen oxides
(Nox) and Sulphur dioxide (SO2)during cement production. Cement replacement also

reduces the high energy cost associated with clinker production and this leads to reduced

price of cement.

The objective of this study was to determine the effect and suitability of four local
inorganic materials; namely, clay, limestone, clam shells and steel slag (all obtained in
Ghana) as mineral admixtures in cement for construction purposes. Blended cements,

ranging from binary to quinternary mixes, were produced.

The soundness of the blended cement samples were less than 2.0mm. Water
permeability tests showed clearly that addition of the admixtures, except slag, reduced
the porosity of the cement by at least 4% and as much as 20%. The water demand of the
blended cements ranged from 24.5% to 34.5% and that it increased as the percentage
replacements of cement were increased. The water demand of the blended cements
ranged from 24.5% to 34.5% and that it increased as the percentage replacements of

cement are increased. The setting times of all the blended cements were within the

standard limits.

ii




The infrared spectrometry, X-ray Diffraction(XRD), Scanning Electron
Microscopy/Energy Dispersive X-ray (SEM/EDX) and Thermogravimetric (DTA/TG)

analysis of the study clearly showed that the presence of the four admixtures reduced
Ca(OH)2 content considerably and improved impermeability of concrete. The Infrared

analysis indicated that when the admixture content was increased from binary to

ternarythe accelerating effect of admixtures on hydration was enhanced. This effect

manifested in high ea.rl)} strength of the blended cement, especially the CaCO3-based

blended cement samples. The ettringite and monosulphonate of CaCO3-based
admixtures (that is, limestone and shell cement) bands were almost flat or disappeared

compared to others, indicating increased reactivity between C032' and Si044' ions.

Significantly, the study showed that a combination of three admixtures (5% each) or all
four (2.5% each) in the cement almost eliminated portlandite content as compared to
36.9% in the reference cement as provided from the X-ray diffraction (XRD) analysis.
This is a novel revelation and it was sufficiently corroborated by the EDX and TG/DTA
analysis. The EDX and X-ray analysis also showed increased silica and oxygen
composition of the blended compared to the control indicating increasing amounts of

calcium silicate components.

The mortar compressive strength tests showed that blending 3%x, 5%x5%y,

2.5%x2.5%y2.5%z and 2.5%x2.5%y2.5%z2.5p by mass of the admixture(s) produced

Class 42.5N cement. These cements can therefore be ysed for early strength concrete
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works and all types of construction works. 1:2:4 blended cement concretes with water

cement ratio of 0.6 reached the targeted strength value of 20 + 2 MPa at 28 days.

The study showed that the effect of seawater (NaCl) and NapSO4 on strength was

reduced as the number of admixtures in the cement were increased. In all, the
quinternary (2.5%x2.5%y2.5%:z2.5%p) cement provided the best blend that could resist
the deleterious effect of both seawater and sulphate solution negative action. These give
ample proof that a combination of three or four admixtures in cement greatly influenced

the reductionofportlandite content leading to high resistance to acidic attack.

Economically, replacing 15% of total clinker imports by these admixtures would amount

to a capital saving of at least $33.43 million per annum to Ghana.

Director,
THE TECHNO)

DA II\IST”'UTE
] OF TEXTILE & SCitiucs, EHIWANI
v



TABLE OF CONTENT

Table of Contents

List of Tables

List of Figures

CHAPTER ONE INTRODUCTION

1.0
Il

Introduction

Cement additives and Global Environmental benefits

1.2 Cement Industry
1.3 Domestic Cement Usage and Demand Analysis
1.4 Technical and Economic Benefits of Using Blended Cements
1.5 Main Objective
CHAPTER TWO LITERATURE REVIEW
2.1 Cement
2.1.1 Chemical Reactions and Hydration of Cement

2.1.2 Hydration process of Portland cement
2.1.2.1 Pre-induction stage
2.1.22 Dormant stage
2.1.2.3 Acceleration stage

2.1.24

Post-acceleration stage

ortland cement
Director,
THE TECHMO

ke at INSTITUTE

OF TEXTILE & 80w wwy

Page

=BG B N SO

10

10
11
13

14
15

16



22

Limestone
2.2.1 Portland Limestone Cement (PLC)

2.2.2 The effect of limestone addition on C3A hydration
2.2.3 The effect of limestone addition on C3S hydration
2.2.4 Microstructure of Portland cement blended with Limestone

2.2.5 Properties of Portland Limestone Cement (PLC)

2.2.5.1 Thermo and infrared analysis of cement

2.2.5.2 Physical, Chemical and Mechanical Properties

23 Clam Shells
2.3.1 Properties of Clam shell-filled cement
2.4 Steel Slag
2.4.1 Properties of Steel Slag Cement
2.4.1.1 Hydration of steel slag cement
2.4.2 Microstructure of steel slag cement
2.4.4 Physical, Chemical and Mechanical properties of
steel slag cement
23 Clay Pozzolana
2.5.1 Clays and Clay Minerals
2.5.2 Calcination of Clays and Pozzolannic Activity
2.5.3 Clay Pozzolanic Action
2.5.4 Mechanical Properties of clay Pozzolana cement
CHAPTER THREE MATERIALS
30 Oterkpolu limestone
3.2  Clam shells
33  Steelslag
3.4  Mankranso clay
3.5

OF TEXTILE & SOENLED,

17
17
19
21
2
23
24
25
27
28
30
34
34
35

51
51
53
54

B )



CHAPTER FOUR - METHODS
4.0  Introduction
4.1  Physical Propertie.s
4.1.1 Moisture Content
4.1.2 Particle Size Distribution
4.1.3 Materials Preparation
4.1.3.1 Mix Design of blended cement
4.1.4 Specific Gravity
4.1.5 Soundness Test
4.1.6  Water Permeability
4.1.7 Water Demand
4.1.8 Setting Time
4.1.8.1 Initial Setting Time
4.1.8.2 Final Setting Time
42  Chemical Properties
4.3 Mineralogical Properties
4.3.1 Infrared Spectrometry Analysis
4.3.2 X-Ray Diffraction Analysis
4.3.3 Scanning Electron Microscopic (SEM) analysis
4.3.4 Energy Dispersive X-ray Analysis (EDX)
4.4 Thermoanalysis Analysis of cement
4.5  Mechanical Properties
4.5.1 Compressive and Flexural strength
4.5.1.1 Batching, mixing and casting
4.5.1.2 Slump Test '
4.5.1.3 Strength tests

4.5.1.4 Water Absorption
4.6 Durability Tests
4.6.1 Sulphate and Chloride Resisting Test

INSTITUTE
oo, BHIWANI

57
57
57
57
58
59
59
6l
6l
62
63
64
64
65
65
66
66
67
68
68
70
72
72
72
73
74
74

i}
76



CHAPTER FIVE EXPERIMENTAL RESULTS 77

5.1 Physical Properties 77
5.1.1 Constituent materials 77
5.1.2 Cement samples 80
it Chemical properties of cement samples 82
5.3:  Mineralogical properties of cement samples 86
5.3.1: Infrared spectrometry 86
5.3.2  X-ray diffractometry 91
54  Microstructure of blended cement pastes 94
5.5 Thermal properties of samples 97
5.6 Mechanical and engineering properties w101
59 Durability Test ... 108
5.7.1 Sodium and Chloride resistance ... 108
CHAPTER SIX DISCUSSION ORI il
6.0  Introduction e 112
6.1 Physical properties sl 42
6.1.1 The particle size distribution and sieve analysis
of aggregates 112
6.1.2 Specific gravity, soundness and fineness I i i
6.1.3 Water Permeability 113
6.1.4 Water demand and setting times 114
6.2  Chemical properties of cement samples 115
6.3 Mineralogy of hydrated blended cements .. 118
6.3.1 Infrared Spectrometry 118
6.3.2 X-Ray diffraction analysis : e 120
6.3.3 Microstructure and EDX analysis of cement samples 120

6.3.4 Thermoanalysis of raw samples and hydrated blended cements 121
6.3.5 Significant results from the mineralogical analysis 124

R«L’/ 125

I I
gl ‘!NST""-‘UTE

viil



6.4.2 Concrete Tests 132

6.5 Flexural strength w138
6.6 Durability tests ws  13F

6.7.1 Sulphate and chloride resisting tests s 137
6.8 Economic benefits on using admixtures . 144

CHAPTER SEVEN CONCLUSIONS AND RECOMMENDATIONSI146

7.0 CONCLUSIONS 146
7.1  RECOMMENDATIONS i 149
REFERENCES 150

APPENDICES . 163

X



LIST OF TABLES

Table 1.1: Estimated consumption of Portland cement in Ghana

Table 2.1:
Table 2.2:

Table 2.3:
Table 2.4:
Table 2.5:
Table 2.6:
Table 2.7:
Table 2.8:
Table 2.9:

Table 2.10:
Table 2.11:
Table 2.12:
Table 2.13:
Table 2.14:
Table 2.15:

Table 3.1:
Table 3.2:
Table 3.3:
Table 4.1;
Table 5.1:
Table 5.2:
Table 5.3:
Table 5.4:
Table 5.5:
Table 5.6:
Table 5.7:

Properties of a typical limestone

Chemical and mineralogical composition of clinker
and limestone used

Properties of Portland limestone cement mortar

Properties of Portland limestone cement concretes

Average Chemical Analysis of Clam Shells

Mix design of cement mortar mixes

Compressive strengths of clam shell cement mortar mixes
Chemical composition of a typical steel slag

Chemical compositions of SS-A and SS-B and their mixtures

Results of Cement Mortar Tests

Test Results for Concretes from Cement and Slag Mixtures ...

Properties of slag blended cement mortar

Properties of three clay deposits in Ghana

Mechanical properties of pozzolana cement mortar
Average values of compressive strength for mortar mixes
Physical Properties of Materials

Chemical composition of Materials

Mineralogical composition and moduli of reference cement ...

Mix designs of blended cements for tests
Physical Properties of Materials
Sieve analysis of sand and crushed aggregates

Blaine fineness of reference and blended cements

Expansion and shrinkage values of reference and blended cements

Water permeability of cement concretes

Chemical composition of binary blendel

mposition of binary /0%%5¢
ents ———
Di‘reﬂto-"-a
THE TECHNOLY
OF TEXTILE 89U

351 INSTITUTE
Ok, BHIWAN

18

26
26
27
27
29
29
31
37
38
40
41
44
49
50

52
56
60
77
79
80
8l
82
83

84



Table 5.8:

Table 5.9;

Table 5.10:
Table 5.11:

Table 5.12:

Tabe 5.13:

Table 5.14:

Table 5.15:

Table 5.16:

Table 5.17:

Table 5.18:
Table 5.19:

Table 5.20:
Table 5.21:

Table 5.22:

Table 5.23:

Table 5.24:

Chemical composition of 10%x10%y and 3%x5%y5%z5%p
blended cements

IR vibrations of the principal bands of hydrated samples.
IR vibrations of the principal bands of hydrated samples

Percentage Composition of ettringite and portlandite from
resolved XRD graph

Elemental composition of hydrated cements from
EDX analysis

Elemental composition of hydrated cements from
TG analysis

Mortar and concrete mix design details by ratio and mass
ofmaterials

Compressive strengths of reference and blended cement
Mortars 2102

Compressive strengths of reference and blended cement

85

89
90

93

Mortars (continued) sl 03

Analysis of strength of blended cement to reference cement
mortars
Analysis of strength of blended cement to reference cement ...

Analysis of strength of blended cement to reference cement ...

Comparative Compressive strengths of 1:2:4 cement concrete

Tensile strengths of 1:2:4 reference and blended cement
concrete ... 108

Compressive strength of mortar cubes immersed in NapSO4
solution and seawater (NaCl) at 28 days

Compressive Strength at 28 days of mortar cubes immersed in

Seawater (NaCl) ...110
Compressive Strength at 28 days of mortar cubes immersed in
NazS04 solution o il

L ORICALINSTITUTE

LA ok, BriVVAN]

Xi

104
105
106

107

109



LIST OF FIGURES

Figure 2.1:  Rate of heat evolution 13
Figure 2.2: Rate of heat development of C3A-CaCO3— CaS0O4-2H20 paste 20

Figure 2.3: XRD patterns of C3A-CaCO3-CaS04-2H20 pastes hydrated
forlday (Zhang and Zhang, 2008) L 21
Figure 2.4 Typical heat evolution curves of Portland cement blended

with limestone i 22
Figure 2.5:  XRD patterns of hydrated Portland and blended limestone cement 23
Figure 2.6:  DTA patterns of PLC paste compared with CaCO3 and

C3S paste at 28 days 24
Figure. 2.7:  Infrared spectra of PLC (treated sample) paste compared with

CaCQOg3 at 28 days 25
Figure 2.8:  Compressive strength of 1:5 cement mortars containing

“clam shells 30
Figure 2.9:  X-ray diffraction of a typical steel slag 33
Figure 2.10:  X-ray diffraction of cement with 15% steel slag, hydrated

at various ages 35
Figure 2.11:  Microstructure of Portland cement clinker without steel slag... 36
Figure 2.12  Microstructure of Portland cement clinker with steel slag ... 36
Figure 2.13:  Atomic structure of kaolinite 43
Figure 2.14:  Atomic structure of montmorillonite 43
Figure 3.1:  X-Ray diffraction graph of Oterkpolu limestone. 53
Figure 3.2:  X-Ray diffraction graph of clam shells 53

Figure 3.3:  X- Ray Diffraction graph of Wahome stee

Figure 3.4:

Figure 3.5; raph of ordinary Portland cement 56
b Director,
Xii T —
THE TECHNOL DAL INSTITUTE

OF TEXTILE & SCiENUED, BHIWANI



Figure 4.1
Figure 5.1:
Figure 5.2:
Figure 5.3:
Figure 5.4
Figure 5.5:
Figure 5.6:
Figure 5.7:
Figure 5.8:
Figure 5.9:
Figure 5.10:
Figure 5.11:
Figure 5.12:
Figure 5.13:
Figure 5.14:
Figure 5.15:
Figure 5.16:

Figure 5.17:

Figure 5.18:
Figure 5.19:

Scanning Electron Microscope/Energy Dispersive

X-ray equipment 70
Particle size distribution of sand by hydrometer method 78
Particle size distribution of sieved sand 78
Particle size distribution f admixtures 79

Infrared spectra of reference and binary blended cements

at 7 days 86
Infrared spectra of reference and binary blended cement
at7 days 87
Infrared spectra of reference and binary blended cement
at 28 days ‘ 88

X-ray diffraction graph of reference and blended cements
at 28 days 91
X-ray diffraction graph of reference and blended cements
at 28 days 92

Microstructure of (a) Portland cement and (b) limestone sample94

Microstructure of (a) clay pozzolana and (b) steel slag sample 94
Microstructure of (a) 5% pozzolana and (b)5%slag cement ... 94
Microstructure of (a) Portland cement and (b) limestone sample 95

Microstructure of (a) 5%Shell cement and (b) 5%Pozzolana 5%limestone

sample 95
Microstructure of (a) S%PozzolénﬂSIag cementand (b) 5%slag cement
95
EDX of (a) hydrated Portland cement and (b) 5%Limestone
cement w90
EDX of (a) 5%Shell cement and (b) 5% Pozzolana3%limestonecement
96
EDX of (a) 3%Pozzolana5%Slag cement and (b) 5%sShell
5%Slag cement 96
Thermograph,(TG/DAT) of reference Po erent 97
: . e - QLﬁ/
apl AT) of 5% limestone cemen 98
3 . Directols -3 .Ne;.,ft,“{HTE
xiil ¥, GLABMGSSITE
Tk i e s, -,_.J:,‘;‘-'L"-,‘l.-“u.rr"lkill'




Figure 5.20:
Figure 5.21:
Figure 5.22:
Figure 5.23:
Figure 5.24:

Figure 5.25:

Figure 6.1:
Figure 6.2

Figure 6.3:

Figure 6.4:

Figure 6.5:

Figure 6.6:

Figure 6.7:

Figure 6.8:

Figure 6.9;

Figure 6.10:

Figure 6.11:

Figure 6.12:

Thermograph (TG/DAT) of 5%Shell cement

Thermograph (TG/DAT) of 5%.Pozzolana cement
Thermograph (TG/DTA) of 5% Slag cement

Thermograph (TG/DTA) of 5% Pozzolana5% limestone cement

98
98
99
99

Thermograph (TG/DTA) of 5%Pozzolana5%Limestone5%Slag cement

99
Thermograph (TG/DTA) of blended cement containing 2.5%
eachof pozzolana, limestone, shell and steel slag 100
Estimated Portlandite content in cement sample ...124
Compressive strengths of blended cements containing 5%
of one admixture i
28-day compressive strengths of blended cements containing
5%o0f one admixture 127
Compressive strengths of ternary blended cements containing
5% each of two admixtures 128
Compressive strengths of ternary blended cements containing
10%x5%y or 5%x10%)y admixtures ...129
Compressive strengths of quaternary blended cements containing
5% each of three admixtures 129
Compressive strengths of ternary blended cements containing
10% each of two admixtures w130
Compressive strengths of quaternary and quinternary blended
Cements : el 3]
28-day Compressive strengths of 5%x blended cement 1:2:4
Concrete cylinders 133
Compressive strengths of 5%x blended cement 1:2:4 concrete
cylinders B3
Compressive strengths of 5%x5%y blended cement 1:2:4
concrete cylinder ...134
Compressiy ngths of quaternary

o INSTITUTE
sHIWAN

JCIENLED, B



Figure 6.13: Compressive strengths of quinternary blended 1:2:4 concrete
samples ... [34 Figure 6.14: Flexural strength of binary and ternary
concretes at 28 days ... 136
Figure 6.15:  Flexural strength of quaternary and quinternary concretes at
28 days
Figure 6.16: Appearance of mortar cubes after 28 days in NaxSO4

Solution

Figure 6.17:  Appearance of blended mortar cubes after 28 days in
Seawater w138

Figure 6.18: The state of control and 5% cement cubes after a year

in seawater and NaSO4 solution .. 139

Figure 6.19: The state of the cubes after a year in seawater and

Na2S04 solution w140
Figure 6.20: Compressive strengths of 5% cement mortars in water,

Seawater and 5%Na»S0O4 solution at28 days 141
Figure 6.21: Compressive strengths of blended mortars in water,

Seawater and 5%Na2S04 solution at28 days 141
Figure 6.22: Comparative compressive strengths of binary and ternary

Blended cement mortars in seawater and 5% NapSQOg

solution at28days . 142
Figure 6.23: Compressive strengths of cement mortars in various

Solutions at 365 days - ... 143
Figure 6.24:  Percentage reduction of strength of blended cement

Mortar in seawater and NapSO4 solution in 365 days ... 143

I INETITUTE
Lo, BriiWANE

OF TEATiLE & SCIERG




CHAPTER ONE

INTRODUCTION

Portland cement production has traditionally involved calcination of limestone and
siliceous clay to produce clinker, which is then interground with 3-5% gypsum. It could
contain no more than 3% additives or admixtures. However, current trends in cement
production involve the addition of minor constituents, also called admixtures, in order to
improve the technical properties and durability of cement as a result of the prevailing
climatic(such as high temperature differentials),and/or environmental situation. It is also
aimed at reducing carbon gases emission to protect the global environment. Admixture

composition could be up to 25% - 70% depending on the type of admixtures.

Cement used in Ghana is mainly Portland limestone cement with limestone content
between 18% and 25%. Limestone is obtained locally but the clinker and gypsum are
imported from Middle East and Europe. Research studies and commercial production
elsewhere make use of fly ash, granulated blast furnace slag, among others, in cement
production and have been found to have some technical advantages over ordinary
Portland cement such as improved workability, sulphate resistance, reduction in
concrete cracks and silica alkali reaction, among others. Ghana abounds in several
mineral admixtures which researchers have found to be suitable as ingredients in cement

such as clay, limestone, clam shells, bauxite waste, steel slag, iron ore and rice husk




Hammond, 1987; Kesse, 1985). These materials are found in large quantities, produced
in sufficient amounts, left un[appe_d or discarded as waste. Of these only Mankranso and
GomoaMprumem clay, and Oterkpolu and Buipe limestone are used in cement
production in Ghana, but the rest have not been considered. Also, most cementsare
produced as binary cements using only one type of admixtures for production such as
pulverized fly ash and blastfurnace slag with high silica and lime content respectively.
The production of cement containing three or more admixtures has not gained popularity
so it is vital component of this study. This study looks at the suitability and influence of
four local admixtures as vital ingredients in cement production with the aim of reducing
cost and carbon dioxide footprints, and making housing delivery cheaper in Ghana. It is
also aimed at enriching the knowledge of utilization of industrial waste material and

other natural admixtures in cement production.

The study presents a range of materials that are available for use as raw materials in
cement for construction. Their utilisation would greatly reduce the cost of a key building
material and, therefore, the cost of housing delivery in developing countries with special

reference to Ghana.

1.1 Cement additives and Global Environmental benefits
Several research studies have shown that mineral admixtures such as limestone,
pozzolana, slag, fly ash, trass, among others, in Portland cement influence hydration of

cement and its properties. For limestone fillers, it has been proven that there is

interaction - hat  calcium




carboaluminatehydrates precipitate during hydration of cement containing CaCO3. It is

also generally accepted that there is a positive effect of limestone on the water demand
of the blended cement (Rahhaland Talero 2005; Portland Cement Association, 2004

Pera, et al 1999).

The world*s production of cement in 2006 exceeded 2.6 billion tonnes (Cement Global

report, 2007). This means an evolution of about 2.6 billion tonnes of carbon dioxide

(CO2) during clinker production since production of one tonne of clinker releases about

a tonne of CO7. Therefore, the addition of mineral admixtures or fillers and consequent

reduction of the clinker in ordinary Portland cement production provide both economic
and environmental benefits. Based on Portland Cement Association calculations (2004),
using 5% limestone in cement productionin 2006, the environmental benefits would

include:

»  reduction in energy consumption of about 6.6 x 10 MW-hr;

» reduction in carbon dioxide emissions of more than 5 million tonnes; or
by approximately 5 percent per ton of cement produced;

o reduction of cement kiln dust of above 450,000 tonnes;

. reduction in raw materials use of 4.0 million tonnes; and

» considerable reduction of NOyx and SO2 emissions from reduced fuel

consumption.

As a result, addition of admixtures leads to significant reduction of greenhouse gas

onoxide, meﬂ% rotaq orocasbons
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(from fossil fuels). Partial substitution of Portland cement with admixtures/fillers also
reduces the cost of cement production thus impacting positively on price of cement.

1.2 Cement Industry

The construction industry is a vital sector of any economy since infrastructural
development forms one of the indicators used in measuring a country's development.
Cement undoubtedly is one of the most essential commodities in the construction sector.
An in-depth analysis by Global Cement Report (2007) showed that cement consumption
in 2006 was about 2.56 billion metric tonnes but shot to 2.86 billion tones in 2009, an
increase of 12%. Consumption continues to rise globally due to increased infrastructure
development despite its high price, especially in third world countries. China is the
largest producer of cement in the world, accounting for almost 47% of the world™s total
output producing about 1.4 billion tones. The growth of cement consumption in China
was measured at between 9% and 14% from 2005 to 2008, representing an increase of
1.05 billion metric tonnes in 2005 to 1.4 billion tonnes in 2008. In India, the second
largest world“s consumer, cement production, buoyed by a strong demand, increased to
183 million tonnes in 2008. In the United States, the demand levels of cement reached a
peak of about 122million tonnes in 2006 but declined to 100 million tonnes in 2008.
Globally, cement production has increased appreciably by 30.5% from 2.2 billion tonnes
in 2004 to 2.86 billion tonnes in 2008, West and North Africa constituted about 4% of
global consumption of cement as compared to 1% for South and Central Africa in 2008

(Cement Global Report, 2009, 2010).
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Across Africa, there have been positive increases in cement production and
consumption. Nigeria consumed an estimated 14.8 million tonnes in 2009, giving a per
capita consumption of 98kg, compared to about 8.4 million tonnes in 2004 (Access
Securities, 2009) whilst Ghana saw a steady rise in cement utilisation from [.8 million
tonnes in 2000 to about 3.3 million tonnes in 2009, giving a per capita consumption of
133kg (Ghacem Limited, 2010). Despite the increase in the usage of cement worldwide,
developing countries continue to experience high costs of the commodity due to low
production, high freight cost, weak national currencies, and high energy tariffs. Most of
the cements used in these countries are either imported wholly or produced from
imported clinker and gypsum. Ghana imports all its clinker for the production of
ordinary Portland cement whilst Nigeria imports about 43% of its cement requirements
(International Cement Review, 2010). Even in countries where cements are produced
locally, such as India, Iran, Ethiopia, Nigeria, Togo and Zimbabwe; the high cost of
production due to high cost of fuel oil, old machinery and inefficiency in production are

some of the reasons for the high prices of cement.

The price of cement has seen approximately 157% increase from year 2001 to 2010 in
Ghana, over 55% in Nigeria between 2002 and 2004, and 23% in India in 2003 (Times
News Network, 2004; and Omohand Njoku, 2004). It is now retailed between $8 and
$10 in Ghana, $7.2 in Ethiopia and Nigeria and about $4.1 in India per bag of 50kg. This
is certainly beyond the reach of the vast majority of people in these developing

income | are low and about half of the population lives in poverty.

countries, whe
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As a result of the afore-mentioned problems of high cost and unavailability of cement,
the use of durable local cementitious materials would help to reduce the price of cement
in these countries. Several materials exist in Ghana which can be blended with ordinary
Portland cement for building and construction without affecting the strength, quality and
durability of the cement products. In most cases the quality of the cement is improved

and the cost of production greatly reduced.

L3 Domestic Cement Usage and Demand Analysis

The last study on usage of cement in Ghanain 1996 by Mott McDonaldConsulting Limited
showed that the building sector accounted for more than 90% of cement consumption whilst
the road sector consumed the remaining 10% mainly for the construction of bridges,
culverts, drains, pedestrian pavements, among others. Table 1.1 presents the trend of cement
consumption in Ghana from the year 2000 to 2009. It shows that cement usage has increased

from 1.8 million tonnes to about 3.3 million tonnes.

Table 1.1: Estimated consumption of Portland cement in Ghana

Year Cement in million tonnes

2000 1.81

2001 2.05

2002 2.15

2003 2:33

2004 2.50

2005 2.65

2006 2.

2007 3 y
2008 3
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Cement consumed in Ghana is produced from imported clinker and gypsum from Togo,
Middle East and Europe. Since the year 2008 more than $280 million is spent annually on
clinker and cement importation in Ghana. Cement consumption will continue to increase
because of increasing population growth and increased infrastructure developmental

activities by the Government, estate developers, institutions and private individuals.

1.4 Technical and Economic Benefits of Using Blended Cements

Technically, the presence of admixtures like limestone, slag and pozzolana in Portland
cement influences the rate and degree of cement hydration as well as the phase
composition of hydrated cement paste (Klieger, 1990; Hawkinser al, 2003).Their
addition may increase the hydration rate of clinker minerals and become more
pronounced with greater fineness The formation of ettringite is also enhanced but its
tendency to transform to the monosulphate form is diminished. Mineral admixtures also
improve the workability of cement, lower the heat of hydration and energy cost, among
others. In some instances their presence increases the resistance of the blended cement

to acidic water attack.

Ghana utilizes about 3.3 million tonnes of cement annually. Consumption in West
Africa exceeds 150 million tonnes, with more than 70% being imported. A reduction of
clinker imports by at least 15% substitution with local admixtures will greatly reduce the

cost of locally produced cement and environmental pollution. Utilisation of local

mgz'qlaga, slag, among others ir 1on of gement will be
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expected to decrease the cost of production by at least 10% as a result of energy
reduction and reduced cost of materials It will also result in capital retention and

increased technical capacity.

1.5 Main Objective
The objective of this study was to evaluate the suitability of four inorganic materials;
namely clay, limestone, clam shells and steel slag (all obtained in Ghana) as mineral
admixtures in cement for construction purposes. To achieve this aim, the following
properties of the materials were studied:

* Physical properties and chemical composition of reference cement (ordinary

Portland cement) and admixtures;

# Chemical composition of blended cements;

» Mineralogical composition of raw samples and blended cements;

¢ Water demand and setting times of blended cement pastes;

¢ Drying shrinkage of blended cements;

e Soundness of blended cements;

o Infrared (IR) spectrometry analysis of hydrated cement samples;

o  X-ray Diffraction (XRD) analysis of hyrdrated cement products;

* Scanning Electron Microscopic (SEM) and Energy Dispersive X-ray (EDX)

analysis of hydrated cement mortars;

e Thermal analysis of blended cements;

ars, /}: \c'n-be\s,and prisms;
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s Tensile strengths of concrete using blended cements and Class 42.5N CEM I
Portland cement;

o Durability tests of cement products using 5% sodium sulphate and sea water by:

| |
determining samples appearance after 365 days;

determining the compressive strengths after 365 days;

e The economic benefits to be derived from the addition of local mineral

admixtures in Portland cement for housing construction in Ghana.

The specific objectives would be to show the influence of these admixtures on the essential

properties of cement. This would include the influence of the admixtures in cement
reactions andhydration, precipitation of portlandite [Ca(OH)2] and also setting times,

soundness and strength even at 20% replacement of cement withinthe standard limits.

In order to achieve these objectives a literature review would be carried out as well as
the study of properties and sources of these admixtures. The materials would be assessed
for their suitability using GS, BS, EN, ASTM and ISO Standard Testing Methods. The
results so obtained would be interpreted and discussed, and their application in
construction stated. The resultant conclusions would be made and the economic benefits
from the study evaluated. Finally, relevant recommendations which will improve the
important properties of cement and the advantage that will inure positively to Ghanaian

economy would be presented.




CHAPTER TWO

LITERATURE REVIEW

2.1 Cement

Cement is defined as finely ground inorganic hydraulic binder which, when mixed with
water, forms a paste which sets and hardens by means of hydration reactions and
chemical processes and which, after hardening, retains its strength and stability even
under water (EN 197-1, 2000). The production of ordinary Portland cement (oPc)

involves the calcination of limestone and clay in a rotary kiln to a temperature of about
1400°C. The clinker produced is then interground with gypsum (CaS04.2H20), which
regulates the setting of cement. Cement has revolutionised the building industry because
of its early setting and hardening, and its ear]yl strength gain and durability were found
to be far superior and better than such materials as lime-pozzolana, lime —sand and lime-

soil mixtures/mixes.

Portland cement is composed mainly of the four clinker minerals, namely, tricalcium

silicate, 3Ca0.Si02 (C38); dicalcium silicate, 2Ca0.Si02 (C28); tricalcium aluminate
3Ca0.Al203 (C3A); and tetracalciumaluminoferrite (C4AF) to which 3-5% gypsum
(CaS04.2H20) is added. Chemically, CaO, SiO2, Al»O3 and FexO3 constitute about
80% of Portland cement. The other signiﬂcant. minor oxides are MgQ, SO3, K20, and

Na20. Although the amounts of these oxides are relatively small, they affect the

hydration process of Portland cement (oPc) and the composition of hydration products

(Lea, 1970) . R

10



Alite (tricalcium silicate) forms the bulk of clinker, 40-70% by mass, with hexagonal
crystal sizes up to about 150um. It reacts rapidly with water and is responsible for much
of the early-age (<28 days) strength development. Belite (dicalcium silicate) forms 15-
45% of clinker with rounded crystal sizes ranging from 5 to 40pm. It is less reactive
than alite but does contribute to later-age stre}lgths (>28 days). Upon hydration, both
alite and belite form poorly-crystallized calcium silicate hydrates (C-S-H) and well-
crystallized calcium hydroxide (portlandite). Tricalcium aluminate constitutes 1-15% of
clinker with a particle size of between 1-60um and occurs as either cubic or

orthorhombic form. It is highly reactive with water. Tetracalciumaluminoferrite (Ferrite;

C4AF) constitutes between 1% and 18% of clinker content (Stutzman, 2004).

2.1.1 Chemical Reactions and Hydration of Cement

The various particles of cement components relact chemically when it mixes with water
producing various phases. These reactions are by hydration and hydrolysis of these
clinker minerals and gypsum leading to the setting and hardening of the cement.The
main reactions of the individual cement compounds that take place sequentially are as

follows (Lea, 1970; Zhou, 2006):

s The C3A reacts with both water and gypsum (CaS04.2H20) to produce unstable
ettringite (AFt).

3Ca0.Al203+ 3CaS04.2H20 + 26H,0 = 3ICaO.AIQO3.3CaSO4.32H20 2.1

C3A _ gypsum ettringite (AFt)




This reaction is responsible for the setting of cement. Once all the gypsum is used
up, the ettringite becomes unstable and reacts with the remaining C3A to produce

stable calcium monosulphate aluminate hydrate crystals (AFm).

2(3Ca0.Al203) + 3Ca0.A1203.3CaS04.32H20 + 4H20 = (3Ca0.Al203.CaS04.12H20)2.2

ettringite(AFt) (AFm)

The size of the monosulphate is two and half times that of ettringite.

o The C3S (alite) and C»S (belite) react with water in a complete hydration to produce

calcium silicate hydrates and calcium hydroxide as follows:

I

2(3Ca0.8i02) + 7TH20 3Ca0.28i02.4H20 + 3Ca(OH)2 2.3

Il

2(2Ca0.5i02) + 5H20 3Ca0.28i02.4H20 +Ca(OH)2 24

The products of these reactions contribute to the strength of cement products, with

C3S contributing about 75% of it.

e Like C3A, C4AF (ferrite) reacts with gypsum and water to form ettringite, lime

and alumina hydroxides:

4Ca0.Al1203.Fe203 + 3CaS04.2H20 + 30H20 = 3Ca0.Al203.Fe203.3CaS04.32H20 +
Al203.Fe203.3H20 + Ca(OH)2 2,3

The complete compound is called garnet, which is produced by the further reaction of

C4AF with ettringite.




4Ca0.Al203.Fe203 + 3CaS04. + 30H20= 6Ca0.A1203.Fe203.3503.32H20+

AlpO3.Fex03.3H20 2.6

The above reactions are accompanied by heat liberation. Measuring the liberated heat of

hydration is one of the methods of determining the degree of hydration.

2.2.2  Hydration process of Portland cement

The hydration of Portland cement is exothermic. Variation in the liberated heat of
hydration mirrors, in one way or another, the hydration mechanisms. The process of
hydration can be followed by monitoring the heat evolution by means of conduction
calorimetry. Figures 2.1(a) and (b) show a typical heat evolution curve reported by
Mindesser al,(1981). Fig. 2.1(a) gives a descriptive narration on the heat evolution. This
process canbe divided into 4 stages, including the pre-induction (i), dormant (ii),

acceleration (iii) and post-acceleration (iv) stages.
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2.2.2.1 Pre-induction stage (Stage )

Almost immediately on adding water, some of the clinker sulphates and gypsum
dissolve, producing an alkaline, sulfate-rich solution. Soon after mixing, the (C3A)
phase - the most reactive of the clinker minerals - reacts with the water to form an

aluminate-rich gel (Stage I). The gel reacts with sulfate in solution to form small rod-

like crystals of ettringite(Eqn.2.1).Hydration of free lime and the wetting of the cement
also occur at this stage (Lee, 1983). C3A hydration is a strongly exothermic reaction but

it does not last long, typically only a few minutes.

The fast heat evolution at the pre-induction period is attributed to the hydration of C3A,

the hydration of free lime and the wetting of the cement (Eqn 2.1). C3A is the most

active at this stage and reacts with gypsum to produce ettringite. The main products are
ettringite and calcium hydroxide (Lea, 1970; Zhou, 2006). The duration of this stage is

less than 60 minutes. This reaction leads to the initial setting time of cement.

2.2.2.2 Dormant stage (Stage 1I)

The dormant or induction stage follows stage I, and is characterized by a period of about
two hours of relatively low heat evolution. Here, cement exhibits low reactivity. The
first part of the dormant period — up to perhaps half-way through - corresponds to when
concrete can be placed. As the dormant period progresses, the paste becomes too stiff to

be workable. The final setting time is achieved within this stage.
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Two of the most often mentioned concepts in the dormant stage are the “membrane or
protection layer concept” and the concept of “delayed nucleation and growth” (Breugel,

1997; Guang, 2003).

2.1.2.3 Acceleration stage (Stage I11)
At the end of the dormant period, the alite (C3S) and belite (C2S) in the cement start to

hydrate, with the formation of calcium silicate hydrate and calcium hydroxide

(Equations 3 and 4). This corresponds to the main period of cement hydration known as

the acceleration stage during which time cement product strength increases. The C35
and belite C2S cement grains react from the surface inwards, and the anhydrous particles

become smaller through a gradually thickening shell (Breugel, 1997). C3A hydration

also continues, as fresh crystals become accessible to water (Eqn. 2.1).

The period of maximum heat evolution occurs typically between about 10 and 20 hours
after mixing and then gradually tails off. In a mix containing Portland cement as the
only cementitious material, most of the strength gain occurs within about a month.
Ferrite hydration also starts quickly as water is added, but then slows down, probably
because a layer of iron hydroxide gel forms, coating the ferrite and acting as a barrier,

preventing further reaction (Eqn. 2.5).

2.1.2.4 Post-acceleration siage (Stage IV)

The rate of heat liberation slows down (stage [V) after peaking in Stage III. The
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suggested that it is also due to the conversion of calcium alumina ferric oxide tri-

sulphate hydrates (AFt) to alumina ferric oxide mono-sulphate hydrates (AFm) and the

formation of secondary AFt. The main products in this stage are 3Ca0.2S81072.3H20,

Ca(OH) 2 and 3Ca0.A103.CaS04.12H20 (AFm).

2.1.3 Thermal Analysis of Portland cement
Cement undergoes phase changes when it is subjected to heat treatment between 20°C

and 1100°C. The reactions that occur with an increase of temperature in cement paste

and concrete according to Lea (1970) and Sharma and Pandey (1999) are summarized as

follows:

» From 30°C to 105 °C; surface water begins to evaporate and a part of the bound
water escapes. It is generally considered that the evaporable water is completely
eliminated at 120 °C.

¢ Between 110°C and 170°C: the decomposition of gypsum (with a double
endothermal reaction) and ettringite occurs and the loss of water from part of the
carboaluminate hydrates takes place.

» Between 180°C and 500 °C: the loss of bound water from the decomposition of
the C-S-H and carboaluminate hydrates occurs and

s From 450°C to 550 °C: dehydroxylation of the portlandite (calcium hydroxide)
takes place.

s 700-900 °C; decomposition of calcium carbonate.
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2.2  Limestone

Limestone is a sedimentary rock that is composed primarily of CaCO3. It forms from

both the chemical precipitation of calcium carbonate and the transformation of shell,
coral and algal debris into calcite during diagenesis over several thousand years.
Limestone is also formed as a deposit from the precipitation of calcium carbonate.
Marble is a metamorphic rock that forms when limestone is subjected to heat and
pressure. If it contains more than 95% of calcium carbonate it is referred to as high-
calcium limestone or calcite (Boynton, 1980). When a considerable part of the calcium
molecules is replaced by magnesi.um, it is known as magnesium limestone or dolomite

limestone.

The physical and chemical properties of a typical limestone are presented in Table 2.1

(Boynton, 1980; Kesse 1985). It gives a hardness of 3 — 4 on the Moh™s scale and has a

density of between 1800 and 2100 kg/mmg. Chemically, it is composed mainly of CaO

(38% - 42%), and SiO2 (20% -25%).

2.2.1 Portland Limestone Cement (PLC)

Limestone is an important material for cement manufacture. The addition of limestone
to Portland cement significantly improves several cement properties such as
compressive strength, water demand, workability and durability. The addition of

limestone increases the hydration rate of the clinker minerals.




Table 2.1: Properties of a typical limestone (Boynton, 1980)

Physical properties Value
Hardness, Moh"s scale | 3-4
Bulk density, kg./’mrn3 2000 — 2800
Specific gravity 2.5-2.9
Compressive strength, N/mm? 20 —195
Shear strength, N/mm? 4-20
Water absorption, % <1.0
Porosity, % 0.3-12
Weather Impact Resistant

Chemical properties

Lime (Ca0) , % 38-42
Silica (8103) , % . 20-25
Alumina (Al203), % : 2-4
Other Oxides like Na, Mg, % 1:5 t0'2.3
Loss On Ignition, % 30-32

Several research studies have shown that limestone filler acts both as inert and active

additive in the hydration of cement. It has been proven that there is interaction between

calcium silicate and calcium carbonate (CaCO3) and that calcium carboaluminate

hydrates precipitate during hydration of cement containing CaCO3 (Sprung and Siebel,

1990; Neto and Campiteli, 1990; Livesey, 1991; Bertrandyand Poitevin,
1991;Cochetand Sorrentino,1993; Péraei al, 1999). The presence of limestone in

Portland cement influences the rate and degree of cement hydration as well as the phase
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pronounced with increased content and greater fineness of limestone.The formation of
ettringite is also enhanced but its tendency to transform to monosulphate is diminished
(Klieger and Hooton, 1990; Hawkins, e/ al 2003). The monosulphate is further
converted into a more sfable monocarboaluminate; the remaining monosulphate reacts
with the liberated SO anions and ettringite is formed. Calcium silicate hydrate can
include CO.> anions in its structure and, consequently, calcium silicocarbonate hydrates
form. Calcium carboaluminate hydrates usually form in cements that are rich in 3Ca0O;
ALO, (Peraet al, 1999; Sharma and Pandey,1999; Catinaud, et a/2000; Kakaliet a 2000;

Bonavettiet a/,2001;Rahhal and Talero,2005).

2.2.2 The effect of limestone addition on C3A hydration

The presence of ground l-imestoue affects the hydration of Portland cement. Kakalier al.
(2000) found that CaCO3 suppresses the conversion of Alumina Ferric oxide trisulphate
(Aft) to Alumina Ferric oxide monosulphate (AFm) and reacts with C3A to produce
monocarbonate hydrate from the beginning in the C3A + CaCO3 system. According to

Bonavettier al (2001), in the C3A+CaCO3+Ca(OH)2+H20 system, the phases of
calcium tricaboaluminate and calcium hemicarboaluminate are observed, but no calcium
tricaboaluminate is formed. In the C3A+CaC03+CaS04 ,2H20+CH+H20 system, Aft,
AFm, calcium monocarboaluminate and calcium hemicarbonate hydroxide are the
hydration products. Zhang and Zhang (2008) blended pure C3A with 40% CaSO4.2H20

(Sample A), 8% CaCOs; + 32% CaSO4.2H20 (Sample B), 24% CaCO3 + 16%

CaS04.2H20 (Sa % CaCO3 (Sample D). The isothermal
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calorimetrycurves showing the rate of heat development of pure C3A blended with

limestone are presented in Fig. 2.3.
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Figure 2.2: Rate of heat development of C3A—-CaCO3— CaS04-2H20 paste (Zhang
andZhang, 2008)

The maximum peaks of heat dev.elopment and total heat resulting from samples A, B
and C were lower than that of pure C3A, with sample A giving the lowest value.
However, values obtained for sample D were higher than those of C3A sample. The

result indicated that hydration of C3A was greatly stayed by gypsum CaS04.2H20),

while CaCQO3 accelerated the hydration of C3A. It therefore showed that CaCO3 was an
active player during hydration. However, the hydration was controlled when
CaS04:2H20 and CaCO3 coexist. As shown in Fig. 2.4, there was only ettringite in the
paste of sample A. In the paste of sample D, there were calcium aluminate oxide hydrate

3Ca0.Al203.6H20 and calcium aluminate monocarbonate
3Ca0.A1203.CaCO3- 11H20. There were ettringite and 3Ca0.Al203.CaCO3:11H20 as

products of sampje C but 3Ca0.Al203.6H20 was not.
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Figure 2.3: XRD patterns of C3A-CaCO3-CaS04:2H20 pastes hydrated for
1day (Zhang andZhang, 2008)

223 The effect of limestone addition on C3S hydration

Addition of CaCO3 accelerates the hydration of C3S and results in the formation of
calcium carbosilicate hydrate (Peraet al. 1999; Kakaliet al, 2000). Figure 2.5 presents
the isothermal Calorime£ry curves showing the rate of heat development of pure C3S

blended with limestone powder at 5% (E), 10% (F) and 15% (G) (Zhang and Zhang,

2008).

Isothermal calorimeter curves (figure 2.6) show that the rate of the heat evolution of a
blended system is always higher than that of pure C3S system according to Zhang and
Zhang (2008). The X-ray diffraction (XRD) study shows that the formation of calcium

carbosilicate hydrate starts after 60 days. The above observations indicate that CaCO3

it to form calcium

not only fies the hv ion of C3S. but also reacts wi
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Figure 2.4: Typical heat evolution curves of Portland cement blended with limestone
(Zhang and Zhang, 2008)

It shows that higher rates of heat development were obtained with higher CaCO3 levels.
The total heat resulting from pure C3S was much less than that of blend samples by 15

hours. This means CaCO3 cannot be considered as an inert addition when C3S hydrates.

It rather takes part in the hydration process.

224 Microstructure of Portland cement blended with Limestone

Apart from hydration acceleration of Portland clinker grains (especially the C3S) at early

ages, addition of milled limestone improves the particle packing of the cementitious system.
It also provides new nucleation sites for formation of larger size of calcium hydroxide at

early stage, and produces the formation of calcium carboaluminates as a result of the
reaction between CaCO3 from limestone and C3A from Portland clinker (Soroka and Setter,

1977; Ramachandran, 1984; Cochetand Sorrentino, 1993). Fig. 2.6 shows the XRD patterns
corresponding to the plain cement and limestone cement pastes. For the plain cement, the

hydration produgts at one day were ettringite and-ealcium hydroxil from silicate hydration
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ettringiteconversion to monosulphoaluminate was detected. This conversion implied a

progressive increase of the monosulphoaluminate peak up to 90 days.
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Figure 2.5: XRD patterns of hydrated Portland and blended limestone cement pastes
(Soroka and Setter, 1977)

E=ettringite, Ms=monosulphoaluminate, Me=monocarboaluminate and CC=calcium carbonate

This conversion implied a progressive increase of the monosulphoaluminate peak up to
90 days. Several XRD studies (Barker and Cory, 1991; Péra,et al, 1999; Bonavettiet al,
2001; Vogliset al, 2005) indicated the formation of monocarboaluminate and calcium

carbosilicate hydrate in the PC paste blended with limestone.

2.2.5 Properties of Portland Limestone Cement (PLC)

Several research works and experiments by reputable researchers the world over have
adequately shown that PLC is a durable and good cement that can be used for all types
of concrete construction works in both tropical and temperate regions. This cement has
been used in Europe, especially France and Germany, since 1980 for all types of

constructior

without ?Tt@dverse effect (Peraer al, 1999). Rortland limestone cement




was introduced in Ghana in 2003 and has been the predominant type of cement used for

construction.

2.2.5.1 Thermo and infrared analysis of cement

Zhang and Zhang(2008) studied the hydration of a C3S blended with 10% by mass of

calcium carbonate using Differential Thermal Analysis (DTA) and infrared analysis.
The analyses were run from 28°C to 1000°C with a 10°C/min heating rate and 100

ml/min of air as the purge gas. Figure 2.7 presents thevarious endothermic peaks of

phase changes of the Portland cement, pure CaCO3 and PLC pastes. It shows that
thedehydroxylation of the portlandite (calcium hydroxide) occurred at 487°C for C3S as

compared to 579°C for PLC. This gives the influence of CaCO3 on cememt hydration.

487°C
94°C j CaCQj3

812°C

842°C

Figure. 2.6: DTA patterns of PLC paste compared with CaCO3 and C38 paste at 28
days (Zhang and Zhang, 2008).

The IR spectrum for blended cement (treated sample) was compared with that of CaCO3
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1540 cm™, 1600 em™! and 1620 em ! could be observed. That might mean other ions

went into the structure of CaCQOs3.

Treated sample

CaCOs3

4000 3000 2000 1600 1200 800 400 om’!

Figure. 2.7: Infrared spectra of PLC (treated sample) paste compared with CaCO3
at 28 days (Zhang and Zhang, 2008).

2.2.5.2 Physical, Chemical and Mechanical Properties

Work by Tsiviliser al (2002) on PLC gave various results of its physical, chemical and
mechanical properties. Their study involved the inter-grinding of clinker, limestone and
gypsum in a laboratory using a ball mill. The limestone content ranged from 10% to

40%. The properties of the cements and other materials are shown in Tables 2.2- 2.4.

The results of Tables 2.3 and 2.4 clearly show that addition of CaCO3 to cement up to

35% give strengths suitable for general construction and concrete works. CaCO3 content

of 20% gives early higher strength than the reference cement. Even though strengths of

the limestone cement concretes were lower than the reference they were above

25N/mm?at 28 days.
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Table 2.2: Chemical and mineralogical composition of clinker and limestone
used (Tsiviliset al, 2002)

Chemical Composition (%) Composition

Oxide Cement Limestone " Mineral compound Cement (%)
SiO2 21.96 0.55 C3S 61.59
Al203 5.15 0.40 Ca8 16.48
Fez203 3.78 0.17 C3A 7.27
CaO 65.95 53.47 C4AF 11.50
MgO 1.76 1.02
K20 0.56 0.03 Moduli
Na20 0.12 0.01 LSF 94.20
SO3 0.52 - SR 2.46
LOI* - 43.13 AR 1.36

' M 2.14

*LOI — loss on ignition, LSF —lime saturation factor , SR — silica modulus, AR — alumina
modulus, HM —hydraulic factor

Table 2.3: Properties of Portland limestone cement mortar (Tsiviliset a/,2002)

Limestone Spé;:iﬂc Compressive Strength,
Sample  Content,  surface, N/mm?
% (cmzfg) 1 day 2 days 7 days 28 days

¢ 0 2600 11.9 213 353 511
BILE] 10 3400 . 11.2 20.9 36.3 47.9
BPEC2 15 . 3660 12.9 22,7 37T 48.5
BLEG3 20 4700 14.9 24.3 38.1 48.1
PLC4 35 5300 9.8 17 26.2 32.9

C — Reference cement; P LC1..4 — Portland limestone cement
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Table 2.4: Properties of Portland limestone cement concretes (Tsiviliser a/,2002)

Sample Slump Flow ~  Unit weight Compressive strength, N/mm?>
mm mm kg/m® 7 days 28 days

c 130 460 2400 26.7 31.9

PLCI 120 440 2395 21.9 27.4

PLC2 120 420 2400 22.5 273

PLC3 110 420 2394 22.1 28.0

PLC4 110 400 2390 21.6 26.6

C — Reference cement; P LCI1. 4 —Portland limestone cement

2.3 Clam shells

Clam shells are purer form of CaCO3in Ghana than limestone (<49%) containing more
than 50% of lime (Ca0) on heating above 800°C. They are usually found on river beds
as fresh type of shell fish or empty shells after thousand years of accumulation (Kesse,
1985). Table 2.5 shows clam shells found in Ghana and their average chemical

composition respectively.

Table 2.5: Average Chemical Analysis of Clam Shells (Atiemo, 1997)

Chemical Composition Clam Shells, wt%
Ca0O 53.4
Si02 ' 2.1
Fe203 _ 0.5
A1203 . D3
MgO 0.6
Loss on ignition 43.4
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2.3.1 Properties of Clam shell-filled cement

Atiemo (1997) studied the suitability of clam shells as filler in Class 32.5 ordinary
Portland cement for masonry works. The masonry cement was prepared by first
blending ordinary Portland cement with the ground clam shells. The percentage by mass
of the filler in the masoﬁry cement varied from 10% to 40%. The study was carried out
on 1:3 and 1:5 cement to sand mortar mixes as stipulated by EN 196-2 and BS 4551
respectively. Table 2.6 gives the mortar mix designs whilst results of the compressive
strength tests of the composite and masonry cements containing 10%-40% by mass of
ground clam shells are given in Table 2.7. Each strength value represents an average of

5 cubes.

The 28-day compressive strength of the masonry cement with up to 25% filler content
was higher than the minimum standard value of 3.6N/mm? for type (iii) mortar

stipulated by BS:5628-2.t is also observed that the compressive strength of the mortar
cubes increased in all cases with time. The compressive strengths of the 1:5 mortarss
with 10% filler content were higher than that of the control at all times. This is attributed
to the accelerated rate of hydration with the filler serving as the crystallization nuclei
(Soroka andSetter 1977). The strength, however, decreased with increased percentage of
filler content, always below that of the control. This is expected because the excess filler
material rather acted as a dilutant thus affecting the strength of the mortar eventually.

Fig. 2.9 gives the 28-day compressive strengths of the masonry cement with up to 40%

clam shells o tent as cpmpared to the minimum strength of 3.6N/mm?>.
o

ey
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Table 2.6: Mix design of cement mortar mixes (Atiemo, 1997, 1998)

Specimen Cement, g Clam shells, g Sand, g Water:binder ratio
Control (C) 300 - 900 0.4
MI 270 30 900 0.4
M2 240 60 900 0.4
MS1 180 20 1000 0.9
MS2 160 40 1000 0.9

M1,M2,MS1,MS2 — blended cement conlaining clam shells; C — reference cement

Table 2.7: Compressive strengths of clam shell cement mortar mixes
(Atiemo, 1997, 1998)

mortar

Compressive Strength N/mm

2

Sample  CaCO3 mix 3days 7 days 28 days 42 days
Content,
%
MO 0 123 8.7 20.5 31.6 394
M1 10 ! 8.6 19.8 313 38.7
M2 20 ! 7.6 16.5 22.4 284
M3 25 " Tl 12.3 19.6 259
M4 30 . 5.9 9.0 17.8 23.9
M5 40 g 4.5 7.8 12.5 18.7
MSO0 0 1:5 2.8 3.0 7.0 10.6
MSI 10 " 3.0 32 7.2 11.8
MS2 20 ! 2.7 2.9 52 8.3
MS3 25 i 2.1 2.3 4.2 6.8
MS4 30 ! 20 2:1 3.1 59
MS5 40 " 1.0 I 22 4.3

MOMS0 = OPC; M1 ... M.5,MS1

29
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Figure 2.8: Compressive strength of 1:5 cement mortars containing clam shells

It is noted from the graph that the 28-day compressive strengths of the masonry

cement mortar cubes containing up to 25% clam shells filler produced strengths

above 3.6 N/mm? as specified for type (iii) mortars and plasters (BS 4551).

From the various tests and analysis, it has been shown that ground clam shells can be
used as filler up to 25% by mass for the prociuction of masonry cement. The 28-day

compressive strength of mortar cubes of the masonry cement containing up to 25%

of ground clam shells as filler was higher than the standard value of 3.6N/mm?>.

Therefore, the masonry cement can be used to bond and render hollow and solid

sandcrete blocks for housii

Steel slag (SS) is“an industrial Vag ing, process in a

conversion furnace. An estimated fifty million (50) tonnes steel sldg ate prodyced in
Difl-?‘."“" !-’»."_,
the world and nearly 12 million tons in Europe annually as.:ge‘sjdpq.-():y}aigg,tg.igq.;%() .
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intensive research work in the past 30 years, about 60% of the steel slag is currently
used in fields of technological application. The remaining 35% of these slags are still

dumped as waste (Wu ez al, 1999; Tsakiridiset al, 2008).

In Ghana, steel slag waste is produced by four main steel companies; namely,
Western Casting and Forming Company, Wahome Steel Works, Tema Steel Works
and Ferro Fabric Co. Ltd., all based in Tema. An estimated 5,000 tonnes of slag are

dumped as waste every year for the past 20 years.
The chemical composition of a typical steel slag is given in Table 2.8. It consists
mainly of calcium oxide, iron oxide, silica and aluminium oxide, which constitute

more than 70% of the material.

Table 2.8: Chemical composition of a typical steel slag (Tsakiridiser al, 2008)

Chemical compound Percentage, %
CaO 45-60
SiO2 ' 10-15
Al0O3 1-5
Fe203 3-9
FeO 7-20
MgO 3-13
P20s 4

/ : ""-'f-?.ff;!-,‘ﬂf'-_’_,- o)
: \\ :\_\ e - r
The co n mineral eompositions;
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C4AF, C2F, RO phase (a solid solution of MgO, FeO, and MpO), olivine and free



the olivine group, merwinite group (A =1.4—.6), dicalcium silicate group (A=1.6-

2.4), and tricalcium silicate group (A = 2.4); where A (Alkalinity) is calculated as:

P CaOtMgO + ALO;3
SiOa

2.7

The presence of C38, C2S, C4AF and C2F generates the cementitious properties of

steel slag. However, the C3S content in steel slag is much lower than in Portland

cement. Slag cement also contains amorphous silica (S) which reacts with calcium

hydroxide (CH) to form additional C-S-H thereby improving strength (Eqn. 2.8).

3Ca(OH)2 + 2Si02 + H20 = 3Ca0.28i02.4H20 2.8

Slag cement is not only pozzolanic but is also hydraulic, meaning the slag cement

will hydrate when mixed with water (Hale ef a/,2008).

Thus, steel slag can be regarded as a weak Portland cement clinker and can be used
as partial substitution for clinker to produce composite Portland cement (CPC). Steel
slag cement can be used for general consfruction purposes, and it is especially
suitable for mass concrete and pavement applications due to its special features. This
type of cement has the advantages of lower energy cost, higher abrasion resistance,

lower hydration heat evolution and higher latter strength development. Its usage also
reduces greenhouse and noxious gases such as CO2, SO2, NOxetc because of

replacement of clinker. Furthermore, steel slag is used as asphalt concrete aggregate

in some countries (Daimon, 1980; Mehta, P.K., 1981; Tufekeies a/ 1997; Dongueet

g ARITE ”-EQT‘.TUTE
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mineralogical phases of a typical steel slag produced by steel plants, and determined
by X-ray diffraction (XRD) are belite, alite, ferrite, wustite, quartz, periclase, (Fig.

2.10).

B % - Belite
T CLAF « Ferrite
B, Cradog = Mayesiie
2EG | A CoF - Al
5. ZCA0r Al S0, - Gehlenite

150 4

Intensity {eps)

200

A L B, (Pl L S
s 10 is 20 x5 30
P43}

Fig. 2.9: X-ray diffraction of a typical steel slag (Tiifekgier al, 1997)

The main problem with using steel slag in civil engineering works is the possible

presence of free lime, especially large-sized components of heated undissolved
limestone. When the free lime hydrates it is converted to Ca(OH)z, its volume

increases causing swelling so its presence in cement affects the quality of concretes.

However, steel slag cement, which is composed mainly of steel slag, blast furnace
slag and cement minerals (C3S, C28 etc.), has been commercially produced and

marketed in China for more than 20 years. It uses approximately 40% of the total
steel slag production in China. Blended cements comprising mainly of OPC with

mixture components of slag and other admixtures as cheap raw materials have

gained recognition for low porosity which imparts high ultimate compressive




Steel slag cement has the disadvantage of longer setting time and lower early
strength when compared with ordinary Portland cement. But these are compensated
by the addition of other admixtures and usage of high-strength cement or high

quality clinker and higher fineness.

Today, most metallurgical steel slags are used as aggregates for different
applications, and only the ground granulated blast furnace slag is used for a partial
Portland cement replacement. It also improves the microstructure and durability of
hardened Portland cement and concrete very significantly. Existing literature has
given little attention to the use of steel slag in combination with other admixtures

like pozzolana and clam shells in the raw meal for the production of Portland

cement.

2.4.1 Properties of Steel Slag Cement
2.4.1.1 Hydration of steel slag cement
The hydration of steel slag is basically the dissolution of the silicate chain structure

and aluminate in the slag by hydroxyl attack. For the slag to continue hydrating,
Ca®" and OH" from the slag are not enough, so an external supply becomes

necessary. In low water/cement concrete, the supply of external OH- is drastically
diminished. The elution of selective ions istherefore delayed; the reaction rim only
begins to be visible from theseventh day of hydration. Ettringite crystal formation in
the early stages of ordinary slag hydration in concrete acts as a binder, resulting in

the higher strength. A number of researchers have observe ite (AEY) rods on

slag particles during their initial hydration. In concrete with low Timeslag, ettringite
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Kourouniset al (2007) studied the hydration products of steel slag cements
mineralogically by x-ray diffraction. The cement pastes were cured in tap water at 20
+2°C and observed at 2.,7,28 and 90 days. Fig. 2.11 shows the X-ray diffraction
patterns of cement with 15% steel slag hydrated for 1, 2, 7, 28 and 90 days. It can be

seen that the main hydration products were calcium silicate hydrates

(CaSi02.H20H), calcium hydroxide (Ca(OH)2) and ettringite

(6Ca0.A1203.3CaS04.32H20) as well as unhydrated C3S and C2S. The peaks of the

calcium silicates phases diminished, especially at the age of 90 days.
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Figure 2.10: X-ray diffraction of cement with 15% steel slag, hydrated at various
ages (Kourouniset al, 2007).

2.42 Microstructure of steel slag cement

The microstructure of the ordinary Portland cement (oPc) clinkers and steel slag
cement (SSC) were also examined by optical microscopy in polished sections by
Tsakiridiset af (2008). The addition of the steel slag by 10.5% did not seem to affect

its microstructure and the formation of its characteristic mineralogical phases (Figs.

ite crystals appeared well formed, with average
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size 40um, whereas no decomposition of C3S was observed. In the optical

microscope, belite was observed as bluish or brownish rounded crystals, rich in
lamellas. No differences in the microstructure of belite between Portland cement and
steel slag cement clinkers were detected. In both cases, the brownish belite crystals
were evenly distributed in relation to alite. Finally, the liquid phase solidified as

uniformly distributed ﬁhe crystals (Tsakiridiser af, 2008).

alite belite

& | (b)

Figure 2.11: Microstructure of Portland cement clinker without steel slag.
(a) Large alite crystals (500x). (b) brownish rounded belite crystals (500x).

£a) s g s

1 ()

(a) (b)
Figure 2.12: Microstructure of Portland cement clinker with steel slag
(a) alite crystals (500x). (b) brownish rounded belite crystalg (500x) (Tsakiridiset
al, ;
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2.4.3 Physical, Chemical and Mechanical properties of steel slag cement
Tufekgiet al (1997) also undertook a research study on steel slag for cement
production. Portland cement (PC) was blended with 5% and 10% of two industrial
steel slag samples, named A and B respectively. The chemical compositions of the
steel slag samples and their blends with cement are given in Table 2.9. The
mechanical properties of the slag cement mortars and pastes are also given in Table
2.10. It shows that the slteel slag cement blends required less water than that of the
control. Also, both blended cements gave strengths higher than 41.0MPa at 28 days.
The results also show that the slag cements initially set slowly comparatively but set
finally before the oPc. The setting times of the slag cements were higher than the

control but within the standard limits of EN 197-1 (2000).

Table 2.9: Chemical compositions of SS-A and SS-B and their mixtures (Tiifekcier
al, 1997)

Composition, %

Material Si07 Fe203 AlO3 CaO MgO SO3 LOT*
Control (oPc) 22.82 528 5.85 62.95 145 1.05 0.60
Steel slag, A 41.39 31.39 3.58 422 0.66 0.20 18.46
Steel slag, B 57.48 3373 219 1.53 047 0.14 2.39
10%A+ 90%0Pc 24.67 6.78 5.63 57.08 144 1.04 3.25
5%A + 95%0Pc 23.73 609 575 60.01 141 1.03 0.97
10%B + 90%o0Pc ~ 26.22 8.14 549 56.83 137 095 0.90
5%B + 95%0Pc 24.55 6.70 5.67 59.97 140 0098 0.73

*LOI — Loss on ignition




Table 2.10: Results of Cement Mortar Tests (Tiifekgiet al, 1997)

Cement Slag Compressive strength, Expansion Water Setting time,
Sample Content MPa Mm Demand Min
% 2day  7days  28days % Initial Final
8
oPc 0 26,2 34.8 454 10 100 60 600
Cement A 10 2219 31.0 41.3 9 98 185 255
Cement B 5 2315 33.5 44.5 4 96 180 255

The aggregate data and compressive strength test results, performed according to
Turkish standard, for concretes compared t;a the control mix are summarized in
Table 2.11. It indicates that the compressive strength of the concrete with cement
mix of 10% SS-Al + 90%C increases slowly when compared with 5% SS-B1 + 95%
C mortar mix. This is due to the 5% higher replacement of cement by a less reactive

material. In all cases, slag b cements performed better than that of slag A.

It shows that slag cements havé lower early strength, which is attributable to the
slow growth of calcium silicate hydrates gel. In the case of very high-strength

concrete, however, this is compensated by the density of the solid body.

The chemical, physical and mechanical properties of slag blended cement were also
researched by Wu ef a/ (1999). In this case clinker, steel slag (SS), fly ash (FA) and
gypsum were ground together to the fineness of 2-4% of the residue on a 0.08mm
standard sieve to produce the desired cement. The total amount of SS and FA was
50%, and the amount of SS anleA was fixed at 30 and 20% respectively. The slag

contained mainly CaO (48.2%) whilst FA consists of 48.5% silica.The mix

ement (C) and blended slag cem

'.‘."."f*-\..,\
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properties are shown in Table 2.12. The results obtained showed that all the
specimens of slag blended cement could reach the required strength grade of 42.5N.
The flexural strengths for the control and blended cements were almost the same as
the control. The setting time was, however, relatively long for the requirement of
construction work, which may be related to the low-alumina content (2.58%) of steel
slag. The results showed that the admixtures gave strengths that satisfy standard

specifications for Class 42.5N cement (EN 197-1).

The afore-mentioned extensive studies really show that steel slag has the potential as
ingredient in cement production in Ghana; it is already being utilized in China and
other countries as pozzolana. This makes a serious case for the evaluation of steel
slag waste obtained in Ghana for cement production and usage for construction. The
added advantages include reducing cost of cement, elimination of environmental
degradation and greenhouse effects. About 5000 tonnes of steel slag waste are

produced annually in Ghana.

2.5 Clay Pozzolana

Pozzolanas are defined as siliceous and aluminous substances which are by
themselves not cementitious but in their finely-divided form react with lime in the
presence of water at ordinary temperature to produce hydraulic compounds. They
occur naturally or are produced artificially. Natural pozzolanas are materials which
in their natural state and finely-divided form react with lime to produce hydraulic

compounds. They are mainly produced from volecanic matter’and are described as

incoherent gyroclastic
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The chemical compositions of the natural Italian pozzolanas are related to that of
magma. Examples are Italian pozzuolli, tuff, trass, pumicite and diatomaceous earth
(Lea, 1970). Artificial pozzolanas are materials that have to undergo heat treatment
before they become pozzolanic. Examples are clays, fly ash, blast furnace slag, bauxite

waste, shales and spent oil.

2.5.1 Clays and Clay Minerals

Clay is defined as a fine-grained earthy material which contains clay minerals and is
plastic and cohesive (Ayetey,1977; BS.1377:1990). Clays differ mineralogically and
chemically, and conseqqently in their physical properties. They shrink when dry and

expand when wet and show gains in strength with retention of shape on firing.

Clay minerals are very tiny crystalline substances that are evolved primarily from
chemical weathering of certain rock-forming minerals. Chemically, they are made up of
hydrous alumino-silicates and other metallic ions. They are cither the two-layer sheet
(kaolinite) or the three-layer sheet (montmorillonite) in which silicon and aluminium
ions have tetrahedral coordination with respect to oxygen while aluminium, magnesium,
iron ions and other ions have octahedral coordination with oxygen or hydroxyl ions as

shown in Figs 2.14 and 2.15 (Grim, 1962; Holtz and Kovacs, 1981)
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Figure 2.14: Atomic structure of montmorillonite(Holtz and Kovacs, 1981)

All clay minerals are very small, colloidal-sized crystals (diameter less than 2 um), and
they can only be seen with an electron microscope The particular way in which these
sheets are stacked, together with different bonding and different metallic ions in the

crystal lattice, constitute the different clay minerals.

Table 2.13 presents the physical and chemical composition of three samples of clay in

Ghana (Atiemo, 2005). It shows that the clay samples contain mainly silica (>60%). The

clay conte ith-paftietgesize of <2um, range between 27% and 39.




The pozzolanic activity of clays depends on the type of clay minerals present in the clay
which in turn control the chemical composition (Millienzez al, 1949). The crystalline clay

minerals in their natural state are stable, non-reactive and thus non-pozzolanic. However

2

imperfections in the crystal structure due to disorderliness and huge internal strains lead to
high reactivity. This desirable condition is achieved by calcining and milling the clay

beyond 600°C (Uppal and Singh, 1964).

Table 2.13: Properties of three clay deposits in Ghana (Atiemo, 20053)

Property Mankranso Mfensi Bibiani
Physical

Specific gravity 2.58 2.64 2.58
Plastic limit, % 42.80 43.50 44.45
Liquid limit, % 75.00 78.00 2448
Plasticity Index, % 37.2 + 345 20
Clay, % 36.0 39.0 27.1
Silt, % 35.0 32.0 52.6
Sand, % 29.0 31.0 20.3
Chemical

Si02, % 69.8 60.3 67.6
Al203, % 15.70 18.2 16.3
Fe203, % 4.60 9.1 4.4
Ca0, % 0.20 .2 0.7
MgO, % 0.10 - 0.1
SO3, % 0.02 = Qi 0.04
Loss on ignition 5.30 45
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2.5.2  Calcination of Clays and Pozzolannic Activity
Calcination of clays is an important process in the development of satisfactory pozzolanic

properties. The pozzolanic reactivity is induced by the destruction of the clay minerals:

kaolinite  [Al2(Si205)(OH)4], montmorillonite [Al2(OH)28i4010).nH20], and illite

K203A120368i02.3H20._]. On heating, clay first loses free water at 100°C - 150°C, and
from 150°C to 500°C it further loses water that is adsorbed on or between lattice planes of
the lattice structure. Disintegration of the lattice structure occurs between 550°C and

650°Cwith the liberation of H™ and OH" ions producing amorphous aluminous and siliceous

compound called meta-kaolinite. All these reactions are endothermic. The rate of loss of
water becomes high as the temperature rises to 650°C. Dehydration is complete at 750°C

(Nutting, 1943; Millienzet al, 1949, Uppaland Singh, 1964).

The structure is completely disrupted between 800°C - 980°C. Between 940°C and
980°C an exothermic reaction occurs. Mullite (2A1203.35i02) appears at around 950°C

for kaolinite, 1050°C for montmorillite and 1100°C for illites. The optimum calcination
temperature for kaolinitic and montmorillonitic clays for maximum pozzolanic reactivity
is between 600°C and 800°C, and 900°C for illites (Millienz es al, 1949, 1S:1344).
Kaolinite loses more than 14% of its mass on complete calcination whilst typical
montmorillonites and illites lose 5 and 10% of their mass respectively. When the

crystalline structure of the clay is ruptured they release siliceous and aluminous

compounds and become very unstable and chemically active.




2.5.3 Clay Pozzolanic Action

During hydration of cement, hydrated silicates formed remain stable in contact with
lime solution and in the presence of water undergo hydrolysis liberating more lime into
the solution (Lea, 1970). The silicate compositions of cement minerals contribute mainly
to the structural and strength properties of cement products. They form about 70% of the

bulk of cement. The presence of pozzolana active components reduce the amount of free
Ca(OH)2 in cement products considerably. The unstable but reactive siliceous and

aluminous compounds of the calcined clay react chemically with the lime producing
mostly hydrated silicates of low solubility as given in a simplified form in Equations 2.9

and 2.10.

28i07 +3Ca(OH) =  3Ca0.28i02.3H20 2.9

3A1203 +3Si02 +6Ca(OH)2 = 3Ca0.Al03.3 Si02.32H20 2.10

The products from the pozzolanic reaction add up to the strength of cement products and
enhance water-tightness. Extensive studies as well as X-ray diffraction evidence show that
pozzolanic reactions are by direct combination of lime and the pozzolana compounds and
not by ion exchange (Lea, 1970).Studies on the effect of aluminé in pozzolana proved that
the presence of alumina in the pozzolana enhances the strength properties of pozzolana
cement, particularly during brief curing (Murakami, 1952). They react with lime to form
compounds which are very complex. The effects of iron oxide in clay pozzolana were also
studied by other researchers. Comparing two clay types which were montmorillonite,

Gippsand Britton (1960) observed that the red and yellow clays which contained large
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did not have free Fe203,even though the black soils contain more clay minerals and

have higher silica content.

2.5.4 Mechanical Properties of clay Pozzolana cement

Studies on the pozzolanic activity of some clay samples in Ghana for housing
construction have been carried out recently in Ghana (Atiemo, 2005; Momade and
Atiemo, 2004). Some of the results are presented in Table 2.14. The studies showed that
pozzolana cements absorb more water in the preparation of the paste as compared to
ordinary Portland cement and the water demand increased in all cases as the replacement
of cement was increased. However, the setting times (initial and final) of the pozzolana
cements were lower than that of ordinary Portland cement and decrease with increasing

amount of pozzolana.

The results also showed that the 28-day compressive strengths of the pozzolana cement
mortars up to 30% pozquana content satisfied the class 32.5 cement as recommended by
EN 197-1 (2000) for concrete works and general construction. The Mfensi samples gave
the highest strength values in all cases. Generally, the strengths reduce with increasing
amount of pozzolana. The study concluded that the clay pozzolana cements are suitable

for both concrete and general construction with 25 -30% clay pozzolana content.

Wild e al (1997) also reported on pozzolanic properties of selected burnt brick samples

produced from clays from four European countries. Clay bricks are burnt at between




were used as partial cement replacement materials (at replacement levels of 10%, 20%,
30% by mass) to prepare mortars. The water/binder (w/b) ratio of 0.4 and the sand to
binder (cement plus ground brick) ratio was kept constant at 2.5:1. The average values
of compressive strength together with the standard deviations are reported in Table 2.15.

The values obtained at 20% were comparable to that of oP¢ (control).
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Table 2.15. Average values of compressive strength for mortar mixes (Wild et al,

1997)
Pozzolana Compressive strength, N/mm?
Sample Content, % 7 days 28 days 90 days

Control _ 0 51.8 + 25 60.5+ 2.9 656 +1.6
Brick B 10 483+202  61.6 +2.5 66.3 +3.8
20 428 +4.2 38.3 +3.6 67.5 +2.1
30 384 +25 56.0 +1.3 649 +1.9
Brick D 10 485 +1.2 58.0+2.8 64.1 +2.5
20 48.0 +1.3 546409 639 429
30 423 +0.6 51.8+1.6 892 +1.9
Brick L 10 475 +34 56.9+2.0 60.4 +1.8
20 434 135 51.8+4.5 5556 2.9
30 38.7+ 1.6 50.0 +3.7 49.5 +2.0
Brick P 10 813 1.9 64.7+ 3.5 67.8 43.0
20 47.5 +1.1 578435 64.1 +1.2
30 ST 29 56.1.+ 3.1 60.8 +1.2
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CHAPTER THREE

MATERIALS

The materials used for this study were all obtained in Ghana. The limestone deposit
is located at Oterkpolu in the Eastern region, the clam shells at DoforGbokpor in the
Volta region, clay from Mankranso in the Asﬁanti region, and steel slag was obtained
from Wahome Steel works in Tema in the Greater-Accra region. The other materials
included CEM I Portland cement (Class 42.5N), crushed granitic aggregates, and
river pit sand used locally for constructional works. The physical properties and

chemical composition of the materials were determined during the study.

3l Oterkpolu limestone

The limestone deposit is located about 6.5 kilometers east of Oterkpolu village, which is
about 25km from Koforidua, in the Eastern region of Ghana. It occurs within the
arenaceous rocks of the Lower Voltaian range. The limestone is overlain by brown
sandstone containing small iron-rich concretions which weather out to give a

characteristically pitted surface with a purplish coloured transition zone at the base of the
limestone. The rocks dip eastward into the hillside at angles from 20° and beyond,

however, local variations may occur due to folding. Several investigations by the Ghana
Geological Survey have estimated reserves of limestone at Oterkpolu to be over 3.7
million tonnes(Kesse, 1985).The limestone is grey in colour with a specific gravity of

2.76 as indicated in Table 3.1,The chemical composition of the limestone, determined

during the study, contains about 42% CaO (indicating a CaCO3 content of about 74.7%),

!
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mainly of calcite (CaCO3).the essential mineral needed for hydration effect on

cement (Hawkins, 2003), and quartz.

Table 3.1: Physical Properties of Materials

Reference Clam Steel Mankranso  Pozzolana
HRperty cement Limestone shells slag Clay
Colour Grey grey white deep Yellow Red

grey
Specific Gravity 3.16 2.76 2.82 2.85 2.64 2.59
Particle size of milled admixtures, %
<0.002 mm - - - 32 35
0.002 — 0.06 mm 76 85 30 30 62
0.05 mm — 0.6 mm 20 14 70 38 3
Table 3.2: Chemical composition of Materials

Chemical Reference Steel Clam Clay
compound cement Limestone slag shells Clay Pozzolana
Si02 18.80 17.27 21.31 2.10 59.95 62.08
Al203 3:57 0.03 7.50 0.25 0.82 7.23
Fe203 4.36 4.58 31.52 0.50 6.51 9.96
MgO 1.89 0.05 7.61 0.60 1.30 0.31
CaO 57.04 41.97 12.44 5241 0.14 5.01
Na20 4.78 1.20 4.30 0.77 1.60 1.70
K20 4.43 2.58 1.03 1.68 1.29 1.92
MnO 0.14 0.07 5.29 0.06 0.12 0.02
TiO2 0.16 1.05 0.05 0.16 1.05 0.10
P20s 0.22 0.04 1.20 0.05 0.23 1.66
Cl 0.01 0.01 0.00 0.01 0.01 0.21
S0O3 0.85 0.24 0.26 0.35 0.07 0.30
LOI 3.60 31.00 7.50 41.07 26.00 9.50
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Figure. 3.1: X-Ray diffraction graph of Oterkpolu limestone

3.2 Clam shells

Clam shells are found in large deposits, usually interbedded with loose soil, along
both the southern banks and the bed of the Volta river from Akuse to Ada in the
Eastern, Greater-Accra and Volta regions of Ghana. They are mined and sold in the
raw state to the poultry and mining industries. A small proportion of the mined shells
are burnt and sold as lime for whitewashing of buildings. Clam shells are the purest
source of calcium carbonate in Ghana. The shell deposit is estimated at more than 4
million tonnes (Kesse,1985). The shell becomes very white in colour when

washed. The main chemical compound is CaO (52.4%) and mineralogically contains

calcite (Fig. 3.2).
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The steel slag samples were collected from Wahome Steel Company Ltd in Tema. It
is regarded as a waste product in the production of structural steel sections and
reinforcing bars. There are four main steel companies in Ghana, namely Wahome
Steel Ltd, Western Steel and Forgings Limited, Ferro Fabric Gh Ltd, and Tema Steel
Works all in Tema, which produce more than 5,000 tonnes of slag waste annually.
Some of these companies have been in operation for more than 20 years.Due to
increasing activities in infrastructure development, the tonnage of steel produced in
Ghana is increasing. The wastes are dumped haphazardly at refuse sites, creating

environmental nuisance and hazards in the arcas. Chemical analysis of the sample

showed it contains 31.5% Fe203, 21.3% SiO2 and 12.4% CaO. The main minerals

are wustite, portlandite, calcite, quartz and belite (Fig. 3.3).
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Figure 3.3: X-Ray Diffraction graph of Wahome steel slag
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5i11:e-8€jﬁ%{“}‘1€\TManl<_yanso which is located about 41km west of
Lower Birimian (Middle Precambrian) phyllites, schists, tuff and greywacks and is

yellow in colour(Kesse, 1985). The deposit area is drained by the Mankranriver and has

an overburden thickness of less than 0.2m. The clay deposit spans more than 10 km




on both sides of the Kumasi - Sunyani road. The Mankranso clay is presently used by
CSIR-Building and Road Research Institute for pozzolana production and by small-

scale industries for the production of burnt bricks for housing construction.

The main minerals obtained from X-RD analysis are kaonilite, quartz, geothite and
chlorite. The silica and iron oxide contents, from the chemical analysis (Table 3.2) of

the clay were 59.9% and 6.5% respectively.
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Figure. 3.4: X-Ray diffraction graph of Mankranso clay

3.5 Cement

The cement used for the study was CEM [ CI;EISS 42.5N. produced by GHACEM Ltd,
Ghana. It is used in Ghana for the construction of housing facilities, drains, culverts,
bridges. flyovers, among others and satisfies all specifications of EN 197-1. The

chemical (oxide) composition of the cement as given shows 57% CaO, and 18.8%

SiO7 content.(Table 3.2).The alumina (Al203) and iron oxide (Fe203) contents were

3.57% and 4.36% respectively. Table 3.3 gives the mineralogical composition and




Table 3.3: Mineralogical composition and moduli of reference cement

Bogue potential composition, % Moduli
C38 C28 C3A C4AF - _LSF AR SR HM
59.25 18.37 11.57 11.54 93.42 2.42 139 2.11

26
Figure. 3.5: X-Ray diffraction graph of ordinary Portland cement
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CHAPTER FOUR

METHODS

4.0 Introduction

This section describes the various experimental methods adopted to determine and
analyse the physical, chemical, mineralogical, mechanical and engineering properties
of blended cements and very essential ones of the materials used for this study. It is
important to obtain these properties in order to ascertain the suitability of the

materials for the specific objectives of this study.

The test methods and analysis adopted conformed to those specified by International
Standards Organisation (ISO), European Standards (CEN), British Standards (BS),
Indian Standards (IS), Ghana Standards (GS) and other conventional standard

methods.

4.1  Physical Properties
4.1.1 Moisture Content

The moisture contents of the clay sample were determined in accordance with BS

1377 (1990). About 30g of the natural clay from the site was placed in a covered
container of known weight (m1) and weighed (m2). The container containing the clay

was uncovered, and together with the cover was placed in an electric oven and dried

at 105°C for 4 hours. The container with the clay was taken out, covered and placed

in a dessicator to cool, after which it was weighed again (m3). The moisture content,
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MC =225 o 100% 4.1
m3 — mj

4.1.2 Particle Size Distribution

The particle size distribution fof each of all four materials under investigations was
determined by the hydrometer method of sgdimentation as specified by BS 1377.
About 500g of the samples were air-dried for 48 hours. After that about 200g of air-
dried sample was passed through a 2.36mm standard sieve and the undersize dried in
an oven at 105°C for 4 hours. The dry sample was then quartered and 50g of it was
transferred into a 600-ml brass container. 100 ml of a dispersant solution, made from
7g of sodium metahexaphosphate and 33g of sodium oxalate in 1000 ml of distilled

water, was added to the clay and made up to 250 ml with distilled water.

The suspension was égitated with a vibrating stirrer for 15 minutes and later
transferred to a 1000-ml measuring cylinder. The contents were made up to 1000 ml
with distilled water and left to stand for 24 hours to effect the decoagulation of the
various soil particles. The cylinder was agitated manually for a minute to disperse the
particles and placed on a bench. The timer was immediately switched on. The
hydrometer was then immersed in the suspension and allowed to float upright. The
hydrometer readings were first taken at 30 seconds and then at 1 minute, 2 minutes, 4
minutes and specific intervals for 8 hours and at 24 hours. Afterwards, the sample
was washed through a 75 m sieve and the retained was dried at 105°C for 24 hours.
The dry sample was passed through 2.4, 1.2, 0.6, 0.4, 0.2, 0.15 and 0.075mm

standard sigves




4.1.3 Materials Preparation

In order to carry out the remaining tests of the study the raw materials were prepared
and blended as described subsequently. The clam shells, stecl slag and limestone
were separately crushed and milled in a hammer mill for one hour and then passed
through a 75pum BS standard sieve. The under-size were bagged, labelled and used
for the study. The clam shells were thoroughly washed, to get rid of the dirt, before
grinding. The clay samples were milled, nodulised and fired in a kiln at the optimum
temperature of 800°C according to the works of Atiemo (2005) to produce a
pozzolanic material. The calcined clay nodules were milled in a pulveriser and

bagged for subsequent test preparation.

4.1.3.1 Mix Design of blended cement

The milled and sieved mineral admixtures (limestone, clam shells, clay pozzolana
and steel slag) were blended with the Class 42.5N Portland cement using various mix
designs given in Table 4.1. 5% of reference cement was first replaced by the four
admixtures in turn to form the binary mix. Secondly, 10% cement was replaced by
5% by mass each of the two admixtures (ternary mix); for example, 5% by mass of
cement was replaced by slag and 5% by mass of limestone constituting 10% cement
replacement. Then, a cement replacement of 15% by either 5% each of the three
admixtures was made constituting a quaternary mix or 10% replacement by one
material and 5% by another admixture. A quinternary blend was obtained by
replacing reference cement by 2.5% or 5% ecach of the admixtures. The blended

cement samples, as presented in Table 4.1, were used to produce cement paste,




Table 4.1: Mix designs of blended cements for tests

Sample/ Material, %
_Type Cement Slag Pozzolana Shells Limestone
Reference 100 ) ] . =
5 X 5 -

i eita 85 10 -

80 10 10 - S
30 10 - - 10
80 - 10 = 10
30 - - 10 10
9235 2.5 2.5 2.5 2
92.5 25 2.5 - 25
925 2.3 - 25 2:3
025 . 2.5 25 2.5

Quaternary

Quintem%



4.1.4 Specific Gravity

Determination of the specific gravity of materials in cement concrete is necessary in
calculating thepercentage of voids and the solid volume of aggregates in
computations of yield. The determination of specific gravity of the raw and all

cement samples were carried out as specified by BS 1377 (1990). A 50-ml density
bottle with the stopper was dried at 105°C in an oven for 24 hrs and weighed (m1).

25g of ground, oven-dried sample, which had been passed through 75im sieve, was
transferred into the density bottle. The bottle and its contents with the stopper were
weighed again (m2). The bottle was then half-filled with kerosene. The container was

afterwards placed in a vacuum dessicator, with the stopper removed, and the air in

the container gradually evacuated. When no air was seen to be released, the bottle

was removed and weighed (m3). The bottle was afterwards emptied of its contents,
cleaned and completely filled with kerosene, stoppered and reweighed (m4). The

specific gravity (Gs) of the sample was calculated as:

Gr=o— L) 0% 42
(mg —my)—(m3 —my)
where G1, = specific gravity of kerosene.

4.1.5 Soundness Test

After cement has set it must not undergo any appreciable expansion beyond 10mm,
which could disrupt a mortar or concrete. It is a measure of durability of cement. The
soundness test was done in accordance with the EN 196-3 (2000) specified method.

Cement paste of standard consistency was prepared. A lightly-oiled Le
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apparatus was immediately placed in the humidity cabinet. The cabinet environment

was maintained at 20 °C+ 1°C and not less than 98% relative humidity for 24 h + 0.5

h.

At the end of the period, the distance (A) between the indicator points was measured
to the nearest 0.5mm. The mould was gradually heated to boiling during (30+5) min
and the water-bath was maintained at boiling temperature for 3 h + Smin. At the end
of the boiling period the distance (B) between the indicator points was measured to
the nearest 0.5mm. The method was repeated. The difference between B and A was

recorded and the mean of the 2 values of the difference calculated.

The percentage expansion (E) was calculated as:

=274 100% 43

4.1.6 Water permeability

Water permeability is a measure of the porosity of cement products and gives indication
of ease of attack of such products by aggressive fluids. In the present study, the overall
porosity is determined by water absorption which measures the pore space indirectly
by the procedure given in ASTM C 642-90 by oven-drying.For this test, 100mm x
100mm x 100mm size concrete cubes were cast in duplicate. After demoulding, the
specimens were kept immersed in water. The experiment was conducted at the end
of28 days evaluate the effect of curing on overall porosity. At the end of curing

period, the specimens were taken from the curing tank and air-dried to remove

surface moisture. After this, the specimens were dne erature of

Ito room temperature, and the weight'of the

Toafags
[ gl et 0 0

PR T
[T

s INQTITUTE
89 G b aTilk & \';!\.;;‘L'.I‘:v....? critWANI



specimens measured to an accuracy of lg using a digital balance. Then the
specimens were kept immersed in water for one hour and the increase in weight was
measured. From this the co-efficient of water absorption was calculated using the

following formula.

A‘E
s

Where K is the co-efficient of water absorption, Q the quantity of water absorbed by
the oven-dry specimen in time, 7, and A the total surface area of concrete specimen

through which water penetrates, /=60 min. The co-efficient of water absorption was

calculated for each curing period.

4.1.7 Water Demand

The Vicat method, specified by EN 197-3 (2000), was used to determine the water
demand and setting times of the various reference and blended cement pastes. This
method gives the quantity of water needed to produce a cement paste of standard

consistency and also for the setting times of the cements.

The Vicatmould, resting on a non-porous plate, was filled completely with the
blended cement paste in one layer and the surface smoothened off level with the top
of the mould as quickly as possible. The test block, confined in the mould and
resting on the plate was placed under the rod bearing the plunger. The plunger was
lowered gently into contact with the surface of the test block and quickly released
and allowed to sink in. Trial blended cement paste$, ma g aroynts of

water, were used untjlthe 5 ger settled at 6mm from the bottom of\the mould. The
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amount of water used was recorded as standard consistency (water demand) and

expressed as a percentage by mass of the dry cement.

4.1.8 Setting Time
The sctting of cement is used to describe the stiffening of cement paste which is

mainly caused by the hydration of C3A compounds in cement. The initial setting

time is the interval between the mixing of the cement with H>O and the time when

the mix loses its plasticity, stiffening to a certain degree. It marks the end of the
period when the wet mix can be moulded into shape. The final setting time is the
point at which the set cement has acquired a sufficient firmness to resist a certain
defined pressure. The amount of water, in percentage, to reach the normal stiffness is

the water demand of the cement.

4.1.8.1 Initial Setting Time

The Vicat method was used for the determination of the initial setting time of the
blended cement. Here, the cement paste, using the percentage of water recorded for
the standard consistence, was gauged into the Vicatmould. The test block, confined
in the mould and resting on the'plate, was placed under the rod bearing the needle.
The needle was then lowered gently into contact with the surface of the test block
and quickly released and allowed to sink 1n This process was repeated until the
needle, when brought into contact with the test block and released as described
above, did not penetrate beyond a point approximately Smm from the bottom of the

wen the time when the water was added to the cement
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4.1.8.2 Final Setting Time

For the determination of the final setting time, the needle used for the initial setting
time was replaced by the needle with an annular attachment in the Vicat apparatus.
The cement was considered as finally set when, upon applying the needle gently to
the surface of the test block, only the needle made an impression, while the
attachment failed to do so. The time lapse at which the needle ceased to pierce the

test block, as described above, was noted as the final setting time.

4.2 Chemical Properties

The chemical compositions of the mineral admixtures and cement were determined
by X-ray Fluorescence analysis using Spectro X-LAB 2000 equipment at the Ghana
Geological Survey Department in Accra. "fhe admixtures and ordinary Portland
cement were blended separately at specific proportions and packaged. 4g of the
blended sample presented was measured and placed in a special vessel purposely
made for this kind of analysis. About 0.9g of Hoechst Micro powder was then added
to blend, and the resulting mixture put in a mill. Two small round balls were added to
the resulting mixture before placing it in the mill. The purpose of the milling phase
was to reduce particles size further to about 100 microns and preferably less. The

action of the mill also helped to achieve a homogeneous mixture.

The balls which assisted to reduce the particle size were then removed, and the

remaining mixture placed in a die. The die was placed in a press, and a force of

between 5 to 8 tons
/4



4.3 Mineralogical Properties

The various minerals present in the test materials and the hydrated products of
reference and blended cements were determined and analysed using infrared
spectrometry (IR), X-ray diffraction (XRD), scanning electron microscopy (SEM),

energy dispersive x-ray (EDX) and thermoanalysis methods (TG/DTA).

4.3.1 Infrared Spectrometry Analysis

Infrared spectroscopy is used to identify compounds or investigate sample
composition. It exploits the fact that molecules have specific frequencies at which
they rotate or vibrate corresponding to discrete energy level (vibrational modes). The
infrared spectrum of a sample is collected by passing a beam of infrared light
through the sample. From this, an absorbance can be produced, showing at which IR
wavelengths the sample absorbs. Analysis of these absorption characteristics reveals
details about the molecular structure of the sample. This technique works almost

exclusively on samples with covalent bonds (Demirddvener al, 2004).

IR analysis was used for the study to determine the effect of admixtures during
cement hydration. The infrared analysis was recorded with hydrated blended cements
at 7 and 28 days respectively. 2mg of the solid sample (blended cement) that was
obtained was mixed with 400mg of potassium bromide powder in an agate mortar.
200mg of the mixture was then pressed for about 5 minutes into a pellet (disc) using
a special mould and a hydraulic press with anl estimated force of about 8 tonnes. The
pellet was then passed through a FTIR-8201A single beam laser Shimadzu Infrared

Spectrophotometer, where the specific functional groups were determined. The
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samples were analysed at the Physical Science Department of the University of Cape

Coast.

4.3.2 X-Ray Diffraction Analysis

X-ray Diffraction (XRD) analysis is a non-destructive analytical method by which
X-rays of a known wavelength are passed through a sample in order to identify the
crystal structure, chemical composition, and physical properties of the sample. The
wave nature of the X-rays means that they are diffracted by the lattice of the crystal
to give a unique pattern of peaks of 'reflections' at differing angles and of different

intensity, just as light can be diffracted by a grating of suitably spaced lines.

For this study, the hydrated cement blend was removed from water at the test date
and immersed in acetone to stop hydration. About 0.5¢ of the cement specimen was
then ground to a mesh size of below 75um and pressed into the holder with a 10mm
x 30mm thin glass plate using the thumb. The holder was then placed in a PHILIPS
PW 1830 X-ray diffractometer for the determination. The tests were performed at the
Materials Science Dept. Laboratory of the University of Manchester, in the United

Kingdom.

4.3.3 Scanning Electron Microscopic (SEM) analysis
Scanning electron microscopy (SEM) is a technology used in studying the

microstructure of cement paste. The electron microscope images the sample surface

by scanning it with a high-energy beam of electrons in a raster scan pattern. The

electrons interact, with 45



contain information about the sample's surface topography. composition and other

properties such as electrical conductivity (Stultzman, 2004).

The cement specimens were removed from water and acetone was added to them to
inhibit hydration. The specimens were broken and ground to powder (about 50um).
A few of the powder was spread thinly on the adhesive surface of the holder and

placed in the ZEISS SEM analyser equipment for analysis.

4.3.4 Energy Dispersive X-ray Analysis (EDX)
Energy Dispersive X-ray (EDX) analysis is a modern technique used for identifying

the elemental composition of the specimen, or an area of interest thereof. The EDX

analysis system works as an integrated feature of a scanning electron microscope
(SEM), and cannot operate on its own without the latter. During EDX Analysis, the
specimen is bombarded with an electron beam inside the scanning electron
microscope. The bombarding electrons collide with the specimen atoms' own
electrons, knocking some of them off in tile process. A position vacated by an
ejected inner shell electron is eventually occupied by a higher-energy electron from
an outer shell. To be able to do so, however, the transferring outer electron must

give up some of its energy by emitting an X-ray.

The amount of energy released by the transferring electron depends on which shell it
is transferring from, as well as which shell it is transferring to. Furthermore, the
atom of every element releases X-rays with unique amounts of energy during the

transferring process. Thus, by measuring the amountsyof energy present in the X-

rays being released by a s ent, the identity
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of the atom from which the X-ray was emitted can be established. The output of an
EDX analysis is an EDX spectrum. EDX spectrum plots how frequently an X-ray is
received for each energy level. An EDX spectrum normally displays peaks
corresponding to the energy levels for which the most X-rays had been received.
Each of these peaks is unique to an atom, and therefore corresponds to a single
element. The higher a peak in a spectrum, the more concentrated the element is in
the specimen. An EDX spectrum plot not only identifies the element corresponding

to each of its peaks, but the type of X-ray to which it corresponds as well.

The samples were treated with acetone to halt hydration after 28 days and ground in
an unglazed porcelain mortar and pestle to a particle size of less than 75um . The
powders were applied smoothly and thinly on 5mm diameter magnetic holders,
labelled and stored in sealed containers to prevent moisture exchange and
carbonation. The SEM/EDX tests were performed at the Materials Science
Laboratory of the University of Manchester, using a ZEIS SEM/EDX equipment

(Fig. 4.1).The EDX analysis of the samples was performed simultaneously as the

SEM analysis.
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4.4 Thermoanalysis of cement

Thermoanalysis tests are performed to anaiysebehaviour of materials under heat
treatment. Thermogravimetric analysis (TG) is performed on samples to determine
changes in weight in relation to change in temperature. Such analysis relies on a high
degree of precision in three measurements: weight, temperature, and temperature
change. In this study, the analysis was done to determine specifically the quantity of

calcium hydroxide in the various cement samples.

Differential thermal analysis (DTA) is a thermoanalytic method where the material
under study and an inert reference are heateci (or cooled) under identical conditions,
while recording any temperature difference between sample and reference. This
differential temperature is then plotted against time, or against temperature (DTA
curve or thermogram). Changes in the sample, either exothermic or endothermic, can
be detected relative to the inert reference. Thus, a DTA curve provides data on the
transformations that have occurred, such as glass transitions, crystallization, melting

and sublimation (Lea, 1970; Taylor, 1997).

Simultaneous TGA-DTA analysis measures both heat flow and weight changes
(TGA) in a material as a function of temperature or time in a controlled atmosphere.
Simultaneous measurement of these two material propertics not only improves
productivity but also simplifies interpretation of the results. The complementary
information obtained allows differentiation between endothermic and exothermic

events which have no associated weight loss (e.g., melting and crystallization) and

those which involve a weight loss (e.g., degradation). The sdmp]e ‘Preparation and

TGA/DTA tests ajf pysiswere performed using a Seiko SSC5200 and
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MettlerToledo TGA/DSCI1  equipment at the Physical and Micro Analytical

Laboratories, School of Chemistry, of the University of Manchester, UK.

The samples were ground in an unglazed porcelain mortar and pestle. The powders
were stored in small screw-cap glass vials and labelled. The size range of the powder
was such that 70-80% of it was between 149um to 74pum. The remaining 30-20%
was finer. The tests were done one after the other. Approximately 9.7 mg of a ground
sample was placed in the quartz bucket and weighed accurately to the nearest 0.1 mg.
Dry nitrogen at a flow rate of 100ml/min passed over the sample and heat applied
from 25°C to 1000°C at 20°C/min for 10 minutes. The electromotive force (e.m.f))
equivalent to the weight change, and the e.ml.f‘ equivalent to the temperature which
was measured was displayed and the TGA/DTA/DTG graphs plotted simultaneously.
During calcinations the sample lost weight because of the thermal decomposition of
inherent compounds. After calcination, the sample of oxide was cooled to room

temperature and evacuated

4.5  Mechanical Properties

4.5.1 Compressive, tensile strength and water absorption

The compressive strength of mortar is mostly used as a principal criterion for
selecting mortar type, since compressive strength is relatively easy to measure, and it
commonly relates to some other properties, such as tensile strength of the mortar.

The tensile strength is a measure of an unreinforced concrete beam or slab to resist

failure in tension. This strength is expressed as modulus of rupture and is usually




determined was the water absorption when the mortar samples were immersed in

seawater and 5% Naz2S04 solution.

4.5.1.1 Batching, mixing and casting

Sufficient quantities of Class 42.5N Portland cement, clay pozzolana, limestone,
clam shells, steel slag, aggregates and water for batches to produce five (5) cubes and
prism specimens were measured by mass as per the mix proportions. The fine and

coarse aggregates were sampled from large lots by quartering before batching.

Blended cement (given in Table 4.1) to sand ratio of 1:3, and water to cement ratio of
0.5 were used to prepare all mortar samples. The materials for each mortar sample
were mixed separately, The blended cement ‘was mixed with the measured quantity
of sand. Afterwards, the quantity of water needed was added and mixed for about 4
minutes. The mortar was tamped in the moulds and then vibrated for 2 minutes. After
gauging, the mould was covered with a metal plate and a damp hessian sack. For the
concrete test, 1:2:4 cement, fine and coarse aggregate ratio, and water to cement ratio
of 0.6 were used to produce the concrete samples. In all, the test samples included
75mm cement mortar cubes, 100mm concrete cubes and 150mm x 310mm concrete
cylindrical specimens were prepared for the compressive tests. 50mm x 50mm x
150mm concrete prisms were prepared for ﬁexural tensile tests using BS and EN
specifications. All the experiments were done at a room temperature of
approximately 27°C + 2°C and 70% + 2% relative humidity.The mortar cubes,
concrete cubes and prisms were removed from their moulds 24 hours after gauging

and weighed. The weighed cubes were then immersed in a gond of water of average

temperature of 2



In all, 1075 mortar and 620 samples were prepared for the compressive tests, and 510
mortar samples for the durability. Five samples were tested for each age date.
In all, 1075 mortar and 620 sam;ﬂes were prepared for the compressive tests, and 510

mortar samples for the durability. Five samples were tested for each age date.

4.5.1.2 Slump Test

This test was used to determine the workability of the fresh concrete. The steel mouldfor
the slump test was a frustum of a cone, 300mm high. The mould was thoroughly cleaned
and placed on a smooth levelled surface with an opening of diameter 100mm at the top
and 200mm at the bottom. It was firmly held against its base and filled with conctete in
three layers. Each layer was tamped 25 times with a standard 16mm diameter steel rod
that was rounded at the end. The excess concrete was struck off the top and the base was
cleared of all droppings. The cone was steadily lifted vertically. A straight edge was
placed on top of the inverted empty cone placed alongside the slumped concrete. The
slump was measured as the difference between the highest point of the slumped concrete

and the underside of the straight edge.

4.5.1.3 Strength tests

The cement mortar and concerete cube and cylindrical specimens were tested for their
compressive strengths ét 2,7, 28, 90 and 365. days using a universal testing machine
in accordance with EN 197-2 (2000). The flexural tensile strengths of the concretes
from the cement blends were determined from the prisms prepared. The modulus of

rupture was calculated based on the of elastic theory using the formula:
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Where Fpe = modulus of rupture in Nimm?®; P= load (force); L = effective span; b=
width of the beam; and d = thickness

4.5.1.4 Water Absorption

The water absorption of the cement mortar cubes, concrete cubes and prisms was

determined by weighing the cubes immediately after removing them from their

moulds to give the initial mass, mj. The cubes were then immersed in water for 28

days. The mass of the wet cubes, mo, were then taken before their compressive

strengths were tested. The water absorption, w, of the cubes was calculated as;

w="2"M o 100% 47
ny

4.6 Durability Tests

Durability of cements and their products refers to their ability to withstand extreme
or excessive deleterious conditions which- otherwise will affect their required
structural performance and resilience. The long-term durability of cementitious
materials is mostly dependent upon their physical and chemical properties. It is
recognized that the more important prerequisite is reducing the permeability of
material to the ionic species. C3A-related compounds are given much attention when
it comes to cement durability because sulfate resistance and the chloride binding

capacity of cement products depend on the stability of C3A hydrates formed before

the attack (Bonavettier o/, 2001). In sulfate attack, ettringite formed prior to the
immersion in sulfate solution will be a stable phase while the monosulfoaluminate

and the monocarboaluminate will be unstable phases.
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Cement products, especially concretes and mortars, are attacked by acidic media, and
are severely affected by sulphates and chlorides which are found in the soil and/or
groundwater. These acids affect the cement structures negatively through chemical
actions leading to expansion and corrosion of reinforced steel that eventually result
in loss of strength and durability. It is therefore essential to determine the
performance of cements in these acidic media so as to determine their durability
(O*Farrel, et al, 1999, Osborne, 1999),

Cement mortar cubes produced as in 4.51.1 — 4.51.3were immersed in 5% Na2SO4

solutions and sea water for 28, 90 and 365 days. The cubes were examined visually,

photographed and their compressive strengths determined.

4.6.2 Strength Deterioration Factor (SDF)
The deterioration of the mortar cubes was investigated by determining the strength
deterioration factor due to the sulphate and chloride attack was determined using the

formula by Murthi and Sivakumar (2008):

SDE = (ow = Jea) 4.7

}(‘

cw

wherefcw = the average compressive strength of cubes in water

fca = the average compressive strength of cubes in acidic solution

The cubes were tested for compressive strength at 28, 180 and 365 days according to

EN 196-2 (2000).




CHAPTER FOUR

METHODS

4.0 Introduction

This section describes the various experimental methods adopted to determine and
analyse the physical, chemical, mineralogical, mechanical and engineering properties
of blended cements and very essential ones of the materials used for this study. It is
important to obtain these properties in order to ascertain the suitability of the

materials for the specific objectives of this study.

The test methods and analysis adopted conformed to those specified by International
Standards Organisation (ISO), European Standards (CEN), British Standards (BS),
Indian Standards (IS), Ghana Standards (GS) and other conventional standard

methods.

4.1  Physical Properties
4.1.1 Moisture Content

The moisture contents of the clay sample were determined in accordance with BS

1377 (1990). About 30g of the natural clay from the site was placed in a covered
container of known weight (m1) and weighed (m2). The container containing the clay

was uncovered, and together with the cover was placed in an electric oven and dried

at 105°C for 4 hours. The container with the clay was taken out, covered and placed
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4.1.2 Particle Size Distribution

The particle size distribution for each of all four materials under investigations was
determined by the hydrometer method of sedimentation as specified by BS 1377.
About 500g of the samples were air-dried for 48 hours. After that about 200g of air-
dried sample was passed through a 2.36mm standard sieve and the undersize dried in
an oven at 105°C for 4 hours. The dry sampb was then quartered and 50g of it was
transferred into a 600-ml brass container. 100 ml of a dispersant solution, made from
7g of sodium metahexaphosphate and 33g of sodium oxalate in 1000 ml of distilled

water, was added to the clay and made up to 250 ml with distilled water.

The suspension was agitated with a vibrating stirrer for 15 minutes and later
transferred to a 1000-ml measuring cylinder. The contents were made up to 1000 ml
with distilled water and left to stand for 24 hours to effect the decoagulation of the
various soil particles. Thc cylinder was agitated manually for a minute to disperse the
particles and placed on a bench. The timer was immediately switched on. The
hydrometer was then immersed in the suspension and allowed to float upright. The
hydrometer readings were first taken at 30 seconds and then at 1 minute, 2 minutes, 4
minutes and specific intervals for 8 hours and at 24 hours. Afterwards, the sample
was washed through a 75 m sieve and the retained was dried at 105°C for 24 hours.
The dry sample was passed through 2.4, 1.2, 0.6, 0.4, 0.2, 0.15 and 0.075mm

standard sieves and the mass of fractions retained on each sieve were recorded.
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In order to carry out the remaining tests of the study the raw materials were prepared
and blended as described subsequently. The clam shells, steel slag and limestone
were separately crushed and milled in a hammer mill for one hour and then passed
through a 75um BS standard sieve. The under-size were bagged, labelled and used
for the study. The clam shells were thoroughly washed, to get rid of the dirt, before
grinding. The clay samples were milled, nodulised and fired in a kiln at the optimum
temperature of 800°C according to the works of Atiemo (2005) to produce a
pozzolanic material. The calcined clay nodules were milled in a pulveriser and

bagged for subsequent test preparation.

4.1.3.1 Mix Design of blended cement

The milled and sieved mineral admixtures (limestone, clam shells, clay pozzolana
and steel slag) were blended with the Class 42.5N Portland cement using various mix
designs given in Table 4.1. 5% of reference cement was first replaced by the four
admixtures in turn to form the binary mix. Secondly, 10% cement was replaced by
5% by mass each of the two admixtures (ternary mix); for example, 5% by mass of
cement was replaced by slag and 5% by mass of limestone constituting 10% cement
replacement. Then, a cement replacement O‘f 15% by either 5% each of the three
admixtures was made constituting a quaternary mix or 10% replacement by one
material and 5% by another admixture. A quinternary blend was obtained by
replacing reference cement by 2.5% or 5% each of the admixtures. The blended

cement samples, as presented in Table 4.1, were used to produce cement paste,

ok 6@-@5}/ for the study.
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Type Cement Slag. Pozzolana Shells Limestone
Reference 100

85 | 5 - J -

Bina 95 - L 5 R

L 85 10 - 5

85 5 - - 10
80 10 - 10 -
80 - 10 10 -
80 10 10 - -
80 10 - . 10
80 - 10 - 10
80 - - 10 10
92.5 2.5 2.5 2 -
925 25 235 - 25
92.5 25 - - 25 2.8
92.5 - 2.5 2.5 2.5
Quaternary 85 5 5 35 -
85 3 5 - 5
85 5 - 5 5
85 - 5 5 3

Quinternary 98/ 25 2.5 25 25
5 s
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computations of yield. The determination of specific gravity of the raw and all

cement samples were carried out as specified by BS 1377 (1990). A 50-ml density
bottle with the stopper was dried at 105°C in an oven for 24 hrs and weighed (m1).

25g of ground, oven-dried sample, which had been passed through 73um sieve, was
transferred into the density bottle. The bottle and its contents with the stopper were
weighed again (m2). The bottle was then half-filled with kerosene. The container was

afterwards placed in a vacuum dessicator, with the stopper removed, and the air in

the container gradually evacuated. When no air was seen to be released, the bottle

was removed and weighed (m3). The bottle was afterwards emptied of its contents,
cleaned and completely filled with kerosene, stoppered and reweighed (m4). The
specific gravity (Gs) of the sample was calculated as:

Gl L EIUBEME). gau 42
(mg —my )—(m3 —my)

where GL = specific gravity of kerosene.

4.1.5 Soundness Test

After cement has set it must not undergo any appreciable expansion beyond 10mm,
which could disrupt a mortar or concrete. It is a measure of durability of cement. The
soundness test was done in accordance with the EN 196-3 (2000) specified method.
Cement paste of standard consistency was prepared. A lightly-oiled Le
Chateliermould was placed on a lightly-oiled glass plate and filled immediately with
the blended cement paste to the top surface. The mould was covered with the lightly

oiled glass plate, a standard small weight placed on it gnd then the complete
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was maintained at 20 °C+ 1°C and not less than 98% relative humidity for 24 h + 0.5

h.

At the end of the period, the distance (A) between the indicator points was measured
to the nearest 0.5mm. The mould was gradually heated to boiling during (30+5) min
and the water-bath was maintained at boiling temperature for 3 h + 5min. At the end
of the boiling period the distance (B) between the indicator points was measured to
the nearest 0.5mm. The method was repeated. The difference between B and A was

recorded and the mean of the 2 values of the difference calculated.

The percentage expansion (E) was calculated as:

B B;A % 100% 43

4.1.6 Water permeability

Water permeability is a measure of the porosity of cement products and gives indication

of ease of attack of such products by aggressive fluids. In the present study, the overall
porosity is determined by water absorption which measures the pore space indirectly
by the procedure given in ASTM C 642-90 by oven-drying.For this test, 100mm x
100mm x 100mm size concrete cubes were cast in duplicate. After demoulding, the
specimens were kept immersed in water. The experiment was conducted at the end
of28 days evaluate the effect of curing on -overall porosity. At the end of curing
period, the specimens were taken from the curing tank and air-dried to remove

surface moisture. After this, the specimens were dried in an oven at a temperature of
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specimens were kept immersed in water for one hour and the increase in weight was
measured. From this the co-efficient of water absorption was calculated using the

following formula.

p/ A?
Ka = & 4.4
t

Where K is the co-efficient of water absorption, Q the quantity of water absorbed by
the oven-dry specimen in time, 7, and A the total surface area of concrete specimen
through which water penetrates, /=60 min. The co-efficient of water absorption was

calculated for each curing period.

4.1.7 Water Demand

The Vicat method, specified by EN 197-3 (2000), was used to determine the water
demand and setting times of the various reference and blended cement pastes. This
method gives the quantity of water needed to produce a cement paste of standard

consistency and also for the setting times of the cements.

The Vicatmould, resting on a non-porous plate, was filled completely with the
blended cement paste in one layer and the surface smoothened off level with the top
of the mould as quickly as possible. The test block, confined in the mould and
resting on the plate was placed under the rod bearing the plunger. The plunger was
lowered gently into contact with the surface of the test block and quickly released

and allowed to sink in. Trial blended cement pastes, made with varying amounts of

er settled at 6mm from the hottom of the mould. The

water, were until the pl
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4.1.8 Setting Time
The setting of cement is used to describe the stiffening of cement paste which is

mainly caused by the hydration of C3A compounds in cement. The initial setting

time is the interval between the mixing of the cement with H2O and the time when

the mix loses its plasticity, stiffening to a certain degree. It marks the end of the
period when the wet mix can be moulded iﬁto shape. The final setting time is the
point at which the set cement has acquired a sufficient firmness to resist a certain
defined pressure. The amount of water, in percentage, to reach the normal stiffhess is

the water demand of the cement.

4.1.8.1 Initial Setting Time

The Vicat method was used for the determination of the initial setting time of the
blended cement. Here, the cement paste, using the percentage of water recorded for
the standard consistence, was gauged into the Vicatmould. The test block, confined
in the mould and resting on the plate, was placed under the rod bearing the needle.
The needle was then lowered gently into contact with the surface of the test block
and quickly released and allowed to sink in. This process was repeated until the
needle, when brought into contact with the test block and released as described
above, did not penetrate beyond a point approximately Smm from the bottom of the
mould. The period elapsed between the time when the water was added to the cement

and the time at which the needle ceased to pierce the test block beyond the prescribed
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For the determination of the final setting time, the needle used for the initial setting
time was replaced by the needle with an annular attachment in the Vicat apparatus.
The cement was considered as finally set when, upon applying the needle gently to
the surface of the test block, only the needle made an impression, while the
attachment failed to do so. The time lapse at which the needle ceased to pierce the

test block, as described above, was noted as the final setting time.

4.2 Chemical Properties

The chemical compositions of the mineral admixtures and cement were determined
by X-ray Fluorescence analysis using Spectro X-LAB 2000 equipment at the Ghana
Geological Survey Department in Accra. The admixtures and ordinary Portland
cement were blended separately at specific proportions and packaged. 4g of the
blended sample presented was measured and placed in a special vessel purposely
made for this kind of analysis. About 0.9g of Hoechst Micro powder was then added
to blend, and the resulting mixture put in a mill. Two small round balls were added to
the resulting mixture before placing it in the‘mili. The purpose of the milling phase
was to reduce particles size further to about 100 microns and preferably less. The

action of the mill also helped to achieve a homogeneous mixture,

The balls which assisted to reduce the particle size were then removed, and the

remaining mixture placed in a die. The die was placed in a press, and a force of

between 5 to 8 tonnes applied to produce the pellet for the chemical analysis.
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The various minerals present in the test materials and the hydrated products of
reference and blended cements were determined and analysed using infrared
spectrometry (IR), X-ray diffraction (XRD), scanning electron microscopy (SEM),

energy dispersive x-ray (EDX) and thermoanalysis methods (TG/DTA).

4.3.1 Infrared Spectrometry Analysis

Infrared spectroscopy is used to identify compounds or investigate sample
composition. It exploits the fact that molecules have specific frequencies at which
they rotate or vibrate c(;rresponding to discrete energy level (vibrational modes). The
infrared spectrum of a sample is collected by passing a beam of infrared light
through the sample. From this, an absorbance can be produced, showing at which IR
wavelengths the sample absorbs. Analysis of these absorption characteristics reveals
details about the molecular structure of the sample. This technique works almost

exclusively on samples with covalent bonds (Demirdévenet al, 2004).

IR analysis was used for the study to determine the effect of admixtures during
cement hydration. The infrared analysis was recorded with hydrated blended cements
at 7 and 28 days respectively. 2mg of the solid sample (blended cement) that was
obtained was mixed with 400mg of potassium bromide powder in an agate mortar.
200mg of the mixture was then pressed for about 5 minutes into a pellet (disc) using
a special mould and a hydraulic press with an estimated force of about 8 tonnes. The
pellet was then passed through a FTIR-8201A single beam laser Shimadzu Infrared

Spectrophotometer, where the specific functional groups were determined. The

samples were a at the a] Science Department of the Univcr:j’(;if Cape
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43.2 X-Ray Diffraction Analysis

X-ray Diffraction (XRD) analysis is a non-destructive analytical method by which
X-rays of a known wavelength are passed through a sample in order to identify the
crystal structure, chemical composition, and physical properties of the sample. The
wave nature of the X-rays means that they are diffracted by the lattice of the crystal
to give a unique pattern of peaks of 'reflections’ at differing angles and of different

intensity, just as light can be diffracted by a grating of suitably spaced lines.

For this study, the hyd}l’ated cement blend was removed from water at the test date
and immersed in acetone to stop hydration. About 0.5g of the cement specimen was
then ground to a mesh size of below 75um and pressed into the holder with a 10mm
x 30mm thin glass plate using the thumb. The holder was then placed in a PHILIPS
PW 1830 X-ray diffractometer for the determination. The tests were performed at the
Materials Science Dept. Laboratory of the University of Manchester, in the United

Kingdom.

4.3.3  Scanning Electron Microscopic (SEM) analysis
Scanning electron microscopy (SEM) is a technology used in studying the

microstructure of cement paste. The electron microscope images the sample surface

by scanning it with a high-energy beam of electrons in a raster scan pattern. The
clectrons interact with the atoms that make up the sample producing signals that

contain information about the sample's surface topography. composition and other

properties such ical gonditivity (Stultzman, 2004).

Direciﬂ?“:

Lt et
Ao e oi
e

% INSTITUTE
"L.\:;\]\H



The cement specimens were removed from water and acetone was added to them to
inhibit hydration. The specimens were broken and ground to powder (about S0pm).
A few of the powder was spread thinly on the adhesive surface of the holder and

placed in the ZEISS SEM analyser equipment for analysis.

4.3.4 Energy Dispersive X-ray Analysis (EDX)

Energy Dispersive X-ray (EDX) analysis is a modern technique used for identifying
the elemental composition of the specimen, or an area of interest thereof. The EDX
analysis system works as an integrated feature of a scanning electron microscope
(SEM), and cannot operate on its own without the latter, During EDX Analysis, the
specimen is bombarded with an electron beam inside the scanning clectron
microscope. The bombarding electrons collide with the specimen atoms' own
electrons, knocking some of them off in the process. A position vacated by an
ejected inner shell electron is eventually occupied by a higher-energy electron from
an outer shell. To be able to do so, however, the transferring outer electron must

give up some of its energy by emitting an X-ray.

The amount of energy released by the transferring electron depends on which shell it
is transferring from, as well as which shell it is transferring to. Furthermore, the
atom of every element releases X-rays with unique amounts of energy during the
transferring process. Thus, by measuring the amounts of energy present in the X-
rays being released by a specimen during electron beam bombardment, the identity
of the atom from which the X-ray was emitted can be established. The output of an

EDX analysis is an EDX spectrumy. EDX spectrum plots ho frequently an X-ray is

received for
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corresponding to the énergy levels for which the most X-rays had been received.
Each of these peaks is unique to an atom, and therefore corresponds to a single
element. The higher a peak in a spectrum, the more concentrated the element is in
the specimen. An EDX spectrum plot not only identifies the element corresponding

to each of its peaks, but the type of X-ray to which it corresponds as well.

The samples were treated with acetone to halt hydration after 28 days and ground in
an unglazed porcelain mortar and pestle to a particle size of less than 75pum . The
powders were applied smoothly and thinly: on 5Smm diameter magnetic holders,
labelled and stored in sealed containers to prevent moisture exchange and
carbonation. The SEM/EDX tests were performed at the Materials Science
Laboratory of the University of Manchester, using a ZEIS SEM/EDX equipment

(Fig. 4.1).The EDX analysis of the samples was performed simultancously as the

SEM analysis.

A

ials under heat

treatment. Thermogravimetric analysis (TG) is performed on samples to determine
Directar,
115 THE TECHNOLOGICE! INSTITUTE

LE & SCIENwew o WANI




changes in weight in relation to change in temperature. Such analysis relies on a high
degree of precision in three measurements: weight, temperature, and temperature
change. In this study, the analysis was done to determine specifically the quantity of

calcium hydroxide in the various cement samples.

Differential thermal analysis (DTA) is a thermoanalytic method where the material
under study and an inert reference are heated (or cooled) under identical conditions,
while recording any temperature difference between sample and reference. This
differential temperature is then plotted against time, or against temperature (DTA
curve or thermogram). Changes in the sample, either exothermic or endothermic, can
be detected relative to the inert reference. Thus, a DTA curve provides data on the
transformations that have occurred, such as glass transitions, crystallization, melting

and sublimation (Lea, 1970; Taylor, 1997).

Simultaneous TGA-DTA analysis measures both heat flow and weight changes
(TGA) in a material as a function of temperature or time in a controlled atmosphere.
Simultaneous measurement of these two material properties not only improves
productivity but also simplifies interpretation of the results. The complementary
information obtained allows differentiation between endothermic and exothermic
events which have no associated weight loss (e.g., melting and crystallization) and
those which involve a weight loss (e.g., degradation). The sample preparation and
TGA/DTA tests and analysis were performed using a Seiko SSC5200 and

MettlerToledo TGA/DSCI1 equipment at the Physical and Micro Analytical




The samples were ground in an unglazed porcelain mortar and pestle. The powders
were stored in small screw-cap glass vials and labelled. The size range of the powder
was such that 70-80% of it was between 149um to 74um. The remaining 30-20%
was finer. The tests were done one after the other. Approximately 9.7 mg of a ground
sample was placed in the quartz bucket and weighed accurately to the nearest 0.1 mg.
Dry nitrogen at a flow rate of 100ml/min passed over the sample and heat applied
from 25°C to 1000°C at 20°C/min for 10 minutes. The electromotive force (e.m.f.)
equivalent to the weight change, and the e.m.f. equivalent to the temperature which
was measured was displayed and the TGA/DTA/DTG graphs plotted simultaneously.
During calcinations the sample lost weight because of the thermal decomposition of
inherent compounds. After calcination, the sample of oxide was cooled to room

temperature and evacuated

4.5 Mechanical Properties

4.5.1 Compressive, tensile strength and water absorption

The compressive strength of mortar is mostly used as a principal criterion for
selecting mortar type, since compressive strength is relatively easy to measure, and it
commonly relates to some other properties, such as tensile strength of the mortar.
The tensile strength is «;;1 measure of an unreinforced concrete beam or slab to resist
failure in tension. This strength is expressed as modulus of rupture and is usually
between 10 and 20% of compressive strength (Dayaratnam, 1999). Other property

determined was the water absorption when the mortar samples were immersed in
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Sufficient quantities of Class 42.5N Portland cement, clay pozzolana, limestone,
clam shells, steel slag, aggregates and water for batches to produce five (5) cubes and
prism specimens were measured by mass as per the mix proportions. The fine and

coarse aggregates were sampled from large lots by quartering before batching.

Blended cement (given in Table 4.1) to sand ratio of 1:3, and water to cement ratio of
0.5 were used to prepare all mortar samples. The materials for each mortar sample
were mixed separately. The blended cement was mixed with the measured quantity
of sand. Afterwards, the quantity of water needed was added and mixed for about 4
minutes. The mortar was tamped in the moulds and then vibrated for 2 minutes. After
gauging, the mould was covered with a metal plate and a damp hessian sack. For the
concrete test, 1:2:4 cem-ent, fine and coarse aggregate ratio, and water to cement ratio
of 0.6 were used to produce the concrete samples. In all, the test samples included
75mm cement mortar cubes, 100mm concrete cubes and 150mm x 310mm concrete
cylindrical specimens were prepared for the compressive tests. S0mm x S0mm x
150mm concrete prisms were prepared for flexural tensile tests using BS and EN
specifications. All the experiments were done at a room temperature of
approximately 27°C + 2°C and 70% + 2% relative humidity.The mortar cubes,
concrete cubes and prisms were removed from their moulds 24 hours after gauging
and weighed. The weighed cubes were then immersed in a pond of water of average

temperature of22°C + 1°C and kept for the specified testing periods.
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In all, 1075 mortar and 620 samples were prepared for the compressive tests, and 510

mortar samples for the durability. Five samples were tested for each age date.

4.5.1.2 Slump Test

This test was used to determine the workability. of the fresh concrete. The steel mouldfor

the slump test was a frustum of a cone, 300mm high. The mould was thoroughly cleaned
and placed on a smooth levelled surface with an opening of diameter 100mm at the top
and 200mm at the bottom. It was firmly held against its base and filled with concrete in
three layers. Each layer was tamped 25 times with a standard 16mm diameter steel rod
that was rounded at the end. The excess concrete was struck off the top and the base was
cleared of all droppings. The cone was steadily lifted vertically. A straight edge was
placed on top of the inverted empty cone placed alongside the slumped concrete. The
slump was measured as the difference between the highest point of the slumped concrete

and the underside of the straight edge.

4.5.1.3 Strength tests

The cement mortar and concrete cube and cylindrical specimens were tested for their
compressive strengths at 2, 7, 28, 90 and 365 days using a universal testing machine
in accordance with EN 197-2 (2000). The flexural tensile strengths of the concretes
from the cement blends were determined from the prisms prepared. The modulus of
lastic theory using the formula:

rupture was calculated-tigsed on the

IQAC
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4.5.1.4 Water Absorption

The water absorption of the cement mortar cubes, concrete cubes and prisms was

determined by weighing the cubes immediately after removing them from their
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Table 5.20: Comparative compressive strengths of 1:2:4 cement concrete using
different water - cement ratios

Sample Slump, mm 28-day Compressive strength
w/c=0.55 w/c=0.6 w/e=0.55 wic=0.6
Rh 75 72 25.47 22.5
58 76 74 24.1 21.0
5Sh 74 78 24.0 21.8
51 I 76 73 ; 24.3 21.6
5P 78 65 24.6 ARy
5158 77 70 243 19.1
5P5S 74 65 22.5 20.0
SP5L, 78 70 229 18.6
5ShSL 79 78 22.8 18.4
555Sh 74 73 24.0 19.5
5P5Sh 75 68 22.3 19.3
SP5L5S 72 71 19.4 18.1
5L5Sh5S T¥ 76 : 20.4 172
5P5Sh5S 73 70 127 19.1
5PSL5Sh 73 66 19.1 18.4
25P2512.58 73 68 217 214
2.5L2.58h2.58 75 72 223 20.6
2.5P2.58h2.58 70 70 214 20.8
2.5P2,51.2,58h 70 70 22.1 21.0
2.5L2.582.58h 74 By 212 19.8
SPSL5S5Sh 72 78 19:1 172
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Table 5.21:Tensile strengths of 1:2:4 cement concrete using different water to
cement ratios

28 — day Strength, MPa oot Tensileto
Tensile compressive strength
Sample Compressive  w/c=0.60 w/c=0.55 w/c=0.60 w/c=0.55
Rh 43.2 4.5 6.0 10.42 13.89
58 423 4.5 5.4 10.64 12.77
5Sh 43.0 4.5 5.2 10.47 12.09
5L 42.1 45 5.4 10.69 12.83
5P 42.8 4.5 54 10.51 12.62
SL5S 40.9 3.7 4.6 9.05 11.25
5P5S 418 3.6 44 8.61 10.53
SP5L 41.1 4.5 5.0 10.95 12.17
5ShSL 40.1 3.6 438 8.98 11.97
5S5Sh 41.0 3.6 4.8 8.78 11.71
5P5Sh 40.4 4.1 52 10.15 12.87
SPSL5S 42.7 4.0 4.4 9.37 10.30
SL5Sh5S 41.1 3.6 4.3 8.76 10.46
SP5ShsS 40.6 3.8 5.3 9.36 13.05
SP5L5Sh 42.5 3.6 54 8.47 12.71
2.5L2.58h2.58 43.8 4.5 52 10.27 11.87
2.5P2.5Sh2.58 435 40 4.8 9.20 11.03
2.5P2.5L.2.58 44.1 4.3 4.8 95 10.88
2.5P2.5L2.5Sh 43.0 4.5 5.0 10.47 11.63
2.5L2.582.5Sh 43.2 4.8  #a M| 14.35
5P5L5S5Sh 41.7 3.6 4.8 8.63 11.51

5.7  Durability

Wt

Table 5.22 fpresents the compfé?éWé sfrengths of the mortar cubes in both solutions
at 28 days. The decrease in strength compared to that immersed in water as well as

their water absorption values in the solutions are also provided. The compressive

strengths of the various blended cement mortars in sodium sulphate solution and

seawater and the reduction in strength at from 28 to 365 days ar€ pr

5.23 and 5.24 respectively.
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CHAPTER SIX
~ DISCUSSIONS
6.0 Introduction
This chapter analyses all the test results obtained and presented in Chapter Five. It
also discusses the significance of the results with respect to the suitability of the
blended cements for concrete and general construction using the standard
specifications of British, European, Ghanaian and Indian Standards. The results are
compared to that of the reference cement and similar works of other researchers.
Finally, the effect on the hydration products by the admixtures and the positive

resistance of the blended cements to the acidic waters are discussed.

6.1 Physical properties

6.1.1 The particle size distribution and sieve analysis of aggregates and admixtures
The particle size distribution curves of the sieved sand (Fig. 5.2) show that the sand
was mostly coarse, 95% of it within the 0.5mm and 2mm range. In addition, it did
not contain any fines (< 75um). The silt content of sand was however 4.5%, greater

than the required content of 2%.

Between 75% and 98% of the admixtures were below 50um size (Fig. 5.3), except
slag that gave a low figure of 30%. This gives an indication that blended cements
may produce appreciable strengths since fineness plays an important role in strength
development. A detailed sieve analysis of the aggregates, given in Table 5.2, shows

that the fine and coarse aggregates satisfy BS 882 (1992).
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The grading of the aggregates, complied with the BS 882:1990 for a 20-5mm graded
coarse aggregates and the fine aggregates close to the medium sand. The mineral
grains of the crushed aggregates were large enough to be seen exhibited and
possessed colour that range from white to grey. The granitic aggregates are thus of
good quality and therefore suitable for concrete works as per the standard

specifications.

6.1.2 Specific gravity, soundness and fineness

The specific gravity of the admixtures ranged between 2.59 and 2.85 (Table 5.1), and
that of the blended cements between 2.7 and 3.1, lower than that of reference value
of 3.16 (Table 5.4). This is so since all the admixtures were less dense than the
reference cement (Table 5.1). The speciﬁc‘gravity of the blended cements gave
indication that they would provide dense concretes. It is evident from Table 5.3 that
Blaine surface area of the cements was increased by addition of admixtures for the

same residue on the 45-um sieve. On the average, surface area increased

approximately by at least 70m2/kg. Pozzolana blended cements gave the highest

surface area with 5%Pozzolana5%shell cement of 525 mzz’kg. The high Blaine values

obtained give indication of high early strengths and comparable strengths of Class
32.5N and 42.5N Portland cement.The soundness tests on the blended cements

showed that they expanded less than the reference cement (Table 5.4).

6.1.3 Water Permeability

of cementitious materials.

M/

Permeability is an important property related to thedurabili

and through the pH e coacrgtunder a pressure gradient (Basheer, 2001).Concrete
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with low permeability exhibits good resistance to sulphate attack, chloride attack and
alkali-silica reaction, since water carrying aggressive ions are difficult to penetrate into

concrete pore structure (Bakker, 1983; Feldman, 1986).

From Table 5.5, the results of the permeabililty tests showed clearly that addition of
the admixtures, except slag, reduced the porosity of the cement by at least 4% and as
much as 20%. This agrees with the assertion that admixtures fill the pores of cement
products making it less porous (Hawkins et al, 2003; Bonavettief al, 2001; Péraet al,

1999; Soroka and Setter, 1977). Pozzolana cement gave the least permeability of

3.39 x10™* as compared to 4.42 x10™ of reference cement. Slag cement was more

porous than the reference and this could be attributed to the relatively larger particle

size as compared to the other admixtures (Fig. 5.3).

6.1.4 Water demand and setting times

The water demand and setting times of the reference and blended cements, as
presented in Table 5.4, showed that the water demand of the blended cements ranged
from 24.5% to 34.2% and that it increased as the percentage replacements of cement
are increased. However, replacing cement with up to 10% of admixtures did not
change the demand significantly except 5%pozzolana$%limestone cement. Cement
pastes containing admixtures over 10% recorded values above 30% and this is due to
the fact that increase in the amount of admixtures involves a decrease in the amount
of cement (dilution effect) and consequently, an increase in the effective water

cement ratio resulting in higher water demand (Adesanyaand Raheem,2009; Alamet

al, 2006; Mehta, 1981). The addition of limestone/shell (CaCO3) and clay pozzolana




addition, CaCO3 and clay pozzolana increase the effective reactive surface area,

increases capacity to absorb water, and the reaction of CaCO3 with C3A to form

carboaluminate hydrates leads to the higher need of water than calcium silicate

hydrates (Heikalet al, 2000, Soroka, and Setter1977).

The initial setting times (<95min) of 5%x and 5%x5%y blended cements were lower

than reference cement. This is so because there is always an interaction between

tricalcium silicate (C3S) and the admixtures, with the latter accelerating the

hydration of C3S and modifying the Ca/Si ratio of calcium silicate hydrates. Also,

admixtures provide additional surface area which accelerates hydration (Heikaler al,
2003, Sorokaand Setter, 1977). Increasing the amount of admixtures prolongs the

initial setting times of the blended cements and thus is attributed to the decrease of
C3A content of cement. Nevertheless, the initial and final setting times obtained for

all cement blends were more than 75 minutes and less than 10 hours respectively for
the final as stipulated by EN 197-1 (2000) and GS:22 (2004). The slag containing
cements normally demanded less water than the rest which can be attributed to the
delayed hydration of the slag, due to its mineralogical composition and the relatively

high MgO andMnO content (Table 3.2) as stated byKourounises al (2007).

6.2 Chemical properties of cement samples

The chemical compositions of the mineral admixtures are very essential in determining
their suitability as appropriate minerals for blending cement. Studies have shown that
chemical activity of admixtures in cement is dependent essentially on their lime, silica

and alumina contents (Lea, 1970). The XRF determination, converted to its oxide

composition, are
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AlpOs3determined are mainly constituents of hydrated calcium silicate (C3S and

C28), calcium aluminates (C3A) and calcium aluminoferrite (C4AF), the main

essential compounds needed for cement hydration for strength development. The
Ca0- and silica-containing phases of cement are very important because the strength
development and stability of cement products depend mostly on the two compounds
as described in Section 2.1.1 in Chapter 2.3 and 2.4Compared with reference cement,
the lime contents of the blended cements were reduced, except 5% shell cement
because of its relatively higher CaO content. However, the silica contents of the
5%slag and 5%pozzolana cement blends were higher than the reference cement as a
result of the higher silica content of Pozzolana and slag . This gives an indication that
the binary cements would produce satisfactory results in terms of strength as

explained in Chapter 2..

The iron oxide content of the binary cements ranged between 3.1% and 5.25% as
compared to 4.36% of reference cement because of the high silica content of the
admixtures, particularly pozzolana and steel slag. (Table 5.6). However, the alumina
content was very low (3.2%) for 5%shell cement because of shells low alumina
content and quite high (5.5% and 6.1%) for 5%pozzolana and 5%limestone cements.
Alumina makes little direct contribution to the strength of Portland cement but
accelerates the hydration of cement. Iron oxide in cement has no effect on cement but
acts as flux to aid cement and gives the grey colour of cement (Lea, 1970). All the

binary compounds contained less than 3% MgO.

The alkali content of the blended cements was quite significant, between 4.35 and

lopment ?%%Wrstood but studies
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of 39.4MPa while slag limestone produced the minimum of 37.5 N/mm?. The results
obtained by replacing 20% cement by 5% each of the four admixtures show that the
compressive strengths at 2days were higher (15.1 N/mmz) than that obtained from
10%x10%y and 5%x5%y5%z cements (Table 4.13). The strength of 38.7 MPa
obtained at 28 days (almost the same as for 10%x5%y and 5%x5%y5%z

replacements) makes the blended cement (using all the four admixtures) suitable for

medium strength concrete and general construction.

The results also show that integrating 7.5% of the admixtures by using 2.5% each of
three of the admixtures gave almost the same strength as replacement of cement by
5% admixture at 28 days (average 42.0MPa) and about 97.3% of that of reference

cement. However, the 2-day strengths of 5% binary cements averaged higher than
20N/mm? whereas those of 2.5%x2.5%y2.5%z averaged below 19N/mm?>. Increasing
the admixture content to 20% with 5% each of the four admixtures produced

relatively low early strength of 15.1MPa at 2ays and 28-day strength of 38.1MPa

(Fig. 6.8).

i# 2.5P2.5L2.55h
#2.5L2,55h2.55
# 2.5P2,512.55
2 2.5P2.55h2.55
# 5P5L55h55

@ Rh

Compressive strength, MPa

Z 7 28 90 365
Age, days
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6.4.2 Concrete Tests

The effect of blended cements on the fluidity of concrete was determined by slump
test. The results are presented in Table 5.20. Concretes made with partial
replacement of ordinary Portland cement by 5% admixtures exhibited enhanced
workability compared of the reference mix, except pozzolana cement using w/c ratio
of 0.6. The highest slump was recorded with mixtures containing shell cement. On
the other hand, concretes made with pozzolana showed decrease in workability. The
decrease in slump of pozzolana concrete could be attributed to the greater surface
area due to relatively lower specific gravity of 2.59 of pozzolana. Binary blends with
ordinary Portland cement with 5% each demonstrated lower slump in all the fresh
concrete mixes with pozzolana. Similar results were observed with ternary and
higher blends. It was generally noticed that fresh properties of blended concretes
without pozzolana showed an equal or improved workability in relation to reference
mix. This was in agreement with results obtained by Abdullahi (2009), Adesanyaer
al (2009) and Lea (1970) that incorporating pozzolana in concrete usually has a
rather lower slump at the same water content. All concrete mixtures were found to be

cohesive, relatively workable and showed no tendency of segregation.

The mechanical properties as compressive strength of blended concretes were
evaluated at 2, 7, 28, 90 and 365 days of curing. Table 5.20 show the compressive
strength result obtained from cylindrical specimens using a water cement ratio of 0.6
and these are presented graphically in Figs. 6.9 — 6.13. The strengths obtained for

5%x and 2.5%x2.5%y2.5%z were higher than the standard value of 20 MPa and at

least 91.6% of the reference cement. 5%shell cement gave the highest strength of
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whereas’%x5%y5%z5%p cement provided the least strength of 17.2MPa (about
76.4% of control). These results comparedfavourably with the ASTM C 618 (2008)

specification which stipulates minimum 28-day strength of 75% of the reference.
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Figure 6.9: 28-day Compressive strengths of 5%xbinary blended cement
1:2:4 concrete cylinders
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Figure 6.11: Compressive strengths of 5%x3%yternary blended cement 1:2:4
concrete cylinder
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Figure 6.12: Compressive strengths of quaternary (5%x35%y3z)
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Figure 6.13: C ivesstremeths of quinternary blended 1:2:4 concrete samples




The strength of the concrete increased between 1% and 19% when the water cement
ratio was reduced to 0.55. However, working with the concrete was more difficult
even though the slump values also improved. Strengths ranging from 19.1MPa to

24.6MPa were obtained and the highest strength came from 5%pozzolana cement.

6.5 Flexural Tensile strength

The flexural strength is a measure of an unreinforced concrete beam or slab to resist
failure in bending. It may also be referred to as modulus of rupture (Dayaratnam,
2006). The tensile strength of the concrete is usually between 10 and 20% of its
compressive strength (Neville, 2000). The results obtained from the tests on the
blended and reference cements indicated that replacing cement with 5% of the
admixture did not affect the flexural strength of the concrete. For concretes with
water-cement ratio of 0.5%, the flexural tensile strengths were between 18.0% and

24.29% of the 28-day compressive strengths of the concrete (Table 3.21).

Replacing cement with 5% admixtures using both water-cement ratio of 0.55 and 0.6
did not reduce the tensile strength significantly. The trend however shows that
increasing the admixture content to 15% reduced the flexural strength by between
11% and 20%, with the exception of 5%pozzolana5%limestone,
2.5%limestone2.5%shell2.5%Slag  and  2.5%pozzolana2.5%limestone2.5%shell
cements that gave the same strength as the control (Figs 6.14 and 6.15) as reported
by Carrasco et al (2004) using limestone and blast furnace slag admixtures.
Significantly, replacing cement with 2.5% of each of four admixtures produced high

flexural tensile that was higher than for CEM I Class 42.5N cement. The tensile

strengths obtaine

.....



compressive strengths compared to 10% - 20% stipulated by standards (Neville,
1996).Compared to results of w/c = 0.55, the results were always higher than that of

0.6. This is attributed to effect of dilution by water which reduces the strength of

concrete.
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Figure 6.15: Flexural strength of quaternary and quinternary concrete at 28 days
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6.6 Durability tests
6.6.1 Sulphate and chloride resisting test

Mortar cubes, produced according to EN 196-1, were immersed in 5% Na2S04

solutions and sea water (NaCl). The cubes were examined visually, photographed
and tested for compressive strength at 28, 180 and 365 days. Figs. 6.16-6.19 show
the physical appearance of the mortar cubes in sodium sulphate solution and
seawater after 28 and 365 days. The samples seemed not physically affected, as there

were no visible signs of deterioration.
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Figure 6.18: The state of control and 5%x cement cubes afler a year in seawater (left)
and Na2S04 solution (right)

SEA WATER

Figure 6.19: The state of the cubes after a year in seawater (left) and NaSO4 solution

(right)

Analysis of their compressive strengths at 28 days presented a decrease of 8% to 36% in



most affected. 5%pozzolana5%shell cement gave the best result of 38.8MPa compared

to 33.1MPa from oPc(Figs. 6.20).

g Water
= Sea Water

HNa2804

Compressive strength, MPa

Reference 5%Pozzolana  S%Limestone 5%Shell 5%Slag
cement

cement samples

Figure 6.20: Compressive strengths of 5% cement mortars in water, seawater
and 5%Na2SO4solution at 28 days

Generally, slag blended cements exhibited better resistance to chloride attacks and this is
because slag increased the a]kalinity of the pore solution of cement solution as the
hydration reaction proceeded. This prevented the diffusion of chloride ions thus
providing good protection (Benjamin, 2000). Also, the effect of seawater (NaCl)was

reduced as the number of admixtures in the cement wereincreased (Fig. 6.21).
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Fig. 6.21: Compressive strength of blended cement mortars in water, seawater 5%
Na2S04 solution at 28 days.
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Figure 6.22: Comparative compressive strengths of binary and ternary blended cement

mortars in seawater and 5%Na2SO4solution at 28 days

The effect of 5%Na2S04 solution was more pronounced than seawater. This deleterious

effect was due to the attack of sulphate on Ca(OH)2 and alumina producing ettringite

and other sulphonate compounds which lead to expansion of concrete/mortar and

disruption. The
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highest resistance to sulphate attack with 5%slag cement giving the lowest strength
value of 24.5MPa. The low CaO/SiO3 ratio of the clay pozzolana accounted for its

effective sulphate resistance (Farreler al, 2000). Significantly, increasing the admixture
content from binary to quinternary improved the resistance to sulphate attack. This could

be attributed to the combined effect of admixture filling pores, pozzolanic action and
reduction of Ca(OH)2, and reduction of alkalinity needed for sulphate action. In all,

2.5%x2.5%y2.5%z2.5%p cement provided the best blend that could resist both seawater
and sulphate solution negative action. This further confirms the assertion that a
combination of four of the admixtures at 2.5% each reduces the portlandite content from
the X-ray analysis (Table 5.11) and TG analysis (Table 5. 13) of the cement and such
will provide high resistance to acidic attack.

Figure 6.18 and 6.19 show that the physical appearance of the mortar cubes in both

solutions deteriorated and the strengths also decreased(Fig. 6.22) after 365 days.In both
NaCl and 5% NaSO4solutions, 5%limestone5%shell cement was most affected by as

much as 35% and 39% respectively. As usual, blending three or more admixtures
produced cements which performed better than the reference cement (Figs. 6.22 — 6.23).
Finally, slag blended cements performed better than the rest in both solutions as stated

by Wu ef al,(1999) and Dongxueet al,(1997) in their work on resistance of slag cement

in sulphate solution.
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Figure 6.23: Compressive strengths of cement mortars in various solutions at 365 days
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Figure 6.24: Percentage reduction of strength of blended cement mortars in seawater and
NapSO4 solution in 365 days '

6.8 Economic benefits on using admixtures

Cement consumption in Ghana has been increasing steadily from 1.81 million tonnes in
2000 to about 3.4 million tonnes in 2010. Concurrently, the price of cement has
increased from GH¢3.2 to GH¢10 - 12.00 during the same period. The current cement
price ranges from to GH¢12.00 to GH¢16 (the year 2011) depending on the geographic

location and the reasons for such trend have been enumerated in Chapter One. In

addition, abo
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Assuming an FOB price = $62.00/tonne
Total cost of clinker = $210.27 million
Handling cost = 1% of FOB

= $2.10 million

Import Duty, VAT etc = | 5%
= $10.51 million
Total cost = $222.89 million

(excluding insurance)

Replacing at least 15% of total clinker imports by these admixtures would amount to a
capital saving of = $222.89 x 0.15 million

= $33.43 million

This will be the least capital savings to Ghana per annum.In addition, the use of suitable
local admixtures in cement production in Ghana will provide the following benefits:

- Increase utilization of local materials in cement production;

- Provide cheaper but durable cement for the construction industry;
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Reduce global environmental pollution; especially in the area of carbon credit;

Increase housing delivery in terms of cost, and

Provide revenue to the state and local authorities.




CHAPTER SEVEN

CONCLUSIONS AND RECOMMENDATIONS

7.0  Conclusions

Locally available limestone, clam shell, clay and steel slag were used as admixtures and
studied to ascertain their influence on cement hydration and properties. Physcial and
chemical tests were performed on the four admixtures as well as cement blended with
these admixtures. Binary, ternary, quaternary and quinternary cement blends were
prepared for physical, chemical, mineralogical and mechanical properties. Also,

durability tests were performed to determine their resistance to acidic water.

The soundness of the blended cement samples were less than 2.0mm. The water demand
of the blended cements ranged from 24.5% to 34.5% and that it increased as the
percentage admixture replacements of cement increased. However, 5% slag cement was
lower than that of reference cement. The initial setting times of 5% and 5%x5%y
blended binary and ternary cements were lower than reference cement but increasing
admixture content increased the setting times. The initial and final setting times of all
cement blends were within the standard minimum limits (GS 22). The slag containing

cements normally demanded less water than the rest.

Infrared spectrometry, X-ray diffraction, SEM/EDX and TG/DTA analysis showed

clearly that the presenc the four admixtures in concrete provided unique cement




The Infrared analysis showed a shifting of the characteristic v3SiO4; C-S-H from

970cm™" to between 960cm™! and 980cm™! when the admixture content was increased
from binary to ternaryindicating the accelerating effect of admixtures on hydration. This

effect manifested in high early strength of the blended cement, especially the CaCO3-

based blended cement samples. The ettringite and monosulphonate of CaCQ3-based
admixtures (that is, limestone and shell cement) bands were almost flat or disappeared

compared to others, indicating increased reactivity between CO32' and SiO4*" ions.

One significant and new finding from the study is that a combination of three
admixtures (5% each) or all four admixtures (2.5% each) in the cement almost
eliminated portlandite content as compared to 36.9% in the reference cement as a result
of admixture hydration reactions as shown clearly from the XRD analysis. This is a

novel revelation and it was sufficiently corroborated by the EDX and TG/DTA analysis.
It is also very significant because the near absence of Ca(OH)2 will make concretes
made from these blended cements less Susceptilble to severe acidic attack and structural
deterioration. The EDX and X-ray analysis also showed increased silica and oxygen
composition of the blended cement compared to the control indicating increasing

amounts of calcium silicate components.

All the 5%x blended cements produced high 2- and 28-day strengths which classified

them as CEM I Class 42.5N cement whilst 5%x5%y and 2.5%x2.5%y2.5%z and

2.5%x2‘5%

197-1 standards
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cements are classified as CEM II/A Class 32.5R cement, except 3%x3%y%5z5%p
cement. The concrete tests revealed that 5%x blended cement concretes exhibited better

workability than the reference cement and

also the compressive strengths of all the 1:2:4 blended cement concretes were higher
than the targeted value of 20MPa. It is expected that 1:1.5:3 mixes will provide higher
strengths. The mechanic:al properties of the blended cement could be improved when
more efficient milling equipment and grinding aids are used, to better inter-grind the

cement or clinker with admixtures instead of just blending them.

The durability tests using sea water and 5%Na2SO04, showed that the compressive
strengths of all the cement samples were affected up to 365 days; the effect of
5%NaSO4 solution was more pronounced than seawater. Generally, slag blended

cements exhibited better resistance to chloride attacks whilst pozzolana-based cements

produced the highest resistance to sulphate attack. The study showed that the effect of

seawater (NaCl) and Na2SO4 on strength was reduced as the number of admixtures in

the cement were increased. In all, the quinternary (2.5%x2.5%y2.5%22.5%p) cement
provided the best blend that could resist both seawater and sulphate solution negative
action. This confirmed the assertion that reduction of the portlandite content as a result
of a combination of four admixtures in cement (from the X-ray analysis and TG

analysis) will provide high resistance to acidic attack.
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provide increased utilization of local materials in cement production, cheaper but
durable cement for the construction industry, reduce global environmental pollution,
increase housing delivery in terms of cost, and provide revenue to the state and local

authorities.

7. RECOMMENDATIONS
From the results and conclusions drawn from the analysis made it is recommended that
the limestone, clam sheﬁs, clay deposits and the steel slag produced as waste from the
steel industries in Ghana be exploited and used as admixtures in cement production in
order to improve the mechanical properties of cement products. However, further works
need to be done on utilisation of blended cements using a combination of three and four
admixtures, for the construction of both ordinary and reinforced concrete structures for
observation and evaluation. This will include, among others:
 Pilot production with the ultimate aim of utilising local admixtures in cement
must be encouraged.
*  Further studies on long-term (Syrs) strength and other properties of blended
cements must be carried out.
* Construction of test walls in the three climatic (coastal, tropical and savannah)

for field and related studies related to environmental effects must be conducted.
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APPENDICES
APPENDIX 1

Infrared Spectra of Some Blended Cements
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Visible Ref. Code Score Compound Displacement Scale Chemical Formula
Name : [°2Th.] Factor
00-004-0733 55 Portlandite, syn 0.000 1.044 Ca(OH)2
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APPENDIX 11

SEM/EDX graphs and computer generated values
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APPENDIX IV

TG/DTA THERMOGRAPHS OF BLENDED CEMENTS
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have shown that higher levels of alkalis lower strength gain of cement beyond 28
days. However, the total absence of alkalis results in abnormally low early strength
[Lea, 1970; Neville, 2000). The sulphate and chloride contents of the binary cements

were lower than the standard limit of 3.5% and 0.10% respectively (EN 197-1). This
is quite positive because excess SO3 leads to formation of sulphonates that cause
expansion in cement concretes which are detrimental to cement strength and

durability (Odler and Gasser, M, 1988). The other minor constituents like TiO2,

MnO3 and P203 were less than 0.5% and have no effect on strength and properties of

cement products.

The CaO contents of the 5%x5%y ternary cement blends were above 52% except
5%pozzolana5%slag cement which gave a value of 50.41% (Table 5.6). Even though
the CaO values are lower than the reference cement (Table 3.2) by at least 2.1% the
chemical compositions of the 5%x5%y cement blends (Table 5.6) meet the minimum
percentage requirement neededl to give expected reactivity during hydration to
produce the strengths and soundness expected to meet minimum values specified by
EN 197-1(2000). The silicon dioxide contents of between of 18.5% and 24.5% also

give a positive indication of their reactivity during hydration. The MgO content was
less than 5% and that of TiO2, MnOj and P203 were below 0.5%. The SO3 and

chloride contents were lower than the standard limit of 3.5% and 0.1% respectively

(EN 197-1)

Tables 5.7 presents the chemical compositions of [0%x5%y ternary and

5%x5%y5%z quaternary blended cements with a cement replacement of 15% whilst

{7 | CO0RDINATS

Ny




quinternary blended cements are shown in Table 5.8. The lime contents of these
cements ranged from 43.67% to 54.78%. Obviously, samples with less than 50%
CaO will record relatively lower strength. The silica content was between 13.95%
and 25.61%. The iron oxide and alumina contents of these blends ranged from 2.39%
to 6.44% and 1.86 to 5.95% respectively, with slag blended samples giving

appreciable values.

6.3  Mineralogy of hydrated blended cements
6.3.1 Infrared Spectrometry

The IR spectra of hydrated 5% binary and 5%x5%yblended cements at 7 days and 28

days are shown in Figs. 5.4 -5.6, and also summarized in Tables 5.9 - 5.10. In the

high zone the peak at 3645cm™ s assigned to the O-H stretching of Ca(OH)2 formed
whilst the peaks at 970 em™! s attributed to calcium silicate hydrate (C-S-H). The
broad band at 3600-3000 cm™! is due to symmetric and asymmetric stretching (v;
and v3) of the O-H vibration of the water molecule which is more intense in 28 days
hydration spectrum. Deformation of water band at 1645 em! s present in both
spectra. The CO32' bands (v3,v2) at 1480 em*land 875 em™! are diminished for both

spectra of 5%shell and 5% limestone cement blends compared to other admixtures

indicating the significant influence of CaCOj3in the hydration process. Also, some

Si04 and CO3 bands were shifted after 7 days due to admixture reactions. The 1120

! bands are attributed to ettringite (4ff) and

cm'] and at v38042"1100 cm’
monosulphonate (Afim) phases respectively and were present in both spectra. The

main characteristic of the hydrated samples at 970 em™' accounts for the

polymerization of the units Si044_ present in C3S and C2S. The peaks at 450 - 460
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The CO3 and SiO4 ion bands decreased as the hydration days increased for all the
samples. The ettringite bands increased as the hydration days increased whilst SO4
bands decreased and this could be due to replacement of SO4 ions in ettringite by
CO3 ions. On the contrary, 5%pozzolanaS%slag cement and 5%shell5%limestone

cement spectra have their v3SO4 bands and v3Si0O4 bands increasing as the hydration

days increased therefore their bands in the 7 days hydrated samples have weak
intensities unlike their 28 days spectra which have strong intensities. It could be
deduced that the chemical reactions that led to their formation was slow as compared

to that of the control and the other spectra which seem to be rapid.

Ettringite band at 1100 em™! s present in all the samples. The band at 3450 em™! in

the samples is the symmetric and asymmetric stretching (vi and v3) of O-H of the
water molecules, although, there are some slight differences in the intensities of the

bands; they all have the same wave number. The v3SO4 bands are present at 1000

Cm-l a] thoug n ' A0 e S . om

[’ _loAC \\ 119 -

‘\""".;}\“ o / e TECHNOL QGICALINSTITUTE
W LT [HE e .
3 >4 AN

OF TEATILE & SClENLZ2,



6.3.2 X-Ray diffraction analysis
The X-Ray diffraction graphs show ettringite formation and all clinker minerals,

namelyalite (C3S), belite(C2S) calcium alumunate (C3A), and ferrite (C4AF) as well

as portlandite (CaOHp). From Table 5.11 the portlandite [Ca(OH)2] content is
considerably reduced from 36.9% of reference cement to between 9.1% and 13.4%
as a result of admixture reactions. Reduction of Ca(OH)2 in cement product reduces

the susceptibility of the blended cement to acidic attack. However, the formation of
ettringite was enhanced considerably from 9.1% in reference cement to 15.5% in
5%shell cement, 33.2% in 5%pozzolana cement and 35.3% in 5%limestone cement
and 21.7% in 5%pozzolana5%slag cement. However, the percentage was reduced to
6.5% 1n 5%pozzolana5%limestone cement.The increase in ettringite will lead to
reduction in its tendency to transform to the calcium aluminate monosulphatethat
affects the stability of cement products and makes it more susceptible to sulphate

attack.

6.3.3 Microstructure and EDX analysis of cement samples

The micrographs (Figs. 5.13 — 5.21) from the SEM graphs indicated clearly that the
pores of the blended cement were reduced .as a result of addition of admixtures,
except 5% limestone cement. The elemental composition (Table 5.12) from the
Electron Dispersive X-ray (EDX) analysis showed that the Ca element reduced from
32.6% to between 25% and 31.7% in the blended cements. However, the mass

percentage of oxygen (O) and silicon (Si), increased by at least 6.5% and 5% (except

5%shell5%slag cement)

spectively in the blended cements. Since Ca(OH)2 had




from the Infrared (IR) and XRD analysis, it can be concluded that the increase in

these elements will lead to increase amounts of calcium silicate compounds (C3S and
C2S) which are essential to mechanical properties of cement. That is actually

confirmed by the higher peaks of C3S of the blended cements from the XRD graphs
of Figs. 5.7 and 5.8, which give an indication of high early compressive strength.
Also, reduction in Ca(OH)? is an additional advantage as it is a potential source of

acidic attack which weakens and deteriorates concrete.

6.3.4 Thermoanalysis of raw samples and hydrated blended cements

Chemically, the steel slag contains iron oxide, silica, lime, aluminium oxide and
MgO (Table 4.4). Heating of lime in the presence of silica to 1000°C yields calcium
silicate products. Formation of the compound CaO.SiO2 started at an endothermic
peak of 607°C (check Appendix IV). The endothermic peak at 651°C was the
conversion of the product formed to the metastable B-Ca0.Si0O2. The formation of
the a-Ca0.SiO2 phase began at 684.9°C which was due to the conversion of the
metastable state. Crystallization of the final product of stable hydrated calcium

silicate occutred by an endothermic reaction at 977.7°C. Total loss of mass was

about 1.8% (Fig. 5.22).

The main chemical component of limestone is CaCO3. The endothermic peaks

between 600°C and 690°C were due to decomposition of CaCO3 leading to the

evolution of carbon dioxide. The DTA endothermic peak at 733°C signifies the
phase change (decomposition) of calcite to CaO (Appendix V). There was a total

mass change of about 34%. This is less than the expected 44% because of presence

The t@zﬂ effect and




phases changes for clam shells are similar to that of limestone since both contain
mainly CaCO3. Evolution of CO2 occurred between 666°C and 754°C whilst the

phase change occurred at 740°C. The total loss of mass for the shells was about 35%.

When the clay sample ﬁas heated, a number of reactions took place which caused a
series of mineralogical and crystallographic changes. An endothermic reaction,
which resulted in the removal of nearly all the physically bound water occurred from
30°C to 176°C. The endothermic peaks at 435°C showed the expulsion of structural
water principally from the crystal lattice of kaolinite with a mass loss of about
0.15%.As the temperature increased, dehydroxylation of the clay and formation of
quasi-amorphous material, metakaolin, which is reactive with lime occurred around
635°C. Endothermic reactions which result from the removal of crystal lattice water
are the most critical ones from the pozzolanic activity point of view. Each clay has
an optimum calcination temperature which produces high pozzolanic activity. This
temperature is just above the completion of the dehydroxylation peak and below the

onset of the re-crystallization peak.

Figure 5.18 presents the thermogram of reference cement sample. The endothermic
peak between 26°C and 142°C represented the evaporation of water molecules and

dehydration of calcium silicate hydrate (C-S-H), formation of ettringite,

decomposition of gypsum (Lea, 1970). Dehydroxylation of Ca(OH)2 (portlandite)

occurred from 404°C to 426°C and the TG curve gave an estimated Ca(OH); content

of 15.11% (0.76g). Since in cement burning, more than one reaction can occur at a




636.8°C and 655°C represented the dissociation ofMgCO3 and CaCO3. The
temperature range of 742.9°C - 862°C and beyond mark the beginning of the
formation of calcium silicateand the final product of hydrated CaO. SiO2. H2O (Lea,
1970). The total loss in weight was about 19.6%.

CaO + Si02 — Ca0.8i02 6.1

Heating 5%limestone cement, 5%shell cement, 5%pozzolana cement and 5%slag
cement revealed dehydration of hydrated calcium silicate, calcium sulphate and
ettringite which began at 32°C and ended at 180°C except for 5%slag cement which

ended at 202°C. Dehydroxylation of portlandite occurred between 376°C and 488°C
whilst COzwas released due to decomposition of CaCO3 at the range of 595°C to

936°C (Taylor, 1997; Dwecket al, 2000; Kourouniser al, 2007) as given by the

equation:
Ca(OH)2 =CaO +H0 6.2

The loss of weight of 5% blended cements due to decomposition of Ca(OH)2 was

between 1.0% and 3.0% compared to 5.9% for the reference cement (Table 5.13).

This gives a positive indication that the presence of the four admixtures reduced

amountCa(OH)2 precipitated as compared to the reference cement and a further

proof that addition of the admixtures lowered the portlandite [Ca(OH)2] content as a

result of the dilution of clinker and the pozzolanic reactions that ensued (Vogliset al

(2005). The total mass loss for heating 5L, ‘SSh, 5P and 5S cement mixtures was

estimated at 17.73%, 17.25, 15.79 and 16.82% respectively. Further analysis of

¢3%pozzolana5%slag



cement (quaternary blend) and 2.5%pozzolana5%limestone2.5%shell2.5%slag
cement revealed a further decrease of portlandite to 2.63%, 1.20%, 1.52% and 1.55%
respectively. Figure 6.1 clearly shows that the presence of the admixtures
significantly reduced the portlandite content from 24.58% in Portland cement to
5.02% in quaternary blend (2.5x2.5y2.5z) and 6.31%-6.46% in quinternary blended

cement samples.

Rh
24.58% -
® 55
# 55h

5P

12.05% moL

12.89% : # S5P5L
11.07% # 2.5P2.55h2.55

12.43%

Figure 6.1: Estimated portlandite content in cement samples from TG analysis

6.3.5 Significant resuits from the mineralogical analysis

Several studies by prominent researchers such Tsakiridiset ¢/ (2008), Kumar ef a/
(2008), Kourouniser al (2007), AmitRaiet a/ (2002), Monshi and Asgarani (1999),
Dongxue (1997), Conjeaudet al (1981) among others have used steel slag either

alone or in combination with limestone or fly ash as ingredients in cement

production. Most slag used was of high CaO composition ranging from 35% to 42%
and high C3S that are very essential for cement hydration and strength development.
In this study however, steel slag with low Ca-containing mineral phases content of

12.44% and highwustite ( Fe203) content of 31.52% was used in combination with

limestone/clam and clay pozzolana, and
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analysedmineralogically to indicate their effect on cement hydration and formation
of ettringite and portlandite.

The study has shown that the presence of these admixtures provided unique cement
qualities such as low Ca(OH)2 content and improved impermeability of concrete.

The Infrared Analysis showed a shifting of the characteristic v3SiO4; C-S-H from

1

970cm™ to between 960cm™' and 980cm™! (Tables 5. 10 and 5.11) when the

admixture content was increased from binary to ternaryindicating the accelerating

effect of admixtures on hydration. This effect is expected to manifest in high early

strength of the blended cement, especially the CaCO3-based blended cement

samples. The ettringite and monosulphonate of CaCO3-based admixtures (that is,
limestone and shell cement) bands were almost flat or disappeared compared to

others, indicating increased reactivity between CO3%" and Si04* ions.

One important and new finding from the study is that a combination of three (5%
each) or all the four admixtures (2.5% each) in the cement almost eliminated
portlandite as a result bf admixture hydration reactions as obtained from the XRD
analysis as presented in Table 5.11. This is a novel revelation and it was sufficiently

corroborated by the EDX and TG/DTA analysis. It is also very significant because

the near absence of Ca(OH)> makes concrete very less susceptible to acidic attack

and structural deterioration.

6.4. Compressive Strength
6.4.1 Mortar tests

ive strengths of the reference and blended cements

fen in Table 5.15 Em’%??\\(\l

The results of the mortar com




Generally, the 2- and 7-day compressive strengths of all the blended cement mortars
were higher than the standard minimum value of 10MPa and 16MPa respectively
stipulated by EN 197-1 (2000). For the 5% binary blended cements, the 2-day
strengths were higher than 19 MPa in all cases, with limestone cement recording the
highest value of about 23MPa. The high 2-days and 7-days strengths of the 5% and
10% cement replacement were d.ue to the filler effect of admixtures as a result of the
increased surface area that leads to an initial accelerating effect on cement hydration.
(Péra et al, 1999, Sorﬁka and Setter, 1977). At 28 days, they recorded strengths

between 42MPa and 43MPa.

Thus, the cements containing 5% of any of the admixture can be classified as Class
32.5R and 42.5N (EN 197-1). The 28-day strengths of the blended cements ranged
between 86.5% and 99.5% of the reference cement, more than 75% stipulated by
ASTM C 618 (2008). This means that all the admixtures are very good materials for
blending and/or integration in cement for all types of housing construction and are,
therefore, suitable for early high-strength cement products as stiplated by EN 197-1

(2000).

The strength development of the various cement mortars from 2 days to 365 days,
are presented in Figs. 6.2 whilst the 28-day compressive strengths are given in Fig.

6.3.
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g 5%slag cement
#i5% pozzolana cement
#5%shell cement

#5%limestone cement
wreference cement

Compressive strength, MPa

i
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Figure 6.2: Compressive strengths of binary blended cement mortars containing 5%
of one admixture.
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Figure 6.3: 28-day compressive strengths of binary blended cement mortars
containing 5%of one admixture

The graphs show that the strengths of the blended samples increased at all times up
to 365 days. However, the strengths of the 5% blended cements were always lower
than that of reference cement. This is attributed partly to the fact that admixtures

normally reduce the rate of reaction thus reducing the heat of hydration. The

advantage i§ thatle 1$ton and shrinkage are reduced res ltiWess
ok e
thermal eragks in eme;)rc" te prioducts (Lea,
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Replacing 10% of the reference cement with 5% each of any two of the admixtures
(for example, 5%slag3%shell cement) produced 2-day strengths lower than the
5%cements but higher than 10MPa, ranging between 16.5MPa and 21.5MPa. Fig. 6.4
gives a graphical presentation of strength de;felopment of 5%x5%y cements from 2

to 365 days. Pozzolana slag cement produced the highest 28-day compressive
strength of 41.83MPa. This could be attributed to the additional silica, CaO, C2S

provided by the two admixtures. The lowest strength of 40.1MPa was produced by

limestone shell cement.

&
= 5 55h55
oy 8 5P55h
e
%” 2 5P5Sh
= B 5L55h
®
[ #5155
=
@ = 5P5L
g‘. # Rh
E ; ; .
=)
o 2 7 28 90 365

Age, days

Figure 6.4: Compressive strengths of ternary blended cements containing 5% each of
two admixtures.

Fig. 6.5 illustrates the compressive strengths development of 10%x5%y and
5%x10%y (e.g. 10%pozzolanal%limestone ) blended cements at 2, 7, 28, 90 and
365 days. The 2-day values were above 14 MPa whilst the 28-day strengths were
between 38.5MPa and 40.5MPa (also presented in Table 5.14). These cements are
classified as CEM II Class 32N (EN 197-1) and can be improved to Class 32.5R and

42 .5N when the mineral admixtures are milled finer to increase their surface area.
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can be replaced with 15% of admixtures (/0%x5%y,; 5%x10%)) for both concrete
and general construction. For the strength characteristics of 15% replacement of
ordinary Portland cement, it is. observed that even though the 2-day strength of
10%x5%y cements (fernary blend) were higher than 5%x5%)y5%z cements
(quaternary blend) the 28-day and 365-day compressive strengths were almost the

same (Fig. 6.5; Fig. 6.6).
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Figure 6.5: Compressive strengths of ternary blended cements containing
10%x5%y or 5%x10%y admixtures
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Figure 6.6: Compressive strengths of quaternary blended cements containing 5%
each of three admixtures

At 15% to 20% replacement, the filler effect is surpassed by the dilution effect and
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compressive strength development of 20% blended cement that had been replaced
with 10% each of two admixtures (10%x10%y) is illustrated in Fig. 6.7. The
strengths at 2 days averaged 13.8MPa whilst the 28-day strengfhs were above 38MPa
but below 40MPa. The strengths with 20% replacement were always lower than that
of 5% and 10% (5%x5%y) and this should be attributed to reduction of active clinker
minerals needed to obtain early high strength and slow pozzolanic action as stated by
Wild ef al (2001). The 10%pozzolanal0%limestone 2- and 28-day strengths of
13.9MPa and 38.0MPa respectively compared with 12.9MPa and 41.4MPa obtained
by Ghrici ef al (2010). Also, the strengths obtained from 10% slag content with
additional 10% content from any of the admixtures ranged between 87% and 91.5%
as compared to 75% and 80% obtained by Altun and Yilmaz (2002) and Kourounis

et at (2007).

(1]

o

E_ # 105h10S
i =

s # 10P105h
5 10P10L

2 B 10L10Sh
z #10L10S

7 =10P10S

g 5 Rh

£

=}

o

2 7 28 90 365
Age, days

Figure 6.7: Compressive strengths of ternary blended cements containing 10%
each of two admixtures

This means that these blends could not be considered as early high strength cements
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1 Introduction

Grinding aids are mostly organic compounds that are added to the clinker in the cement mill.
Their main purposes are to reduce the energy required to grind the clinker into a given fineness
and therefore increase the efficiency of the cement mill. Grinding aids have been used for more
than 50 years and the most common additives can consist of glycols, alkanolamines and phenol-
type compounds. In addition to increase the efficiency of the mill, some grinding aids also provide
important positive effects on the final cement such as, rheology of the fresh cement paste or
concrete and improved strength development. Grinding aids that provides these “extra™ properties
are called quality improvers or the name performance enhancer as we also may like to use.

The grinding technology of clinker in cement production is indeed important for several reasons.
Firstly, the fineness (Blaine specific surface) of the finished cement is one of the main factors that
are affecting the early strength development. Norcem produces rapid hardening cement (Norcem
Industrisement) with a Blaine of 520 m%kg; commercially available in Norway. In order to
achieve such high fineness grinding aids are used and in this particular case triethanolamine is
used. In general, the energy consumption is linear up to a fineness of approximately 300 m’/kg
(Hewlett 1998). Above this level, the energy consumption increases progressively due to
agglomeration in the cement mill and a higher amount of energy is lost in heat. This is usually
taken care of by the use of grinding aids and also by optimizing the cement mill technology. The
latter will not be considered in detail in this state of the art report.

Reducing energy consumption is therefore another main driving force in the field of cement mill
technology. Approximately 35-40 kWh/t is required to produce Portland cement with a Blaine in
the area of 300-340 m’/kg (Hewlett 1998). For higher surface areas (e.g. Norcem Industrisement)
the energy required is > 50 kWh/t. By the use of grinding agents the energy is reduced or the
production rate is increased at the same energy consumption level. Moreover, energy saving is
indeed important when producing blended cements. In the production of blast furnace slag
cements the pure cement clinker is far more easy to size reduce compared to the slag. In
Trenkwalder and Ludwig (2001) they estimated the power consumption to be 43 and 68 kWh/t for
producing cement and slag meal (separate processes) with a Blaine of 300 and 400 m’/kg
respectively. Together with optimized mill technology they achieved reduction in the electric
power consumption of 7% without the use of grinding aid. Including a suitable additive in such
processes, the possibilities for further increase in the grinding efficiency are most likely present.

In summary, conventional grinding aids are used to increase the production rate in the cement
mill. If such additions give beneficial chemical effects during hydration of the final cement (e.g.
increased strength, improved workability etc.) the grinding aid is regarded as quality improver or
performance enhancer. It is emphasised that several conventional grinding aids today are also
claimed to give beneficial chemical effects to a certain extent.
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2 Principle mechanisms and desirable effects of quality improvers

2.1 Mechanisms during grinding in the cement mill

The mechanisms in charge when improving the grindability of a clinker must be explained from a
physico-chemical point of view. In general, the surfaces of the clinker particles are not in
thermodynamic equilibrium due to the incomplete surface bonds, which lead to a free surface
charge. As in all systems, the particles will try to approach equilibrium by lowering the free
energy, which in turn is done by aggregation and adhesion to surfaces. When the clinker is
entering the cement mill the particles are coarse and the energy considerations are not significant.
As the clinker is size reduced during grinding, the free energy of the surface increases and the non
equilibrium become significant. The aggregation and agglomeration will therefore become
increasingly significant and the efficiency of the mill is reduced. This is shown in Figure 1b.

By using grinding aids the organic additives are adsorbed to the surface of the clinker/cement
particles. This reduces the energy needed to break down the particles and reduces the surface
charge. The latter is thus preventing the cohesion of cement particles. The organic additives also
change the electrostatic forces between the cement particles by reducing the attraction forces (Van
der Waal) and increasing the repulsion forces. The effect of using a grinding aid is shown in
Figure la. The additives are thus behaving as surfactants.

Figure 1 Principle of grinding cement clinker with (a) and without (b) grinding aid
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Figure 2b large reduction in power consumptions can be seen due to increased grindability
relative to the reference cement.
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Figure 2 Evolution of specific surface as function of grinding time (a) and the specific power
consumption with increasing Blaine (b). Results achieved for cement clinker ground with ethylene
glycol (EG), propylene glycol (PG) and polypropylene glycol (PPG). (Teoreanu and Guslicov
1999). -

Other considerations that can be taken into account regarding the grindability are the mineral
composition of the clinker. Alite crystals are more elongated than belite. The more alite present in
the clinker the easier it is to grind. The grindability of a clinker is determined by the fracture
energy and the size of the micro cracks present (Hewlett 1998) which in turn are dependent of the
cooling regime applied to the clinker. Brittleness index values have been calculated for principle
clinker phases to be 4.7 (C,S), 2.9 (C,A), 2.0 (C,S and C AF). From this we also can deduce that
C.A is easier to grind than C,AF. In addition, mineralising effects that influence the molten phase
and are forming solid solutions with C,S and C,S will increase the grindability by reduced

1 ™

2.2 Mechanisms during hydrztion i Director,
Many grinding additives are epﬁtéd?--.t@ﬁhgf‘@ beneficial effects duringchydration, The feshanisms
can in general be explained/as fay:the admixture uged in concretg: Ihe pueface of the cen ent has a
residual positive charge whereas Sgnd and aggreghtes has a net negative charge. In'addition water
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way that opposite charges are cancelled out, i.e. decreasing the free energy (electric potential) of
the system (Hewlett 1998). The additives used during grinding are, as explained in previous
section, adsorbed to the surface of the cement particles. This means that the additives will have
some action on the rheology of the concrete mixture and during hydration depending of the
molecule structure. Triethanolamine (TEA), for example, is widely used as grinding additive and
will in fact influence the hydration properties. In Figure 3 the differential heat of hydration is
shown for cement ground with different concentration of TEA, i.e. the hydration heat for pure
cement is subtracted. At the lowest dosage (0.015%) it behaves as an accelerator whereas
retardation properties were found at higher dosages. From the appearance of the change in
hydration heat, it is the hydration rate of C,S that is altered. In the same figure we also can see that




TEA changes the hydration of C,A (AFt formation). At a dosage of 0.015%, TEA is accelerating
both the hydration of C,S and C,A.

Accelerators are generally divided into two subgroups. The first group comprise admixtures that
increase the hydration of C,A by interfering with the first ettringite formation and increase the
dissolution of silica (e.g. alkali metal hydroxides). The other main group include admixtures that
increase the hydration of C,S by increasing the dissolution of lime (e.g. halide, nitrate, nitrite etc.).
According to Hewlett (1998) the TEA additive increases the formation of C,AH;and C,AH,, (and
therefore promoting conversion to thermodynamic stable hydrogarnet phase) and also increases
the formation of ettringite.
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Figure 3 Hydration heat evolution for cement ground with various concentration of
triethanolamine (TEA): 0.015% (A), 0.075% (B), 0.1% (C) and 0.15% (D). The hydration heat for
pure cement is subtracted (Jolicoeur et gt 2007).

2.3 Desirable effects 8 \
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desirable effects can be summ o lows: /
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« Increased or maintaining sufficient powder fluidity =
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Increasing the grindability and powder fluidity are typical effects that are determined by grinding
aids whereas rheology, hydration and strength development are affected by conventional
admixtures (added to the fresh concrete mix). These effects, all together, recognise the quality
improver or a performance enhancer added in the cement clinker mill.



3 Quality improvers tested for Portland cement

3.1 Polyol type additives

In a recent study, Jolicoeur et al (2007) investigated effects of glycols and compared the results
with triethanolamine (TEA). The grinding aids tested are shown in Table 1. The ethylene glycol
series have the structural formula of HO-CH,-CH,[-O-CI,-CIL] -OH (n = 0, 1, 2 etc., gives EG,
DEG, TEG etc.). Improved powder fluidity relative to TEA was not observed with the ethylene
glycol series at a dosage of 0.1% as can be seen in Figure 4a.

The propylene glycol series have the structural formula of
HO-CH(CIL,)-CIH,-[0-CH,-CH(CH,) ],-OH (n =0, 1, 2 etc., gives PG, DPG, TPG etc.) or
illustrated as: ‘

OH OH
PG) | I
CH; CH-CH,

Olr-i Olt*i

D
CHz CH-CH,O—CHs CH-CH,4 b

els CH B
@H. cH-CH,0 — CH; CH-0—CH;3 C

For the propylene glycol (PG) series in Figure 4b, only the monomer (PG) achieved improved
fluidity relative to TEA. In addition the effect of molecular weight can be seen as the fluidity
decreases in the sequence of monomer (PG), dimer (DPG) and trimer (TPG).

In Figure 4c the effect of aliphatic tail is shown for the diols at a dosage of 0.075%. Maximum
fluidity was obtained with PG (1,2-propanediol) and 12HD (1,2-hexanediol). The effect is most
likely caused by repulsion between particles and that the optimum is achieved with a certain size
of the tail. PPT (polypropylene glycol triol) is also included in Figure 4¢ and the achieved high
fluidity was not expected as Figure 4b showed fluidity decrease with increasing polymerisation.

In Figure 4d the effect of molecular structure is shown. The positions of the hydroxyl groups in
butanediol seemed to be decisive as the fluidity index of the cement was 16 times higher when
2.3-butanediol (23BD) was used compared to the 1 /4-butanediol (14BD) The effect of adding a
methyl group to 2-methyl-1,3-propanediol (MPdiol) yielding
(DMPD) was found to largely increase the fluidity.
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Table 1 List of different polyols given by Jolicoeur et al (2007)

Abbreviation | Name Abbreviation | Name
TEA Triethanclamine
EE Ethylene glycol PG Propyiene glycoi
DEG Diethylene glycol DPG Dipropyiene giycol
TEG Triethyiene glycol TPG Tripropylene glycol
. Poly{propylene
PEG Poly(ethylene glycol) | PPG glycol)
12HD 1,2-Hexanediol 120D 1,2-0ctanediol
12BD 1,2-Butanediof 23BD 2,3-Butanediol
GLY Glycerol PPT igf’mw‘e”e ghiieol
: 2-methyl-1,3- 2, 2-dimethyl-1,3-
P! propanediol Lol propanediol
LE2 Mixed EG-PG | G650 Pplypmpylene glycol
copolymer triol
0.4 —

(a)

(b)

o
w
€ = =
w =
S ey

Fluidity Index (s
2 :
]

Fluidity Index ()
(=]
L]

=
i
=

L
e

-

Mo GA EG DEG TEG PEG200 TEA

TEA
0:2 J L 05
(c) (d)
Tail o 1 4 6 1+OH 04
0.15 4
3 % 0.3
G o
81 =
= 2
° B5.02
= =
i i
0.08
0.1
geEs ] B i e o . ) . : .
NoGA  EG PG 12HD 120D GLY PPT TEA NaGA PG 23B0 DMPD Mpdicol $4BD TEA

Figure 4 Fluidity of the cement ground with different glycol additives and its oligomers at dosages
of 0.1%. No GA means cement ground with no grinding aid and serves as a reference: (a)
ethylene glycol series, (b) propylene glycol series in addition to the EG-PG block co-polymer
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In section 2.2 we examined the triethanolamine (TEA) effect on hydration, see Figure 3. In regard
to the fluidity of dry cement, PG and PPT (as the additive LG 650) were the most promising
additives. The effect on hydration was therefore also tested for these additives by Jolicoeur et al
(2007) in addition to glycerol (GLY) and glucose shown in Figure 5. The latter was included only
for visualising a known retarder. Tt was demonstrated that these additives behaved as accelerators
for both the silicate and aluminate phases. The accelerating effect of the PG additive lasted for
almost 24 hours as can be seen in the thermogram in Figure 5.

From the mentioned study above it is quite clear that PPT and PG behaves as significant quality
improvers as the fluidity was improved relative to TEA and accelerating hydration properties
were demonstrated. (Teoreanu and Guslicov 1999) examined the grindability effects of EG, PG
and PPG and found significant improvement in terms of Blaine specific surface and thus reduced

power consumption, see Figure 2.

Differential heat {(J/g}

100 +——————— —
0 5 10 15 20 26

Time (hr)
Figure 5 Differential heat of cement hydration. GLY (A), LG650 (B), PG(C) and Glucose (D).
The dosage for PG was 0.1%; the dosages for the other additives were 0.075% (Jolicoeur et al

2007).

3.2 Alkanolamines

Alkanolamines are widely used as admixtures to concrete. Some of them (e.g. TEA) have also
been used as grinding aids in the cement mill as discussed in previous sections. It is therefore
important to explore their mechanisms during hydration in addition to their grinding aid effects.
Structures of monoethanolamine (MEA), diethanolamine (DEA), triethanolamine (TEA) and
triisopropanolamine (TIPA) are shown below:
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TEA is a common grinding additive and its effects on the cement powder fluidity and the
hydration are discussed in previous sections. The influence of cement hydration, however, is not
straight forward as it acts as both retarder and set accelerator depending on the dosage. In
Jolicoeur et al (2007) dosages in the range of 0.02-0.15% were used. At 1% TEA, strong
accelerating effects are observed on cement hydration due to rapidC,A hydration (flash setting)
(Dodson 1990). Heren and Olmez (1996) studied the hydration and mechanical effects of the
ethanolamines oligomers at dosages in the range of 0.1-1% added directly in the mixing water.
They found the retarding effects of the ethanolamines decreasing in the sequence of TEA > DEA

> MEA at all dosages (0.1-1%). Note that flash setting was not observed in these cases at 1%
dosages, but keep in mind that white Portland cement was tested (low C,AF). The effect on C AF
will be discussed later. Lower strength was measured at early and late hydration for TEA whereas
only slight reduction in early strength (3days) was observed for MEA. Note that the early strength
of cement pastes with DEA was as high as the reference sample. In the same study published the
following year (Heren and Olmez 1997), they also found that DEA and TEA did produce more
porous pastes (larger size pores) although the general shape of the pore size distributions were the
same. The pore structure of pastes containing MEA seemed to be close to the control sample.

Aiad et al (2003) tested the rheological properties of PC (Portland Cement) and SRC (Sulphate
Resistant Cement) pastes separately spiked with of MEA, TEA and PTEA (polymer) in the
concentration range 0-2%. The study more or less confirmed the accelerating and retarding effects
of the ethanolamines in terms of changes in the shear stress and viscosity. If we recall the
retarding and accelerating cffects on cement in Figure 3, Aiad et al (2003) demonstrated the
importance of the phase composition of the cement. This is shown in Figure 6 where the shear
stress in almost every cases decreases with increasing dose of admixture, which in turn show the
retarding effects. Moreover, the decrease in shear stress is more significant in the SRC pastes.
This is most likely due to the low C,A content (2.6%) in the SRC used and therefore no

accelerating effects, although not pointed clearly out by Aaid et al (2003). They conclude that

e

ethanolamines influence the rheological properties of SRC pastes in the sequence of TEA > PTEA
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Figure 6 Shear stress as function of shear rate for OPC (a) and SRC (b) pastes admixed with
MEA, TEA and PTEA (Aiad et al 2003).

TrilsoPropanolAmine (TIPA) is an additive that can be regarded as a quality improver. Gartner
and Myers (1993) studied the effects of TEA and TIPA on hydration of cement mortar. They
found in some cases increased 1 day strength of the mortar admixed with TIPA due to increased
hydration of C,AF. The mechanism was proposed to be that TIPA remained in solution (not
adsorbed to surfaces as TEA) also after all the sulphates have reacted and that TIPA formed iron
complexes that enhanced the transport of the ferric ions. Ichikawa et al (1997) confirmed the
accelerated hydration of C,AF by TIPA. They also showed that the amount of C,S is important.
The grindability of C,S is higher relative to C,S and fractures of the former grains are therefore
expected to penetrate into the crystal. This causes interstitial phases (C,AF) to coexist in the C,5
grains. This polymineralic C,S favours both hydration of C,AF and the C,S in the presence of
TIPA. In the same study it was also indicated that TIPA increased the limestone reaction in the
formation of carboaluminates. Perez et al (2003) argued that the strength gain with TIPA was not
caused by an increase in the hydration but rather by a modification of the cement paste - aggregate
interface. Sandberg and Doncaster (2004), however, largely disagreed in this explanation and
showed in their experiments results that supported increased hydration rate. In the very recent
study of Aggoun et al (2008) TEA a.nd TIPA was tested separately and also in combination with
the set accelerator Ca(NO,), (calgi itrate) in regard to setting time and strength development of

two types of cement pastfs! I_,,JJ:,\‘“\T

The Strength develop ent- | nific: e in the strength at
ed fd' boLh TEA /andf’l" 1PA. The bestc 1esults however e}%”acrfneved with

TIPA as emphasiséd by Agp ‘tﬁﬁ“ct al 2008). Studying the results” (Prgure Ty im-mere detail it is
apparent that TIPA is far more & At early age (185% strength increase after day 1 relative to
control samplef for the cement sample rich in C,AF (16%), not specifically pointed out by the
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used (0.05%), TEA is expected to have accelerating features which is in reasonable agreement
with Jolicoeur et al (2007), see Figure 3.
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Figure 7 Strength developments for two different cement pastes with different admixtures,
concentrations of 0.05% are used for TEA and TIPA and 1% are used for calcium nitrate. The
principle mineral phases in the cements used were (a) C,S (51%), C,S (25%) C,A (8.3%), CAF
(8.9%) and (b) C,8 (52%), C,S.(23%), C,A (2.8%). C,AF (16%) (Aggoun et al 2008).

Figure 7 also show interesting combinations of calcium nitrate with TEA and TIPA. The latter
combination gave strength improvement in the same range as for TIPA alone. In regard to the
setting, TEA and TIPA did not reduce the initial and final setting times. In combination with
calcium nitrate, however, both admixtures achieved considerable reduction in setting time (35-
70%). Kuroda et al (1986) tested a combination of calcium nitrite, calcium rhodonate and TEA in
total concentration of 1% at 5 and 20°C. They found accelerated initial and final setting at both
temperatures in addition to increased early strength at 20°C.

From the results shown above, alkanolamines undoubtedly serve as strength enhancers. In regard
to improving the grindability and preserve sufficient powder fluidity for the additives under
consideration, there are not many systematic studies available in addition to those already
mentioned. Bravo et al (2003), however, carried out grinding experiments with glycols (MEG,
DEG, PEG, MPG and DPG), alkanolamines (DEA, TEA and TIPA) and a superplasticizer (Poly
Carboxylic Acid Esters, PCAE). In regard to the BET specific surface area, considerable increase
was achieved for all additives as shown in Figure 8.
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Granulometric experiments carried out with mechanical sieves also showed improving results
relative to the reference clinker except for PEG and PCAE in particular. The authors hypothesized
that the polymers on the surface tend to make the clinker grains sticky causing agglomeration. The
sieving analysis in regard to PEG (also for DEG) were in accordance to what Jolicoeur et al
(2007) reported some years later in their fluidity experiments, see Figure 4a. It is therefore
important to evaluate not only the particle surface evolution with grinding time, but also evaluate
how the cement powder behaves in a more practical way by for example simple fluidity
experiments on the dry cement.

Performance enhancers (quality improvers) are supposed to increase the efficiency of the cement
mill and at the same time preserve sufficient “workability” of the dry cement i.e. not giving rise
to problems like clogging during storage, packing or offloading from bulk transportation. In
addition, the additives shall enhance the rheological and strength properties for fresh and hardened
concrete respectively. In regard to the latter, a “zrue” quality improver must increase the early
strength due to a chemical effect and not only due to increased fineness of the cement. There are
not many studies where both the cement powder and concrete properties are studied, in particular
where the additive is added in the grinding process. The results of Jolicoeur et al (2007) and to a
certain extent Bravo et al (2003), however, are nice examples where the quality improvers have
been added in the “mill” for investigation of both properties. In the latter study, only the
hydration properties of TEA were determined.

From Figure 8 we also note that DEA gave interesting results. We know from Heren and Olmez
(1996) that retarding effects was measured in the decreasing sequence of TEA > DEA > MEA for
white Portland cement. The observed retardation was due to the high admixed content (0.1-1%)
and the fact that the samples contained only 0.9% C,AF. In lower admixed concentrations, DEA
might have the same accelerating properties as TEA, and can thus be regarded as a quality
improver as well.

3.3 Patents

Several patented grinding aid formulations exist which claim to improve the cement clinker
grinding process. In Gartner et al (1991) the TIPA containing additive had improved grinding
effects on blended cement and it was a strength enhancer at 7 and 28 days. The requirement was
that the clinker should contain at least 4% C,AF. The recommended dosages were additions to the
cement in an amount up to 0.2%, preferably less than 0.1%, and most preferably between 0.005%
and 0.03%, based on the weight of the cement. Moreover, Cheung and Gartner (1995) formulated
a quality improver that is claimed to increase the early strength. The grinding aid was composed
of a mixture of C, -C, alkylene glycol and corresponding oligomers in combination with carbon
powder in weight ratios of from about 1:0.01 to 1:0.5.

Jardine (2007) combined a diamine (e.g. tetrahydroxylethylethylene diamine) with an
alkanolamine (e.g. TEA, TIPA, DIPA etc.) and the grinding improvements are larger compared to
these additives added separately. In regard to the mixing dosages to achieve favourable early
strength, experiments showed that optimum mixture was 20-30% tetrahydroxylethylethylene
diamine and 70-80% diethanolisopropanolamine (DIPA). The addition dosage was in the range
0.04% to 0.06%. b

The few patents shown here describe the wide range of possibilities in\quality improver

formulations. Very offen thekeysfagtor is to find the optimum mixture blends.
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4 Quality improvers tested for blended cements

4.1 Fly ash

An interesting study has been carried out by Lee et al (2003). They studied the effects on strength
by adding separately triethanolamine (TEA), Na,SO, and K,SO, to the mixing water of fly ash
mortars. The results for TEA can be seen in Figure 9 and show that TEA contributed positively to
the strength development. In the same study they measured the evolution of ettringite in the
corresponding paste samples and found only a small increase at day 1 compared to the reference.
The increase in early strength for mortars admixed with TEA cannot be caused by increased
hydration of C,A (ettringite formation) as were the case for mortars admixed with Na,SO, and
K,SO,. Lee at al (2003) also found that TEA (0.03%) reduced the total porosity by increasing the

number of smaller pores.

50

128 day

BB Do s s e e s o e S S 7 day

Compressive strength (MPa)

FAO FA40 0.02% 0.03% 0.05% 1.00%

Figure 9 Compressive strength of cement (FAO) and cement with 40% fly ash replacement (FA40)
mortars. The FA40 samples are admixed with 0-1% triethanolamine (Lee et al 2003).

Bouzoubai et al (1998) studied the high volume {ly ash cements with respect to grindability and
mechanical properties of the corresponding mortars. The clinker, fly ash and gypsum were
interground in the portions 43.7:55:1.3. The grinding aid was a superplasticizer (sulfonated
naphthalene formaldehyde condensate). Three different types of fly ash were used. In Figure 10
the grindability results in terms of Blaine surface are shown for Portland clinker and one type of
fly ash blended clinker (Sundance FA) using the superplasticizer (SP). Considerable effect of SP
was determined for the normal Portland clinker and more limited, but significant, effect was
achieved for the blended clinker. The mechanical properties were improved with SP due to
increased fineness. However, at a given Blaine (4500 cm’/g) the strength development did not
improve with SP for blended cements. For the Portland cement at the same Blaine an interesting
comparison can be made as they added SP to the mixing water and to the laboratory mill.
Although the conditions were not exactly the same, i.e. the cement contents were 315 and 240
kg/m’ when the SP was added in the mixing water and the laboratory m | respectively. Morewer
the SP dosage was 0.7% compared to 0.9% in the mill. The compressive 3
were not dlfferent Wlth a sllgh‘l: increase at 7 and 28 days strength in th lattg) . ¢gard to
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Figure 10 Blaine development as function of time. (a) Laboratory produced Portland cement with
and without 0.9% superplasticizer. (b) BCS: Blended cement made with Sundance FA, BCSS:
Blended cement made with Sundance FA and 0.9% superplasticizer (Bouzoubad et al 1998).

4.2 Slag cements

In the early study by Tachihato et al (1984) it was found a strength increase of 40% was found
after 7 days for a Portland cement mortar with 70% slag and 0.5% TEA. Grinding of granulated
blast furnace slag (GBS) is more energy demanding compared to grinding pure Portland clinker.
In Trenkwalder and Ludwig (2001) they optimised the production of slag cements by separating
the grinding of cement clinker and GBS in the Karlstadt cement works. Without any grinding
aids, at least not reported, they managed to reduce the total electric energy consumption for
cement grinding by 7% for all slag cements produced i.e. for the types CEM II/A-S, CEM II/B-S
and CEM III/A-C. In addition, the workability and the strength development was improved.
Improving the former property also reduce the use of plasticizers. In Erdogu et al (1999), grinding
of cements blended with either 25% of GBS or natural pozzolan was studied in terms of
intergrinding and separate grinding of the ingredients. They concluded that for producing the
cement with natural pozzolan, intergrinding was less energy consuming than separate grinding for
a given Blaine of 3500 cm’/g. The interground pozzolan cements produced higher strength at all
ages (1-90 days). Moreover, they also found that the intergrinding process consumed more energy
than separate grinding for production of the slag cements at the given Blaine. The latter was due
to coarser particles at the highest particle size range (60-90pm). These mentioned studies remind
us that several factors need to be considered in order to obtain the desirable product produced at
optimised conditions.

Padovani and Corcoran (2004) tested quality improvers for GBS cements. In the first part of the
study, they tested the grindability and the mechanical strength of 4 different slags used in
commercial production of slag cements in central Europe. Different results were obtained which
also was the case when the specific slags were tested as finished slag cements (CEM III/A 32,5R)
prepared in laboratory. It was also emphasised that the slags with high strength were those which
contained the highest glass content. In the second part, the additives MAGA/C098, MAGA/C150
and MAPE/S500 were tested, all commercial products of Mapei. Unfortunately, the “active”
ingredients were not reported and only the datasheet of the former was available. According to the
safety data sheet, MAGA/C098 consisted of diethylene glycol (7-10%) and ethanediol (7-10%).
Moreover, the exact additive dosage was not reported,

CEM III/A 32,5R (50% GBS and 5% &psum) The 1csults are showndnZigute r amdnseimote a

s1gmﬁcant effect for MAGN%L ﬁfﬁ; 3 proved carly strength for this additive is dug to,the
for 00 inding aid. Ihls was also pointed out in
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quality improvers. Hydration temperatures measurements of one slag cement showed, however,
that MAGA/C098 had almost identical temperature profile as MAGA/C150 (GA+).
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Figure 11 Fineness achieved for a given grinding time obtained (a) and compressive strength (b).
Each measuring point is given as the average of a reference clinker prepared with 4 different
commercial slags and with different quality improvers; Ref (without additive), GA
(MAGA/C098), GA+ (MAGA/C150) and PE (MAPE/ S500) (Padovani and Corcoran 2004).

Water glass (WG) has also been investigated as quality improver for GBS cements in India by
Roy at al (1998). For the slag cement (50% slag and 4% gypsum) the Blaine increased from 3650
(0% WG) to around 4100 em’/g (1.5% WG) for the same grinding time. In terms of compressive
strength 1% WG was found to be the optimum dosage. For slag substitution of 30-80% the early
strength (1, 3 and 7 days) was always higher with 1% WG relative to no addition keeping in mind
that the Blaine values were kept at the same level (3500-3600 cm’/g). The authors indicated that
WG activated the pozzolan reactions occurring in slag cements.

4.3 Other studies

The effect of various grinding aids on the separate grinding of limestone, quartz and Portland
cement clinker were investigated by Sohoni et al (1991). In this study TEA, MEG, DEG, oleic
acid (OA), sodium oleate (SO), sulphite waste liquor (SWL) and dodecylbenzene sulphonic acid
(DBS) was tested. Nearly all the additives were effective as grinding aids for Portland clinker and
limestone (SO, DEG and DBS not tested for limestone; QA and SO not tested for Portland
clinker). Hardly any grinding effect was seen for quarts. The grinding effect of gypsum on the
Portland cement clinker was also shown in this study. An addition of 4.3% (normal dosage area)
showed Blaine improvement comparable to clinker ground with 0.04% TEA and no gypsum
addition. Adding gypsum to the latter further increased the Blaine, but not in an additive way.

Hrazdira (1990) tested the grinding effects of TEA, Abeson-TEA (dodecylbenzenesulfonic acid-
TEA), amorphous SiO; and Sodium Lignosulphonate (SL) in gypsum free cements. The dosages
were 0.05% for the two former and 0.3% for the latter additives. In regard to grindability of the
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cements clinker grinded with Abeson-TEA was further studied. In regard to the compressive
strength, an optimum dosage was found for a given Blaine.

5 Proposals for activities

Based on the studies discussed in this report several additives are interesting. Triisopropanolamine
(TIPA) is already a well known quality improver and in combination with nitrate it gave excellent
early strength development. The conventional grinding aid TEA proved to be a strong quality
improver also in combination with nitrate. We suggest to further investigate these combinations.
In this respect it is proposed to also combine DEA with nitrate. Some studies showed that DEA
had even higher grinding effects than TEA.

The testing should emphasise fluidity and grinding for the chosen additive or combination of
additives. The choice must also be based on the recommendations and conclusion in the state-of-
the-art report on accelerators (Myrdal 2007). It is therefore considered important to link the
research on grinding aids with potential strength enhancement properties to the R&D activities on
accelerating admixtures for concrete. In any case it is recommended to fest the features
(grindability and hydration) of a quality improver by including the additive in the milling
procedure.

An interesting activity will be to look at the overall effect of mineralisers together with quality
improvers. From Engelsen (2007) it is known that certain trace elements (e.g. Cu, Cr and Zn) have
considerable mineralising action during clinker burning. Opoczky and Gavel (2004) showed that
the certain metals also have positive effects on the grindability. Considerable increase in specific
surface (Blaine) was achieved for Zn, Cr and Ti added as 0.1% oxides as shown in Figure 12.

If for example a clinker is prepared with the use of the mineraliser(s) containing Zn, Cr, Cu and
Ti, an improved grindability should be the results. This mineralised clinker can be further
optimised by applying the appropriate quality improver depending on the desirable properties of
the final cement. The rheological properties of the corresponding cement paste should also be
measured in addition to the final strength in the paste, mortar and concrete form. The documented
improvements from the mineralising, grinding and final concrete stage should be calculated in
order to visualize the total effect.
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Figure 12 Blaine as function of grinding time for Portland clinker mineralised with Cr, Zn and Ti
compared to a Portland clinker without mineral addition during burning (E,). The content of
mineralisers added to the raw materials was 0.1% as oxides (Opoczky and Gavel 2004).
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6 Conclusion

It has been shown that the overall cement properties are interconnected and in many cases there is
still potential for further production improvement by only optimising the different stages (e.g.
separate grinding, mill operation ete.). This, in turn, indicates the potential for quality improvers
to further optimise the production and improve the quality of the cement. It was found that the
combination of certain alkanolamines (TEA and TIPA) with calcium nitrate gave considerable
enhanced early strength. Probably the same effect will be found by combining nitrate with the
highly efficient grinding aid DEA. If quality improvers are used for clinkers that is mineralised
with relatively small amounts of for instance Zn, Ti or Cr, significant improvements can be
achieved. The total improvement as decrease in clinkering temperature, increased Blaine and
increased early strength can be measured and expressed in terms of decreased energy used pr.
cubic metre of produced concrete.
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In Fixed Deposit Account
Ressrve against Donations {Includes Receipts depasiled
towards Non-recurring
553301 Expendiiure [Liilised as ver Conly 553,301
Resene against Donations for Chizndigarh in the name of Registrar
1.75.00,000 Fducation Purposes 1,75,00,800 M0, Uiy, Rohtak and Receipis of
R 1 62,40,3900(Previous Year
Depreciation Reserve R, 1,51,87,8934) pledged Bank for
230204059 As per last account 236266415 140,40,48,5419 currert azeount overdrall e 5] 15,83 1020
Add Depreciation on Fixed Assels 73,08 585 In Current Accounts 2470322
7495602 during ihe year 75,665,888
in Post Office Saving Bank
43,45,24,885 230260415 (16,33,336) Lass ® Deletion duding he year (42,15.245)  23.96,18058 43,88,99,936 {Pass Book deposited
501 with Markel Commitiee, Bhiwen) 01
Closer H ash & Stamps in hand
28561,458 hs par _mm_ acseunt 3,90,66.50% 14,66,18,194 iincluding cheque in hand of Re, 83 9807} 16,11.93.325
3,80,66,508 409605061 Add: Additions during the year 99.07,485 4,86,73,974
Director,

THE TE Omzo_roo CAL _zm.:.ﬂ
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3103/2018 —

340 £ 311632017 311032016 ASSETS 31/03{2047
Rs iFis ) (R} [R5} {its) Rs)) (s} {Rs.)
SECURED LOANS -
From Uco Bank LOANS ADVANCES
[Considered good. except
Cash Credit Account {Secured sgainst where olherwise stated)
squitable Mongage of Land & Building at Bhiwani
and lypothecation of Stocks of Raw materials. Advances againgt Purchase of
Storas and spare parts, Stack-n-trade Raw Material, Stares, Spares,
1,01,04,539 and in process, Book Debls & receivables) 56,035,461 - Hachineries eie, 18,000
From HOFC Bank
1,32,55,937 Current Account Creerdralt 56,67,132 625 Advance to Siaff 625
(Secured Against Fixed Deposils receinls)
31,890,144 Advante to ¢ihers 31,37 268
140,876 From TATA NMotors .
{Secired Acainst bypothisation of School Bus)
389883 Balances with Central Excise Aulharilies 5844
OsITS
5,180,000 Seeurily Depesit fram Agenis 440,000
35,38,250 Suourity Deposils 36.38.950
6,11,27,934 Fixed Deposit fram Emplovees 507,593,094
58521,138 71,893,204 Add: Interast Accrued on ebove GR207BA 57379818
34,07,994 Fee & Other Amounts Receivable A3, 13.818.
$8,262 Deposit from Employees ay.7ee
1,05,831 7,260 Add: nterest Acttued on above 12,838 110,601
96,771,685 tncome-Tax Deducted &t Source §2,29.081
341015 3,54 557
43542 45,092
254,557 - Less: Fundg Lltilised - 4,060,649 inarest Accrued bot not Dug on
47,230,918 Faved Deposils 44,51 492
6690 MM.Jain Schelarship Fund B850
937 Add Contribution during the year a7
1870y 5,600 4,24 987 Prapaid Expenses 592,601
210,340 Othar Funé - confributicn Fom Employee
' ' Bue from Governmenl Depariment
6,00,09487 505210 From Contractors & Others 4.897 011 5,90,15.509 2044020 17.55083 pertaining 1o College (Net of Advance) _183TTss 4,72,55232
CURRENT LIABILITIES AND
PROVISIONS
Sundry Creditors fer Goods,
Expenses eie. (Including
6,778 Provigions} 4,20,95, 785
4326204 Other Lia 47 12 428
903,954 Byovision for Income Tax 403,886
0237 59471 Provision forGratuity 98016173

Director,
TEGHNOL OGICALI




31/0312017 31i03/2098 - ASSETS 31/03(2017

3110312018 LIABILITIES
125} [Hs) {Rs.) (Rs] {Rs (Rs.) (Rs.}
INCOME & EXPENDITI COUNT
06,54.524 Provision for Leave Ercashment 1,06.93,351 )
27.24.76,200 A per last Acoount 25,29,95942
22222807 Sundry Credit Balances perlaining 257 60,354
1o the Caliege and School
Less: Excess of Income Gver
Refundable Deposits & Caution Money Exponsas as per atached
19,49,65,578 _1,13.51.60D from Sludents (including ex-sludant) 1.16,50,800 19,47,23,943 | 2520,95943 _ (1,94.80,257) Ingiimia & Expienditure Aocount (15850598  23,91,27,248
T~ 75.70,66,962 T y8.3883,955 | 75,20,65,952 752813,955

Notes on Accounis - As per Schedule B annexed
Hotes & Sehediles Form an intragral part of Aecounis

In e terms of s Report of even date

Eor KOTHAR] & COMPANY.
Ghartarad Accouniants
{GAl Beg Ha 3011786

{Manaswy Kothari)
Pariner
membership No. 64601

Place ; Kolkzta
{rated

For. The Technological Institute of Textile & Sclences

w g P P

b7
< Chairman Member Hon. Secrélary
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THE TECHNOLOGICAL INSTITUTE OF TEXTILE & SCIENCES

REGD. OFFICE :- 9/1 R.N. MUKHERJEE ROAD, KOLKATA -700001

art of the Saciety's Balance Sheet As on 31,03.2017

Cost/Book Value as at Additions /Adjustments Um.u_._nzoa.w andior Balance as at 31/03/2017 Halance as at 31/3/20116
a104/2016 during the year Adjustments during
the year e
Description of Assets uﬂamamﬂ. Ag AMST Rgamst Ag ANt Agamnst
Govt.Grant Govt.Grant/ Govt.Grant Govt.Grant/ Govt.Grant/
Subsidies | Subsidies /! Subsidies / Subsidies / Subsidies |
Donations | Others Donations Others Donations Others Donations Others Total Donations Qthers Total
Rs.} {Hs.] {Rs.} {Rs.) iRs. {Rs.} {Rs.) Rs.) {Rs.) {Rs.) {Rs} {Rs.)

Land 5 91,93,334 - # - - = 41,93 334 91,983,334 “ 91,93,334 91,983,334
Plant & Machinery 44205186 ¢ 11,02,58,309 - 2129214 200447 33.61.808 4,10.04,739 10,88,95,917 15,00,00,656 41205186 11.02,58,309 15.1463.455
tBuiidings 13,50.264 #,04,908.187 - 15,73,352 3 1,861,206 13,50,284 810333 83260617 13.50,284 8,04 98,187 818,484
Fumitue & Fixtures 335115 £,66,00,067 15,775,556 - . 3.33415 2.81.75.823 2,85,08.738 333,115 2,66,00,087 2,69.53.182
Yehicles 650,872 4061,174 = - §,50.872 86,555 = 39.74,518 39,74,519 650,872 40,619,174 47, 12,046
QOffice Equipmenis 247,122 33.74,632 - 283,863 - 947,122 36,58.485 46,015,617 947,122 3374632 43,21,754
Water Pipe Ling = BY 415 - ] - - H 67,415 BT.415 = &7.415 67,415
Tube Well . 1,168,558 . i o i i 1,16,558 1,158,558 . 1,16,658 1,165,558
Computer 54,47 856 3,86.48.260 = 5,860,626 - . 54 47 856 2,92,08,886 4.48.56,742 54 47 856 3.66,48 260 4.40,96,116
Capilal Work- in- progress - 9,56,382 - - ¥ 956,382 - - - - 9,656,382 9,565,382
Total 4,99,34435 ] 273774318 ” 61,22,611 £,51,319 45,985,849 4.80,83,116 27,53.01.080 32.43,84,196 4,99,34,435 27,37,74,318 32,37,08,753
Frevious Year 4,68 04,865 6,67,14,858 | 10,29 509 84,46 095 - 14,36,636 4,99,34 435 272774318 32,37.08,753 4,89,04.868 26,67,14,858 31.,56,19,724

In the terms of our Report of ‘ver date

For ROTHARI & COMPANY

Chartered Accountants
ICAI Reg. Mo, 301178:E

o
(Manaswy xizm_,m“.,n
Pariner i
Membership No. 8

Place : Kolkata
Dated :

For The Technological Institute of Textile & Beiences
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\\; Mamber
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THE TECHNOLOGICAL INSTITUTE OF TEXTILE & SCIENCES

REGD. OFFICE :- 9/1 R.N. MUKHERJEE ROAD, KOLKATA -700001

INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31ST MARCH 2017

31/03/2018 EXPEMDITURE 31/03/2017 310312016 INCOME 3110372017
(Rs.) {Rs.} (Rs.) {Rs.) (Rs.) (Rs.} (Rs.) (Rs.}
To Opening Stock "By Sales
61,437 Waste 3 i
68,617 7480 Gouods under process 7,180 7,180
. 42,892 Sale of Waste 2377 669
92 892 23,77 668
92,892 - Less. Excise Duty 5 23,77,668
7.51.602 To Power, Fusl and Canal Water 591,044
By  Closing Stock
To Payments (o and Provisions
for Employees 51,437 Waste -
34,78.756 Salary, Wages, Bonus and Ex-gratia 19,971,140 68,617 7.180 Goods under process i -
Contribution to Provident and Family
. Pansion Funds and Employees
3,958,208 State Insurance T 2,00.641 301,828 By Renil& Accommodalion Charges 289078
2,860,488 {41,440} Less; Paid (41.440) 248,538
7.07.249 Gratuity 10,24,049
46 87,364 1,068,150 Employeas’ Welare Expenses 55,042 3279872
“ By  Electricity Charges received
- - Less; Paid £48
T22.676 Fo Telephone, Telegram and Postage -
91,087 To Rates and Taxes 81,842
By  Unclaimed Balances and Unspent
83,047 Liahilities Writlen Back 591,209
160,473 To Insurance 1,892,751
11,84,54,196 By College Fees 42,29,00,421
18,21.060 To Electricity -
60,190 {18,60,900) Lass: Realised i -
75,868,992 By  Granls for School {Oncash basis) 1,76,71,278
16,35,685 By  Kinder Garlen Fees 17,30,775
3,359,751 To  Traveling and Convevance 25,783
2,73,07,261 By  Fees for Educational Activities 268,756,834
—

E% SN

By cr.zw




310032018 EXPENDITURE 3110312017 31032018 INCOME 310arz017
{Rs.) (Rs.) {Rs.) {Rs.} (Rs) [GES) {Rs.) {Rs.)
2,328 To  Bank Chaiges =
29,300 By  Sample Development & Testing Charges -
4,52,555 To  Interest Paid 2,50,208 1,28,487 By Miscellaneous Receipts 1,064
To College Expenses
7.58,53,004 Salary, Wages and Leave encashment 8,30.51,419 19,83,853 By  Interest Received 20,36,850
1,26,26,234 Gratuity 1.15:59.965
Contribution to Provident Fund, Family
9563318 Pansion Funds & ESI 1,00,28,244
19,858,324 Employees Welfare Expenses 2034028 3,46,17,612 By income from Technicat & Consultancy Services (Net) 2,04,83,975
21,36,259 House Keeping 24,173,014
74,79,691 Interest Paid 64,111,476
19,43 507 Building Repair & Maintenance 2134372
45,34, 157 Electicity & Fuel 41,911,837
26,320 Ganaralor Expenses 2.70.215 3,234,289 By  Insurance Claim 2,28,800
16,258 Staff Recruitment Expenses 18,984
9.05 441 Traveling and Conveyanca Expenses 11,17.833 60,280 : By  Income from Infrastructure Utlitization 28,333
1567620 Communication Expenses 11,65.000
284201 Library Expenses 2,588,940
85,285 Mewspaper & Journals 95,285
G,27 869 Car Running & maintenance Expenses 574401 >
1,07.742 Computer Expenses 1,72, 768
2,52 800 Equipment Repair 3.05,730
2.82,176 Electdc Repair 3.98.298
3.48.338 Insurance 451,102
1,581,319 Printing & Stationery 1.58,078
265,195 Professional Fees 4,37,382
4,08,159 Training & Placement 1,687,335
136,136 College Vistors 1,34,494
59,460 Science Lab 146,138
93,405 Fees & Taxes 134,013
2 000 mxnmsamcﬂ on visiting Faculty including 67907
remuneration
4 95 824 Water Supply 3,123,438
181,007 Furniture Repair 2353328
10,86,667 Sewerage Treatment Plant Expenses 10,14.837
424 141 Counselling / Admission Expenses 604,720
144,706 Examination Expenses 123676
90,211 Garden Maintenance 57,813
822121 Legal Expenses 2.28,958
78,000 Merit Scholarship 133,092
42,63,32,599 12,587,904 Other Expenses 2447 450 13,31,43,778
x(\l/ ’
Director,
THE TEGH NOLO
CFTEX
G/ HAN




31/03/2016 EXPENDITURE 3410312017 w‘_B 312016 INCOME 31/03/2017
{Rs.) {Rs.) {Rs.) {Rs.} {Fs.) {Rs.) [Rs.) (Rs.)
2,23.74,208 Salary & Wages 2,33,57,110
17.51.940 Gratuity 20,768,799
17,268,520 Contribution to Provident Fund & ESI 19,866,475
4,684,076 Employees Welfare Expenses 469,206
1,665,355 Building Repair & Mainlenance 567,185
18,03,382 Electricity 1523512
14,835 Computer Expenses 12,401
2375 Books 12,759
42,340 Fees & Taxes 45,590
1,12.022 School Fee Refund -
16,33.67Z Interast Paid 15,43.836
6,91.233 Functions 752,322
1,12.301 Insurance 1,34 441
1,598,218 Printing & Stationery 174473
50,482 Travelling Expenses 1,19,184
349,54,434 830477 Other Expenses 11,23.480 3,47,18,863
11,496,315 To Kinder Garten Expenses 14,23,929
8,98.150 To Miscellaneous Expenses 25,763
74,95,692 To Depreciation 75,866,888
1,52,879.00 Te  Provision for Non-moving / obsolete store -
To Balance being excess
of Income over Expendiiure
1,94,80.257 transferred to Balance Sheet 1,38,68,698
Director,
TG AT 64,979 Total 19,51,76,498 | 19,41,64,978 THE TEGHNALOGICAL INSTITUTE 19,51,76,396
For KOTHARI & COMPANY chnological Institute of Textile & Sciences

Chartered Accountants
ICAE Reg. No. 301176-E

(Manaswy Kothar
Partner 3

Chairman
e

ool N\U\\.\\\

Managing Commiliee
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THE TECHNOLOGICAL INSTITUTE OF TEXTILE 8 SCIENCES
REGD. OFFICE :- 811 R.M. MUKHERJEE ROAD, KOLKATA 700081

BALANCE SHEET AS AT 315T MARCH 2018

31/032017 31/03/2018 21/03/2017 ASSETS 3ig3i2018
(s} ) {Rs.} {Rs.} {Rs.) (s} [ (Rs.}
RESERVES & SURPLUS 32,43.84,196 FIXED ASSETS 32,87,82,223 |
(As per'Schadule &' altached)
Caopital Resarve
CURRENT ASSETS, LOANS
{0 On Revaluation of Land AND ADYANCES
B2t naz A3 per last account 1,21.842
Sock
(ii} On Sale of Fided Assels
(being net excess of Sale 8,22.277 Censumable Stores, Spare parts etc,
praceeds over deprecialed T.59.398 (1,52 Less : Provision for non-moving / obselete §,57,534
bk vaie)
11,67,77,938 As per last aseount 11,8524 364
17,47,025 Add: Additions during the year -
1 4 «  Less: Deletions during the year g 11,8524 364
50,5255 (i3 On Acguisition of Land by Govl. Of Heryana 50,52 556 Sundny Beblors
Haserve againsl Govt, Grants & 1,860,280 {Considerad Good excepl where oihenwise siated) 1,80.280
Hubsidy rowards Non-recuming Less: Provisien for Deubtfulf
Expenditure (Uilised as per contra) - {150 2807 Cisputed Detis 1,80260) =
Ag pa ‘ 485.29815 . .
- Add Addttions during the year = Cash and Bank B
4aB2ems 1721 507) Less Adiustment during tha year - 48529815 With Scheduied Bars:
irt Fixed Deposil Aocount
Reserve against Donations Alneludas Receipts deposited
tewatds Mor-ractring F5.4,25,000/- (Previous year
@ as per Contral 553,301 s, 4.25,0000) with Direcior
Technical Education Haryana,
Hesarve against Donations for Chandigarm in the name of Registrar
b Purposes MO Univ., Rehiak and Receipts of
1.45,00.000 A% per fast account 1,75,06,000 Rs.1.73,25,363/{Previous Yewr
Rs. 1,62,40.320/-) pledged with bank for
15,83.10,201 current account ovardraft faci A 18,51,05 483
Depraciation Resernva
FAELE6415 As per last account 23,95,18.058 24,70,322 N Cument Aetounts 13,92 880
Add Depreciation on Fixed Assels: in Posl Offics Saving Bank
T5,56,888 during the yes FEETHIB Account {Pass Hiook deposiled
501 with Markel Commitiee, Bhiwani) 51
43,06,90.936  25.80.15.058 {42,15.245) Less : Deletion during the year i 24,73, 45574 #44,66,27,452
16,11,83,325 . 412301 Sash & Stamps in hand S3305C 186632774

Director,

THETECHNOLOGICAL INSTITUTE o)
OF TE :

E5 SCIENCES, BHivAN




3103207 LIARILITIES 31032018 31N2017 ASSETS 3140312018
{Rs.} {Rs.] (Rs.) (Rs.) (Rs) Az} . (Rs.} (Rs.}
3.9065508 As per last account 48973974
LOANS AND ADVANCES
4,89,73,974 99,07 465  Add: Additions during (he year 96.47,072 5,86,21,045 {Cunsidered good, excepl
where ctherwisa stated)
SECURED LOANS
Eram Uco Bank Advances agamst Purchase of
18,000 Consumable Slores, Spares ste £5 3857
Cash Credit Account (Secured against
aquilable Mortgage of Land & Building at Bhiwan
and Hypolhacation of Stocks of Raw malerials, 825 Advance 1o Staff 19,775
Stores and spara pans, Blotk-ir-lrads
56,03 461 and in process, Book Delis & receivables) 48,98,424
51,37 268 Advance o others B 07 460
Fram HOFC Banlk
56,67,132 Current Aocount. Overdrafl 885182
[Secured Against Fixed Deposits receipts} 85 844 Salances with Central Excise Auio -
33,33.850 Securily Deposits 19,732,427
DEPOSITS
490000 Security Dapesit from Agenis 25,000 A4 B TS Fee & Other Amounts Receivable 8087 845
Fixad Daposit from Employees 48103573 "
S7ATEEFS Add Interest Accrued on abovs 53,70.858 53474432 42,280m Income-Tax Deducied at Source 1,33, 80011
47 762 Deposit from Employees 109,760
140801 121838 Add ipterest Accrued an above 12,074 4,271,834 Interest Aceroed bul not Due on
44,514,492 Fixed Deposits 41,56 436
3,564,567 Orphic Scholarship Fund 400,645
46,092 Add: Contribulion duing tha year 44,071
400848 # Less: Fundg Utilised = - 444,720 5,92 501 Prepaid Expenses 4,88 960
5,880 N.6.Jain Scholarship Fund 6,630
B0 A Contritration during the vear a8 Due frem Governmen: Depariment
#6820 (870} Less: Furd Utilised P (735) 6,680 74,0879 1577750 pertzining to Coliege e SEO0B0 3,03,08,431
2,110,880 Cther Fund - contribution frem Employas 207,550
5,90,16,509 4.87.011 From Contraclors & Others 522,811 548,083,447
Direcior,




34/03/2017

Motes on Adoounls - Asper Schedule '8 annexed
Motes & Schedules Form an Integral part of Accourls

I the ferms of our Reoort ot sven date

For KOTHARI & COMPANY
Charerec Accouriants
ICAl Reg, No. 3011785

M Kt

{(Manaswy Kothari)
Patlner
Hermbership Mo, 54601

Place : Kolkata
Dated : 2nd August 2018

Cheirman

Mamber
Managing Commitiee

fhe Technological Institute of Textile & Sciences

Fgene

i..\\\\l.. Hon. Sacretary

I LIABILITIES 3110312018 3110302017 ASSETS 31/03/2018
(Rs.} o {Rs} (As) {Rs.) (Rs.) {Rs) {Rs} {Rs.)
CURRENT LIABI
BROVISIONS o
Sundry Creditors for Goods,
Expariges ete. {ncluding
4,20,96,799 Provisions) 4,79 58 407
4712428 Other Ligkilitiss £5,78,543
EREERL ] Provision for Income Tax 9.03,588
9,80.16,173 Provision for Gratuity 8,43,38,528
1.05.83.351 Frovisian for Leave Encashrent 29,598,804
25,29,95943 A3 per last Agcount 229127245
3,57,50,304 Sundry Credit Balancas pert 26038800
to the Collage and Schoal
Lesa: Excess of Income aver
fefundable Deposits & Caution Maoney Expenses as per allached
19,47.23,943  1,96.50800 from Studenis (inclusling ex-sludent} 1,07,36.800 18,65,00,8480 2L81,87.245  (1,30.0668% [ncome & Expandifure Account (331.63796)  20,59,73,449
75.28,83,958 TR ZABTAT VR AR ET R

F5.23,58,411_

e e e



THE TECHNOLOGICAL INSTITUTE OF TEXTILE & SCIENCES
REGD. OFFICE - 91 R.N. MUKHERJEE ROAD, KOLKATA 700001

Schedute "A" of Fixed Assets attsched to and formin

rt of the Soclety's Balance Sheet As on 31.03.2018

Cost/Book Value as at Additions fAdjustments Daductions andlor Balance as at 31/03/2013 Balance as at 31/3/2017
otradi2017 during the year Adjustments during
the year
Description of Assets Rgamst Agamst RGamst Bgainat Agaimiac

Geovt.Grant Govt.Gran¥ GovtGrand Govt.Grant! Govt.Grant!

Subsidies | Subsidies 7 Subsidies / Subssidies | Subsidies /

Donations | Others Donations Others Ocs.m.:.u:m Others Donations Others Total Donations Others Total

{Rs.} {Rs.) iRs.} (Rs.} (Rs.} {Rs.} (Rs.] {Rs.) {Rs.) [Rs.) {Rs.} (Rs.}
Land - 51,932,334 - - - - - 91,93,334 91,953,354 | 91,935,334 91,93,334
Placat & Machinery 410,04 739 | 10,8995,917 & 555,536 - - 4,10,04,738 | 10,9551,453 15,06,56,192 £,10,04,738 | 108895917 | 1500,00,658
Builldings 13,580,284 5,19.10,333 & 2,70,426 - - 13,950,284 | 8.21.80,758 §,35,31,043 13,50,284 | B8.19.10,333 | 832860617
Furniture & Fixdures 3,533,415 28175823 64209% - - 3331195 | 28817722 29150837 3,233,115 | 2,81,75623 | 28508738
Vehicles - 39.74,619 - - - - - 35746518 3974519 - 3974518 39,74,519
Office Equipments 447,122 36,58,495 = 755,854 " = - 94722 4414 449 53,81.5T1 447122 36,50 455 44,05, 6817 =
Water Pip Line g 67415 ] . X ; . 67415 7415 = 67,415 67,415 _
|

Tubs Wall = 116,558 = - - . - 116,558 1,156,558 - 1,16,558 1,16,558
Cormputer 54 47 856 492,08 888 - 20,00,236 " - 5447858 | 41209122 5447856 | 3,92,08,886 | 44656742
Capital Work- in- progress ! - - - 175376 - - - 173776 T B - - -
Total 4,90,83,116 | 27,53,01,080 - 43,88,027 - - 4,90,83,116 | 27,95,99,107 328782223 4,90,83,116 | 27.53,01,080 | 32,43,84,196
Previous Year 49834435 | 278774318 | B 61,20 614 551,318 7505,848 4.80,83,176 | 27,52,01,080 33,43 84,196 4,99,38,435 | 37,37,74,518 | 32,37,08,756

: /.\\J |
For The Technological Institute of Textile & Scienges

In the terms of our Report of even date

For KOTHARI & COMPANY
Chartered Accountants - - i
{CAl Reg. No, 3011788 2 e

Ml

{Manaswy Kothari) > Chairman i tember b\x\\ Hon. Sectetary

Partner s t : - il Commitiee

Membership No. 64601 o

Flace ! Kokata d.

Dated : 2nd August 2018 Ty 4 %
Phrecior,

THE TECHNOLOGICAL INSTITUTE
OF TEXTILE & SCIENCES, b fANE



THE TECHNOLOGICAL INSTITUTE OF TEXTILE & SCIENCES

REGD. OFFICE :- 9/1 R.N. MUKHERJEE ROAD, KOLKATA 700001

INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31ST MARCH 2018

—

e

31/03/2017 EXPENDITURE 31/03/2018 31/03f2017 INCOME 31/03/2018
(Rs) (Rs) (Rs.) (Rs.) (Rs.) (Rs.) {Rs.) {Rs.)
To Opening Stock By Sales
= VWaste - - Finished Goods -
7,180 7,480 Goods under process > -
23,77 6EBS Sale of Waste 647,308
2377669 £,47,306
23,77,669 - Less: Excise Duty - 6,47,306
5,91,041 To Power and Fuel Expenses 551,747
To Paymentis to and Provisions 12,29,00,421 By College Fees 12,61,06,092
for Employees
19,81,140 SBalary, Wages, Bonus and Ex-gratia 20,777,769
Contribution to Provident and Family
Pension Funds and Employees 249,978 By Rent& Accommodation Charges 3,25,313
2,09.641 State Insurance 1.50.605 2,48,538 {41,440} Less: Paid {41,440} 2,83,873
10,24,049 Gratuity 28.42,238
546,323 By Eleclricity Charges received 1,43,258
32,79.872 55,042 Employees' Welfare Expenses 11658 50,862,268 649 (6.45.674) Less: Paid (1.01.724) 41,534
81,842 To Rates and Taxes 1,31,190
1,76,71,279 By  Grants for Schoo! {On cash basis) m.m.tr.wwm
1,892,751 To Insurance 1,82,309
2,50,208 To Interest Paid 2,143,722 17,30,775 By Kinder Garten Fees 20,66,030
25,783 To Travelling and Conveyance - 2,68,76,834 By Fees for Educational Activities 2,70,97,997
2,04,83,975 By Income from Technical & Consuitancy Services (Net) 3,00,00,000



3032017 EXPENDITURE 31/03/2048 3110312017 INCOME 31/03/2018
(Rs.) {Rs.) (Rs.) (Rs.) (Rs) {Rs.) (Rs.) {Rs.)
8,30,51,419 Salary, Wages and Leave encashment 8,16,07,948
1,15,69,965 Gratuity £4,57.916 1,064 By Miscellaneous Receipts 47,662
Conltribution to Provident Fund, Family
1,00,26,244 Pension Funds & ESI 1,04,85.486
20,34,026 Employees Welfare Expenses 19,61,333
24.73.014 House Keeping 29,42 640
54,11,476 Interast Paid 46,99,038 20,336,850 By Interest Received 20,04,429
2134372 Building Repair & Maintenance 21,868,411
4191837 Electricity & Fuel 33,87,530
270315 Generator Expenses 1,796,312
16,984 Staff Recruitment Expenses 103,022 591,209 By Unclaimed Balances and Unspent Liabilities Written Back 3,72,839
11,17,833 Travelling and Conveyance Expenses 12,27.876
11,656,090 Communication Expenses 13,47.041
2,88,940 Library Expenses 202,860
95,285 Newspaper & Journals 149,282 2,28,800 By Insurance Claim L
574,401 Car Running & maintenance Expenses 874 405
1,72,768 Computer Expensas 250,724 28,333 By  Income from Infrastructure Utilization -
3.05,730 Equipmeni Repair 1.84,767
3,098,298 Electric Repair 569,777
4,51,102 Insurance 4,62 057 - By Sample Development & Testing Charges 1,800
158,079 Printing & Stationery 1,99.550 f
4,37,382 Professional Fees 4,63.970 - By Financial Assistance for Educational Purposes 25,00,000
1.67.335 Training & Placement §,09.467
1.34.494 College Visitors 1,30,500
146,136 Sclence Lab 157,778 - By Gratuity Provision writen back 1,46,77,645
134,013 Fees & Taxes 3,06,186
Expendilure on visiting Faculty including
it remuneralion 49,000 n By Leave Provision written back 6,34,547
3,13435 Water Supply 255426
233,326 Furnitire Repair 1.02,853
10,14.837 Sawerage Treatment Plant Expenses 9,64 893
6,04.720 g / Admission Expenses 19,20,280
1,23 876 Examinalion Expenses 1,63703
57,819 Garden Maintenance 58,174
228958 Legal Expenses 13.27,330
1,33,082 Merit Scholarship 95,000
13,31,43,778 2447450 Other Expenses 2819719 12,88,03,234
75,686,888 To Depreciation 77,27,516

Sundry Balances Adjusted
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310312047 EXPENDITURE 31/03/2018 31/03/2017 INCOME 31/03/2018
(Rs.) (Rs.) (Rs.) (Rs.) (Rs.) (Rs.) (Rs.) (Rs.)
To School Expenses

2,3357,110 Salary & Wages 2,58,34 416

29.76,799 Gratuity 27,07 406

19,566,475 Cantribution to Provident Fund & ESI 22,76,499

4,69 286 Employees Welfare Expenses 443,775

507,185 Building Repair & Maintenance §.74,522

15,23,512 Electricity & Fuel 14,14 014

12,401 Computer Expenses 10,677

12,759 Books -

45 590 Fees & Taxes 45,580

15,43,836 Interest Paid 12,81,785

7,52,322 Functions 7.80,598

1,34,441 |nsurance 1,56.980

174,473 Printing & Stationery 279477

1,18,194 Travelling Expenses 153,714

12,864 Garden Maintenance 41,095

1.53,864 Examination Expenses 84,932

94,865 Electric Repair 78,585

99,475 Legal Expenses 77,880

8,421 Fumiture Repair 48,023
3,47,18,863 7.55.991 Other Expenses 6,79,580 3,70,69,559
14,23,929 To Kinder Garten Expenses 16,42,965
25,763 To Miscellaneous Expenses 3,088

To Balance being excess
of Income over Expenditure
1,38,68,698 transferred to Balance Sheet 3,31,53,796
19,51,76,396 Total 21,47,26,817 19,51,76,396 Total 21,47,26. 817
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ABSTRACT

Traditionally supply chain management has played an operational role within cement and
mineral extraction commodity companies. Recently, cost reduction projects have brought
supply chain management into the limelight. In order to clarify the reasons of the evolution of
supply chain management and to demonstrate the value of efficient supply chain management
within the cement industry, an analysis of the cement supply chain has been carried out using
Michael Porter's five forces. In addition, a comparative analysis of the supply chain strategy
of the four largest cement companies has been presented, according to Larry Lapide's
excellent supply chain framework.

Also, a characterization of the current cement supply chain has been done, using the Supply
Chain Council's SCOR model processes; plan, source, make, deliver and return. Five authors'
various frameworks of supply chain design have been used to gain insight into the general
characteristics of the cement supply chain and propose a definitive supply chain strategy.
Finally, three case studies from mineral extraction commodity companies have been
presented to demonstrate the potential of supply chain management. The study concludes that
supply chain management has tremendous potential to add value as a strategic function for
companies in these industries.
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Chapter- I: Introduction

Commodity products are the starting point of manufacturing processes. They are normally
tied to the extraction or exploitation of natural resources. The economies of developed and
underdeveloped countries are based on commodity exploitation. Cement is produced in more
than 150 countries all over the world. Cement, as the most important ingredient of concrete,
is essential in the development of infrastructure and construction in general. The level of
advancement in cement and concrete Supply Chain Management (SCM) can facilitate or
constrain world economic development. The four research questions of this thesis are:

- What are the unique characteristics of SCM in the cement industry?

- Why SCM traditionally played an operational role in the cement industry?
- What is the right supply chain for cement?

- Can SCM generate value in the cement industry?

To gather information about the unique characteristics of SCM in the cement industry, SCM
employees from three of the eight largest cement companies and one medium size cement
company were interviewed. A list of the respondent companies and the interviewee position
in the organizational chart are presented in Appendix A.

To enrich the analysis, three companies in the mineral extraction business; one in the oil
industry, one in the coal industry and one in the steel industry were interviewed.

The reason why these companies were interviewed is because they are facing similar SCM
challenges as cement companies.

A questionnaire that covers the five logistics processes defined by the SCOR Model: Plan,
Source, Make, Deliver and Return, was used to conduct the interviews. The questionnaire is
presented in Appendix B.

This thesis is organized as follows. In section 3.1, a competitive analysis of the cement
industry using Michael Porter's framework of five forces driving industrial competition was
made, using the information gathered in the interviews and the information in the literature

review.

In section 3.2 a comparative analysis of the supply chain strategy of the four largest cement
producers was made using the Supply Chain Excellence Framework (Lapide, 2000).

In section 3.3 an analysis of the cement supply chain operating model using two perspectives:

he process perspective analysis was made usipg the SCOR model,
”n Design Framework (Reeve 'K&zﬂaﬁ, 2005) and the

processes and produc
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Matching Supply Chain (SC) strategies with Products Framework (Simchi-Levi et al., 2008).
These frameworks will be described in the literature review.

The product perspective analysis was made using the Demand Uncertainty Framework
(Fisher, 1997), the Uncertainty framework (Lee, 2002) and the Triple A framework (Lee,
2004). These frameworks will be described in the literature review

In section 4, three cases studies were documented to confirm that SCM can add value to the
strategy of the cement and the mineral extraction commodity industry. The first case is the
implementation of a single 3PL (Third Party Logistics Provider) by three of the largest oil
companies in Colombia. The second case is a collaboration project between concrete and
cement supply chain in Cemex Colombia. The third case is collaborative port operation
contract in the steel industry.

Finally, a summary is presented with the conclusions about the evolution of supply chain
management in the cement industry. The majority of these concussions can be extended to
the mineral extraction commodity industry.




Chapter- II: Literature Review

2.1 SCM research in the cement industry

Supply Chain Management (SCM) is a topic with limited research in the cement industry. A
search made in April 6 of 2009 in Business Source Complete database from 1970 to present
using the words "supply chain," yields 47,101 records. A search within these 47,101 records
with the word "commodity," vields 659 records. A search within the 47,101 records with the
word "cement" yields only 34 records. The same search in Compendex database within the
same time period yields 4224 records for "supply chain," 175 records for "supply chain" and
"commodity" and only 37 records for "supply chain" and "cement." Combining the records
obtained and excluding common records and documents non-related to cement as a
construction product, a total of 48 documents was classified into nine topics as shown in
Table 1.

Cement supply chain management research topics reflect the major concerns of the cement
industry like manufacturing, cement material management and sustainability.

Table 1. Supply Chain Research Topics in the Cement I_r};iug;_t;;-y .

Topic Quantity Participation

Manufacturing 12 25.0%
Material management bk 11 21.0%
Sustainability . 7 14.5%
Industry overview ' 7 | 14.5%
Distribution 6 12.5%
Demand management & Forecasting 4 8.3%

Transportation 2 4.2%

From an economic perspective, there is significant research about the cement industry by
Pankaj Ghemawat from Harvard University. He is particularly interested in the history of
Cemex, the third largest cement producer. 32 Harvard Business School cases are related to
cement companies and ten of them are about Cemex. Research about Cemex from a Supply
Chain perspective was made by Hau Lee and his research group in Stanford University.

In the sources reviewed, there was no conceptualization about the role of SCM or the right
structure of the cement supply chain in the cement industry from a broad perspective, without
focusing on a particular company. The focus of this project is to present an insight into the
role and structure of SCM in the cement industry, and provide certain generalizations

applicable to the overall extraction commodity indust%
: .:




2.2 Cement Industry Background

In general, cement is a mixture of limestone, sand, clay and iron. The most common type of
hydraulic cement is the Portland cement. The term hydraulic cement is used because cement
hardens when mix with water. According to the Portland Cement Association (2008),
"Portland cement is a closely controlled chemical combination of calcium, silicon, aluminum,
iron and small amounts of other ingredients to which gypsum is added in the final grinding
process." Portland cement may be gray or white but blends can be generated based on the two
products.

Cement is the major component of concrete. According to Van Oos (2005), concrete is "an
artificial rock-like material made from a proportioned mix of hydraulic cement, water, fine
and coarse aggregates, air, and sometimes additives." Concrete can also be made from a
ready-mix formula in a concrete plant. Concrete is one of the most important and widely
spread building materials in the world.

According to Cembeureau (2008), the cement industry is capital and energy intensive, but not
labor intensive. According to Lafarge (2007), the cost of a new cement plant is between 50
and 160 Euros per ton of annual capacity, depending on the country. According to Ghemawat
(2002), the minimum scale that is efficient for a cement plant is approximately one million
tons of annual capacity. Combining this information, the average investment for an efficient
plant is approximately 105 million Euros. Labor usage in the cement industry is relatively
low because it is a continuous process with a high level of automation.

A description of the upstream component of the cement supply chain, including sourcing of
raw materials, manufacturing and delivery from the plant is shown in Figure 1.
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Figure 1. Upstream Cement Suppty Chain, Source: Ceimex (2008)

Cement plants are normally located near the quarries which are the source of their main raw
materials. The main reason for their location is that 1.6 tons of main raw materials are
required to produce 1 ton of cement. According to the information gathered, there are no
constraints on the availability of main raw materials needed for cement.

There are two main steps in cement production. The first step is the production of clinker
from raw materials. The second step is the production of cement from clinker. The first step
requires raw materials to be transported to the plant and then to be crushed and homogenized
to enter a big rotating pipe called a kiln. The kiln is heated to very high temperatures, and
then it is inclined, allowing the raw materials to roll to the other end, where they are quickly
cooled. The result is a solid grain called "clinker." The second step is the transformation of
clinker into cement in a grinding mill process. Additional elements like gypsum and perhaps




According to the U.S. Geological Survey (2008) in 2006, cement world production was
around 2.6 billion of metric tons. The production is highly concentrated in Asia -Pacific
countries as shown in Figure 2.
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Figure 2. World Production of Hydraulic Cement by Region. Source: Van Oos, H (2005)

Cement is produced by a large number of companies all over the world, but only a few
companies are global. Appendix C presents a summary of information about the largest
cement producers.

The downstream component of the cement supply chain varies from country to couniry.
Concrete (and therefore cement) demand is created in the short term by residential, non-
residential and public sector construction. Cement sales are normally related to economic
growth, macroeconomic factors and weather conditions. These issues have local and regional
cycles.

Cement as a final product is sold in bulk or bags. Cement bulk is the normal way to distribute
cement in developed economies. Bulk sales represent almost 90% of the US cement market.
Concrete producers are the biggest customers. According to Cemex, bagged cement
represents 80% of sales in emerging markets. Bags sales are strongly related to Do-It-
Yourself (DIY) home construction.
There are two impo j
environmental regulatio

fn—the future of the cement industry: fuel costs and
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in the cost of cement. Because of this situation, there are several research initiatives in
alternative fuel sources for cement manufacturing and transportation.

Government regulations are related to carbon emissions and environmental protection.

There are three issues regarding this topic in cement production:

- Dust emissions and solid waste generated in the manufacturing process

- Air emissions generated from the kiln in the heating process

- Heavy metals in cement / concrete with the risk of leaching into drinking water

2.3 SCM in Commodity Products

The drivers that influence SCM in the commodity industry also affect SCM in the cement
industry.

A commodity is a product or service that is widely available; and associated margins and
product differentiation is typically low. In general, commodity prices are defined by supply
and demand. According to Radetzki (2008), commodity represents "the value of output from
the primary sector, comprising agriculture (including hunting, forestry and fishing), mining
and utilities." These activities provide raw and unprocessed materials for other sectors in the
cconomy.

There are three issues related to the history of commodities that are significant to understand
their current supply chain. The first issue emerges when a country moves from a lower to a
higher level of economic development. The common pattern is that the relative importance of
primary commodities decreases as the economy develops.

Cement industry reflects this issue as shown in Figure 2.

The second issue is the impact of transportation costs in the trade of commodities. In the past,
commodity price was very low compared to other products; thus the share of transportation
cost in the total commodity price was high. With the entrance of technology in the rail and
maritime transportation systems in the 1950s and the reduction in maritime freights, it was
profitable to move commodities overseas. In some cases, it was cheaper to get commodity
products from other countries than to purchase them locally. The impact of rail and water
transportation development was also extended to the cement industry. Because of this
development, today it is possible to have Chinese cement with competitive prices in the west
coast of the US.

The third issue is government intervention in the commodity market price and raw materials
availability. According to Radetzki (2008) it is "reasonable to say that state interventionism is
well past its peak" but recent geopolitical trends might change the current situation.
Government intervention is also an essential factor for the cement industry. Normally,
government controls cement raw materials availability trough licensing and environmental

regulations.
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2.4 Industry Analysis Model

In his book Competitive Strategy, Michael Porter (1980) defines a model of structural
analysis for industries. Porter (1980) suggests that a company must understand its
environment to formulate a successful strategy. The term environment includes social and
economic [orces; some are generated within the industry and some are external to the
industry.

The level of competition in an industry is determined by five competitive forces: threat of
entry, rivalry among competitors, pressure from substitute products, bargaining power of
buyers and bargaining power of suppliers. The level of influence of these forces controls the
profit in the industry and therefore the return on capital invested by a company within the

industry.

- Threat of Entry is generated by new entrants in the industry. They normally bring desire of
market share, new capacity and resources. This force is controlled by the barriers of entry and
the reaction of current actors to new competitors in the industry. If barriers are high, the
threat of entry is low. There are seven major barriers to entry in a new industry: economies of
scale, product differentiation, capital requirements, switching costs, access to distribution
channels, cost disadvantages independent from scale, and government policy (control by
license requirements or access to raw materials).

- Rivalry Among Competitors occurs when one or more competitors detect an opportunity to
increase margins or feel pressure from others companies. Tactics used are price competition,
product introduction, customer service and warranties.

The level of rivalry within an industry depends on the number of equally balanced
competitors, industry growth, fixed or storage cost, product differentiation, size of capacity
increments, competitor's diversity, competitor's strategic stakes and exit barriers.

- Pressure from Substitute Products has an effect of limiting the returns of the industry by
creating a ceiling for product prices. If the substitute product price is more attractive, the
industry profit based on the current product is limited. A substitute is a product that performs
the same function as the industry product.

- Bargaining Power of Buyers (BPB) has the capacity to influence prices, product quality and
services. Buyers can force competition among the industry suppliers and reduce industry
profitability. Each of the following drivers increases BPB: buyer purchases large volumes
relative to seller sales, selIer'S-pl'Oduct importance on buyer's costs or purchases, type of
product (standard or differentiated), buyer's switching cost, buyer's profits, threat of
backward integration from buyers, seller's product importance to the quality of buyer's
product, and buyer's level of information.
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- Bargaining Power of Suppliers (BPS) has the capacity of increasing prices or reducing
product or service quality. BPS is affected by the following drivers: supplier industry
concentration compare to the buyer's industry, availability of substitute products for sale to
the buyer's industry, buyer's industry importance as a customer of the supplier industry,
supplier's product as an input to the buyer's business, supplier's products differentiation and
switching costs, and threat of forward integration from the supplier groups.

2.5 Supply Chain Strategy Framework

One framework was considered to analyze the supply chain strategy of companies within the
cement industry. The framework was presented by Larry Lapide in 2006 in his article "The
essence of excellence" based on the information of the MIT Center for Transportation and
Logistics Supply Chain 2020 project. The article presents the results of the first phase of
research proposing a definition about excellent supply chains. Lapide (2006) argues that an
excellent supply chain is a competitively principled supply chain where there is an alignment
between supply chain strategies, operating models and metrics within the strategic framework
of the company. '

The principles that guide excellent supply chains are grouped into two dimensions.

The first dimension specifies that an excellent supply chain has to be aligned with the
business strategy and has to operate within the framework that is shown in Figure 3.

The second dimension is that supply chain managers should comprehend, execute, and
respect the focus and purpose of the aligned supply chain.

o) W

Director.
THE TEGH®
OF TEXTiL,

JCICAL INSTITUTE

SUENCES, BHIWANI




Framework for an Excellent Supply Chain
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The upper box in Figure 3 reinforces the idea of supply chain alignment. In excellent supply
chains, the corporate strategy is understood and shared by supply chain managers. In
addition, supply chain management enhances, facilitates and evolves with the corporate
strategy. In other words, supply chain fits in the corporate strategy.

Supply chain execution is also an important element in excellent supply chains. Excellence is
doing well in activities that affect the firm's competitive advantage. A supply chain has to
exceed the company's operational objectives. The operational objectives can be classified in
three groups as shown in Figure 4. A competitive strategy requires focus on one of the groups
and less on the others.
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Aligning Operational Performance
te Business Goals '

Customer Response [Customer-Facing)
= Order Cycle Times
+ Perfect Order Fulfillment
= Quality
= New Product Time-to-Barket
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- Supply Chain Costs « laventory Turns
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Figure 4.0Operational Objectives. Source: Lapide (2006}

- The first set of operational objectives is gathered under Customer Response. An example of
the metrics included in this group are order cycle time, perfect orders, new product time-to-
market and product quality. These metrics generate results in customer-face operations.
Companies in high margin and short life cycle industries such as fashion, pharmaceuticals
and entertainment, are often concentrated in this objective.

- The second set of operational objectives is under the umbrella of Efficiency. The metrics
included in this group are internal, for example, labor productivity, supply chain cost, or
waste management cost. The data to calculate these metrics is obtained from the Income
Statement. Companies in the food, beverage and basic retail goods industry which are
focused in cost reductions are concentrated in these objectives.

- The third set of operational objectives is combined under Asset Utilization. The metrics in
this group are also internal but they focus on how well the company is utilizing its assets. The
information to calculate these metrics is in the balance sheet. Companies in the petrochemical
and semiconductors industry are concentrated in these objectives. Typically, these companies
want to maximize the return on the expensive capital investment made in their plants. Metrics
such as cost, inventory turnover and fill rates are common. If a company concentrates in more
than one metric, trade-offs between the metrics results are required.

The final aspect of this framework of excellcnce in Supply cham is tazz’ormg pract:ces
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is introduced. Lapide (2006) argues that Operating Principles such as visibility, use of supply
contracts and matching of supply and demand don't change over time. This is why supply
chain managers have "to create an evolving set of tailored practices based on understanding
the operating principles being leveraged by them."

In addition to the information in this article, Lapide (2008) expands this framework in a new
article called "The operational performance triangles". In this article, Lapide (2008)
introduces the concept of absolute or relative triangles as shown in Figure 5.

The absolute triangle refers to the objectives that all companies within the industry must
have, to be able to play in the industry. The relative triangle refers to the objectives where
companies should focus to achieve significant differentiation from its competitors.

Absolute Triangle Relative Triangle

Customer
Response

Asnset
Utilization

Efficiency
Figure 5. Absolute and Relative Triangles. Source: Lapide (2008)

2.6 Supply Chain Operating Model Characteristics

Supply Chain Operating Model characteristics are analyzed according to two perspectives:
processes and products.




2.6.1 Supply Chain Processes
Two frameworks were used to analyze cement supply chain processes: the SCOR model and

the Push-Pull Supply Chain frameworks.
2.6.1.1 SCOR Model

The Supply-Chain Operations Reference model (SCOR) was used to analyze the cement
supply chain processes. SCOR is a cross-functional framework for evaluating and comparing
supply chain activities. SCOR was developed by the Supply Chain Council as an independent
global consortium of more than one thousand corporate members. SCOR covers activities
from the supplier's supplier to the customer's customer as is shown in Figure 6.

Figure 6. SCOR Model Structure. Source: Supply Chain Council (2009).

There are five processes define in the SCOR Model: Plan, Source, Make, Deliver and Return.

- Plan includes the management processes to coordinate aggregated supply and demand. Plan
generates a course of action to satisfy source, make, deliver and return requirements.

- Source is an umbrella for the processes that procure goods to satisfy customer requirements,
from strategic roles such as identifying and selecting supply sources, to the execution of
operational and tactical activities. Source also includes risk management, contracts and
negotiation.

- Make covers the processes of transforming a product from raw material to finished good.
Make includes processes such as scheduling, work in process inventory control, testing and
packaging.
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- Delivery is an umbrella for the processes that provide finished goods to meet planned or
actual demand. Delivery typically includes order management, transportation management,
and distribution management.

- Return covers two types of processes, the return of raw materials to the supplier and the
return of finished goods from the customer. Return processes effectively move defective,
excess or hazardous products to the appropriate destination guaranteeing final disposal.

2.6.1.2 Push-Pull Supply Chain frameworks

Two push-pull supply chain frameworks were considered to analyze the processes of the
cement supply chain: Four Types of Supply Chain Design Framework (Reeve and Srinivasan,
2005) and Matching Supply Chain (SC) strategies with Products Framework (Simchi-Levi et
al., 2008)

2.6.1.2.1 Four Types of Supply Chain Design Framework

The first framework was created by Reeve and Srinivasan in 2005 in their article "Which
Supply Chain Design Is Right for You?" In this article the authors suggest that supply chain
design is important because currently, competition is not between companies but between
supply chains. There a four major supply chain designs: Builtto-Stock (BTS), Configure-to-
Order (CTO), Built-to-Order (BTO) and Engineer-to-Order (ETO).

-Built-to-Stock (BTS): In this design the product is manufactured before its demand appears
according to a standardized bill of materials. This design offers the fastest response time to
consumer because the product is normally stored in the warehouse. BTS is widely used in
consumer goods and critical repair components.
Product adjustments are not possible so the final product can be either over configured or
under configured according to customer needs.

- Configure-to-Order (CTO): In this structure, the products are assembled to order using
regular components or modules. CTO is used in the computer and in the automotive industry.
In CTO, customer orders are generated prior to assembly, and accordingly, replenishments
orders for parts are placed as per the configuration needed by the customer. Normally, there
is a trade-off in the variety of y > (ftguration versus the time that a customer has to
wait to get the final product. : ;

The main goal in CTO desjn ig!té o izethe i’é;‘ d time from assembly to delivery.

- Built-to-Order (BTO): In this
standard bill of materials. Two examples “the jet and the industrial machinery industry. In
this option, orders are introduced at the beginning of the manufacturing process. BTO
products are usually highly customized and extremely expensive to, manufacture. The
production process normally has to deal with expediting and exceptién actiyit
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-Engineer-to-Order (ETO). In this design, the product is manufactured to order with
exclusive components and drawings. ETO supplies truly customized products. The lead time
from order to final delivery is usually long. Upstream supply chain processes are more
complex than downstream supply chain processes. Almost all the processes are made in units
of one.

A graphical summary of the four supply chain structures is presented in Figure 7. Also, a
summary of the trade-offs of each of the designs is presented in Figure 8.

Four Basic Design Structures
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Figure 7. Four Basic Supply Chain Structures, Source: Reeve et al. (2005)

Director,
THE TEG

RDINATO® ' % HNOLOGICALNSTITUTE

OF TEXTILE & SCIENcE

NLES, BHIWANI



Figuré 8. Snbpf}f”&i’mm I;;ésxgn and Value Trade-Off. Source: Reeve et al. (2005)

According to Reeve and Srinivasan (2005), the ideal supply chain design "is one in which a
small number of components are used to configure a large variety of end products." They
introduced the concept of Raw-As-Possible (RAP), suggesting that inventories should be kept
as raw as possible in the supply chain. The perfect structure according to this principle is
CTO,

The application of the RAP concept is constrain by product configuration and customer lead
time requirements. Product configuration is presented in the product Bill of Materials (BOM).
The first step to design a supply chain is to evaluate the product BOM to identify
opportunities to apply the RAP concept. Risk pooling and aggregation opportunities are also
worth evaluating in the product BOM.

Supply chain should reply to consumer requirements rather than to product configurations.
This is why in recent years; it is common for companies to move from BTS to CTO or from
BTO to CTO. Finally, the authors argue that there is no one-size fits-all supply chain design.
Supply chain managers have to be able to assess the current design of their supply chains and
adjust it to the market requirements, as needed.

2.6.1.2.2 Matching SC strategies with Products Framework

The second framework by David Simchi-Levi, Phillip Kaminsky and Edith Simchi-Levi in
2008 was presented in their book "Designing and Managing the Supply Chain." Simchi-Levi
et al. (2008) argues that traditionally, supply chain strategies have been characterized as
either push or pull. A new trend has emerged in the last few years with the implementation of

: a1 e )
a hybrid system, the gilshepull supp
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Push-based supply chains are characterized by the use of long-term forecasts for production
and distribution decisions. Push-based supply chains are slow to react to market changes,
therefore stock outs or excess in inventory are common. Typically, push-based demands have
high transportation costs, high inventory levels and / or high manufacturing costs.

Pull-based supply chains are demand driven, therefore production and distribution decisions
are based on true customer demand, not on forecasts. In a pure pull system, the company
doesn't need inventory because the supply process is triggered by the customer order.
Typically, pull-based supply chains have lower inventory, lower variability and lower cost in
the system than push-based supply chains. Pull-based supply chains have challenges such as
low economies of scale in manufacturing or transportation. This is why the idea of a hybrid
system is popular.

In a push-pull strategy, some components of the supply chain are operated in a push-based
mode and other components are operated in a pull-based mode. The limit between the pull
and pull mode is known as the push-pull boundary.

To answer the question about the most appropriate supply chain for a particular product,
Simchi-Levi et al. (2008) provide a framework for matching supply chain strategies with
products as shown in Figure 9.

Demand
UnCENAmTyY
ey
E S
Pull 4#
I I
Computer Furniture
v i
Books & CDs Grocery
Push »t , Delivery cost
Unit price
Pull Push

©Copyright 2001 D. Simchs-Levi

Figure 9. Matching Supply Chain Strategies with Products, Framework.
Source: Simchi-Levi et al. (2008) rﬁ\@
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The vertical axis gives information about product demand uncertainty. The metric for
demand uncertainty is the coefficient of variation that is defined as the standard deviation of
the product demand divided by the product average demand.

Higher demand uncertainty leads to a preference for a pull strategy. Smaller demand
uncertainty leads to a more accurate forecast resulting in a preference for a push strategy.

The horizontal axis gives information about the importance of manufacturing or distribution
economies of scale. The metric for economies of scale is the result of dividing the delivery
cost by the price per unit of a product.

The level of importance of economies of scale dictates the benefits obtained from demand
aggregation and long term forecasts. As the importance of economies of scale increases,
value addition from demand aggregation increases, and more preference is given to long term
forecasts. This effect is generated by push-based supply chains. On the other hand, if
economies of scale are low, there is no value in aggregation, so a pull-based supply chain is
preferable.

In Figure 9, a 2x2 matrix is presented. Box I represents industries or products with high
demand uncertainty and low economies of scale. One example is the computer industry. A
pull-based supply chain is appropriate for products in Box I.

Box III represents industries or products, such as beer and pasta, with low demand uncertainty
and high economies of scale. A push-based supply chain is appropriate for products in Box L.
In this case, holding costs are minimized with the use of long-term forecast while distribution
costs are minimized with the advantages from economies of scale.

Box IV represents products or industries with low demand uncertainty where a push-base
supply chain is better, and low economies of scale where a pull-based supply chain is better.

As a result, a push-pull strategy is more appropriate for this case. Box I represents products
or industries with high demand uncertainty and high economies of scale. One example is the
automotive industry and the furniture industry. In this case as well, a push-pull strategy is the
best option.

There are many alternatives to implement a push-pull strategy. The implementation depends
on the position of the push-pull boundary. Normally, the push strategy is used in the part of
the supply chain where demand is stable and the use of long-term forecast is appropriate. On
the other hand, the pull strategy is normally used in the part of, the supply chain where
demand is unpredictable and therefore the use of real demand is re d.&\L’\/
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The objective on the push part of the supply chain should be minimizing cost with a focus on
resource allocation, using supply chain planning processes. The objective of the pull part of
the supply chain should be maximizing service level with a focus on responsiveness using
order fulfilment processes. ‘

2.6.2 Supply Chain Structure According to Product Characteristics

Three authors' various frameworks of supply chain design were used to describe the way
cement supply chain structure should be.

2.6.2.1 Demand Uncertainty Framework

In his article "What is the right supply chain for your product?" Marshall Fisher (1997)
proposed a framework to understand the nature of product demand and the supply chain
design that is appropriate to satisfy it. Fisher proposes that products are typed, according to
their demand, as functional and innovative.

Functional products normally satisfy basic needs which don't change over time.

They have long life cycles. Because their demand is stable and predictable, competition is
attracted and margins are low. To avoid this situation, some companies switch from
functional to innovative products gaining customer loyalty.

Innovative products have high margins; short life cycles and because they are new, their
demand is unpredictable. A challenge is that suppliers of innovative products have to release
new products faster than their competitors to survive in the market.

Figure 10 presents Fisher's summary of demand aspects of functional and innovative
products.
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Figure 10, Funetional Veﬁa Innovative Products. Source: Fisher (i@ 3

Fisher (1997) defines supply chain as two functions: the physical function and the market
mediation function. The physical function extends from the transformation of raw material to
the transportation to final consumers. The market mediation function matches the company's
offer with the customer requirements.

A physically efficient process is concentrated in the physical function. A market responsive
process is concentrated in the market mediation function. Figure 11 presents Fisher's
summary of differences between a physically efficient process and a market-responsive

process.
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Figure 11. Physically Efficient versus Market-Responsive Supply Chains. ource: Fisher(1997)

Supply chain for functional products has to be physically efficient. Providers of functional
products have to concentrate on the physical function by minimizing costs with the use of
planning tools and the proper information flow between supply chain echelons.

Supply chain for innovative products has to be market-responsive. Decisions about inventory
and capacity should be made to hedge against demand uncertainty. Early information about
customer trends and continuous analysis of market signals are important.
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2.6.2.2 Uncertainty Framework

Hau Lee (2002) in his article "Aligning supply chain strategies with product uncertainties?"
proposed that the right supply chain strategy has to be tailored to meet customer
requirements. Lee proposes that a product with stable demand has to be managed differently
from a product with variable demand and supply uncertainty.

One-size-fits-all supply chain strategies are destined for failure. Lee proposes an uncertainty
framework with two components: demand and supply. The demand component is covered by
Fisher in his classification of innovative and functional products. The supply component
classifies supply processes into two types: stable and evolving.

A stable supply process occurs when manufacturing processes and their technology are
mature and the supply base is well established. Manufacturing complexity in a stable supply
process tends to be low or manageable. Manufacturing processes are typically highly
automated and long term supply contracts are commonly used.

An evolving supply process occurs when manufacturing processes and their technology are

under development. Normally, the supply base is limited in size and experience. The
differences between stable and evolving supply processes are summarized in Figure 12.

Stable

Less breakdowns

Figure 12. Supply Processes. Source:

The assumption that functional products always have a stable supply process or that
innovative products always have an evolving supply process is icorrect.

As a result of demand an }. supply-c
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In this matrix, products can be classified as shown in Figure 13.

Demand Uncertainty

Low (Functional Products) High {Innovative Products)
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g {Stable Process)
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@ - | |
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Rawtut oy Sl Fesdiaton Swalees
Figure 13. The Uncentainty Framewaork. Source: Lee (2002)
According to Lee (2002), there are four types of supply chain strategies: efficient supply

chains, risk-hedging supply chains, responsive supply-chains, and agile supply chains. There
is a match of these strategies with the matrix in Figure 14.
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Figure 14 Supply Chain Designs in the Uncertainty Framework. Source: Lee (2002)
Lee (2002) argues "that different supply chains are need for different products.”

Table 2 present supply chain strategies in each quadrant of the uncertainty framework.




Table 2. Supply chain strategies in the uncertainty framework. Source: Lee (2002)

Efficient Supply Chains Responsive Supply Chains

~  Cost efficiency is generated by just-in- — Responsive supply chains use
time systems, automation, lean strategies such as postponement,
manufacturing, facility layout or . build-to-order and mass
workflow streamlining. customization.

—  Supply chain efficiency is generated by
Full-Truck-Load (FTL) deliveries,
warehouses quantity reduction,
replenishment software, optimization or
information sharing across the supply

chain.

Risk-hedging Supply Chains Agile Supply Chains

— Risk-hedging is generated by inventory ~ Agile supply chains are a
risk pooling, resource sharing, product combination or risk-hedging and
design using the same components, responsive supply chains,
multiple supply bases or market therefore a mixture of both supp}y
exchanges in internet. chain strategies is possible.

2.6.2.3 Triple A framework

The third framework was created by Hau Lee in 2004 in his article "The triple A supply
chain." In this article, Lee (2004) argues that everything else being equal, the two core
concepts of supply chain management of greater speed and cost effectiveness are not enough
to gain competitive advantage. The reason why efficient supply chains fail is because they are
unable to respond to unexpected changes in supply or demand.

Efficient supply chains are designed to maximize economies of scale with centralized
manufacturing and distribution facilities. For example, when there is an increase in demand,
efficient supply chain deliveries are normally delayed because they are not big enough to fill
a complete truck. This delay generates stock outs affecting the company's customer
perception. Additionally, efficient supply chains are slow in making decisions to adapt to
changes in market structures such as moving manufacturing facilities off-shore or outsourced
manufacturing. In summary, "Supply chain efficiency is necessary, but it isn't enough to
ensure that firms will do better than their rivals."

According to Lee's research in 2004, top performing supply chains have three characteristics:
agility, adaptability and alignment. Lee (2004) emphasizes that there is no need to make
trade-offs among these characteristics and that the implementation of the three characteristics
simultaneously is required to generate competitive advantage.

- Agility: An agile supply chain is able to respond to rapid and unanticipated market changes.
Agility is critical because cha/nge ile supply chains react
both swiftly and cost-e A% /lyw*ﬁx ) Fig
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The ability to react and recover rapidly from disruptions such as terrorist attacks or natural
disasters is a measurement of agility. This ability is particularly important in today's global
supply chains.

*Have a é&mﬁdahﬁe &)gxstfcs @s@am or partner.
>Draw up contingency plans and develop crisis

management teams.
Figure 15. Agility Methods. Source: Lee (2004)

- Adaptability: Successful organizations continuously execute changes in their supply chains
to adapt to changes in markets or business strategies. For these companies, it is important to
anticipate changes by gathering and analyzing relevant data and by making decisions
accordingly. Sometimes, adaptability forces companies to have more than one supply chain
depending on the nature of the products. Aspects such as the product stage in the life cycle
and the level of manufacturing technology influences the type of supply chain that is
required. The methods to reach adaptability are presented in Figure 16.




hnology cycles and product lifecycles.
Figure 16, Adapmbility Methods. Source: Lee (2004)

- Alignment: Great companies align the interest of its supply chain partners. If this alignment
is not reached, each company will maximize its own results instead of maximizing the results
of the supply chain as a whole. This misalignment can also occur among the divisions of a
single company. Vendor Managed Inventory (VMI), implemented in a collaborative way, is
one of the logistics practices that facilitate alignment. One way to get alignment with supply
chain partners is the use of contracts where risk, cost, incentives and benefits are shared.
Figure 17 presents the methods to accomplish an aligned supply chain.

Create incentives for better performance.

Methods:

»Exchange information and knowledge freely with vendors
and customers.

»Lay down roles, tasks, and resps
pliers and Customens. '

»Equitably share risks, costs, and gains of irmprovenent
intiatives. Director,
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Triple A supply chains do not require high technology investments. A Triple A supply chain is made
by people with a full supply chain vision.

3 Characterization of SCM in the cement industry

This section is divided in three parts. The first part is a cement industry analysis using
Michael Porter's five forces. The second part presents an analysis of the supply chain strategy
of the four largest cement companies using Lapide's excellent supply chain framework.
Finally, different frameworks are applied to analyze alternative supply chain operating
models for the cement industry.

3.1 Cement Industry Analysis .

Cement industry analysis was made using Michael Porter's (1980) five forces driving
industrial competition. See Section 2.4 for details of Porter's model. The five competitive
forces are: threat of entry, rivalry among competitors, pressure from substitute products,
bargaining power of buyers and bargaining power of suppliers.

- Threat of Entry: Table 3 presents the analysis of the barriers to entry of the cement industry.
Each barrier was qualified as high, medium or low. When barriers of entry are high, the threat
of entry is low.

Table 3. Barriers of Entry of the Cement Industry.

Barriers Barriers of Entry in the Cement Industry
Economies of | Cement plants are built to get economies of scale. In general,
scale (EoS) | cement plants that are owned by large companies are big, highly
automated with major quality standards. This barrier of entry is
high in mature markets; in emerging markets with presence of the
large cement companies, the barrier is high as well.
Product Cement is a commodity. Traditionally there were no efforts of
differentiation | building brand equity. Some cement companies are (rying to de-
commoditize cement with product innovation, branding and
packaging initiatives, The barrier of entry is low.
Capital The cost of an efficient cement plant is approximately 105
 requirements | millions Euros and it is expected to last 100 years.
In some cases, cement companies are vertically integrated with
transportation and logistics infrastructure. These investments are
significant, especially in developed markets where bulk
transportation is common. This barrier of entry is high, especially




When the large cement companies are aiready established in the
market.

Switching Cement 15 a commuodity. The switching cost from one supplier to

cosisy other is low. This barrier of entry is low.

Access to Concrete companies can be seen as a distribution channel that is

distribution normally integrated and controlled by cement companies. This is

channels not the case in the US. Retail and wholesalers chansels are
usually not controlled by cement companies and are fragmented.
This barrier of entry is medium.

Cost Cement companies are mature companies with years of

disadvantages | experience. They have the know-how, access to raw materials,

independent | established locations, and high leaming experience curve. On

from scale

average, the age of the top 4 cement companies is 130 years and

they have been focused on cement from their origin. Some of
thers expanded to new construction related products and new
businesses as shown in the second column of Appendix C. This
barrier of enlry is high.

This barrier of eniry éepcnda on country' s regulations about
ownership of subseil. ¥ subsoil is owned by the government,

| cement companies identify raw materials sources and work
closely with the government to get loenses 1o exploit them. If the
subsoil is owned by people, cement companies scquire the land
and exploit it. Normally, there are environmental controls
involved in both situations. Additionzally government can also
control fuel prices and freights.

This barrier of entry is medium. i

Govermmment
policy

We can conclude that the cement industry has medium to low threat of entry. This is
particularly true when large cement companies are in control of the country's cement
production. In recent decades, large cement companies have acquired local cement
companies in countries where presence of other large cement companies was limited or
inexistent. Acquisitions were promoted by the following reasons:

- Desire of increased volume, revenues and market share.

- Risk diversification among different countries with different economic cycles tied to cement
demand.

- Take advantage of a company's low market value in a moment of crisis.

- Benefits from the scale in the purchase of raw materials, components and energy.

- Acquisitions were possible due to the access to larger financial capital markets for cement
global corporations.

- Rivalry Among Competitors. Table 4 presents the analysis of the drivers for rivalry in the
cement industry.
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Table 4. Rivalry in the Cemem Industry.

Drivers for Rivalr

Numerous or
Equally Balanced

| Competitors

In §hf: mmem mdusu“y there az*% 4 émaﬁlﬁumb&r of equally

- balanced competitors; hence, rivalry is high. There are

countries where there still is local competition from small or
medium size firms, but their nember is limited. Some of the
local competitors have small cement plants with limited
automation and quality standards. They offer low prices that
compete with the large cement companies, especially in
mc:ging markets where quality requirements and purchase
power is low.

Industry Growth

According 1o the Portland Cement Association {2006}, from |

2602 to 2005 world cement consumption increased by 25%,
China represents 45% of world consumption and is expected
to grow at.a steady rate of 8.5% annually.

Cement consumption growth is concentrated on emerging
markers; therefore the rivalry to enter these markets 1s high,
Even thoogh in matere markets the consumption growth is
small, companies compete to maintain their dominant
positions, The rivalry is also high,

Large Increments

{ Fixed or Storage According to Lafarge (2008), its production costs (before
Cost distribution and administrative cost) are distributed as 34%
| for energy, 29% for raw materials & consumables, 28% for
| labor & maintenance, and 11% for depreciation. Assuming
that the last two are fixed, their relative weight is significant
and hence rivalry is high.
Differentiation Cement differentiation is low; hence rivalry is high.
Capacity Cement increments in production capacity are normalbly
Augmenied in high; hence rivalry is high. Iz addition, capacity increments

are & fixed cost investment with penalty for underuilization,
The only way to reduce production (since thisis a
continunous process) is by turning off the plant. According to
Cemex, “the cost of stopping a eement plant is significant
due to lost sales. The inventories in the distribution channel

| are no more than 2 days: hence there s no buffer (o cover

supply shortages.”

Diverse

Competitors

Large cement companies come from different regions and
they all bave many years of experience. Large cement
companies have huge geographical coverage. On average,

i

the top 4 cement companies are in 57 countries. See
Appendix C for details. The rivalry is l:ngl

Strategic Stakes

Cernent firms nopmally have high stakes ia the market so
rivalry is high. The stakes are mostly related to capital
investment required to open a new plant.

Exit Barriers

Cement firms normally have specialized assets, long term
government licenses and significant capital investment,

| hence rivalry is high,

small number of sellers.

We can conclude that the cement industry has high level of rivalry amongst major
competitors. The cement industry can be

defined as an ohgopoly,
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industry has increased since 1980 where the top 5 companies owned 11% of the cement
industry. By 2007, concentration increased to 25%.

- Pressure from Substitute Products. Cement has no direct substitutes. Modern cement was
developed in the 1800s in the Industrial Revolution and today's product is essentially the
same. Since cement is the major component of concrete, the substitutes of concrete are also a
threat to cement. In this case, other building materials are substitutes of concrete e.g. asphalt,
wood, clay bricks, stone, gypsum, fiber glass and steel. They don't represent a major
challenge especially for large buildings and infrastructure projects. Therefore the pressure
from substitute products is low.

- Bargaining Power of Buyers (BPB): In the case of the cement industry, there is a difference
between the BPB of large construction companies and government, and the BPB of Do-It-
Yourself (DIY) builders and small contractors. The relative importance of each type of buyer
depends on the level of development of the country. For example, according to the U.S.
Geological Survey (USGS) (2009) in 2008 about 75% of cement sales in the US went to
ready-mixed concrete producers, 13% to concrete product manufacturers, 6% to contractors
(mainly road paving), 3% to building materials dealers, and 3% to other users. In
underdeveloped countries, cement demand from DIY builders is approximately 70% of sales.
Self builders buy cement in small quantities combined with other construction materials.
Normally, wholesalers and retailers are used as distribution channels to DIY builders. The
drivers for BPB are represented in Table 5.
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Table 5. Bargaining Power of Buyers in the Coment Industry.

imporiance on
buyer’s costs or

the quantity that the final
customer buys is small. So,

BPRB Drivers DIY Builders and Small Large Construction

contractors Compamies { Government
__BPB . BEB

Buyer purchases | Market is dominated by a One buyer or one group of

large volumes group of dispersed buyers; buyers makes the purchasing

relative to seller | hence BPB is low. decision; therefore BFB is

sales \ highi.

Seller's product | Cement price is significant but | Cement unit price is low but

the quantity that the buyer
needs is significant; hence

high.

purchases BPB is medium, | BPB is high. o
Standard of Cement differentiation is low; | Cement differentiation is
differentisted hence BPB is high. low; hence is high.

product

Buyer's switching | Cement buyer’s switching Cement buyer’s switching
cost costs are low; hence BPB is costs are low; hence BPB is

high.

Buyer's profifs

Cement is mostly use in DIY
building where profits are not

Profits of large construction
companies are low so there

an issue. Small contracter’s is pressure for low prices;

profits are not significant. hence BPE is high.

BPB is low, _
Buyers pose a There is no clear evidence There is no clear evidence
threat of about backward integration in | about backward integration
hackward the cement indusiry; hence it the cernent industry,
integration BPB is low. hence BPB is low.
Seller's product | Because of the fractioned in this market the quality of
importance to the | market and the DIY building, | cement/ concrele is very
quality of buyer’s | quality is not a significant important. Buyer's prestige
product issue. This market is more and futuse contracts are in

price sensitive than quality stake; hence BPB is high.

sensitive; hence BPB is low.

Buyer's level of | Because of the fractioned Large construction buyers

information market and the DYT building, | have a high level of
buyer’s level of information is | information; hence BPB is
low; hence BPD is low, high.

We can conclude that the bargaining power of buyers of DIY builders and small contractors
is low. Instead, large construction projects and governments have high bargaining power.

Emerging markets are dominated by DIY builders and small contractors. Developed
economies are dominated by large construction companies. A possible effect of the lack of
BPB of the cement buyers in emerging economies might explain the difference in the current

prices per ton of cemg il price in the Ub is approximately 110 dollars per ton

q /

- Bargaining Power c

the. oy n‘e ip of subsoil. For example, in the US, the owner of
Lsuloil. In contrast, in several countries in Latin-America the
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subsoil is owned by the government. In these countries, the government controls the access to
raw materials through medium to long-term licensing. This situation is a challenge due to the
risk of continuous changes in the licensing regulations that occur in emerging markets.

There are other cement raw materials that are acquired in the spot market and are subject to
significant price fluctuations. Fuel is one of the raw materials that are most important for the
cement industry. The production of a ton of cement requires about 60 to 130 kilograms of
fuel or equivalent source of energy. It also consumes 150 Kwh of electricity. The drivers for
BPS are represented in Table 6.

Table 6. Bargaining Power of Suppliers in the Cement Industry. :

| BPS Drivers  BPS in the cement industyy
Dominated by few suppliers Excluding the Humestone il comes from (he
and is more concentrated than | guarrics, other raw materials (e.g. gypsum,

the industry bauxite, iron, fly-ash) are ngldy concentrated
. with a small number of seppliers. BPS is high.
There are substitute products | There is no clear evidence about substitute

for sale to the industry products for cement raw materials. BPS is high.
Industry importance as 4 Cement industry is 2 major buyer of raw
customer of the supplier group | materials and energy. BYS 15 high

Supplier's product as an iaput | Other raw materials and energy are very

to the buyer’s business. important for the cement industry, When cement
raw materials and fuel prices increase, BPB
increases too, According to Cembeureau (2008}
energy represents 20 1o 40% of the total
production costs of the cement industry. BPS is

high,
Supplier’s produets are Orther raw materials and eoergy are commaodities
differentiated or it has built up | that are not differentiated and the switehing cost
swiiching costs. is low. BPS islow.
Supplier groups posses a There is no clear evidence about forward
credible threat of forward integration in the cement industry. BPS is low.

integration

We can conclude that the bargaining power of suppliers in the cement industry is medium.

A summary of the results of Porter's five forces for the cement industry is presented in Table
7.
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Table 7. Porter's Five Forces in Emerging Markets versus Developed Countrics

Competitive Force | Emerging Markets | Developed Countries
Threat of entry Medium to low Medium to low
Rivalry among competitors High High
Prossore from substitute Low Low
| products
| Bargaining power of buyers Low Iligh
Bargaining power of suppliers Medium Medium

Porter (1979) suggests that when the forces are weak collectively, there is a major
opportunity for superior performance. Therefore, we can conclude that the cement industry is
unattractive in mature markets, but attractive in emerging markets. Figure 18 presents the
graphical summary of Porter's five forces driving cement industrial competition.

Figure 18, Pores™s Five Forces Analysiy For the Cemuent Industey

3.2 Supply Chain Strategy in the Cement Industry

The analysis of the supply chain strategy that best fits the strategy of the four largest cement
producers was made using the Supply Chain Excellence framework that was created by Larry
Lapide in 2006. See Section 2.5 for details of Lapide's framework.

In his article, Lapide (2006) introduces the concept of absolute and relative operational
performance triangles. The absolute triangle refers to the objectives that all the companies
within the industry must possess in order to be able to play in the industry. The relative
triangle refers to the objectives which companies should focus on, in order to achieve
significant differentiation from their competitors.

We believe that the cement mdustry is located in the corner of asse iza ion with some
level of efficiency in t

location is that cemen
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scale generated by their investment in large manufacturing plants. This is a given condition
for all large cement companies in the industry.

Customer
Rasponse

I Asnset
Efficiancy Litilization

Figure 19, Abscluge Triangle for the Cement Industry

The relative triangle requires a more detail analysis. The first step was to review the strategy
of the four largest cement companies according to the information on their web sites and in
their 2008 Year Reports. The summary of the companies' business strategy is presented in
Table 8.
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Table 8. Swrategy of the Four Largest Cement Companies

Company Corporate Strategy

Lafarge The Group strategy can be broken down into clear and ambitions

priorities:

{ 2 strategie priorities:

—  Continuing development on emerging markets

= Accelerating innovation to reach sales of €3bn with innovative
products by 2012

3 operational priorities:

—  Ensuring the safety of our employees and targeting 0 accidents

—  Continuing with cast reduction

: — Developing the potential of the men and women in the Group

| Holcim ~  Qur strategy is based on three central pillars: focusing on the core
business, geographical diversification and balancing business
responsibility between local and global leadership

- Holeim value chain: We focus on our core business. Cement and
aggregates are at the center of our activities

~ Geographic diversification: Holeim is more globally active than any
other building materials group, with a strong foothold in each
individoal market

= Local management. global standards: Cur success lies in striking a
balance between local responsibility and global leadership

Cemex = Customer foens: We're committed to providing our customers with |
the most efficient and comprehensive building materials '

~  CEMEX people: Our most important asset is our people—motivated
employees who can deliver consistently positive results for our
cigtomers, our stockholders, our communities, and each other

= Solid busiess model: Qur portfolio of cement, ready-mix concrete,
and aggregates assets is concentrated on: markets that provide
sustainable top- and bottom-line growth throughout the economic
eycle

— Dynamic enterprise: Since we made our first batech of cement in
1946, we set in motion a philosophy that still guides us today;
continuous improvement ;

—  Sustainability; Ourultimate goal is sustainable growth and
development for our company and our industry

Heidelberg | ~ Besides the traditional core business of cement, aggregates (sand,
gravel and crushed rock) have become a second strategic pillar

= Qur sirategy 15 clear and convineing: Concrete, the building material
for which there is most demand worldwide, is by far our most
important end product

- Heidelberg Cement is pursuing a clear dual external growth stategy:
o.:xpansmn of the cement business in gmwtﬁ markets and I\onh
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Response and Efficiency because they are focused in emerging markets and are also
concentrated on their core businesses to gain efficiency. We place Cemex in the corner of
Efficiency with some degree of Customer Response. Cemex is also concentrated in emerging
markets but with special focus on continuous improvement.

Customer
Hesponse

Colombian Cement Compariv

Asian Cement Company
" Bource: Larry Lapide (2008)

Asset

Effigiency _ Litilization

Figure 20, Relative Trigngle for The Cement Induistey

It is important to acknowledge that in the information gathered, there is no clarity about the
strategy that the companies are going to use in the emerging markets. So, an additional
understanding of the companies' strategy is recommended, using multiple relative triangles
for domestic or international markets, or as per country or region.

3.3 Supply Chain Operating Model of the Cement Industry

Supply Chain Operating Model characteristics are analyzed according to two perspectives:
processes and products.

3.3.1 Supply Chain Processes of the Cement Industry

Two frameworks were used to analyze the processes of the cement supply chain: the SCOR
model and the Push-Pull Supply Chain frameworks.




Figure 21 presents the diagram with the summary of the cement SC characteristics.

= Centralized *» Vartica! « Few SKU's « Heavy /low * Uncommon
« Uplimization Integration with  « oS valug-to- » Dty iasues
orisnted quarries « Capital & weight load.
» Aggregationof  * Unlimited energy » Coverage
FG & raw availabifity intensive Ratin: 200 km
materials * Govemment * Continuous « Bulk/Bags
= APS supported regulated process highly  « Vertical
= Energy automated integration.
dependent + Make to stock
« Benafits from
scale
3.3.1.1 SCOR Model

The supply chain processes of the cement industry were described using the logistics
processes in the SCOR Model: Plan, Source, Make, Deliver and Return. See Section 2.6.1.1
for details of SCOR Model.

3.3.1.1.1 Plan

- Currently, supply chain planning processes in large cement companies are centralized.
Centralization was promoted by the desire of identifying and integrating SCM practices that
were independent before the acquisitions made during the last three decades.

- There was also an opportunity to optimize supply chain processes and to significantly
reduce costs by analyzing the cement supply chain as a whole and not as independent
companies. SC integration was not only for cement as a final product, but also for raw
materials and fuel.

- Optimization projects motivated the implementation of APS (Advance Planning System)
tools in large cement companies and the creation of centralized groups of supply chain
planning.

- Even though, there are variations on a company-to-company basis, optimization in the
cement industry is concentrated on minimizing logistics cost.

- A current trend in the cement industry in emerging markets is the use of S&OP

(Sales and Operations Pla:mmg) processes to align sales, manufacturing and supply chain
C ice level. S&OP meetings aré\normally weekly and

some of them include cbe i phon Amaong different countries.
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3.3.1.1.2 Source

- Limestone is the principal cement raw material. Limestone comes from quarries.

Cement companies normally own the quarries or get license agreements with the government
to exploit them. There is no clear evidence about limitations in the availability of limestone
but some countries have more potential than others.

- In a majority of the countries, governments control cement and mining industries with
environmental regulations related either to the exploitation of raw materials or to the
environmental impact of the process. Cement is a highly controlled industry.

- Cement companies purchasing items organized by cost are coal, electricity, other raw
materials, packaging, production elements and maintenance clements. There are benefits
from scale in large cement companies but only for components that are common among many
cement plants e.g. coal, refractory materials used in kilns or computers. Some components
vary depending on the country so there is no opportunity for aggregation e.g. trucks.

- There is no evidence of collaboration among competitors in the cement industry even
though it is easy to find similarities among the cement companics that operate in the same
country or region.

3.3.1.1.3 Make

- Cement has low proliferation of SKU's. For example, Cementos Argos, which is mainly
concentrated in emerging markets, has 27 SKU's, 8 of which are cement in bulk and 19 are
cement in bags.

- Cement manufacturing process is capital and energy intensive and is designed to generate
economies of scale. Tt is a highly automated continuous process. Because of the cost that is
generated by stopping a plant, traditionally all the logistics processes were subordinated to
avoid this situation, no matter the costs. Now, cement companies are committed to optimize
the logistics costs along with avoiding stops in production.

- A cement plant is normally located near the quarries. Quarries have to be large enough to
support a cement plant that is designed to last about 100 years on average. One of the
challenges of cement companies is to maintain an appropriate reserve of raw materials by
exploring the soil.

k. This means that production is made to satisfy
a sales plan; final produg#s age |

_ Rigasyarehouses and wait for demand to be delivered.
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- Cement manufacturing process is dependent on fuel and electricity. This is one of the major
future concerns of the cement industry. It also has a very strong environmental impact
especially in carbon emissions.

3.3.1.1.4 Deliver

- There is a natural boundary of action of a cement plant given by how competitive is the cost
of transporting cement by truck. According to Cembeureau (2008) because of the weight of
cement, it is not profitable to move it in by truck over distances longer than 300 kilometers.
Maritime, river and railroad transportation enable the expansion of plants coverage by
reducing the transportation cost per ton.

- There are physical characteristics of cement that challenge the distribution process.

Cement is a heavy load with low value-to-weight ratio which promotes practices such as FTL
and the use low cost transportation modes such as sea, rail and river.Cement hardens with
water which also creates a challenge in water transportation.

Cement shelf life is approximately 60 to 90 days. If the product is stored for longer periods,
its physical properties might be affected and need to be tested for quality.

- Cement is distributed in bulk or bags. Bulk distribution requires a dedicated and expensive
fleet that is owned or outsourced by cement companies. See picture in Figure 22. The load of
a bulk truck varies depending on whether the distribution region is mountainous or plain. If is
mountainous, the load has to decrease to compensate the motor effort.

- Other challenge in cement bulk deliveries is that specialized equipment is needed to unload
the product. The equipment has to travel with the truck or it has to be present at the customer
site when the truck arrives.
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Figure 22. Bufic Coment $ikos and Truck. Courtesy of Cementos Arz

- Bags are more flexible, they can be moved in normal trucks with the advantages of
backhauling. In emerging markets, distributors such as retailers and wholesalers are the
distribution channel for cement in bags. Distributors require small and frequent orders
because storage space and financial capital is limited. This situation creates a challenge for
the logistics processes of ordering, picking and design of an efficient urban transportation
routing process.

- Bags are also hard to load and to unload, especially under the circumstances of emerging
markets. Loading is done in the cement plant where palletizers and lift trucks are available.
Unloading is done in the customer location. In general, customers don't have appropriate
equipment, so unloading is done manually.

Unloading is expensive and time consuming and affects the health of the workers in charge.
There are initiatives from cement companies in emerging markets to introduce mechanization
in the unloading process.

- The distribution process in emerging markets requires balance. On one side, cement
characteristics limit the distribution process and promotes certain practices (.e.g. FTL, use of
sea, river or train). On the other side, bag buyers require cement companies to formulate a
logistics process that is similar to consumer product goods (CPG) logistics process (e.g. small
orders, high frequency, urban deliveries).

Cement companies in
worlds.
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- Vertical integration with logistics providers and infrastructure is common in the cement
industry. This decision depends on the company strategy, the political situation of the
country, the competitor's strategy and the size of the market. In a period of steady or growth
in demand, vertical integration has advantages that can become disadvantages in periods of
demand contraction. Outsourcing, or a mix of private fleet and outsourcing, are the
alternatives used by large cement companies.

If logistics contracts are flexible, this could be an interesting tool to convert fixed logistics
cost to variable costs and reduce the impact of a decrease in demand during a crisis.

3.3.1.1.5 Return
Cement returns are uncommon. Returns can be generated by problems with the quality of the
product (e.g. wet product) and they are normally resolved by replacing it.

3.3.1.1.6 SCM in the concrete industry

Concrete is a mix of cement, aggregates, water and sand. Concrete can be made and sold as a
ready-mix formula that is transported in a specialized fleet of in-transit mixers to the
construction projects. Concrete can also be made by hand mixing the components in a
concrete mixer in the construction site. This option gives time to the construction workers to
use concrete before it hardens. In emerging markets where labor is cheap, this process costs
less than ready-mix concrete.

Ready-mix concrete distribution has particular challenges. Concrete is a perishable product
that has to be use within 90 minutes after introducing the materials in the mixer; therefore in-
transit mixers generally do not travel far from their plant. Another issue emerges from
concrete needs of the construction companies that have tight schedules that they have to
comply with, Ready-mix concrete logistics requires high coordination between supplier and
buyer to get a quality product on time at the construction site.

Ready-mix concrete and cement industry are normally integrated. There are several reasons
that might explain the integration. First, ready-mix concrete industry can be scen as a
distribution channel of the cement industry. Ready-mix concrete customers are more loyal
than cement customers. They are normally large construction companies in charge of large
construction projects that are looking for service and product guarantee. Second, integration
was a trend in the cement industry back in the 1980s that was followed by many of the large
cement companies. Third, it could also be motivated by a desire of increase in revenues
because one ton of cement produces approximately three cubic meters of concrete that is sold
at a higher price than cement.

Cement and ready-mix concrete SCM are normally separated. There are some areas of

integration that can be ed i '-.‘ tenance of trucks in case ﬂwing
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3.3.1.2 Push-Pull Supply Chain Analysis in the Cement Industry

Figure 23 represents the cement supply chain. Different colors were used represent each of
the product flows in the cement supply chain: raw materials, clinker, cement in bulk, cement
in bags and concrete.

e Raw Mateiis

=3 Ginker
Cement Supply Chain Today —> et g
Build-to-Stock (BTS) ‘ I et

Figure 23, Coment Supply Chain |

According to Reeve and Srinivasan (2005) there are four major supply chain designs: Built-
to-Stock (BTS), Configure-to-Order (CTO), Built-to-Order (BTO) and Engineer-to-Order
(ETO). See additional details in Section 2.6.1.2.1. At present, the cement industry supply
chain has a BTS design where purchase orders are delivered from storage, the lead time to
consumer is just the transportation time and the degrees of customer choice are limited.
Cement BTS is shown in Figure 23.

According Reeve and Srinivasan (2005), CTO is the most appealing of the supply chain
designs because CTO maximizes the benefits of the Raw-As-Possible (RAP) principle. CTO
usually increases the customer lead time but offers flexibility in product configuration.
Additional analysis should be made to confirm cement customers' willingness to wait for the
product and how cement / concrete configuration requirements justify the implementation of
the CTO model.
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In Reeve's framework, the RAP principle is used to define the push-pull boundary that is
more appropriate for the product. To evaluate how feasible is to move from BTS to CTO in
the cement industry, an analysis of the cement BOM was made according to the RAP
principle. Cement BOM is composed of clinker, gypsum, other mineral raw materials and
paper bags (only for bagged products). Based on the cement BOM, we proposed two CTO
alternatives: Grind-to-Order and Pack-to-Order.

- Grind-To-Order (GTO): Clinker is an intermediate product of the cement manufacturing
process. GTO might be possible using clinker as a base, grinding it according to customer
orders as shown in Figure 24. A trade-off analysis between the costs of storage and ordering
from clinker versus the reductions of final product inventory and the benefit in cement /
concrete configuration flexibility. Also, technical aspects related to the grinding machines
have to be evaluated.

— P Mt
— ik

Cement Supply Chain et Carmt iy

el Sament i Buk

Grind-to-Order .

Figure 24, Grind-To-Order Cament Supply Chain

- Pack-to-Order (PTO): PTO is an opportunity in emerging markets where cement is sold in
bags and where DIY builders and small contractors have the highest market share. Today,
there are just a few variations in bag sizes in the cement industry in emerging markets. In the
future, the number of bag size variations might increase.

Therefore, there is an opportunity for postponement in the packaging process. Cement
packaging is a simple and hjgha}i auto ted process. The average speed of a cement bagging
machine is 100 tons per hotis Lhe, packaging process this case,
postponement can Bg b7 ¢

urchase orders
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arrived specifying the bag size that the customer needs as shown in Figure 25. A trade-off
analysis between the carrying costs of cement in bulk versus the carrying cost of cement in
bags is required.

=%+ Raw Malarials

—P' Clinwer
Cement Supply Chain cs—
Pack-to-Crder _: 2;-;%

Figure 25, Pack-To-Ovder Cement Supply Chain

GTO and PTO aggregate demand in the manufacturing process reducing variability and
improving forecast accuracy. Their implementation requires a continuous information flow

and close coordination between order processing and manufacturing.

A minor opportunity for postponement is in packaging printing processes. In this case, plain
bags can be stored and when purchase orders are received, the bag printing process starts. A
trade-off analysis between the carrying costs of printed bags versus the benefits of print by
demand is required.

3.3.2 Supply Chain Structure of the Cement Industry

Cement supply chain operating models were analyzed according to three frameworks: the
Demand Uncertainty Framework (Fisher, 1997), the Uncertainty framework (Lee, 2002) and
the Triple A framework (Lee, 2004).

their demand:

functional and innovg o 2521 for details of Fisher's framework. Cement
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should be analyzed as two different products: bulk cement and bagged cement. Bulk cement
is the cement configuration that is normally sold to ready-mix concrete companies or to large
construction companies and governments.

Cement bulk is dominant in developed countries. Bagged cement is sold to wholesaler and
retailers. Its final consumers are DIY builders and small contractors. Cement bags are

dominant in emerging markets.

Table 9 presents the quantitative analysis comparing bulk cement and bagged cement
according to Fisher's aspects of demand.

Table 9. Cement Claasilmauan A

o i?‘&har 5 Aspfeﬁts of Demand

Aspects of Bl Bagged Cement
Product Life Meadern cement is more than 200 vears old. The product sin mature
Cycle stage, '
Contribution In general, cement margins are | In general, cement margins are
Margin 25 - 35% depending on the 25 - 35% depending on the
country and the type of cement. | country and the type of cement,
According to the information in | According o the information in
Appendix C, developed Appendix C, emerging markets
countries (bulk cerent is {bagged cement is dominant)
dominant) sccount for 30-40% aceount for 60-70% of the
of the company’s operational company’s operational income,
income. _
Product Variety | Low. For example, Medium, For example, Cementos
Cementos Argos has 8 typesof | Argos has 19 types of balk
bulk cement. ) | cempent.
Forecast eor | According to Cementos Argos, | According fo Cementos Argos,
the average forecast error for the average forecast error for
| bagged cement is 17%. bagged cement is 12%.
Steck out Rate | N.A. It is estimated by the author that
§ is higher than bulk cement. |
Lead ime for | According o Cemantos Argos, the MTO manufacturing process of a
MTO | ton of cement 13 52 minutes. This time doesn’t inclade gxtraction.

N_AL Not Available

Based on Fisher's characteristics of functional and innovative products presented in Figure 4,
we can conclude that bagged cement is more innovative than bulk cement.

Therefore, a cement company that produces these two varieties of cement should have
different supply chains.

Table 10 presents the analysis oomparing Fisher's recommendations for functional products
with current characteristi e

(/
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Table 10, Cement Supply Chain Anabysis

Characteristics e e T = :
Primary Based on the information gathered, supply chain areas in ¢ement
PUTPOsE companics are in the process of taking a strategic role in cost

reduction, According to Lafarge “SCM potential for cost reductions
is recognized in the cement industry, Optimization processes were
quickly adopted by all large cement companies.”

In the case of bagged cement, it is important to gain the ability o

| respond quickly te unpredictable demand to reduce stock oucs for
cement wholesalers and retailers. Cement companies collaboration
with wholesalers and retailers is vey low. There are significant
opportunities for improvement, especially In emerging markets.
Manufacturing | Cement companies are committed to high utilization rates. Cement
focus plants are built to generate economies of scale and they work 24x7
only stopping for maintenance or due to extreme falls in demand.
1n the case of bagged cement, it is important to create excess buffer
capacity. One opportunity to get this capacity is by the use of
postponement in the packing process where a buffer is created in
bulk cement avoiding the passibility of not having inventory in the
bag size that the customer is requiring. .

Inventory Given the 60 days of cement shelf [ife, cement cgmpmﬁieé are
strategy committed to generating high turns and minimizing the inventory of
finished goods (FG).

For bagged cement, il is pecessary 1o creale buffer stocks of finished
goods close to the market given that cement plants are normally
close to the quarries, According to Cementos Argos “We maintain a
days of FG inventories in the warchouses”™ According to Cemex
“The bagged cement business is about turnover”,

Lead-time Cement industry is make-to-stock. According to Cementos Argos,
focus the Tocal delivery lead time is approximately one day since product is
normally available in inventory.

For bagged cement, it is important to invest in practices to reduce the
lead time even further, Practices such as moving the inventory closer
o the customers or specialized software to optimize urban routing

arc interesting. _ .
Approachto | Cement is a commodity that is selected primarily by price, '
choosing availability and guality. Availability is a key element in bageed
suppliers cement. If the product is not available in the shelf in the purchasing
moment, the final consumer easily switches to a different product.
Collaboration with downstream partners is a key element to get the
desired level of product availability in shelves.

.

Product- Cement nsanufacturing process is highly automated and continuous.
design Cement companies are focused in maximizing performance and
strategy minimizing cost.

Postpenement ideas of grinding to order or packing to order might
help in the case of bagped products.

Lee (2002) proposes an uncertainty framework with two components: demand and supply.
Demand uncertainties are covered by Fisher (1997) in his classification of innovative and
functional products. Supp erta ,;.Q classify supply processes into two types, stable and
evolving. See Section 2 Mo ' ‘'sframework
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Cement supply process can be characterized as stable. Cement manufacturing is stable with
high production yields, low product quality problems, relatively unlimited supply sources,
easy changeover because of the small number of references using just a few raw materials,
and fixed cement production lead times.

Given that bulk cement is a functional product and that cement supply process is stable, bulk
cement is located in the upper left corner of in Figure 27. According to Lee (2002), the right
supply chain for bulk cement is an efficient supply chain.

Given that bagged cement is an innovative product and that the cement supply process is
stable, bagged cement is located in the upper right corner of in Figure 26.

According to Lee (2002), the right supply chain for bagged cement is a responsive supply
chain.

Demand Uncertainty
Low (Functional Products) High {lanovative Products)

£ Law Efficiest supply chains Respunsive supoly chiding

abie o 2 ‘.,. PRy B Shaay Ul }
§ ¢ ’ Bulk cement Bagged cement
b
= High L .
-3 o s airis e suonty chaim
§' (Evolving Procest) Riskenedgng supply cnans Agie supply chaims

¥igure Zb. Uncertainty Framewoek in the Cement Industry, Source: Fisher (1997)

In recent years, cement companies are significantly improving their abilities to master an
Efficient Supply Chain for their bulk products. The extensive implementation of optimization
supply chain software in the cement companies is one of the key elements of progress in the
cost efficiency aspect.

In the case of the Responsive Supply Chain that is necessary for bagged products, Fisher
(1997) and Lee (2002) agreed on the importance of collaboration with upstream and
downstream supply chain partners. Functional products like cement are price sensitive;
therefore negotiations with upstream and downstream partners are difficull.

Collaborative programs between supply chain partners are the best way to avoid this
situation, creating higher profits for the supply chain as a whole. Based on the information
gathered, the level of collaboration in the cement industry is relatively low In the upstream
component, there is collaboratlon with the suppliers of raw mater
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downstream side, low level of collaboration between cement and concrete companies is
evidenced.

According to Cemex, "There is a belief in the cement industry about the difficulty in
combining cement and concrete supply chain processes. We believe that there are benefits in
combining the two and we started this process by joint truck maintenance initiatives." The
long-term relationships of concrete companies with large construction companies are the best
example of collaboration in the cement / concrete industry.

Traditionally, the supply chain of the cement industry has been classified as an efficient
supply chain. The cement supply chain was designed to maximize economies of scale with
relatively centralized manufacturing and to minimize transportation costs with the use of FTL
and low cost transportation modes. Efficient Supply Chain is effective for bulk cement,
which is common in developed countries, but as we have discussed, it is not appropriate for
emerging markets.

According to Lee's research in 2004, top performing supply chains have three characteristics:
agility, adaptability and alignment. See Section 2.6.2.3 for additional details about the
framework. In Table 11, bulk cement supply chain and bagged cement supply chain were
assessed as high, medium or low in each SC characteristic.

Table 11: Cement Supply chain assessment in Triple framework

SC Bulk Cement Supply Chain Bagged Cement Supply Chain
Characteristics
Agile Medium Low
- Medium flowofinformation —  No flow of information with
with customers. customers.
= Mediumlevelofdevelopment | — Medium level of
of collaborative relationship development of
with suppliers, collaborative relationship

with suppliers.

Adaptable Low | Medium

— Limited use of intermediaries - High use of intermediaries in
logistics services.

- Medium concern about final
CONsumers.

in logistics services.
— High concern about final
CONSUIMETS.

Aligned Low Low
- Limited flow of information with | — [ .imited flow of information
suppliers and customers.

LR : with suppliers and
- Limited use of supply contracts £

customers.

sharing risk, costs or gains. T .
// /E-Ti = Limited useof sup
A 1'.' " : =
Faxio~YEN, niracts sharing risk. costs
: r"/ N , Fen \
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In general, we identified opportunities in collaboration and information sharing with raw
materials, energy suppliers and distribution channels, focus in final consumers and use of
equitable supply contracts in supply chain processes such as logistics services (e.g.
infrastructure, transportation or warehousing).

According to Fisher (1997), two additional elements should be addressed in [unctional
products that are worth to analyzing for the cement industry.

- Aggressive cost reductions have been made in some functional product industries and after
some point, diminishing returns were reached. For many years, cost reductions in the cement
industry were concentrated on the manufacturing process.

Now, large investments are required to significantly reduce the cement manufacturing cost. In
recent years, cement companies identified the benefits of SCM practices and used them as an
opportunity for significant cost reduction.

Present and future SCM potential savings are considerable and they can be extended to the
mineral extraction commeodity industry in general.

- One cause of lack of effectiveness of functional products' supply chain strategy is forward
buying. In general, forward buying is a game where everybody loses because buyer's carrying
cost increase while supplier's manufacturing and distribution processes are disrupted by
fictional peaks of demand. Forward buying is a common practice in the cement and
commodity industry. It has been used for many years and customers are used to buy under
this practice. Further research is required to establish the benefits and barriers of moving to
an every day low prices strategy that companies in other industries have implemented
successfully

4 Case Studies

Three case studies are presented to support the idea that SCM can add value to the corporate
strategy of cement and mineral extraction commodity companies. The first case is the
implementation of a single 3PL (Third Party Logistics Provider) by three of the largest oil
companies in Colombia. The second case is a collaboration project between concrete and
cement supply chain in Cemex Colombia. The third case is collaborative port operation
contract in the steel industry.

4.1 Single 3PL for the oil industry
The first case study is the implementation of one single 3PL provider to serve three of the
most important oil companies in Colombia. The project's name was "Integrated Logistics




Traditionally, supply chain management leaders in the oil companies in Colombia don't work
collaboratively. In 2002, after an evaluation about the potential benefits that collaboration in
supply chain management might bring to the oil companies, Petrol A supply chain leader
promoted a meeting with his counterparts. This meeting was facilitated by a third person that
was independent to the oil industry. The purpose of the meeting was to have a brainstorming
session to identify potential areas of collaboration. As a result of the meeting, two areas of
collaboration where identified.

The first area was Materials, Repair & Operations (MRO) parts visibility among the oil
companies. The second area was developing common 3PL providers for the oil industry.

The first area of collaboration was motivated by the fact that oil companies have significant
MRO inventories generated by the parts that are not used in the perforation of oil wells. The
value of the industry inventory of MRO parts represents millions of dollars. Because the lack
of inventory visibility, an oil company might buy a part that another company has in its
inventory. This project was postponed because the significant IT integration investment that
was required to consolidate the MRO inventory information of the companies in the oil
industry.

The second area of collaboration was motivated by the opportunities of consolidating the
purchasing processes of logistics services of the oil companies.

During the brainstorming meetings, the oil companies noticed that they were acquiring
products from the same origins (US, mainland Europe and UK). They noticed that they
normally bid for the same type logistics services (freight forwarding services, transportation
and customs clearance services) but at different times during the year.

For example, Petrol A bids transportation in February, while Petrol B bids in May and Petrol
C bids in June. They also noticed that they were bidding for the same type of logistics
services with different 3PL providers. 3PL providers for the oil industry were not developed
at that time; they were specialized as per service type.

Additionally, an opportunity to get benefits from the demand aggregation of the oil
companies from a logistics and financial perspective was also identified. All the companies in
the oil industry were invited to participate, but only three were committed to develop
common 3PL providers. The three companies managed, handled, transported and delivered
USD 140 millions per year worth of international purchases of materials, equipments and
spare parts accounting for at least 60% of the Colombian oil industry.

The first step of the process was demand aggregation per logistic service. As a result, three
aggregated purchasing processes were made, one for freight forwarding services, one for
transportation and one for custom clea )gu s serwcc The main reason Yor not moving to a
single 3PL provider was a ?
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the three oil companies decided to select two providers per logistics service for a two years
period.

The individual logistics service contracting mode generated excellent results, but the supply
chain leader of Petrol A insisted in the importance of the single 3PL provider.

Due to the large scope of the three logistics services required by the oil companies, a
consortium of suppliers was required. Then, the bidding started and 11 consortiums quoted.
Finally, two consortiums were selected; one for Petrol B, the largest of the three oil
companies, and another for the remaining two companies.

An interesting innovation was the three oil companies' involvement in the details of the
contract's costs and rates. This level of involvement requires the 3PL provider to open its
accounting books and to support all the expenses specified in the contract. The contract was
flexible enough to use the 3PL provider current tariffs for a certain period of time but after
that period, if a component of the logistic service could be outsourced for better tariffs in the
market, the 3PL provider has to work with these outsourcing companies. The motivation for
this arrangement was to guarantee that the 3PL provider tariffs were always competitive. The
oil companies were involved directly in the selection of the outsourcing company. This
process was particularly valuable in the case of freight consolidation service where maritime
and air tariffs were hidden in the general tariffs, and for customs brokerage services where
ports operations costs were hidden too.

In the first 4 years of the implementation of the ILO, the cost savings were approximately 4
million dollars per year for the three oil companies. This figure represents a 20% reduction
from the figure that the companies were paying for ILOS services before integration. Furthers
savings are possible with the entrance of other oil cémpanics and continuous improvement
from the partners involved.

Based on the information gathered, these are the key success factors in the implementation of
the single 3PL provider in the Colombian oil industry:

- Long term contracts (at least 5 years) allowing the 3PL provider to build the learning curve
in the oil business and exploit it in the execution of the contract.

- One manager per company exclusively dedicated to the execution of the contract with
significant knowledge about supply chain operations in the oil industry.

- 0il companies' involvement in the details of the contract cost and rates to unhide cost
components and reveal additional savings opportunities.

- Use of key performance indicators and continuous performance reviews to assess the results
of the ILO and adapt to changing environment.

- Training and exposure of ILO employees to .logistics knowledge and continuous

d on the requirements of the oil companiesg.
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There were also challenges in the execution of the project such as changes in the renewal
contract conditions from internal decisions of the oil companies or differences in the internal
structures to manage the contract.

4.2 Collaboration between of concrete and cement supply chain

Traditionally, cement and ready-mixed concrete supply chains have worked independently
from each other. This situation holds true even when they are part of the same company.

Cemex started operations in Colombia in 1996 by acquiring two local cement producers:
Cementos Diamante and Cementos Samper. Cemex Colombia now produces bulk cement,
bagged cement, aggregates and ready-mixed concrete. Cemex Colombia cement supply chain
leaders have been committed to value generation. They have also been interested on
extending these value generation practices to their readymixed concrete operations as well.

In April 2008, Cemex Colombia ready-mixed concrete operations had a private fleet of 319
mixer trucks but only 74% of them were operational due to mechanical problems. Taking into
account that ready-mixed concrete lasts fresh for about 90 minutes, concrete mixer trucks
availability is a crucial element to guarantee adequate customer service level.

Cemex cement operations had a very efficient maintenance facility for bulk and bagged
cement trucks that was not utilized by concrete mixers. In one meeting, concrete leaders
asked for help to cement maintenance managers to fix concrete mixers mechanical
availability problem. Additionally, there was a problem with ten large ready-mixed concrete
trailers that were pulled by third party contractors that were very old and usually
broken/unavailable. To solve this problem, cement maintenance leaders reassigned ten of
their own trucks to immediately eliminate the need of the old third party trucks.

The result was outstanding. In six months, mechanical availability of mixers increased from
74% to 93%, 109 mixer trucks were completely overhauled and total maintenance costs were
reduced by 25%. Also, a state-of-the-art maintenance facility was built and a specialized team
of engineers was hired to solve the maintenance needs of both; bulk cement trucks and ready-
mixed concrete trucks.

This project started as a pilot but currently the maintenance function is fully integrated across
the company; generating value for Cemex supply chain as a whole. Cemex also provides an
example on how cement companies can create value trough end-user innovation, effectively
de-commoditizing a traditional product like cement.

According to Flores et al. (2003), Cemex "Patrimonio Hoy" project facilitates access to
emerging markets that are charactcuzed by low-income large populatlon Flores et al. (2003)

€y can proﬁt." In the case 0
Diirector,
GHNOLOGICAL INSTITUTE

OF TEXTILE & SCIERCES, GHIWAN




the company is concentrated in selling homes rather than selling cement. Because DIY
building is dominant in emerging markets, Cemex is promoting building a house one room at
a time. Cemex DIY customers are part of groups of three that are responsible for weekly
payments. The payment covers the construction materials of one room. The customers are
also members of a club where they get information about designing and construction. By
2003, Patrimonio Hoy has 39,000 members with a rate of complete payment of 99.6% after
the materials are received. Other benefits are that DIY builders built at a rate that is three time
the traditional rate and four-fifths of the traditional cost.

Cementos Argos, a cement company in Colombia, is also using end-user innovation projects,
similar to Cemex Patrimonio Hoy, in collaboration with cement distributors and financial
institutions.

4.3 Collaborative Supply Chain Contracts in the Steel Industry

Steel Inc. is a Latin-American manufacturer of flat and long steel products (e.g semi-finished
steel, flat-rolled products, welded tubes and beam, and roll-formed products). Steel Inc.'
customers come from diverse industries such as automotive, construction, agriculture and
household electric products. Steel is an alloy composed of iron mixed with carbon and other
mineral elements. Steel supply chain extends from the extraction of iron ore from mines, the
transformation of raw materials into steel and its final products and the delivery to customers
by sea, truck or river.

Steel Inc. mostly uses sea transportation to export its products to final customers. Normally,
sea freights have three components: loading cost, sea freights and unloading cost. These costs
are composed of vessel waiting time and fuel. The vessel waiting time is estimated with
loading and unloading rates provided by port operators. The speed of loading and unloading
is a critical element of cost; it reduces sea freight tariffs and penalties for vessel delays.

Before 2005, sea freight costs accounted for 20% of the total logistics cost of the company.
Of this 20%, 18% was the cost of the vessels loading in port; this percentage represents
approximately 10 million dollar per year. The port operator at that time had a loading rate of
2,400 tons per day. The main goal of the project was to select a new port operator. One major
challenge was the specialized equipment required to load steel final products into vessels. To
minimize this challenge, Steel Inc. made an up-front payment of several million dollars to
purchase new equipment as a part of the five year contract. It was also agreed that Steel Inc.
was the owner of the equipment.

The project was won by a multinational firm which operates other ports in Latin-America and
Europe. The company reached a 40% increase in efficiency in one year, stabilizing on an
averag:e 1ate of 4,600 tons per day from 2006 to 2008. With this rate the cost of the vessels
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One element in this contract was the inclusion of an incentive model to foster the port
operator to increase loading rates. The five year contract involved incremental yearly goals
loading rates. The monitoring of real time data to calculate the inputs for the incentive model
was made by a third party which was the last entity in-contact with product before the loading
process. The incentives model took into account the differences in loading efficiencies from
different steel products. In addition, the port operator had full access to the planning and
production systems and was part of the weekly review meetings.

The contract included the following processes: transportation from warehouse to dock
(Manejo and Caleta in Spanish), unloading of raw materials, loading of finished goods (fzaje
in Spanish), palletizing and product accommodation inside the vessel (7) rincado in Spanish).
See Figure 27 for details of the port process.

Significant improvements were collaboratively implemented such as: use of tractors and
trailers in port internal movement to gain speed, new security procedures to use several docks
in the loading process at the same time, new tools to accelerate product accommodation
inside the vessel keeping a safe environment for workers, flexible shifts to guarantee
continuous operations and mobile dining rooms to reduce worker's walking distance. The
contract main goals were security, quality and productivity.




Figure 27 Siee! Post Uperations: Courtesy of Steel fne,

In summary, four elements were crucial in the success of this contract: risk sharing in the
initial steel port equipment, information sharing among the company, the union and the port

operator, and an incentive model to promote continuous improvement
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5 Conclusion

The purpose of this project was to understand the evolution of supply chain management in
the cement industry, to propose the right supply chain for cement and to demonstrate that
supply chain management can generate value for cement companies. The conclusions below
present the key findings on these objectives.

- From an economic perspective, the oligopoly or monopoly that characterized cement
industry might explain the lack of importance of SCM. Compared to a free market,
oligopolies and monopolies have low pressure to reduce costs, low pressure from customers
and limited number of competitors. The focus of companies in oligopolies or monopolies is
concentrated on pricing and competition monitoring. Traditionally, SCM is not a priority for
these companies.

- Cement is a mature industry. On average, the four largest cement companies are 200 years
old. Change management processes for these companies require time and resistance may be
the found. SCM importance within the companies might take time to be incorporated in the
strategy but it could be an excellent opportunity for innovative managers to create value. The
case studies presented were from companies in emerging markets; maybe this is a
coincidence, but one can conclude that innovation in SCM is possible when the pressure from
headquarters was relaxed because of local market situations.

- Traditionally, cement supply chain is driven by asset utilization. Assets are represented by
production plants, infrastructure and transportation equipment. Assct utilization is a given for
the largest companies in the cement industry. This is why they are moving to Efficiency and /
or Customer Response objectives to differentiate and to gain competitive advantage in the
market. This change in strategy requires cement companies to build supply chain
management capabilities that traditionally asset utilization companies don't have, in order to
succeed in the new competitive environment.

- Given the asset utilization focus of cement companies, there were significant investments to
improve cement manufacturing processes. As a result, a highly automated and continuous
production process was developed. Today, large investments are required to improve
manufacturing capabilities, so SCM may be seen as the new frontier of cost reduction in the
cement industry.

- The low price-to-weight ratio, which is a characteristic of cemend_limits\they geographical
coverage of a production center. This situation reduces supp ) nAa o an
operational role because it is solely responsible for moving the product
300 kilometers. The use of maritime, rail and river transportation expanded the cpverage of a
production center allowing SCM tg increase its scope facilitating the access to new markets
and reducing costs signifc ffy:_‘ﬁ jormally, SCM costs are normally hidden in the
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company financial statements. Detailed cost analysis is required to uncover the potential of
savings of SCM.

- Cement companies face a major challenge in emerging markets where bulk and bags
coexist. To gain competitive advantage, these cement companies have to build two different
supply chain strategies, one for each type of product. The bulk cement supply chain has to be
focused on efficiency to obtain benefits from optimization processes and maximize
utilization. The bagged cement supply chain has to be responsive and focused in availability.
Bagged cement is more similar to a consumer good product than to bulk cement. To cope
with the bulk and bagged challenge, supply chain leaders in the cement companies in
emerging markets need a team which is able to work in these supply chain environments.

- Practices such as collaboration and information sharing with upstream and downstream
supply chain pariners are a significant opportunity to gain alignment for cement companies.
Other elements such as the use of equitable contracts and the elimination of forward buying
practices might generate value and increase the agility of these supply chains. One additional
opportunity is supply chain collaboration with local or regional competitors in the purchasing
of common components, equipment and services. Collaboration with competitors requires a
significant change in the mind-set of the cement companies.

This set of conclusions can be expanded to the mineral extraction industry. SCM relevance
varies significantly by commodity. It seems that for some products, SCM has to be more
responsive like oil, and for other products more efficient like bulk cement or coal. Some
mineral extraction companies outsourced to contractors most of their supply chain processes
many years ago. In this process, some companies lost their SCM know-how and they have to
start from scratch to rebuild it. A major concern in the commodity industry is the variability
in the implementation of advance SCM practices within the companies in the same industry.
This thesis project is an invitation for lagging commodity companies to evaluate the potential
benefits of SCM and implement them in the near future.

A natural next step stemming from this research would be to repeat this analysis with other
commodity products to understand their particular supply chain complexities.

From a strategic perspective, it is important to go deep in the supply chain strategy required
to succeed in emerging markets. In this thesis emerging markets are treated as a single market
with homogeneous characteristics for the sake of simplicity. Additional research at regional
or country level in particular emerging markets is required to understand its particularities
and define an appropriate supply chain strategy.

cement and bagged
important to

In this project, cement was characterized as two types of product,
cement; and a right supply chain was recommended for each of them. It }
acknowledge that there are several types of bulk cement and bagged cement. Further research
should be done in order to co if Tetypes of bulk cement or bagged cement should
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At an operational level, further research has to be done to confirm if the proposed alternatives
of Grind-To-Order and Pack-To-Order generate value for the cement supply chain. Also, a
comparison could be made between bagged cement supply chain and consumer products
supply chain to identify practices that might generate value in the cement industry.
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Appendix A, Respondent companies

Company ~ Position Commodity Type
Lafarge North | Logistic Manager | Cement
America .

Holeim North Logistic Manager Cement

America

Cemex Colombia VP Supply Chain Cement

Cementos Argos VP Supply Chain & Functional Cement
Directors

Cerrejon Coal Director of Logistics and Trade Coal

Eeopetrol Purchasing Manager Oil

Empresa de Energia | Supply Chain Director Electricity

de Bogota

Ternium VP Supply Chain Steel
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Appendix B. Questionnaire

Pian

Source

What 15 the company strategy?

What is the role of SCM in the business strategy of your company?

Where is SCM in the organizational chart? Has the position evolved over time?
Why?

Which are the activities/areas that fall under SCM? Have they evolved over time?
Why?

Which are the priorities / Key Performance Indicators of the SCM organization?
How do you plan the network design of your company?

What is the impact of the internationalization of your company in SCM?

What are the benefits of M&A in your industry? Are these benefits related to
SCM?

What is the ideal SC for your product?

How important is SCM in your industry? What is the level of development in SCM
in your industry? '

Is the SCM organization global er regional? How much does it vary from region w
region?

Which are the future challenges that your industry is facing? How will these
challenges be supported by SCM? '

What are the challenges in sustainability in your industry? Are these reuirements
different depending on the country? How?

Why cement companies decided to integrate with concrete producers? Are there
any benefits in SCM? (This guestion applies only (o cement companies).

Which are the priorities / Key Performance Indicater of the Sourcing process?
What are the componenis that are more significant for your company?

Who are the major suppliers of your company? Are they short term / long term
relationships?

1s the sourcing centralized or decentralized?

How do you plan the sourcing of your company?

Do you use any IT in the sourcing process?

Is there any limitation in raw materials availability in your industry?

Do you have inventory of raw materials / components in your company? How
farge is this inventory?

What are the challenges in sustamability in the sourcing process?

Make

Which are the priorities / Key Performance Indicator of the Manufacturing
process?

How do you plan / schedule production in your ¢ompany? MTO? MTS?

Do you use any IT in the production planning / scheduling process?

What is the size of a typical production bateh?

How many SKU's do you manufacture and how difficult it is to change from one
product to the other?

Does your plan have an excess of capacity at this moment? How do you manage
this situation?

What are the challenges in sustainability in the manufacturing process?

Directo?,
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Which is the future challenges that manufacturing is facing?

Deliver

Which are the priorities / Key Performance Indicator of the Distribution process?
How do you describe the demand of your product? I3 it variable / seasonal / trend?
Which are the clients of your company? Which are the mest important from a SCM
perspective? Why?

What is the difference between the distribution of cement in bags versus the
distribution of cement in bulk? (This question applies only to cement companies).
How do you plan the distribution in your company?

What is the transportation modes preferred in your company? Why?

Is your company vertically integrated in the logistics process? Transportation?
Warchousing? How the integration has evolved over time? Why?

Are there any physical characteristics of your product that limit the distuibution
process?

Is it common for your product to be used as backhaul load?

Do you have inventory of finished goods?

Which are the future challenges that Distribution is facing?

Return

Are there any relwrns in your industry? What are the causes? How big they are?
Is the return cost significant?

Is there any return in the concrete industry? What are the causes? How big they
are? What do you do with the returned product? {This question applies only to
cement companies).
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India is one of the BRICS economy countries (Brazil, Russia, India, China and South Africa),
which are characterized by fast-growing developing economies. In July 2014, the leaders of
the BRICS countries launched the New Development Bank (NDB) as an alternative to the
World Bank and the International Monetary Fund (IMF). Headquartered in Shanghai, China,
it will start lending to any United Nations (UN) members in 2016. The plan to set up a bank
to finance infrastructure projects began in 2012 after the BRICS countries saw investors
divert money from emerging economies, hurting their currencies. The NDB was established

for US$100bn and has an additional US$100bn in reserves.

India's GDP was US$1.49tn in 2013 (using official US$ exchange rate) and grew at a rate of
3.2% during the year (Figure 1). GDP by purchasing power parity (PPP) was US$7.28tn in
2014, the world's third-largest. GDP growth rates have stuttered in recent years, with a recent
peak of 10.3% in 2010.> GDP/capita grew to US$4000 in 2013, compared to US$3900 in
2012 and US$3800 in 2011.

India's population grew by 1.25% in 2014, contributing to its ever-growing labour force and
demand for housing. GDP is contributed to by agriculture (17.4%), industry (25.8%) and
services (56.9%). Industrial production grew by 0.9% in 2013. The labour force, some 487m
in 2013, worked primarily in agriculture (49%), compared to 20% in industry and 31% in
services. Unemployment rose from 8.5% in 2012 to 8.8% in 2013, while inflation (GDP
deflator index) fell from 7.2% in 2012 to 6.9% in 2013.

India is a major global trade hub with large import volumes and ever-increasing exports. In
2013, some US$313bn of goods were exported, up from US$297bn in 2012, while US$468bn
of goods were imported, down from US$48%bn in 2012. Imports and exports consisted

mainly of petroleum products, crude oil, raw materials, machinery and chemicals.
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in porbandar; Gujarat. Its capacity was only 1000 tones per annum. It was the starting of
cement process or learning of cement process in India. No wonder, India's cement industry is
a vital part of its economy, providing employment to more than a million people, directly or
indirectly. Ever since it was deregulated in 1982, the Indian cement industry has attracted

huge investments, both from Indian as well as foreign investors.

Cement production increased at a compound annual growth rate (CAGR) of 9.7 per cent in
the period 2006— 2013, producing 272 million tonnes (MT). The production capacity is
projected to reach 550 MT by FY 2020. The cement industry has been expanding on the back
of increasing infrastructure activities and demand from the housing sector. The Department of
Industrial Policy and Promotion (DIPP), report says that cement and gypsum products
attracted foreign direct investment (FDI) worth Rs 13,370.32 crore (US$ 2.24 billion)
between April 2000 and February 2014,

The housing segment accounts for a major portion of the total domestic demand for cement in
India. In the 12" Five Year Plan of the Government, there is a strong focus on infrastructure
development and construction sector and the cement sector is expected to largely benefit from
it. Some of the recent major government initiatives such as development of 98 smart cities are
expected to provide a major boost to the sector. The Government has plans to increase
investment in infrastructure to an amount of US§ 1 trillion. The industry is expected to add a

capacity of 150 MT during the Plan period.

Expecting such developments in the country and aided by suitable government foreign
policies, several foreign players such as Lafarge-Holcim, Heidelberg Cement, and Vicat have
invested in the country in the recent past. A significant factor which aids the growth of this
sector is the ready availability of the raw materials for making cement, such as limestone and

coal.

4



number of cement producers, both local and multinational, operate in India. Holcim, Lafarge,
HeidelbergCement and Vicat all have a presence in the country, however, India's domestic
producers hold the most sway, including UltraTech Cement, Chettinad Cement, JK Cement,

Dalmia Group and The India Cements, among others.

According to the Global Cement Directory 2015 and independent research, in 2014 India had
174 integrated cement plants, 155 of which were active, with production capacity in excess of
301Mt/yr. There were also 91 grinding plants with more than 109Mt/yr of production
capacity. The capacities of several integrated and grinding plants remain unknown. Of the
integrated cement plants, capacity was localized in the west and south of the country. Andhra
Pradesh, Rajasthan and Tamil Nadu all had capacities greater than 30Mt/yr. Plans for 13 new
integrated plants were announced in 2014, mainly in Andhra Pradesh and Karnataka. One
new cement plant was proposed by Meghalaya Cement in West Kameng, Arunachal Pradesh,

which would be the state's first integrated plant if built.

As for the other BRICS economy countries, India's cement consumption is growing, primarily
due to strong infrastructure and housing developments. In spite of heavy investments, factors
including fuel and energy shortages, raw material availability and regional market trends have

posed significant challenges to cement producers in 2014 - 2015.

S.No. Company Plants Capacity (MT/YR)

1 Holcim 15 4497

2 UltraTech Cement 15  32.16

3 Chettinad Cement 5 14.80

4 JK Cement 6 14.60 \‘ C i cooé%ﬁ'ﬂ“ g

5  Dalmia Group 5 14.50 \3\ g ,;//

6 The India Cements 8 12.9 \* <

7 Ramco Cements 6 12.49

8 Century Cement 4 9.70 o NGLOGIOA INSTITUTE
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10 Birla Shakti 2 725

11 JSW Cement 2 5.40
12 Zuari Cement 2 5.20
13 Penna Cement 3 5.00
14 Sagar Cements 3 5.00
15  HeidelbergCement 3 4.70

Table 1: The top 15 cement producers in India in 2014, as ranked by installed integrated cement
production capacity. Sources: The Global Cement Directory 2015 and Global Cement research.

Major initiatives of the Government to boost the cement industry:

An expert appraisal committee under Ministry of Environment, Government of India, has
provided approval to India Cements to double its capacity and set up a 40 megawatt (MW)
power plant at one of its facilities in Tamil Nadu. The proposed expansion project will come

up at Dalavoi in Ariyalur district.

The Competition Commission of India (CCI) has approved the proposed acquisition of
cement plants of Jaypee Cement Corporation Ltd, comprising an integrated cement unit at

Sewagram and grinding unit at Wanakbori in Gujarat by Ultratech Cement Ltd.

Giving impetus to green initiatives, Goa State Pollution Control Board (GSPCB) has signed a
memorandum of understanding (MoU) with Vasavadatta Cement, a company with its plant in
Karnataka. The cement manufacturer will use the plastic waste collected from Goa as fuel for

its manufacturing plant.

The cement industry in India is globally competitive as the industry continues to witness
positive trends such as cost control, continuous technology up gradation and increased
construction activities. Major cement manufacturers in India are also increasingly using
alternate fuels, especially bioenergy, to fire their kilns. This is not only helping to bring down

production costs of cement companies, but is also proving effective in reducing emissions.
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addition to the onset of various Special Economic Zones (SEZs) being developed across the

country, there is remains a growing demand for cement.

In the 12th Five Year Plan, the Government of India plans to increase investment in
infrastructure to the tune of USS 1 trillion and increase the industry's capacity to 150 MT. The
Cement Corporation of India (CCI) was incorporated by the Government of India in 1965 to
achieve self-sufficiency in cement production in the country. Currently, CCI has 10 units
spread over eight states in India. In order to help the private sector companies thrive in the
industry, the government has been approving their investment schemes. Some such initiatives

by the government in the recent past are as follows:

Budget 2016-17 has proposed a slew of measures to boost infrastructure and investment,
which will be positive for the cement sector, as increased spending on infrastructure increases
the demand for cement. 100 per cent deduction for profits to an undertaking in housing
project for flats upto 30 square metres in four metro cities and 60 square metres in other cities

approved during June 2016 to March 2019 and to be completed in three years.

The Government of India plans to enact a law that will allow the companies which have
received mining licenses without having gone through the auction process, to transfer these
leases, in a move that is expected to make mergers and acquisitions (M&As) easier in the

steel, cement, and metals sectors.

The Government of Tamil Nadu has launched low priced cement branded 'Amma’ Cement.
The sale of the cement started in Tiruchi at Rs 190 crore (US$ 27.9) a bag through the Tamil
Nadu Civil Supplies Corporation (TNCSC). Sales commenced in five godowns of the
TNCSC and will be rolled out in stages with the low priced cement available across the state

from 470 outlets.

The Government of Kerala has accorded sanction to Malabar Cements Ltd to set up a bulk

cement handling unit at Kochi Port at an inyestment of Rs 160 crore (US$ 23.5 million).

nt Promoti (SIPB) has approved proposals worth

uding three ceément plants and concessions to Hero
Drrector,
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MotoCorp project. The total capacity of these three cement plants is likely to be about 12
MTPA and the plants are expected to generate employment for nearly 4,000 people directly

and a few thousands more indirectly.

India has joined hands with Switzerland to reduce energy consumption and develop newer
methods in the country for more efficient cement production, which will help India meet its

rising demand for cement in the infrastructure sector.

The Government of India has decided to adopt cement instead of bitumen for the construction
of all new road projects on the grounds that cement is more durable and cheaper to maintain

than bitumen in the long run.

Key Drivers of Cement Industry Cement industry is driven by many factors or by many
sectors such as infrastructure, housing sector, Indian government economy, GDP of India,
government rural development programs etc.GDP of India affect housing and infrastructure
development of India and this results in changed prices of cement. These changed prices of
cement ultimately affect demand and supply of cement and it directly influence cement

production of companies.

Market Size

Cement demand in India is expected to increase due to government’s push for large
infrastructure projects, leading to 45 million tonnes of cement needed in the next three to four

years.

India's cement demand is expected to reach 550-600 Million Tonnes Per Annum (MTPA) by
2025. The housing sector is the biggest demand driver of cement, accounting for about 67 per
cent of the total consumption in India. The other major consumers of cement include

infrastructure at 13 per cent, commercial construction at 11 per cent and industrial

\?B:‘:M) add 56 million tonnes (MT)

capacity over the ars. The cement capacity in India may register a growth of

construction at nine per cent.

To meet the rise in demand, cement compan
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account for almost 70 per cent of the total cement production of the country. A total of 188
large cement plants together account for 97 per cent of the total installed capacity in the
country, with 365 small plants account for the rest. Of these large cement plants, 77 are

located in the states of Andhra Pradesh, Rajasthan and Tamil Nadu.

Company-wise List of Cement Plants
0. ACC Limited

1. Acc Ltd. Damodhar Cement Works West Bengal
2. Bargarh Cement Works Orissa
3. Chaibasa Cement Works Jharkhand
4. Chanda Cement Works Mabharashtra
5. Gagal Cement Works-I Himachal Pradesh
6. Gagal Cement Works-Ii Himachal Pradesh
7.  Jamul Cement Works Chhatisgarh
8.  Kudithini Cement Works Karnataka
9. Kymore Cement Works Madhya Pradesh
10. Lakheri Cement Works Rajasthan
11. Madhukkarai Cement Works Tamil Nadu
12. New Wadi Cement Works Karnataka
13. Sindri Cement Works Jharkhand
14. Thondebhavi Cement Works Karnataka
15. Tikaria Cement Works Uttar Pradesh
16. Vizag Cement Works Andhra Pradesh
17. Wadi Cement Works Karnataka
1. Adhunik Cement Ltd
1. Adhunik Cement Ltd Meghalaya
2. Aditi Industries
1.  Aditi Industries Assam
4. Ambuja Cement
Gujarat
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2. Ambuja Cements Ltd (Unit: Bhatapara II)
3.  Ambuja Cements Ltd (Unit: Bhatapara)

4.  Ambuja Cements Ltd (Unit: Bhatinda) (G)
5. Ambuja Cements Ltd (Unit: Dadri) (G)

6. Ambuja Cements Ltd (Unit: Darlaghat)

7.  Ambuja Cements Ltd (Unit: Farakka) (G)
8.  Ambuja Cements Ltd (Unit: Magdalla) (G)
9.  Ambuja Cements Ltd (Unit: Maratha)

10. Ambuja Cements Ltd (Unit: Nalagarh)( (G)
11. Ambuja Cements Ltd (Unit: Rabriyawas)
12.  Ambuja Cements Ltd (Unit: Rauri)

13.  Ambuja Cements Ltd (Unit: Roorkee) (G)
14. Ambuja Cements [.td (Unit: Ropar) (G)
15. Ambuja Cements Ltd (Unit: Sankrail) (G)

5. Anjani Portland Cement Ltd

1.  Anjani Portland Cement Ltd
6. Asian Concretes Cement Ltd

1.  Asian Concretes Cement Ltd
7. Bagalkot Cement & Inds.Ltd

1. Bagalkot Cement & Inds.Ltd
8. Bharti Cement Corpn. Pvt. Ltd

1.  Bharti Cement Corpn. Pvt. Ltd
9. Bhavya Cement Ltd

1. Bhavya Cement Ltd
10. Binani Cement Ltd

1. Binani Cement Ltd - Sikar

2. Binani Cement Ltd - Sirohi
11. Birla Corporation Ltd

1.  Birla Cement - Raebareli

2.  Birla Cement Works & Chanderia

3. Birla- Durga Hitech Cement

4.  Birla- Durgapur Cement Works

5. Birla Vikas & Satna Cement Works
12. Calcom Cement Ltd

1. Calcom Cement [td

. Cement Corporation of India Ltd

Director,
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Chhatisgarh
Chhatisgarh
Punjab

Uttar Pradesh
Himachal Pradesh
West Bengal
Gujarat
Maharashtra
Himachal Pradesh
Rajasthan
Himachal Pradesh
Uttarakhand
Punjab

West Bengal

Andhra Pradesh
Himachal Pradesh
Karnataka
Andhra Pradesh
Andhra Pradesh

Rajasthan
Rajasthan

Uttar Pradesh
Rajasthan

West Bengal
West Bengal
Madhya Pradesh

Assam

dhra Pradesh




2. Cement Corporation of India Ltd- Bokajan Assam

3.  Cement Corporation of India Ltd- Nayagaon Madhya Pradesh

4.  Cement Corporation of India Ltd- Rajban Himachal Pradesh

5. Cement Corporation of India Ltd- Tandur Andhra Pradesh

6. Cement Corporation of India Ltd-Akaltara Chhatisgarh

7. Cement Corporation of India Ltd-Chakhi Dadri ~ Haryana

8. Cement Corporation of India Ltd-Delhi Delhi

9.  Cement Corporation of India Ltd-Kurkunta Karnataka

10. Cement Corporation of India Ltd-Mandhar Madhya Pradesh
14. Cement Manufacturing Co.Ltd

1.  Cement Manufacturing Co.Ltd - Jaintia Hills Meghalaya

2.  Cement Manufacturing Co.Ltd - Megha T & E Ltd Meghalaya
15. Century Textiles & Inds.Ltd

1.  Century Cement - Mahiar Madhya Pradesh
2.  Century Cement - Manikgarh Maharashtra
3.  Century Cement - Raipur Chhatisgarh
16. Chettinad Cement Corpn. Ltd
1.  Chettinad Cement - Ariyalur Tamil Nadu
2.  Chettinad Cement — Karikali Tamil Nadu
3.  Chettinad Cement - Puliyur Tamil Nadu
4,  Chettinad Cement -Kallur Karnataka
17. Dalmia Cement (Bharat) Ltd
1. Dalmia Cement (Bharat) Ltd- Ariyalur Tamil Nadu
2. Dalmia Cement (Bharat) Ltd- Dalmiapuram Tamil Nadu
3. Dalmia Cement (Bharat) Ltd- Kadapa Andhra Pradesh
18. Decan Cement Ltd
1. Decan Cement Ltd Andhra Pradesh
19. Green Valliey Industries Limited
1. Green Valliey Industries Limited Meghalaya
20. Gujarat Sidhee Cement Ltd
1.  Gujarat Sidhee Cement Ltd Gujarat
21. Heidelberg Cement India Ltd
1. Heidelberg Cement India Ltd- Ammasandra Karnataka
2. Heidelberg Cement India Ltd- Damoh Madhya Pradesh

3. Heidelberg Cement India Ltd- Jhansi Uttar Pradesh
0 Maharashtra
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Hemandari Cement Ltd

23. India Cements Ltd

1.

=0 PN U R W

0.

The India Cements Ltd- Chilamkur Works
The India Cements Ltd- Dalavoi

The India Cements Ltd- Parli

The India Cements Ltd- Raasi Cement
The India Cements Ltd- Sankari Durg
The India Cements Ltd- Sankarnagar

The India Cements Ltd- Trinetra

The India Cements Ltd- Visaka Cement
The India Cements Ltd- Yerraguntla

The India Cements Ltd. - Vallur

24.7J.S. W Cement Ltd

1.

J.S. W Cement Ltd

25. J K. Cement Ltd

1
2.
3.
4

5.

J.K. Cement Ltd- Gotan

J.K. Cement Ltd- Jharli

J.K. Cement Ltd- Mangrol
J.K. Cement Ltd- Muddapur
J.K. Cement Ltd- Nimbahera

26. Jagdamba Industries Limited

L1

Jagdamba Industries Limited

27. Jaiprakash Associates Ltd

Jaypee Cement - Bela
Jaypee Cement - Rewa
Jaypee Cement - Baga(Himachal)
Jaypee Cement - Bagheri
Jaypee Cement - Bakaro
Jaypee Cement - Balaji
Jaypee Cement - Bhilai
Jaypee Cement - Bhilai (clk)
Jaypee Cement - Dalla
Jaypee Cement - Kutch
Jaypee Cement - Panipat

Jaypee Cement - Roorkee

Andhra Pradesh

Andhra Pradesh
Tamil Nadu
Maharashtra
Andhra Pradesh
Tamil Nadu
Tamil Nadu
Rajasthan
Andhra Pradesh
Andhra Pradesh
Tamil Nadu

Maharashtra

Rajasthan
Haryana

Rajasthan
Karnataka
Rajasthan

West Bengal

Madhya Pradesh
Madhya Pradesh
Himachal Pradesh
Himachal Pradesh
Jharkhand
Andhra Pradesh
Chhatisgarh
Madhya Pradesh
Uttar Pradesh
Gujarat
Haryana
Uttarakhand
Uttar Pradesh
Maghya Pradesh
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28.

29,

30.

3ils

32.

33.

34.

35

36.

37,

38.

39.

15. Jaypee Cement - Sikandarabad
16. Jaypee Cement - Wanakbori
17. Jaypee Cement- Ayodhya
18. Jaypee Cement- Chunar
19. Jaypee Cement- Durga Cement Works
20. Jaypee Cement- Visaka Cement Works
Jammu & Kashmir Cements Ltd
1.  Jammu & Kashmir Cement Ltd.
JK Lakshmi Cement Ltd
1. JK Lakshmi Cement Ltd- Jharli
2. JK Lakshmi Cement Ltd- Kalol
3. JK Lakshmi Cement L.td- Sirohi
K.J. S. Cement Ltd
1. K.J.S.Cement Ltd
K.CP. Ltd
1.  The K.C.P. Ltd- Muktyala
2.  The K.C.P. Ltd.- Macherla
Kakatiya Cement & Sugar Industries Ltd
1. Kakatiya Cement & Sugar Industries Ltd
Kalyanpur Cements Ltd
1. Kalyanpur Cements Ltd
Kamdhenu Cement Ltd
1. Powercon Cement Ltd
Kesoram Cement
1. Kesoram Cement- Basant Nagar
2. Kesoram Cement- Vasavadatta
Khyber Industries (P) Ltd
1.  Khyber Industries (P) Ltd
Lafarge India (P) Ltd
1. Lafarge India (P) Ltd- Arasmeta Cement
2.  Lafarge India (P) Ltd- Jojobera
3. Lafarge India (P) Ltd- Mejia
4.  Lafarge India (P) Ltd- Sonadih
Lanco Industries Ltd
1. Lanco Industries Ltd
Madras Cements Ltd

Uttar Pradesh
Gujarat

Uttar Pradesh
Uttar Pradesh
Andhra Pradesh
Andhra Pradesh

Jammu & Kashmir
Haryana
Gujarat
Rajasthan

Madhya Pradesh

Andhra Pradesh
Andhra Pradesh

Andhra Pradesh
Bihar
Uttar Pradesh

Andhra Pradesh

Karnataka
Jammu & Kashmir

Chhatisgarh
Jharkhand

West Bengal
Chhatisgarh

Andhra Pradesh

Tamil Nadu

)
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40.

41.

42.

43,

44,

43.

46.

47.

48.

49,

50.

Dl

Madras Cements Ltd- Ariyalur
Madras Cements Ltd- Jayanthipuram
Madras Cements Ltd- Kolaghat
Madras Cements Ltd- Ramasamyrajé Nagar
Madras Cements Ltd- Salem
. Madras Cements Ltd- Uthiramerur
Malabar Cements Ltd

1. Malabar Cements Ltd- Palakhad

2.  Malabar Cements Ltd- Pallipuram
Mancherial Cement Ltd

1. Mancherial Cement Ltd
Mangalam Cement Ltd

1. Mangalam Cement Ltd & Neershree
Mawmluh Cherra Cements Litd

1.  Mawmluh Cherra Cements Ltd
Meghalaya Cements Ltd.

1.  Meghalaya Cements Ltd.
My Home Inds. Ltd.

1. My Home Industries Ltd

2. My Home Industries Ltd-Vizag
OCL India Ltd

1. OCL India Ltd- Kapilas

2. OCL India Ltd- Rajgangpur
Orient Cement

N R W

1.  Orient Cement- Devapur

2. Orient Cement- Jalgaon
Panyam Cement & Mineral Industries Ltd.

1. Panyam Cement & Mineral Industries Ltd.
Parasakti Cement Ltd

1.  Parasakti Cement Ltd
Penna Cement Industries Ltd

1. Penna Cement Industries Ltd- Boyareddypalli

2. Penna Cement Industries Ltd- Ganeshpahad

3. Penna Cement Industries Ltd- Tadipatri

4. Penna Cement Industries Ltd- Tandur
Prism Cement Ltd.

L.
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Tamil Nadu
Andhra Pradesh
West Bengal
Tamil Nadu
Tamil Nadu
Tamil Nadu

Kerala
Kerala

Andhra Pradesh
Rajasthan
Meghalaya
Meghalaya

Andhra Pradesh
Andhra Pradesh

Orissa
Orissa

Andhra Pradesh
Maharashtra

Andhra Pradesh
Andhra Pradesh
Andhra Pradesh
Andhra Pradesh
Andhra Pradesh

Andhra Pradesh

Madhya Pradesh
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52,

54.

55,

56.

87

58.

39,

60.

61.

62.

63.

64.

63.

Purbanchal Cement Ltd

1. Purbanchal Cement Ltd
. Rain Cements Ltd
1. Rain Cements Ltd- UN -I
2. Rain Cements Ltd- UN- II- Line |
3. Rain Cements Ltd- UN II- Line II

Reliance Cement Company Private Limited

1.

Reliance Cement Company Private Limited

RNB Cements (P) Ltd

1. RNB Cements (P) Ltd
Sagar Cement Ltd
1. Sagar Cement L.td

Sanghi Cement I.td

1. Sanghi Cement Ltd
Sanghi Industries Ltd
1. Sanghi Industries Ltd
Saurashtra Cement Ltd
1.  Saurashtra Cement Ltd
Shree Cement Ltd
1 Bangur Cement - A Unit of Shree Cement
2. Shree Cement Ltd - Jaipur
3 Shree Cement Ltd- Khushkhera
4,  Shree Cement Ltd- Ras
5 Shree Cement Ltd- Roorkee
6.  Shree Cement Ltd- Suratgarh
7! Shree Cement Ltd - Beawar

Shree Digvijay Cement Co. Ltd

H

Shree Digvijay Cement Co. Ltd

Shree Jagjothi Cement Ltd
1. Shree Jagjothi Cement Ltd
Shriram Cement Works
1. Shriram Cement Works
Tamil Nadu Cements Corpn. Ltd.
1. Tamil Nadu Cements Corpn. Ltd.- Alangulam
2. Tamil Nadu Cements Corpn. Ltd.- Ariyalur

Tatachemicals Ltd

L =

OF &

THE TECmnA

Assam

Andhra Pradesh
Andhra Pradesh
Andhra Pradesh
Maharashtra
Meghalaya
Andhra Pradesh
Delhi

Gujarat

Guyjarat

Bihar

Rajasthan
Rajasthan
Rajasthan
Uttarakhand

Rajasthan
Rajasthan

Gujarat
Tamil Nadu
Rajasthan

Tamil Nadu
Tamil Nadu

Gujarat
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66. UltraTech Cement Ltd

|

e ke

© o N w»

10.
| 4
12.
¥3.
14.
13,
16.
17.
18.
19.
20.
21.
22.

UltraTech - AP Cement Works
UltraTech - Hirmi Cement Works
UltraTech - Gujarat Cement Works
UltraTech - Jafrabad CementWorks .
UltraTech - Magdalla Cement Works
UltraTech - Panipat Cement Works
UltraTech - Rawan Cement Works
UltraTech- Aditya Cement Works
UltraTech- Aligarh Cement Works
UltraTech- Arakkonam Cement Works
UltraTech- Awarpur Cement Works
UltraTech- Bathinda Cement Works
UltraTech- Dadri Cement Works
UltraTech- Ginigera Cement Works (G)
UltraTech- Hotgi Cement Works
UltraTech- Jharsuguda Cement Works
UltraTech- Kotputli Cement Works
UltraTech- Rajashree Cement Works
UltraTech- Ratnagiri Cement Works
UltraTech- Reddipalayam Cement Works
UltraTech- Vikram Cement Works
UltraTech- West Bengal Cement Works

67. Uma Cement Industries

1.

Uma Cement Industries

68. Viket Sagar Cement

1.

Director,

Andhra Pradesh

Chhatisgarh
Gujarat
Gujarat
Gujarat
Haryana
Chhatisgarh
Rajasthan
Uttar Pradesh
Tamil Nadu
Maharashtra
Punjab

Uttar Pradesh
Karnataka
Mabharashtra
Orissa
Rajasthan
Karnataka
Maharashtra

Tamil Nadu

Madhya Pradesh

West Bengal

Jammu & Kashmir

Andhra Pradesh



1. Wonder Cement Ltd Rajasthan
70. Zuari Cement Ltd

1.  Zuari Cement Ltd.- Chennai Tamil Nadu

2. Zuari Cement Ltd.- Krishnanagar Andhra Pradesh

3. Zuari Cement Ltd.- Sri Vishnu Cement Andhra Pradesh
Investments

On the back of growing demand, due to increased construction and infrastructural activities, the

cement sector in India has seen many investments and developments in recent times.

According to data released by the Department of Industrial Policy and Promotion (DIPP),
cement and gypsum products attracted Foreign Direct Investment (FDI) worth US$ 3.101
billion between April 2000 and December2015.

Major Investments in Indian Cement industry:

 India's largest cement maker UltraTech Cement is looking forward to acquire
Jaiprakash Associates six cement factories for a total value of Rs 16,500 crore (US$
2.42 billion).

+ Birla Corporation Ltd, a part of the MP Birla Group, has agreed to acquire two cement
assets of Lafarge India for an enterprise value of Rs 5,000 crore (US$ 733.6 million).

e Dalmia Cement (Bharat) Ltd has invested around Rs 2,000 crore (US$ 293 million) in
expanding its business in North East over the past two years. The company currently
has three manufacturing plants in the region — one in Meghalaya and two in Assam.

o JSW Group plans to expand its cement production capacity to 30 MTPA from 5
MTPA by setting up grinding units closer to its steel plants.

o UltraTech Cement Ltd has charted out its next phase of Greenfield expansion after a
period of aggressive acqﬁisitions over the last two years. UltraTech has plans to set up
two Greenfield grinding units in Bihar and West Bengal.

e UltraTech Cement Ltd bought two cement plants and related power assets of

Jaiprakash Ass le;, iadhya Pradesh for Rs 5,400 crore (US$ 792.3 million).

Direcicr,
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e JSW Cement Ltd has planned to set up a 3 MTPA clinkerisation plant at Chittapur in
Karnataka at an estimated cost of Rs 2,500 crore (US$ 366.8 million).

o Andhra Cements Ltd has commenced the commercial production in the company's
cement plants — Durga Cement Works at Dachepalli, Guntur and Visakha Cement

Works at Visakhapatnam.

Classification of Cement

Bonding minerals with the help of its adhesive and cohesive properties firmly is known as
cement. It is adhesive in nature. It is used to bond bricks, stones, sand and other materials
used inbuilding. Itis known as hydraulic as with the use of water, it got more hard and strong.
There are different types of cement in markets. Every cement is used for its specific purpose
in building. India produces different types of cement which are defined below and consist of

different chemical proportion.

¢ Ordinary Portland cement

« Portland pozzolana cement

o White cement

« Water proof cement

o Specialized cement

o Rapid hardening Portland cement
o Portland blast furnace slag cement

o Ordinary Portland cement

SWOT Analvsis of Cement Industry

Strengths

India is the second largest producer of cement in whole world and china is At first place.

India is a developing SS.

Direcior,
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Easy availability of labor for cement companies.
Availability of high grade limestone mines in India.

Weakness

Demand supply gap

Overcapacity

GDP impact over cement com
Increased cost of production or coal

High interest rates on housing sector

Opportunities

Strong growth of Indian economy.

Increased infrastructure growth

Technological advancements in machines and equipments for production Process
Rise in housing sector

Growing middle class

FDI

Threats

Overcapacity can decrease margins of cement price.
Power shortage may affect cement production.
Government rules to provide rebate for foreign companies.

Price of coal may be a threat in future.

Future Prospects and key issues:

During the financial year 2014-15 (FY15), India's cement industry grew by about 5.6% year-on-
year (YoY) as compared to 3.1% YoY growth in the financial year 2013-14 (FY 14). The growth
was supported by pre-election spending and delayed monsoon in the first half of the fiscal.
During the second half, the demand was impacted by low government spending and less demand

from real estate and c frastructure spending. The

cement industry capa
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Cement demand is closely linked to the overall economic growth, particularly the housing and
infrastructure sector. The Modi government's thrust on housing and infrastructure development
should augur well for cement demand. The crash in the global crude oil prices and other
commodities should help cement companies to reign over cost pressures and improve profitability

of the sector.

While medium term challenges remain in the form of excess capacity, slowdown in rural demand
and slow offtake of infrastructure projects, the long term drivers for cement demand remain
intact. The demand-supply mismatch is expected to reduce in the next three years as the rate of
new capacity additions slows down and growth picks up pace. Higher government spending on
infrastructure and housing, and rising per capita incomes will be key growth drivers for the

cement industry.

Key Issues:

Supply The demand-supply situation is highly skewed with the latter being significantly
higher.

Demand Housing sector acts as the principal growth driver for cement. However, industrial

and infrastructure sectors have also emerged as demand drivers.

Barriers to High capital costs and long gestation periods. Access to limestone reserves (key
entry input) also acts as a significant entry barrier.

Bargaining Licensing of coal and limestone reserves, supply of power from the state grid, etc.
power are all controlled by a single entity, which is the government. However, many

of suppliers producers are relying more on captive power.

Bargaining Cement is a commodity business and sales volumes mostly depend upon the
power of  distribution reach of the company. Cement is sold in two segments — trade and non-
customers trade. Trade cement is the one sold to the dealers. Non-trade cement is sold directly
to the consumers, mainly institutional buyers. Trade cement sells higher compared
to non-trade. As such, companies that have a strong distribution network and retail

presence tend to have better cement realizations.

Competition Intense competition with players expandipg reach and achieving pan India
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a few large players controlling substantial market share.

Environmental Developments

In February 2013, a new 'Technology Roadmap: Low-carbon technology for the Indian
Cement Industry’ was released by the Cement Sustainability Initiative (CSI) and the
International Energy Agency (IEA). The roadmap targets COz emission reductions and an
increase in the use of alternative fuels. Although several Indian producers have already
started to use waste tyres, coffee, rice husk and cashew nut shells as alternative fuels,
substitution rates are typically low and alternative fuels have not been a priority. However,
recent years have seen uptake rates increase and alternative fuels are used in more Indian

cement plants than ever before.

The majority of newsworthy environmental investments took place in Gujarat in 2014.
According to the Gujarat State Pollution Control Board (GSPCB), the use of alternative fuels
and raw materials for cement production increased from 15,693t in 2009 - 2010 to 543,569t
in 2013 - 2014. Waste disposal had previously posed a major challenge in Gujarat. The board
encouraged cement plants to provide waste collection centres and pre-processing facilities for
hazardous waste. "The use of alternative fuels in Indian cement plants has been limited," said
the GSPCB. "The thermal substitution rate is <1% in India compared to 10% in Japan and

40% in European nations. The board has set a target of three years to achieve a rate of 10%."

In 2014, Ambuja invested US$16.7m to set up a pre-processing facility for solid/semi-solid
waste at its plant in Kodinar, Gujarat. Similarly, Sanghi commenced trial phase operations for
using hazardous waste at its plant in Kutch, Gujarat. Sanghi also recently announced plans to
invest US$40.5m in 2015 - 2016 for sustainable development, innovation and energy
conservation. The plans include a US$24.3m 15SMW WHR system at its Kutch plant, which
will recover more than 70% of the waste heat generated. For the conservation of coastal soil,

Sanghi will undertake a mangrove plantation on the Gujarat coast to protect the ecology and

wLis?
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Alternative fuel use and other environmental concerns have also been evident in other areas
of India. In December 2014, the Tamil Nadu Pollution Control Board despatched 20,000t of
effluent sludge generated by textile units in Perundurai to cement plants in Ariyalur for use as
an alternative fuel. Cement producers started to accept the sludge after the success of a trial
run that indicated no variation in the strength or quality of cement. Following the first order,

demand for another 8000t was expressed.

Despite the growing trend towards environmentally-friendly production, emissions are still
common throughout India. In February 2014, the Odisha State Pollution Control Board
(OSPCB) issued a show cause notice to UltraTech's grinding plant in Arda, Odisha for
violating pollution norms. Local residents had complained that dust released by the plant was
causing a health hazard. In October 2014, local concerns over the open-filling of fly ash at an
NTPC-owned thermal power plant in Kahalgaon, Bihar led to the installation of six fly ash
bagging machines with 4800bags/hr or 4000t/day of filling capacity. The plant provides fly

ash to cement producers in the northeast of India.

QOutlook- Cement Scenario:

The International Monetary Fund (IMF) has predicted that India's GDP will grow by 6.3% in
2015 and 6.5% in 2016, following 5.8% growth in 2014 (Table below). This is lower than the
average for emerging and developing Asian countries, but much higher than the global
average. According to the IMF, India's economic outlook has improved due to lower oil
prices and growing industrial investments following policy reforms. The IMF warned of

weaker trade demands due to India's economically-unstable neighbors.

Region 2014 (%) 2015 (%) 2016 (%)
India 5.8 6.3 6.5
Emerging Asia 6.5 6.4 6.2

World 3.3 3.5 3T
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The GDP growth rate in 2014 and forecasts for 2015 and 2016 for India, emerging and
developing Asia and the world.

Source: The IMF World Economic Outlook, January 2015 update.

Reports by analysts agree that India's cement sector should see significant improvements in
the coming years. A study by management consultants AT Kearny, in association with the
Confederation of Indian Industry, said that per capita cement consumption is expected to
grow to 385 - 415kg in 2025 from 185kg in 2014. Cement demand is likely to increase by 2.5
- 2.7 times to 550 - 660Mt/yr in the same period. While infrastructure is expected to lead the
growth, the residential segment will continue as the largest consumer, constituting 42 - 45%
of total demand. Similarly, Research and Markets analysts have forecast that India's cement
market will grow at a compound annual growth rate (CAGR) of nearly 9% in 2014 - 2019,
with the housing sector as the main driver. It commented that the industry is currently in a
turnaround phase, trying to achieve global standards in production, safety and energy-
efficiency. Research and Markets also predicted further industry consolidation, with more

small and medium companies entering into joint ventures.

India's cement producers are certainly upbeat on the country's outlook. A wealth of greenfield
and expansion projects have been planned by many companies, indicative of anticipation of
growing demand. Indeed, JSW Cement expects that a pick-up in demand will drive its

capacity utilization to 75% by April 2015, up from 55 - 60% at the end of 2014.

Despite another challenging year, India's cement industry is headed towards a bright future.
Through increased energy-efficiency investments, rising demand due to population growth,
improved supply chain management and more transparent government policies, India's
cement industry could become a force to be reckoned with on the basis of more than just its

size
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Overview of Birla Shakti Cement
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Overview of Birla Shakti Cement

Kesoram was founded in 1919 under the name of Kesoram Cotton Mills Ltd. From its
humble beginnings as a cotton textile mill in Calcutta, Kesoram expanded into the production
of rayon. Its first rayon plant was built in 1959, with a production capacity of 4,635 metric

tons of rayon yarn per year.

The spirit of entrepreneurship did not end there. Kesoram soon entered the tyres and cement
industries. A change of name was needed to reflect the company’s increasing portfolio of
businesses. So in 1986, it changed its name to Kesoram Industries Limited.
Since then, Kesoram’s operations have grown from strength to strength. Its reputation is
recognized today by its listings on four global stock exchanges — National Stock Exchange of
India, Bombay Stock Exchange, Calcutta Stock Exchange Association, and the Societe de la

Bourse de Luxembourg.

Kesoram Industries Limited Cement Division is an award-winning cement manufacturer
and is one of the nation's largest producers to provide high quality products and reliable
services to its clients and communities throughout India. Discover its manufacturing

footprint, products, innovation methods, portfolio and their philosophies along the way.

Founded in 1969, Birla Shakti is one of the global leaders in cement technology. Besides
being a leading supplier of cement and aggregates, we also offer consulting, research, trading,
engineering and other services to complement our customers’ business needs. Our

headquarters is in India and we have production sites in several parts of the country.

To support Birla Shakti’s production capabilities, a network of 491 sales engineers and 1,544
dealers are located conveniently throughout the region, so that every customer’s need can be
met. For over 40 years, Birla Shakti has helped laid the foundations of buildings everywhere.
From schools and homes, to hospitals and skyscrapers, Birla Shakti helps build the dreams of
people. When the safety of people depends on your product, you know that quality is of

upmost importance. That is why Birla Shakti practices Total Produetivity Maintenance

iples of plant utilizatién, i 1&1agement‘and downtime
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minimization, every stakeholder’s aim is to achieve zero product defects, zero equipment

unplanned failures and zero accidents.

To support Birla Shakti’s production capabilities, a network of 491 sales engineers and 1,544
dealers are located conveniently throughout the region, so that every customer’s need can be
met. Located near the limestone dcpos.its of Sedam and Basantnagar, Birla Shakti's two
cement manufacturing plants have a total combined capacity of 7.25 million metric tonnes,
making it one of the leading cement manufacturers in the region. Each of our milestones
reflected in the timeline is a reflection of our passion, dedication and persistence in Total
Productivity Maintenance (TPM). And in this short period of time, we at Kesoram Cement
and Vasavadatta Cement have grown from strength to strength — emerging as leaders of the

cement industry.
Certificates

Birla Shakti’s quality and efficiency is certified by the International Organization for

Standardization for its world-class standards.

Learn more about our certifications below.

Certification for conformation with the occupational health and safety management system in
accordance with IS/ISO 18001 : 2007 for Kesoram Cement Plant. 2 November 2014.

Certification for conformation with the quality management system in accordance with
IS/ISO 9001 : 2008 for Kesoram Cement Plant. 31 October 2014.

Certification for conforming with the environmental management system in accordance with
[S/ISO 14001 : 2004 for Kesoram Cement Plant.7 August 2013.

Location of Plants:

To meet the demand of highest quality cement there are two plants manufacturing Birla
Shakti Cement.

1 BIRLA SHAKTI CEMENT, DIVISION OF KESORAM INDUSTRIES LIMITED
UNIT: VASAVADATTA CEMENT, FACTORY. PO: Sedam, Dist: Gulbarga
Karnataka - 585222
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2 BIRLA SHAKTI CEMENT, DIVISION OF KESORAM INDUSTRIES LIMITED
UNIT: KESORAM CEMENT, FACTORY, PO: Basantnagar, Dist: Karimnagar
Telengana — 505187

Head office:

Birla Shakti Cement Division of Kesoram Industries Limited
Kesoram Industries Ltd (Cement Division)

Office No. 613-616, Block-3, White House

6-3-1192/1/2, Kundanbagh, Begumpet

Hyderabad - 500016, Telangana, (India) Phone : 040-4334 4555

Product Range: Deal with three varieties of cement.

1. Ordinary Portland Cement [OPC]- 43 Grade:
» Most commonly used cement for a wide range of applications like dry-lean mixes,

general-purpose ready-mixes, high strength pre-cast and pre-stressed concrete.
2. Portland Slag Cement [PSC]-53 Grade:

e Slag-based blended cement that imparts strength and durability to all structures.

* Manufactured by blending and inter-grinding OPC clinker, and granulated slag in
suitable proportions for consistent quality.

3. Portland Pozzolana Cement [PPC]:

e Blended with pozzolanic materials like power-station fly ash, burnt clays, ash from
burnt plant material or siliceous earths.

e High degree of cohesion and workability in concrete and mortar.

Production Capacity:

Located near the limestone deposits of Sedam and Basantnagar, Birla Shakti's two cement
manufacturing plants have a total combined capacity of 7.25 million metric tonnes, making it

one of the leading cement manufacturers in the region.




Channels (Network of Clients)

One of the main reasons for its tremendous success in the Indian market has been their reach
across the nine highly industrialized states of Andhra Pradesh, Maharastra, Karnataka, Goa,
Kerela, Madhya Pradesh, Orssia, Chhatisgarh and Tamil Nadu. their dealer network in the
trade segment comprises 1,581 strong and loyal dealers across the territories. Most of these
dealers have been associated with us for the last 35 years. This strong bond empowers us with
the confidence and ability to grow further in this segment. Their clientele in the non-trade

segment includes the following prestigious and renowned businesses:

Cement Production Process

The cement is manufactured in three process routes:

CLINKER GRINDING
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Chapter-I11
Research Design

Research design is the framework that provides the overall structures for the procedures that a
researcher follow the data that the researcher collects and the data analysis the researcher

conducts.

Main Objectives:

The main objective of the proposed project is to examine the strategic supply chain in cement
industry. More specifically the specific objectives of the study are as follows:

1. To study the existing logistics and supply chain practices in the present unit.

2. To estimate demand and fulfill customer order in time.

3. To study the material handling (loading & unlc;ading) equipments and reduce the

manpower cost,

To study the manufacturing flow system to reduce the operation cycle.

To study the concept of suppliers relationship management in the company.

To study the inventory level of raw materials to run smooth production operation.
To determine the level of finished goods inventory to satisfying customer demand.

To study the marketing channels in the present unit,

2 Bl B e

To examine the existing problems in area of logistics and supply chain in the present

unit,

10. To reduce the costs like storage, inventory, packaging, transportation, warehousing
through implementation of effective supply chain and logistics.

1. To analyze the current problems in the supply chain management and logistics and

suggest measure for the same.

Methodology:

The proposed project will be bases on primary data, which will be collected through

specifically designed questionnaire, personal interviews and detail discussions with the

Director,
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relationship, information communication and Environmental issues will be prepared for the

data collection.

Sample Unit:

Birla Shakti Cement (Division of Kesoram Industries Limited) has been selected for the

study.

Significance:

Globalization makes capital, knowledge, and skill to flow from every corner of the world and
swallow the current complacent market. Dissatisfied customers could switch to competitors
unless from the very beginning given proper services. Suppliers have to be considered as
strategic partners of the business as they could leverage their resources, experience and
knowledge in the era of competing one supply chain Iﬁembers against others. The outcome of
the proposed study will be highly useful to the strategists/ top executives of the cement
industry in general and Birla Shakti Cement in particular to reduce costs and provide efficient

customer services,
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Chapter-1V
Strategic Supply Chain Management and Logistics
in
Birla Shakti Cement

Supply chain management (SCM) is the management of the flow of goods and services. It
includes the movement and storage of raw materials, work-in-process inventory, and finished

goods from point of origin to point of consumption.

Supply chain management is a cross-functional approach that includes managing the
movement of raw materials into an organization, certain aspects of the internal processing of
materials into finished goods, and the movement of finished goods out of the organization
and toward the end consumer. As organizations strive to focus on core competencies and
become more flexible, they reduce their ownership of raw materials sources and distribution
channels. These functions are increasingly being outsourced to other firms that can perform
the activities better or more cost effectively. The effect is to increase the number of
organizations involved in satisfying customer demand, while reducing managerial control of
daily logistics operations. Less control and more supply chain partners lead to the creation of
the concept of supply chain management. The purpose of supply chain management is to
improve trust and collaboration among supply chain partners, thus improving

inventory visibility and the velocity of inventory movement.

Supply chain serves as a link between suppliers and end-users, but the main goal of any
supply chain is to deliver the right product, at the right time to the appropriate location.
Logistics is the management of the flow of things between the point of origin and the
point of consumption in order to meet requirements of customers or corporations, The
logistics of physical items usually involves the integration of information flow, (information

between the point of origin and the point of consumption in order to meet customer's

requirements) material handling, production, packaging, inventory, transportation and

warehousing.
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Logistics and supply chain services; the rate of technological innovation and fluctuation in
consumer demand are among the factors that have increased the dynamism of the competitive

environment to which organizations must respond.

Steps for efficient Supply Chain

CusfonerService/

Purchasing Manufacturing Distribution Sal
Sales

SOURCE AMAKE DELIVER SELL

The peculiar features of the practice of Supply Chain Management in Indian cement industry.
the optimal supply chain strategy demonstrates the best economic, ecological and social
performance in the cement industry. Since 2000, supply chain management has played an
operational role within cement and mineral extraction commodity companies. Recently, cost
reduction projects have brought supply chain management into the limelight. The level of
advancement in cement Supply Chain Management (SCM) can facilitate or constrain Indian

economic development.

A cement plant is generally located near limestone deposits and cement produced in a
particular region is mainly consumed in that region. A set of approaches are used to

efficiently integrate the Suppliers, Manufacturers, Warehouses and Distribution centers so




STRATEGY | WHEN TO CHOOSE BENEFITS
Make to Stock | standardized products, relatively | Low manufacturing costs;
predictable demand meet customer demands
quickly
Make to customized products, many Customization; reduced
Order variations inventory; improved service
levels
Configure to many variations on finished Low inventory levels; wide
Order product; infrequent demand range of product offerings;
| simplified planning
Engineer to complex products, unique Enables response to specific
Order customer specifications | customer requirements

Ways to achieve a successful supply chain management could be the following:

1. To manage the resources of supply strategically in order to reduce the total cost of owning
materials and services.

2. To pay attention to market signals and align demand planning accordingly, across the
supply chain, ensuring consistent forecasts and optimal resource allocation.

3. Customize the logistics network to the service requirements and profitability of customer
segments.

4. Segment the customers, based on the service needs of district groups, and adapt the supply
chain to serve these segments profitability.

5. Develop a supply chain-wide technology strategy that supports multiple levels of decision

making,

Operational Activities in Birla Shakti Cement:

One important fact related to the cement business is the global spreading of the cement
groups and the consequent need to standardize technologies and plant layouts. Nine of top ten
cement group leaders in the world adopted SAP, ERP in order to control and fast adjust to the
new market needs. The same is valid to the plant layouts since cement groups tend to

replicate the business models making small adjustments according to local market needs.

Key Issues in Supply Chain Management

Director,
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2. Reducing lead time

3. Minimizing the number of stages

4. Improving flexibility

5. Improving process quality

6. Minimizing variety

7. Managing demand

8. Competing on services

9. Moving from functions to processes

Problems in Supply Chain Management:

The following are the common problems in an industry in the process of supply chain......
Poor coordination of effort
Incompatible information systems
Long cycle times
Communication problems
Customer service issues
Excessive waste
Relatively high inventory for the level of customer service achieved
Lower than optimal profits

Supply Chain Drivers:

The following are the main cost drivers used in supply chain in an industry. These three costs
consists transportation -65%, packing - 15% and others -20% of the total costs.
Transportation plays an important role in both moving purchased goods from suppliers to the
buying organization, and moving finished goods to the customers. More so, due to the
important role that it plays in the supply chain. It is an obvious fact that products are rarely

produced and consumed in the same location, as such; transpo significant
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Transportation Freight charges *Fuel Price *Lead

65%) from plants to Distance *Contracting
warehouses & with Transporter
Outbound freight *Wagon/Truck Loading
regulations *Road
Conditions *Truck Type
*Rail to road ratio

Packing Costs Packing Bags (PPE) | *Demand/Supply for PP

(15%) Cost & Bag granules *Bag makers
Branding/ printing conversion cost *Bag
costs specifications *Price Risk

Management *Market
Structure *Tax levies
*Alternative Packing
Solutions

Others (20%) Personnel Costs, Local taxes (of
Clearing & Municipalities) *Dump
Forwarding costs at | Handling costs *Location
Dumps & Local of Dump & manpower
costs *Packing Plant
Manpower
*Administrative
Overheads

In the proposed project, the following activities / processes will studies to find out the
problems in Birla Shakti Cement in the area of logistics and supply chain management and

appropriate strategies will be suggested.

Customer Relationship Management Process:

Under this process key customers are identified, the level of performances are specified,
works are done closely with customers to eliminate the source of demand variability and
service level and accordingly are evaluated to confirm the level of as delivered to the

customers.

Demands Estimation Process

W
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The level of customer order is variable due to various reasons. Therefore, it is a process that
balances the customer’s requirement with the firm’s supply capabilities.

Order Fulfillment Process:

Through an integrated effort of manufacturing, distribution and transportation, supply chain
management works towards achieving high level of order fill rate to meet the customer need

dates.

Phyvsical distribution:

A best in class distribution performance makes firms to be the leaders in delivering goods and
services to customers consistently in a defined set of quality and service levels at least
possible costs. According to Micheal Porter’s value chain frame work, this refers to the
outbound logistics part of a chain. It involves finished goods warehousing, materials

handling, freight delivery, order processing and scheduling.

This concerns the movement of a finished product or service to customers. In physical
distribution, the customer is the final destination of a marketing channel, and the availability
of the product or service is a vital part of each channel participant's marketing effort. It is also
through the physical distribution process that the time and space of customer service become
an integral part of marketing. Thus it links a markeﬁng channel with its customers (i.c., it

links manufacturers, wholesalers, and retailers).

Manufacturing Flow System:

Due to the nature of pull system in SCM, the process must be flexible enough to respond to
the market changes. It is minimal lot size production as supported with mechanisms like just
in time (JIT). The manufacturing system produces and supplies products to the distribution

exible_in order to

channels based-on past forecasts. Manufacturing processes mu
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respond to market changes and must accommodate mass customization. Orders are processes
operating on a just-in-time (JIT) basis in minimum Jlot sizes. Changes in the manufacturing
flow system lead to shorter cycle times, meaning imiaroved responsiveness and efficiency in
meeting customer demand. This system manages activities related to planning, scheduling,
and supporting manufacturing operations, such as work-in-process, storage, handling,
transportation, and time phasing of components, inventory at manufacturing sites, and
maximum flexibility in the coordination of geographical and final assemblies postponement

of physical distribution operations.

Inventorv Manasement:

Inventory management is a science primarily about specifying the shape and percentage of
stocked goods. It is required at different locations within a facility or within many locations
of a supply network to precede the regular and planned course of production and stock of
materials.

Successful inventory management involves creating a purchasing plan that will ensure that
items are available when they are needed (but that neither too much nor too little is
purchased) and keeping track of existing inventory and its use. Two common inventory-
management strategies are the just-in-time method, where companies plan to receive items

as they are needed rather than maintaining high inventory levels, and materials requirement

planning, which schedules material deliveries based on sales forecasts.

Transportation:

Any device used to move an item from one location to another. Common forms of
transportation include planes, trains, and automobi};e":g. There are several types of trucks
according to the kind of loads (incoming trucks with raw material and outgoing trucks with
final cement products). Transportation plays an important role in both moving purchased
goods from suppliers to the buying organization, and moving finished goods to the customers.
More so, due to the important role that it plays in the supply chain. It is an obvious fact that
products are rarely produced and consumed in the same location, as such; transportation is a

significant component ¢f the costs that most supply chains incur.




These trucks must go through the entrance gates where they are registered and weighed. After
that, they are sent into correct location in the plant for loading or unloading material. Then,

trucks are weighed again and after final checking, they can leave the plant through the exit

gates.

Through a preliminary analysis, some predictable problems would arise. Mainly, in this type
of factories, the length of queues in some specific factory facilities-entrance gates, for
example, always constitutes a relevant problem, causing long waiting times for customers.
Usually this problem is due to inadequate number of facilities/resources available (e.g.

loading places in warehouse) or to long loading times. Also, an inadequate control of work

Create of trucks
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Figure: Simple Transportation system
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e Breakdowns of key facilities;

e Inadequate Production scheduling.

Though, DES could be a powerful tool to improve processes and draw suggestions for

modern control systems implementation.
The survey revealed that 73% of the respondents.prefer to continue with the road-link
logistics system. Though there is railway infrastructure in the country but due to research
finding, the rail system is obsolete due to negligence and poor maintenance on this logistics
system. A new railway infrastructure will have to be put in place for effective and efficient

operation; and this is going to be costly for individual company to bear.

Information Communication:

Supply chain management could be mentioned as a co-ordination of materials, information
and financial flows along supply chain to satisfy the ultimate need of the customers. These
days information is not only a resource, but it is a main resource of securing a competitive
advantage in coordinating within and across organizations activities. Information Technology
enables one to exchange information instantly withl a least cost. This technology enables
various people, teams, functions and organizations to work together as a team along the

supply chain.

Warehousing Management:

To reduce a company's cost and expenses, warehousing management is concerned with
storage; reducing manpower cost, dispatching authority with on time delivery, loading &

unloading facilities with proper area, inventory management system etc.

Loading System:

Loading of cement product into bulk trucks silos, where the truck is filled through automated
equipment directly from the storage area. This type of loading can have a low automation

level (conveyor and human power) or a higher level with the use of pallets (depending on the

type of commerce and market re ents). This area is usually responsible for most failures
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in the process, as far as the correct type of material and correct amount of material is

concerned. This area is identified as critical in a cement plant;

Loading processes

e the aim is to avoid errors in loading, making use of standard loading times;

¢ Avoiding plant ovcrcrow.ding and traffic jams inside of the plant;

e Rationalizing the use of resources (gates, loading places or human resources) and
allowing flexible reactions to specific customer requirements.

How to Enhance Efficiency and Responsiveness?

Responsiveness can be defined as the “ability to react purposefully and within an appropriate
time-scale to customer demand or changes in the marketplace, to bring about or maintain
competitive advantage™. In contrast, a supply chain would be considered efficient if the focus

is on cost reduction and no resources are wasted on non-value added activities

A. Analysis & model simulation to innovative supply chain strategies in cement
industry. Cement is the second most consumed substance in the world after water. It
is irreplaceable ingredient in a vast majority of the applications needed in our daily
life. To gain better understanding about the nature of SCM in cement industry and its
behaviour many tools can be used, for instance, SCOR-Model, ABC Analysis and
Operational Performance Triangles.

i. SCOR Model —Supply Chain Operations Reference (SCOR) Model is another
tool. It is used as benchmark tool to analyze the cement supply chain processes.
In general, SCOR Model is a cross-functional framework for evaluating and
comparing supply chain activities.

ii. ABC Analysis (Always Better Control) -This tool is used to help supply chain
integration and Push-Pull boundary decision according to seasonal demand and
Reorder Points ROP. ABC-Analysis is a range of items which have different

levels of significance and should be handled or controlled differently.

Class-A= clinker is a primary product
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Director. e
W AL FNSTlTUTE

LE B SCIENrEw minm
SIS, BHIVIAN

THE TEQH;



Class-B= bulk cement
Class-C =Cement in bags

iil. Operational performance triangles- Performance triangles could identify the
actual position of company within their Competitors in the target market.
Supply chain strategy execution needs to balance the operational performance
objectives which are classified in three groups: (Customer Response;

Efficiency; Asset Utilization).

B. There are three types of supply chains that are necessary to match three types of
products; standard, innovative, and hybrid. They demonstrate that standard products,
which tend to be simple products with limited amounts of differentiation, should be
produced by a lean supply chain. Lean supply chain employ continuous improvement
efforts and focus on eliminating wastes across the supply chain. On the other hand,
innovative products which may employ new and complex technology require an agile
supply chain. Agile supply chain responds to rapidly changing global markets by
being dynamic and flexible across organizations. Hybrid products, which are complex
products, have many components and participating companies in the supply chain;
therefore, a variety of supplier relationships mr;ly be needed, which they refer to hybrid
supply chains. Hybrid supply chains combine the capabilities of lean and agile supply
chains to meet the needs of complex products.

C. The evaluation and the comparison of such inventories make it possible to regard
the extent of their environmental impact. In the Eco-Balance structure of cement,
three issues are discussed in the Life Cycle Assessment LCA: (Emissions reduction,
Thermal energy efficiency and Electricity efficiency). Nowadays, about 60% of all
CO2 emission from cement production originates from the basic calcinations process
the heating of limestone to form. lime. Ca. 30% comes from usage of fuel, and the
remaining 10% from electricity usage and transportation. Reducing CO2 emission

from cement production is a key focus of the cement producers and governments.




and design, striving for continuous measurements and full monitoring coverage,
building cleaner plants within higher degree of automation, optimizing de-dusting
systems and self-cleaning systems, environmental policies and protocols, as well as

the optimization of cement distribution network

D. Opportunities - The Company has opportunity to expand its market share by
introducing new products with reasonable price for which SCM can play vital role. - It
has opportunity to increase its production & distribution by improving its distribution
management as it came out as one of the improvement area during interviews. - People
are opting for more stable structures and intensive use of cement is  taking place,
even government is spending heavily on infrastructure projects. Thus, this is the right
time to fully tap these markets. Supply chain management strategies may be
advantageous in grabbing this opportunity. - Foreign direct investment in
infrastructure sector going to increase in coming years, which will increase the
demand of cement. - Since market is expanding improved procurement strategies may
be sought and there is an opportunity to manage its supply chain green and clean.

E. To decide supply of material (cement) from plant to the end customer when there is
sudden increase in demand and fransportation cost is to be minimized. To estimate
how much quantity of cement will be suddenly required in future, analysis on the basis
of previous record and distribution data of material (cement) from plant to distribution
centers or distribution centers to retailers or customers is needed. To minimize
transportation cost by eliminating unnecessary events which are related to the
transportation, can be possible by the application of “Vogel’s method”.  After
application of Vogel’s method, supply of cement with the systematic plan to required

place and time is possible with reduction of unnecessary transportation charge.

Action 1: Look to consolidate Indian cement industry is highly fragmented with as
many as ~ 50 companies with capacity of ~200 MTPA operating with varying degree
of consolidation- As per our estimate ~ 60% of this capacity belongs to very few large

players (higher than 6 MTPA capacities). Medium players (higher than 1 MTPA capacity)
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obvious scale benefits, large players have traditionally managed better margins compared
to their medium sized and smaller sized counterparts. In FY 08 large players on an

average had 33% operating margin (OM) vis-a-vis 30% OM for

The domestic cement manufacturing industry is going through a tumultuous phase.
While it is battling profitability woes on one hand, it also has to contend with
increasing level of environmental activism that is keenly scrutinizing its various

actions and their impact on environment and society.

Cement industry needs to proactively engage itself in the three dimensions of
profitability; environmental consciousness and social obligations that will earn the
industry “the right to grow and the license to operate” opine Arindam Chakrabarti,

Deepak Nayak & Mainak Bhattacharya of Tata Strategic Management Group.

Long term players may hence look to grow their operations either organically or
inorganically. In todays tight credit market, companies with attractive debt leverage
position may have more than a few opportunities to buyout smaller sized companies

and consolidate.

Action 2: Proactively change product mix - Ready Mix Concrete (RMC) usage in India is
very low. As per a recent estimate RMC usage is ~ 3% of total concrete consumption.
Historical growth of this segment is around 14%. RMC usage is however very high in
developed countries at around 60%. Lts usage is high ¢ven in other BRIC nations. RMC usage
is primarily driven by growth in large construction projects which are generally undertaken
by big institutional players. With large scale infrastructure related expenditure planned in
India one can expect a substantial jump in RMC business. Industry expects RMC business to
grow at around 25% per annum in near to medium term and reach a level of around 10% of

concrete consumption by 2020.

An interesting piece of legislation in China has resulted in very healthy growth of

RMC business. As per Chinese government decree # 341, on site concrete preparation

is banned in 200 cities across China. This was done to prevent construction related

o

pollution. Even



slim at this moment, it remains a possibility that can alter the business landscape
significantly. With profitability from RMC business on higher side, cement companies

must look at consolidating / entering RMC business on a large scale.

Action 3: Develop logistics models to support changing product mix - Demand from large
institutional players as well as higher RMC requirement in future will mean higher
requirement of bulk cement. Movement of bulk cement requires specialized bulkers. The
bulkers enable handling of bulk cement with the help of pneumatic loading and discharge
mechanisms. Currently movement of bulk cement is primarily being done on Road. Rail
mode has not been used even though it is half as costly. This is mainly due to unavailability
of special purpose bulker tank wagons with Indian Railways. In this case manufacturers will
have to either procure these wagons under Liberalized Wagon Investment Scheme (LWIS) or
rent from Wagon Lessors. With high cost of a rake at ~ INR 20 crores & unavailability of
lessers in current situation it becomes a difficult proposition for the manufacturers. However
this opens up new business oppprtunities for a 3rd party service provider who can maintain
sufficient quantity of railway rakes to service a host of manufacturers spread across india. It
can also transport fly ash using the same wagons. Large cement producers can co-operate

with dominant competitors in other geographies to develop such 3rd party service providers

Action 4: Look for alternate fuel sources -Power & fuel cost is second most important
element of operations cost after raw material cost. Accordingly lot of efforts is being made
worldwide to reduce this cost. One major direction in this regard has been usage of alternate
fuel sources to fire the kilns in a cement plant. This approach helps to reduce operating cost
by using cheaper alternative fuel source; it also helps to reduce the carbon footprint of the
industry significantly. Amongst various sources tried, use of Tyre Derived Fuel (TDF) is
gaining ground globally. Here scrap tyres are generally used in place of coal in clinker
making kilns. It has its advantages. As per some studies done abroad, using TDF ensures that
there is no negative impact to the environment due to emissions while it saves fossil fuel like
coal. It also has positive commercial connotation for a company as scrap tyres is expected to
be cheaper source of energy. An industry estimate puts 56% usage of scrap tyres as TDF in

US alone. Indian compani




closely. However, putting in place a supply chain to make this alternate fuel available in

sufficient quantity to cement plants is a big challenge.

Action 5: Optimally utilize Limestone Quarries -Limestone is the most important
ingredient in manufacturing of clinkers. With limestone resources depleting fast due to its
usage, availability might be constrained in future. So cement companies must look at ways to
ensure that maximum possible lime stones are extracted from their existing quarries. This will
save precious resources. Also spent limestone quarries can be put to commercial use by using

some innovative methods. A spent quarry in Kenya was converted into a wildlife park!!

Action 6: Undertake a continuing dialog with affected community- Cement industry is
considered a “dirty” industry due to the pollution it causes and its impact on the environment.
While mining activities in limestone mines displaces many people, it also leads to depletion
of forest cover. Dust from coal / cement handling, emission from its power plants / kilns
cause’s air pollution there by affecting the communit'y living around the plant / quarry sites.
In order to create a community friendly image across the society as a whole, a proactive &
meaningful dialog must be sustained with them. This has positive rub offs on the organization

and the brand.

Actions suggested above in some way or the other, impact the three dimensions of
profitability, environmental concern and societal awareness. Indian companies will have to
look at suitability of some of these proposed actions in their present context and chart out a
meaningful action plan. This will help them in gaining advantage over their competitors and

will equip them to take advantage of the next upturn.

SLYV Internal Logistic System:

SLV Cement is a complete logistic system for cement plants developed by Cachapuz. This
automatic and integrated logistic system deals with all the processes since the arrival of a
truck to the cement plant to the shipping of cement. At the end of the process, even the
administrative tasks like issuing and printing the necessary documentation are performed

ion Avith SAP business
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This proposed fully integrated logistic system will permit to increase throughput (trucks per
unit time) and reduce the number of operators needed, thus avoiding human errors. The
following picture (Figure), presents the main system architecture. Based on a central core, a
set of different modules like reporting, automation and control, alerts (with SMS and mail
sending), process logs and extensibility with external ERPs, were developed. Over these
modules, the different plant areas like parking, check-in / check-out, raw material unloading
zones, bag warehouses or bulk-loading, will be customized and automated. Additionally, as
an answer to the global spread of the SLV system, the platform is fully prepared to remote

support allowing fast diagnosis of and response to any factory needs.

Aatematics:
- and Dosttre)

Figure: SLV Cement Logistic system
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Discrete Event Simulation (DES)

DES is the act of imitating the behavior of an operational system or process using an analog
conceptual model on a computer. The arguments below will help understand why simulation

would be a useful tool:

e All processes have stochastic behavior (Kulturel 2007);

e It is a complex system with many resources and non deterministic conditional routing
decisions;

e 3D graphic and animation is relevant for easy demonstration and presentation;

e Need for analysis of time dependent patterns of demand and facilities/resources
availability.

The main issue of this project will involve the integration of the SLV Cement logistic system
and a discrete-event simulation software tool (SIMIQ). This approach will help find a high
performance configuration and control of logistic components in cement plants. These
components include weighing ‘systems in both entrance and exit gates, registering and
managing customer orders and requirements, truck flow control, etc. Our project focuses on
the identification of bottlenecks in the system, finding a set of possible solutions and

choosing the best one.

SIMIO

e SIMIO is a quite new simulation tool; it was developed in 2007 and represents a new
approach in simulation - object orientation. Modeling evolution of system behavior by
interaction of these objects (Pegden 2007). SIMIO supports:

e Creating 3D animation on one step, importing 3D objects from Google 3D Warchouse
(Figure 9);

e Importing data from Excel worksheets (snapshbt in Figure 6);

o Writing own logic functions (e.g. priority rules) in many languages (C++, Visual

Basic, etc.) (snapshot in Figure 7);

e Creating our ow, 10 GHE and libraries.
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e For this project, SIMIO simulation software was chosen in a perspective of a new
challenge in this area (other simulation tools are discussed in Dias, Pereira, and
Rodrigues 2007), and the issues below gained a great relevance for this project:

o Testing a new simulation tool for setting it as a part of currently used internal logistic
system;

e Testing new possibilities for introducing this new simulation tool for educational

purposes in our department.

Integration of a Simulation Tool and the Logistic System:

e According to mentioned issues, it is possible to identify why implementation of DES
would be relevant in the context of a cement company:

o Currently used logistic application manages the flow of trucks in the plant;

e It helps answer what-if questions, checking (testing) the impacts of system changes;

e The plant processes and control logic are in the minds of managers and changes are
made based on their knowledge (experience) and not on proved scenarios.

o It is possible to make use of the integration of these tools in two different contexts,
Improving and optimizing a plant system that already uses SLV logistic system
(current customers);

e Supporting the implementation of SLV system for new customers.

e The first approach (see schema in Figure 4, left side of the figure) can help in re-
design tasks, testing different scenarios and suggesting configuration changes in the
overall performance.

e Simulation can also be used for the implementation of a new logistic system in a new
plant (Figure 4, right side of the figure). In this case simulation is a great tool and the
3D animation will help visualize a non-existing system and it is therefore possible to
suggest and configure a complete system before its implementation in the plant. The
DES will then help the specification of the glbbai logistic system in close connection

with the integrated automated weighing system proposed. According to the number of
- /_-_.




known projects, it is possible to say that re-design tasks are much more often than the

design of completely new logistic systems (Kulturel 2007) (Vik 2009).

/" Design of logistic
\ system

Database

~ Simulation

Simulation ol
model Sivo
SIMIO

Figure: Schema of two different uses of integration approaches
Creation of the simulation model:

For the creation of a simulation model, standard elements like source, process and sink were

used, connected by a set of paths.

Some main processes were identified:

e [oading request registration;

e Waiting for calling to entrance;




¢ Loading/unloading (silos, warehouse, storage of raw material and storage of lime
stone);

e Load checking;

o Exiting gate (weighing).

¢ Some random variables were studied:

e Patterns of time between arrivals at different periods of the day and different days;

e Operation times;

e TFailures of facilities, errors in loading actions.

For describing a realistic behaﬁor of the trucks in the plant, some special functions were
created. For avoiding traffic jams inside the plant, a limitation function is used only a limited
number of trucks could be inside the plant at the same time (remaining trucks should wait for
a call outside the plant). In real plants (with SLV system), the waiting trucks are then called,

using either an outside panel information.

For finding the next destination (in the model represented as element fork, another function is
used. Process diagram of this function is shown in Figure . A typical use of this function
would be for performing the task of finding the correct entrance gate. Each truck has a set of
attributes like identification number and weight. According to these data, function finds

optimal destination for a kind of truck. Searching is based on this information:

e Kind of truck (raw material trucks use a special gate);
e Weight limitation of gate (e.g. 60 tons);
e Current queues in front of each suitable gate;
e Current state of facility (if there is some failure, another gate should be chosen).
If there is no free gate, the truck will wait in the queue until another truck leaves some of the

gates.
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Model of a real cement plant and its logistic processes
(Problem description and project steps)

As an illustrative example of the mentioned integration principles and for an easy
understanding, we chose a simple model of a real cement plant and its logistic processes. This

solution is based on general usage in any cement (or similar) kind of factory.

Our simulation approach included the following steps as...

1) Definition of project aims
e Definition of exact project targets according to customer requirements;
¢ Team building and its responsibility.

2) Processing of input data
o Technical data (facilities data, product data, information about material flows,
production areas, breakdowns, shifts etc.);
e QOrganization data (production scheduling);
e Business data (costs, orders).

3) Creation of simulation model
e (Conceptual model (schematic);
e Computer model.

4) Simulation run and experiments
e Validation and model verification;
e Setting of parameters, length of simulation run;
e Running of experiments.

5) Interpretation of results and implementation
e Data analysis;
e Interpretation of results, their presentation and comparing suggested alternatives and
scenarios (graphs, tables, 3D animation).
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Chapter-V

Suocestions on the Basis of Past Studies

1. Profit can only attained through a sustainable customer satisfaction. This process
requires a customer focused and uninterrupted relationship.

2. Firms need to identify the need of the customers, collect feedbacks on any complaints
and avail different products and service attributes to their customers.

3. Information technology should be instituted to foster information communication
within and among all supply chain members.

4. Organizations should consider environmental issues.

5. Proper inventory must be maintained.

6. Packaging should be given high priority.

7. Speedy transportation must be used.

8. Market intermediaries must be motivated / encouraged.
9. Employees must be given due remuneration.

10. Training and development should be provided to employees on regular basis.
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Chapter- 1
INTRODUCTION

1.1 React Js

React (also known as React.js or ReactJS) is an open-source JavaScript library for building user
interfaces. It is maintained by Facebook and a community of individual developers and companies.

React can be used as a base in the development of single-page or mobile applications. However,
React is only concerned with rendering data to the DOM, and so creating React applications
usually requires the use of additional libraries for state management and routing. Redux and React
Router are respective examples of such libraries.

1.1.1 Why React Js?

ReactJS is a stronger framework because of its ability to break down the complex interface and
allow users to work on individual components. ReactJS comes with the core objective is to deliver
the best rendering performance possible. Its strength stems from the emphasis on individual parts.
ReactJS helps a developer to break down the complicated UI into smaller components, rather than
operating on the entire web framework.

1.1.2 Features of React Js

Features

(2] of

COMPONENTS ReactlS
ONE-WAY :
DATA BINDING
Fig 1.1 Features Of ReactJs
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JSX

Components

One-way Data Binding
Virtual DOM
Simplicity
Performance

1.1.3 Introducing JSX

const element = <h1>Hello, world!</h1>;

The above syntax is called JSX, and it is a syntax extension to JavaScript. It is used with React to
describe what the UI should look like. JSX may remind you of a template language, but it comes

with the full power of JavaScript. JSX produces React “elements™.

1.2. Why JSX?

React embraces the fact that rendering logic is inherently coupled with other UI logic: how events
are handled, how the state changes over time, and how the data is prepared for display.

Instead of artificially separating technologies by putting markup and logic in separate files, React
separates concerns with loosely coupled units called “components” that contain both.

React doesn’t require using JSX, but most people find it helpful as a visual aid when working with
UI inside the JavaScript code. It also allows React to show more useful error and warning
messages.

1.3 Embedding Expressions in JSX

In the example below, we declare a variable called name and then use it inside JSX by wrapping it
in curly braces:

const name = 'Josh Perez'; \/L,
const element = <h1>Hello, {name}</h1>; 44@/\'\ -

ReactDOM.render(



element,

document.getElementById('root")

)

You can put any valid JavaScript expression inside the curly braces in JSX. For example, 2 + 2,
user.firstName, or formatName(user) are all valid JavaScript expressions.

In the example below, we embed the result of calling a JavaScript function, formatName(user),
into an <h1> element.

function formatName(user) {

return user.firstName + ' ' + user.lastName;

}

const user = {
firstName: 'Harper’,
lastName: 'Perez'

b

const element = (
<h1>
Hello, {formatName(user)}!

</h1>
)

ReactDOM.render(
element,

document.getElementById('root")

); /\@\“\A
1.3.1 JSX is an Expression Too



After compilation, JSX expressions become regular JavaScript function calls and evaluate to
JavaScript objects.

This means that you can use JSX inside of if statements and for loops, assign it to variables, accept
it as arguments, and return it from functions:

function getGreeting(user) {

if (user) {

return <h1>Hello, {formatName(user)}!</h1>;
}
return <h1>Hello, Stranger.</h1>;

}

1.3.2 Specifying Attributes with JSX

You may use quotes to specify string literals as attributes:
const element = <div tabIndex="0"></div>;
You may also use curly braces to embed a JavaScript expression in an attribute:

const element = <img src={user.avatarUrl }></img>;

1.4 Rendering Elements

Elements are the smallest building blocks of React apps.

An element describes what you want to see on the screen:

»A
const element = <h1>Hello, world</h1>; ‘/@\



Unlike browser DOM elements, React elements are plain objects, and are cheap to create. React
DOM takes care of updating the DOM to match the React elements.

1.4.1 Rendering an Element into the DOM

Let’s say there is a <div> somewhere in your HTML file:
<div id="root"></div>

We call this a “root” DOM node because everything inside it will be managed by React DOM.

Applications built with just React usually have a single root DOM node. If you are integrating
React into an existing app, you may have as many isolated root DOM nodes as you like.

To render a React element into a root DOM node, pass both to ReactDOM.render():

const element = <h1>Hello, world</h1>;

ReactDOM.render(element, document.getElementByld('root"));

1.4.2 Updating the Rendered Element

React elements are immutable. Once you create an element, you can’t change its children or
attributes. An element is like a single frame in a movie: it represents the UI at a certain point in
time.

With our knowledge so far, the only way to update the Ul is to create a new element, and pass it to
ReactDOM.render().

Consider this ticking clock example:

function tick() {

const element = ( \/kﬁ

<h1>Hello, world!</h1>
<h2>It is {new Date().toLocaleTimeString()}.</h2>

</div> W’ “““-“E



ReactDOM.render(element, document.getElementByld('root"));

}
setInterval(tick, 1000);

1.5 Component and Props

Conceptually, components are like JavaScript functions. They accept arbitrary inputs (called
“props”) and return React elements describing what should appear on the screen.

1.5.1 Function and Class Components
The simplest way to define a component is to write a JavaScript function:

function Welcome(props) {
return <h1>Hello, {props.name}</h1>;

}

This function is a valid React component because it accepts a single “props” (which stands for
properties) object argument with data and returns a React element. We call such components
“function components” because they are literally JavaScript functions.

You can also use an ES6 class to define a component:
class Welcome extends React.Component {
render() {
return <h1>Hello, {this.props.name}</h1>;
}
}

The above two components are equivalent from React’s point of view.

1.5.2 Rendering a Component

vt/%
Previously, we only encountered React elements that represent DOM@\

i

const element = <div />;
’ W’ m“E
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However, elements can also represent user-defined components:
const element = <Welcome name="Sara" />;

When React sees an element representing a user-defined component, it passes JSX attributes and
children to this component as a single object. We call this object “props”.

For example, this code renders “Hello, Sara” on the page:

function Welcome(props) {

return <h1>Hello, {props.name}</h1>;

}

const element = <Welcome name="Sara" />;
ReactDOM.render (
element,

document.getElementBylId('root")

)

1.5.3 Composing Components

Components can refer to other components in their output. This lets us use the same component
abstraction for any level of detail. A button, a form, a dialog, a screen: in React apps, all those are
commonly expressed as components.

For example, we can create an App component that renders Welcome many times:

function Welcome(props) {

return <h1>Hello, {props.name}</h1>;

}

function App() { \A

return ( "~ .

<div>



<Welcome name="Sara" />
<Welcome name="Cahal" />
<Welcome name="Edite" />
</div>
);
}

ReactDOM.render(
<App />,
document.getElementById('root")

)

1.5.4 Extracting Components

Don’t be afraid to split components into smaller components.

For example, consider this Comment component:

function Comment(props) {
return (
<div className="Comment">
<div className="UserInfo">
<img className="Avatar"
src={props.author.avatarUrl}
alt={props.author.name}
/>
<div className="UserInfo-name">
{props.author.name}
</div>
</div>
<div className="Comment-text">
{props.text}

</div>



<div className="Comment-date">
{formatDate(props.date)}
</div>
</div>
);
}

1.6 Converting a Function to a Class

You can convert a function component to a class in five steps:

1. Create an ES6 class, with the same name, that extends React.Component.
2. Add a single empty method to it called render().

3. Move the body of the function into the render() method.

4. Replace props with this.props in the render() body.
5

. Delete the remaining empty function declaration.

class Clock extends React.Component {
render() {
return (
<div>
<h1>Hello, world!</h1>
<h2>Tt is {this.props.date.toL.ocaleTimeString() }.</h2>
</div>
);
}

} -

1.7 Adding Local State to a Class m\

We will move the date from props to state in three steps: '“E
(*Tﬁ“ ES



1. Replace this.props.date with this.state.date in the render() method:
class Clock extends React.Component {
render() {
return (
<div>

<h1>Hello, world!</h1>

<h2>1t is {this.state.date.toL.ocaleTimeString()}.</h2>
</div>
);
}
}

2. Add a class constructor that assigns the initial this.state:
class Clock extends React.Component {

constructor(props) {

super(props);

this.state = {date: new Date()};
}

render() {
return (
<div>
<h1>Hello, world!</h1>
<h2>Tt is {this.state.date.toL.ocaleTimeString() }.</h2> d@/}“ \/k,
</div> ’
);
}
}

Ws m“E
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Note how we pass props to the base constructor:

constructor(props) {

super(props);
this.state = {date: new Date()};
}

Class components should always call the base constructor with props.
. Remove the date prop from the <Clock /> element:
ReactDOM.render(

<Clock />,

document.getElementByld('root")

)

The result looks like this:

class Clock extends React.Component {

constructor(props) {

super(props);
this.state = {date: new Date()};
}
render() {
return (
<div>
<h1>Hello, world!</h1>
<h2>1t is {this.state.date.toL.ocaleTimeString()}.</h2>
</div>

) @\A
}

}



ReactDOM.render(
<Clock />,

document.getElementByld('root’)

)

1.7.1 Using State Correctly

There are three things you should know about setState().

Do Not Modify State Directly

For example, this will not re-render a component:

/' Wrong

this.state.comment = 'Hello';

Instead, use setState():

// Correct

this.setState({comment: 'Hello'});

The only place where you can assign this.state is the constructor.
State Updates May Be Asynchronous

React may batch multiple setState() calls into a single update for performance.

Because this.props and this.state may be updated asynchronously, you should not rely on their
values for calculating the next state.

When you call setState(), React merges the object you provide into the current state.

1.8 Lifecycle of Components

Each component in React has a lifecycle which you can monitor and manipulate during its three
main phases.

The three phases are: Mounting, Updating, and Unmounting.

M
1.8.1 Mounting



Component Lifecycle - Creation

Call super(props)
ructor(props) DO: Set up State

‘ DON'T: Cause Side-Effects

getDerivedStateFromProps(props, state)

Default ES6 class
Feature

DO: Sync state
DON'T: Cause Side-Effects

Prepare & Structure your

render() JSX Code

DO: Cause Side-Effects
DON'T: Update State
(triggers re-render)

Fig: 1.2 Component Lifecycle Creation

Mounting means putting elements into the DOM.
React has four built-in methods that gets called, in this order, when mounting a component:

1. constructor()

2. getDerivedStateFromProps()
3. render()

4. componentDidMount()

The render() method is required and will always be called, the others are optional and will be
called if you define them.

1.8.1.1 constructor

The constructor() method is called before anything else, when the component is initiated, and it is
the natural place to set up the initial state and other initial values.

The constructor() method is called with the props, as arguments, and you should always start b
calling the super(props) before anything else, this will initiate the parent's cQns ,ﬁh%éﬁ
allows the component to inherit methods from its parent (React. Component). T\

Director, |
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class Header extends React.Component {
constructor(props) {
super(props);
this.state = {favoritecolor: "red"};
}
render() {
return (

<h1>My Favorite Color is {this.state.favoritecolor}</h1>

);

1.8.1.2 getDerivedStateFromProps

The getDerivedStateFromProps() method is called right before rendering the element(s) in the
DOM.

This is the natural place to set the state object based on the initial props.
It takes state as an argument, and returns an object with changes to the state.

The example below starts with the favorite color being "red", but the getDerivedStateFromProps()
method updates the favorite color based on the favcol attribute:

Example:

The getDerivedStateFromProps method is called right before the render method:

class Header extends React.Component {

constructor(props) { /@\“ i

super(props); Direct
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this.state = {favoritecolor: "red"};
}
static getDerivedStateFromProps(props, state) {
return {favoritecolor: props.favcol };
}
render() {
return (
<h1>My Favorite Color is {this.state.favoritecolor}</h1>
);
}

1.8.1.3 render

The render() method is required, and is the method that actual outputs HTML to the DOM.

Example:
A simple component with a simple render() method:

class Header extends React.Component {
render() {
return (

<h1>This is the content of the Header component</h1>

);
}
) /@\"A
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1.8.1.4 componentDidMount

The componentDidMount() method is called after the component is rendered.
This is where you run statements that requires that the component is already placed in the DOM.

Example:
At first my favorite color is red, but give me a second, and it is yellow instead:

class Header extends React.Component {
constructor(props) {
super(props);
this.state = {favoritecolor: "red"};
}
componentDidMount() {
setTimeout(() => {
this.setState({favoritecolor: "yellow"})
}, 1000)
}
render() {
return (
<h1>My Favorite Color is {this.state.favoritecolor}</h1>
);
}
}

/\Zy\w\/%
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1.8.2 Updating

Component Lifecycle - Update

getDerivedStateFromProps(props, state)

process!

Fig 1.3 Component Lifecycle Update

The next phase in the lifecycle is when a component is updated.
A component is updated whenever there is a change in the component's state or props.
React has five built-in methods that gets called, in this order, when a component is updated:
1. getDerivedStateFromProps()
2. shouldComponentUpdate()
3. render()
4. getSnapshotBeforeUpdate()
5. componentDidUpdate()

The render() method is required and will always be called, the others are optional and will be
called if you define them.

1.8.2.1 getDerivedStateFromProps

Also at updates the getDerivedStateFromProps method is called. This is the WG that is -

called when a component gets updated.

Direétor, |
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This is still the natural place to set the state object based on the initial props.

The example below has a button that changes the favorite color to blue, but since the
getDerivedStateFromProps() method is called, which updates the state with the color from the
favcol attribute, the favorite color is still rendered as yellow:

Example:
If the component gets updated, the getDerivedStateFromProps() method is called:
class Header extends React.Component {
constructor(props) {
super(props);
this.state = {favoritecolor: "red"};
}
static getDerivedStateFromProps(props, state) {
return {favoritecolor: props.favcol };
}
changeColor = () => {
this.setState({favoritecolor: "blue"});
}
render() {
return (
<div>
<h1>My Favorite Color is {this.state.favoritecolor}</h1>
<button type="button" onClick={this.changeColor}>Change color</button>
</div>
);
}
}

1.8.2.2 shouldComponentUpdate

In the shouldComponentUpdate() method you can return a Boolean(ya-lﬂ‘)@\ ifies whether
React should continue with the rendering or not.

. 18
Director,
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The default value is true.

The example below shows what happens when the shouldComponentUpdate() method returns
false:

Example:
Stop the component from rendering at any update:
class Header extends React.Component {
constructor(props) {
super(props);
this.state = {favoritecolor: "red"};
}
shouldComponentUpdate() {
return false;
}
changeColor = () => {
this.setState({favoritecolor: "blue"});
}
render() {
return (
<div>
<h1>My Favorite Color is {this.state.favoritecolor}</h1>
<button type="button" onClick={this.changeColor}>Change color</button>
</div>
);
}
}

1.8.2.3 render

The render() method is of course called when a component gets/ﬂp‘(ﬁ?é’dvi m the

"
< AS
HTML to the DOM, with the new changes. N

The example below has a button that changes the favorite color to blue:
Director, |
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Example:
Click the button to make a change in the component's state:

class Header extends React.Component {
constructor(props) {
super(props);
this.state = {favoritecolor: "red"};
}
changeColor = () => {
this.setState({favoritecolor: "blue"});
}
render() {
return (
<div>
<h1>My Favorite Color is {this.state.favoritecolor}</h1>
<button type="button" onClick={this.changeColor}>Change color</button>
</div>
);
}
}

1.8.2.4 getSnapshotBeforeUpdate

In the getSnapshotBeforeUpdate() method you have access to the props and state before the
update, meaning that even after the update, you can check what the values were before the update.

If the getSnapshotBeforeUpdate() method is present, you should also include the
componentDidUpdate() method, otherwise you will get an error.

The example below might seem complicated, but all it does is this:

When the component is mounting it is rendered with the favorite color "red". \_/%

N p
When the component has been mounted, a timer changes the state;—dnd\after one second, the
favorite color becomes "yellow".

Director, |
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This action triggers the update phase, and since this component has a getSnapshotBeforeUpdate()
method, this method is executed, and writes a message to the empty DIV1 element.

Then the componentDidUpdate() method is executed and writes a message in the empty DIV2
element:

Example:

Use the getSnapshotBeforeUpdate() method to find out what the state object looked like before the
update:

class Header extends React.Component {
constructor(props) {
super(props);
this.state = {favoritecolor: "red"};
}
componentDidMount() {
setTimeout(() => {
this.setState({favoritecolor: "yellow"})
}, 1000)
}
getSnapshotBeforeUpdate(prevProps, prevState) {
document.getElementBylId("div1").innerHTML =
"Before the update, the favorite was " + prevState.favoritecolor;
}
componentDidUpdate() {
document.getElementBylId("div2").innerHTML =
"The updated favorite is " + this.state.favoritecolor;
}
render() {
return (

<div>

<h1>My Favorite Color is {this.state.favoritecolor}</h1> R/\_"'
<div id="div1"></div> (/Y@\

Director, |
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<div id="div2"></div>
</div>
);
}
}

1.8.2.5 componentDidUpdate

The componentDidUpdate method is called after the component is updated in the DOM.
The example below might seem complicated, but all it does is this:
When the component is mounting it is rendered with the favorite color "red".

When the component has been mounted, a timer changes the state, and the color becomes
"yellow".

This action triggers the update phase, and since this component has a componentDidUpdate
method, this method is executed and writes a message in the empty DIV element:

Example:
The componentDidUpdate method is called after the update has been rendered in the DOM:

class Header extends React.Component {
constructor(props) {
super(props);
this.state = {favoritecolor: "red"};
}
componentDidMount() {
setTimeout(() => {
this.setState({favoritecolor: "yellow"})
}, 1000)

}
componentDidUpdate() {

document.getElementByld("mydiv").innerHTML = '/\®\\ .
"The updated favorite is " + this.state.favoritecolor;
Director,
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}
render() {
return (
<div>
<h1>My Favorite Color is {this.state.favoritecolor}</h1>
<div id="mydiv"></div>
</div>
);
}
}

1.8.3 Unmounting

The next phase in the lifecycle is when a component is removed from the DOM, or unmounting as
React likes to call it.

React has only one built-in method that gets called when a component is unmounted:

e componentWillUnmount()

1.8.3.1 componentWillUnmount

The componentWillUnmount method is called when the component is about to be removed from
the DOM.

Example:
Click the button to delete the header:

class Container extends React.Component {
constructor(props) {
super(props);

this.state = {show: true};

} \_A
delHeader = () => { ‘/@’\“ ’

Director)3 |
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this.setState({show: false});
}
render() {
let myheader;
if (this.state.show) {
myheader = <Child />;
%
return (
<div>
{myheader}
<button type="button" onClick={this.delHeader}>Delete Header</button>
</div>
);
}
}

class Child extends React.Component {
componentWillUnmount() {

alert("The component named Header is about to be unmounted.");

}
render() {
return (
<h1>Hello World!</h1>
);
}
}
/T@\«/%
1.9 Handling Events
Director, |
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Handling events with React elements is very similar to handling events on DOM elements. There
are some syntax differences:

e React events are named using camelCase, rather than lowercase.
e With JSX you pass a function as the event handler, rather than a string.

For example, the HTML:

<button onclick="activateLasers()">
Activate Lasers

</button>
is slightly different in React:

<button onClick={activateLasers }>
Activate Lasers

</button>

Another difference is that you cannot return false to prevent default behavior in React. You must
call preventDefault explicitly. For example, with plain HTML, to prevent the default link behavior
of opening a new page, you can write:

<a href="#" onclick="console.log('The link was clicked."); return false">
Click me
</a>

In React, this could instead be:

function ActionLink() {
function handleClick(e) {
e.preventDefault();
console.log('The link was clicked.");
}
return (

<a href="#" onClick={handleClick}>

Director, s | R .
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Click me
</a>
)
}

Here, e is a synthetic event. React defines these synthetic events according to the W3C spec, so
you don’t need to worry about cross-browser compatibility. See the SyntheticEvent reference guide
to learn more.

When using React, you generally don’t need to call addEventListener to add listeners to a DOM
element after it is created. Instead, just provide a listener when the element is initially rendered.

When you define a component using an ES6 class, a common pattern is for an event handler to be
a method on the class. For example, this Toggle component renders a button that lets the user
toggle between “ON” and “OFF” states:

class Toggle extends React.Component {
constructor(props) {
super(props);
this.state = {isToggleOn: true};
// This binding is necessary to make "this® work in the callback

this.handleClick = this.handleClick.bind(this);
}

handleClick() {
this.setState(state => ({

isToggleOn: !state.isToggleOn

N);
}
render() {
return (
<button onClick={this.handleClick}>
{this.state.isToggleOn ? 'ON' : 'OFF'} v\\A
Director, |
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</button>
);
}
}

ReactDOM.render(
<Toggle />,

document.getElementByld('root")

);

1.10 Router

React Router is a standard library for routing in React. It enables the navigation among views of
various components in a React Application, allows changing the browser URL, and keeps the Ul in
sync with the URL.

Let us create a simple application to React to understand how the React Router works. The
application will contain three components: home component, about a component, and contact
component. We will use React Router to navigate between these components.

1.10.1 Installing React Router:

React Router can be installed via npm in your React application. Follow the steps given below to
install Router in your React application:

e Step 1: cd into your project directory i.e geeks.
e Step 2: To install the React Router use the following command:

npm install react-router-dom —save

After installing react-router-dom, add its components to your React application.

1.10.2 Adding React Router Components:

The main Components of React Router are: \A
Director,
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e BrowserRouter: BrowserRouter is a router implementation that uses the HTMLS5 history
API(pushState, replaceState and the popstate event) to keep your UI in sync with the URL.
It is the parent component that is used to store all of the other components.

e Route: Route is the conditionally shown component that renders some UI when its path
matches the current URL.

e Link: Link component is used to create links to different routes and implement navigation
around the application. It works like an HTML anchor tag.

e Switch: Switch component is used to render only the first route that matches the location
rather than rendering all matching routes. Although there is no defying functionality of
SWITCH tag in our application because none of the LINK paths are ever going to coincide.
But let’s say we have a route (Note that there is no EXACT in here), then all the Route tags
are going to be processed which start with /> (all Routes start with /). This is where we
need a SWITCH statement to process only one of the statements.

To add React Router components in your application, open your project directory in the editor you

use and go to app.js file.
//App.js:

import {
BrowserRouter as Router,
Route,
Link,
Switch
} from 'react-router-dom’;
import {

BrowserRouter as Router,

Route,
Link,
Switch
} from 'react-router-dom’; \/%
L -
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1.10.3 Using React Router :-

To use React Router, let us first create a few components in the react application. In your project
directory, create a folder named component inside the src folder and now add 3 files named

home.js, about.js and contact.js to the component folder.

//Home.js:

import React from 'react’;

function Home (){

return <h1>Welcome to the Unthinkable Solutions!</h1>

export default Home;

//About.js:

import React from 'react’;

function About () {
return <div>

<h2>We provide you best solutions!</h2>

</div>
}
export default About;
//Contact.js:

import React from 'react’;

function Contact (){

return <address>

You cdBimectarhere:<br /> ,
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Unthinkable Solutions<br />
9th Floor Sector 30 <br />
Silokhera NH 9 Gurgaon (Haryana)
</address>
}

export default Contact;

Now, let us include React Router components to the application:

® BrowserRouter:

Add BrowserRouter aliased as Router to your app.js file in order to wrap all the other
components. BrowserRouter is a parent component and can have only single child.

class App extends Component {

render() {
return (
<Router>
<div className="App">
</div>
</Router>
);
}
}

e Link:

Let us now create links to our components. Link component uses the to prop to describe the
location where the links should navigate to.

<div className="App">
<ul> \ ) *\\/\
<li>

<.Link to="/">Home</Link>
9
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</1i>

<li>

<Link to="/about">About Us</Link>
</li>
<li>

<Link to="/contact">Contact Us</Link>
</li>
<nl>

</div>

Now, run your application on the local host and click on the links you created. You will notice the
url changing according to the value in to props of the Link component.

€< -5 C @ localhost:3000/about * ° H

Fig 1.4 Routing

e Route:

Route component will now help us to establish the link between the component's UI and
the URL. To include routes to the application, add the code given below to your app.js.

<Route exact path='/" component={Home }></Route>
<Route exact path='/about' component={About}></Route>
<Route exact path="/contact' component={Contact}></Route> \A

LY -

Let us now try to understand the props associated with the Route component.
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1. exact: It is used to match the exact value with the URL. For Eg., exact
path="/about’ will only render the component if it exactly matches the path but if
we remove exact from the syntax, then component will still be rendered even if the
structure is like /about/10.

2. path: Path specifies a pathname we assign to our component.

3. component: It refers to the component which will render on matching the path.

e Switch:

To render a single component, wrap all the routes inside the Switch Component.
<Switch>
<Route exact path="/" component={Home }></Route>
<Route exact path="/about' component={ About}></Route>
<Route exact path="/contact' component={Contact}></Route>

</Switch>

Switch groups together several routes, iterates over them and finds the first one that matches the
path. Thereby, the corresponding component to the path is rendered.

After adding all the components here is our complete source code:

import React, { Component } from 'react’;

import { BrowserRouter as Router, Route, Link, Switch } from 'react-router-dom’;
import Home from './component/home’;

import About from './component/about’;

import Contact from './component/contact’;

import "./App.css';

class App extends Component {

render() { \A

return ( .
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<Router>
<div className="App">

<ul className="App-header">

<li>
<Link to="/">Home</Link>
</i>
<li>
<Link to="/about">About Us</Link>
</i>
<li>
<Link to="/contact">Contact Us</Link>
</li>
<nl>
<Switch>

<Route exact path='/" component={Home }></Route>
<Route exact path="/about' component={About}></Route>

<Route exact path="/contact' component={Contact }></Route>

</Switch>
</div>
</Router>
);
}
}
export default App;
ar
1.11. Redux

Redux is a predictable state container for JavaScript apps. As the application grows, it becomes
difficult to keep it organized and maintain data flow. Redux solves this problem by managing the
application's state with a single global object called Store. Redux fundamental principles help in
maintaining consistency thrc:éﬂm%ar application, which makes debugging and testing easier.
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More importantly, it gives you live code editing combined with a time-travelling debugger. It is
flexible to go with any view layer such as React, Angular, Vue, etc.

Principles of Redux
Predictability of Redux is determined by three most important principles as given below —
e Single Source of Truth

The state of your whole application is stored in an object tree within a single store. As the whole
application state is stored in a single tree, it makes debugging easy, and development faster.

e State is Read-only

The only way to change the state is to emit an action, an object describing what happened. This
means nobody can directly change the state of your application.

e Changes are made with pure functions

To specify how the state tree is transformed by actions, you write pure reducers. A reducer is a
central place where state modification takes place. Reducer is a function which takes state and
action as arguments, and returns a newly updated state.

1.11.1 Installation

Run the following command in your command prompt to install Redux.

npm install --save redux

To use Redux with react application, you need to install an additional dependency as follows —

npm install --save react-redux

1.11.2 Core Concepts

Let us assume our application’s state is described by a plain object called initialState which is as
follows —

const initialState = { \A

isLoading: false,
items: [],
hasError: false
}: Director, |
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Every piece of code in your application cannot change this state. To change the state, you need to
dispatch an action.

What is an action?

An action is a plain object that describes the intention to cause change with a type property. It must
have a type property which tells what type of action is being performed. The command for action
is as follows —

return {
type: TTEMS_REQUEST', //action type
isLoading: true //payload information

}

Actions and states are held together by a function called Reducer. An action is dispatched with an
intention to cause change. This change is performed by the reducer. Reducer is the only way to
change states in Redux, making it more predictable, centralised and debuggable. A reducer
function that handles the ‘ITEMS_REQUEST"’ action is as follows —

const reducer = (state = initialState, action) => { //es6 arrow function
switch (action.type) {
case TTEMS_REQUEST"
return Object.assign({}, state, {
isLoading: action.isLoading
N

default: \A

return state;

}

Redux has a single store which holds the application state. If you want to split your code on the
basis of data handling logic, you should start splitting your reducers instead of stores in Redux.

Redux components are as follows —
Director, |
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DISPATCH

SUBSCRIBE]|

h-

Fig 1.5 Redux Components

1.11.3 Data Flow

Redux follows the unidirectional data flow. It means that your application data will follow in
one-way binding data flow. As the application grows & becomes complex, it is hard to reproduce
issues and add new features if you have no control over the state of your application.

Redux reduces the complexity of the code, by enforcing the restriction on how and when state
update can happen. This way, managing updated states is easy. We already know about the
restrictions as the three principles of Redux. Following diagram will help you understand Redux
data flow better —

/@\*/%

Director, ‘
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/ DISPATCHER
_
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T

Fig 1.6 Data Flow

e An action is dispatched when a user interacts with the application.

e The root reducer function is called with the current state and the dispatched action. The root
reducer may divide the task among smaller reducer functions, which ultimately returns a
new state.

e The store notifies the view by executing their callback functions.

e The view can retrieve updated state and re-render again.

T

1.11.4 Store

A store is an immutable object tree in Redux. A store is a state container which holds the
application’s state. Redux can have only a single store in your application. Whenever a store is
created in Redux, you need to specify the reducer.

Director, |
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Let us see how we can create a store using the createStore method from Redux. One need to import
the createStore package from the Redux library that supports the store creation process as shown
below —

import { createStore } from 'redux’;
import reducer from './reducers/reducer’

const store = createStore(reducer);

A createStore function can have three arguments. The following is the syntax —

createStore(reducer, [preloadedState], [enhancer])

A reducer is a function that returns the next state of app. A preloadedState is an optional argument
and is the initial state of your app. An enhancer is also an optional argument. It will help you
enhance your store with third-party capabilities.

A store has three important methods as given below —
e getState
It helps you retrieve the current state of your Redux store.
The syntax for getState is as follows —

store.getState()

e dispatch
It allows you to dispatch an action to change a state in your application.
The syntax for dispatch is as follows —
store.dispatch({type: TTEMS_REQUEST"})

T

N -

e subscribe

It helps you register a callback that Redux store will call when an action has been
dispatched. As soon as the Redux state has been updated, the view will re-render
automatically.

The syntax for dispatch is as follows —

store.subscribe(()=>{ console.log(store.getState());})

THE TECHNOLOGICAL INSTITUTE
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Actions are the only source of information for the store as per Redux official documentation. It
carries a payload of information from your application to store.

As discussed earlier, actions are plain JavaScript objects that must have a type attribute to indicate
the type of action performed. It tells us what had happened. Types should be defined as string
constants in your application as given below —

const ITEMS_REQUEST = TTEMS_REQUEST;

Apart from this type attribute, the structure of an action object is totally up to the developer. It is
recommended to keep your action object as light as possible and pass only the necessary
information.

To cause any change in the store, you need to dispatch an action first by using store.dispatch()
function. The action object is as follows —

{ type: GET_ORDER_STATUS, payload: {orderld,userld } }
{ type: GET_WISHLIST_ITEMS, payload: userId }

Actions Creators

Action creators are the functions that encapsulate the process of creation of an action object. These
functions simply return a plain Js object which is an action. It promotes writing clean code and
helps to achieve reusability.

Let us learn about action creators which lets you dispatch an action, ‘ITEMS_REQUEST’ that
requests for the product items list data from the server. Meanwhile, the isL.oading state is made true
in the reducer in ‘ITEMS_REQUEST’ action type to indicate that items are loading, and data is
still not received from the server.

Initially, the isLoading state was false in the initialState object assuming nothing is loading. When
data is received at browser, isLoading state will be returned as false in
‘ITEMS_REQUEST_SUCCESS’ action type in the corresponding reducer. This state can be used
as a prop in react components to display loader/message on your page while the request for data is

on. The action creator is as follows — \A

5\ .
const ITEMS_REQUEST = ‘ITEMS_REQUEST’ ;
const ITEMS_REQUEST_SUCCESS = ‘ITEMS_REQUEST_SUCCESS’ ;
export function itemsRequest(bool,startindex,endIndex) {
Directqr, |
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let payload = {
isL.oading: bool,
startIndex,
endIndex
}
return {
type: ITEMS_REQUEST,
payload
}
}
export function itemsRequestSuccess(bool) {
return {
type: ITEMS_REQUEST_SUCCESS,
isLoading: bool,

}

To invoke a dispatch function, you need to pass action as an argument to the dispatch function.

dispatch(itemsRequest(true,1, 20));

dispatch(itemsRequestSuccess(false));

You can dispatch an action by directly using store.dispatch(). However, it is more likely that you
access it with the react-Redux helper method called connect(). You can also use
bindActionCreators() method to bind many action creators with dispatch functions.

1.11.5 Pure Functions /(@/\“

A function is a process which takes inputs called arguments, and produces some output known as
return value. A function is called pure if it abides by the following rules —

e A function returns the same result for the same arguments.
40 M ’ )
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e [ts evaluation has no side effects, i.e., it does not alter input data.
e No mutation of local & global variables.
e It does not depend on the external state like a global variable.

Let us take the example of a function which returns two times of the value passed as an input to the
function. In general, it is written as, f(x) => x*2. If a function is called with an argument value 2,
then the output would be 4, f(2) => 4.

Let us write the definition of the function in JavaScript as shown below —

const double = x => x*2; // es6 arrow function

console.log(double(2)); // 4

Here, double is a pure function.

As per the three principles in Redux, changes must be made by a pure function, i.e., reducer in
Redux. Now, a question arises as to why a reducer must be a pure function.

Suppose, you want to dispatch an action whose type is '"ADD_TO_CART_SUCCESS' to add an
item to your shopping cart application by clicking the add to cart button.

Let us assume the reducer is adding an item to your cart as given below —

const initialState = {
isAddedToCart: false;
}
const addToCartReducer = (state = initialState, action) => { //es6 arrow function
switch (action.type) {
case 'ADD_TO_CART_SUCCESS':
state.isAddedToCart = !state.isAddedToCart; //original object altered
return state;

default:

return state; \/&___’
" -
) /@\
}

export default addToCartReducer ;
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Let us suppose, isAddedToCart is a property on state object that allows you to decide when to
disable the ‘add to cart’ button for the item by returning a Boolean value ‘true or false’. This
prevents user to add same product multiple times. Now, instead of returning a new object, we are
mutating isAddedToCart prop on the state like above. Now if we try to add an item to cart, nothing
happens. Add to cart button will not get disabled.

The reason for this behaviour is as follows —

Redux compares old and new objects by the memory location of both the objects. It expects a new
object from the reducer if any change has happened. And it also expects to get the old object back
if no change occurs. In this case, it is the same. Due to this reason, Redux assumes that nothing has
happened.

So, it is necessary for a reducer to be a pure function in Redux. The following is a way to write it
without mutation —

const initialState = {
isAddedToCart: false;
}
const addToCartReducer = (state = initialState, action) => { //es6 arrow function
switch (action.type) {
case 'ADD_TO_CART_SUCCESS':
return {
...state,
isAddedToCart: !state.isAddedToCart
}
default:

return state;

} g .

export default addToCartReducer;

1.11.6 Reducers

Reducers are a pure function in Redux. Pure functions are predictable. Reducers are the only way
to change states in Redux. It is the only place where you can write logic and calculations. Reducer
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function will accept the previous state of the app and action being dispatched, calculate the next
state and returns the new object.

The following few things should never be performed inside the reducer —
e Mutation of functions arguments
e API calls & routing logic
e (Calling non-pure function e.g. Math.random()

The following is the syntax of a reducer —

(state,action) => newState

Let us continue the example of showing the list of product items on a web page, discussed in the
action creators module. Let us see below how to write its reducer.

const initialState = {
isLoading: false,
items: []
b
const reducer = (state = initialState, action) => {
switch (action.type) {
case TTEMS_REQUEST"
return Object.assign({}, state, {
isLoading: action.payload.isLoading
)
case ‘ITEMS_REQUEST_SUCCESS"
return Object.assign({}, state, {
items: state.items.concat(action.items),
isLoading: action.isLoading
H
default: -\\/L,’

return state;
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export default reducer;

Firstly, if you do not set state to ‘initialState’, Redux calls reducer with the undefined state. In this
code example, concat() function of JavaScript is used in ‘ITEMS_REQUEST_SUCCESS', which
does not change the existing array; instead returns a new array.

In this way, you can avoid mutation of the state. Never write directly to the state. In
'TTEMS_REQUEST', we have to set the state value from the action received.

It is already discussed that we can write our logic in a reducer and can split it on the logical data
basis. Let us see how we can split reducers and combine them together as root reducer when
dealing with a large application.

Suppose, we want to design a web page where a user can access product order status and see
wishlist information. We can separate the logic in different reducers files, and make them work
independently. Let us assume that GET_ORDER_STATUS action is dispatched to get the status of
order corresponding to some order id and user id.

/reducer/orderStatusReducer.js:
import { GET_ORDER_STATUS } from ‘../constants/appConstant’;
export default function (state = {} , action) {
switch(action.type) {
case GET_ORDER_STATUS:
return { ...state, orderStatusData: action.payload.orderStatus };
default:

return state;

Similarly, assume GET_WISHLIST_ITEMS action is dispatched to get the user’s wishlist
information respective of a user.

/reducer/getWishlistDataReducer.js:
import { GET_WISHLIST_ITEMS } from ‘../constants/appConstant’;
export default function (state = {}, action) { vt'/%
switch(action.type) {

case GET _WISHLIST ITEMS:
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return { ...state, wishlistData: action.payload.wishlistData };
default:

return state;

}

Now, we can combine both reducers by using Redux combineReducers utility. The
combineReducers generate a function which returns an object whose values are different reducer
functions. You can import all the reducers in index reducer file and combine them together as an
object with their respective names.

/reducer/index.js:
import { combineReducers } from ‘redux’;
import OrderStatusReducer from ‘./orderStatusReducer’;

import GetWishlistDataReducer from ‘./getWishlistDataReducer’;

const rootReducer = combineReducers ({
orderStatusReducer: OrderStatusReducer,
getWishlistDataReducer: GetWishlistDataReducer
D;

export default rootReducer;

Now, you can pass this rootReducer to the createStore method as follows —

const store = createStore(rootReducer);

1.11.7 Integrating with React

In the previous chapters, we have learnt what is Redux and how it works. Let us now check the
integration of the view part with Redux. You can add any view layer to Redux. We will also
discuss the React library and Redux.

Let us say if various react components need to display the same data iﬁﬁiﬁn\ﬂmm

passing it as a prop to all the components from top-level component to the waif downIt would be
ideal to store it outside the react components. Because it helps in faster data retrieval XIS you need
not pass data all the way down to different components. .

Du m s
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Let us discuss how it is possible with Redux. Redux provides the react-redux package to bind react
components with two utilities as given below —

e Provider
e Connect

Provider makes the store available to the rest of the application. Connect function helps the react
component to connect to the store, responding to each change occurring in the store’s state.

Let us have a look at the root index.js file which creates a store and uses a provider that enables the
store to the rest of the app in a react-redux app.

import React from 'react’

import { render } from 'react-dom'

import { Provider } from 'react-redux’

import { createStore, applyMiddleware } from redux’;
import reducer from './reducers/reducer’

import thunk from 'redux-thunk';

import App from './components/app'

import './index.css';

const store = createStore(
reducer,

window._ REDUX_DEVTOOLS_EXTENSION___ &&
window.__ REDUX_DEVTOOLS_EXTENSION__ (),

applyMiddleware(thunk)
)
render(
<Provider store = {store}>
<App />

</Provider>,

document.getElementById('root") A
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Whenever a change occurs in a react-redux app, mapStateToProps() is called. In this function, we
exactly specify which state we need to provide to our react component.

With the help of connect() function explained below, we are connecting these app’s state to the
react component. Connect() is a high order function which takes component as a parameter. It
performs certain operations and returns a new component with correct data which we finally
exported.

With the help of mapStateToProps(), we provide these store states as prop to our react component.
This code can be wrapped in a container component. The motive is to separate concerns like data
fetching, rendering concern and reusability.

import { connect } from 'react-redux’
import Listing from '../components/listing/Listing' //react component

import makeApiCall from '../services/services' /component to make api call

const mapStateToProps = (state) => {
return {
items: state.items,
isLoading: state.isLoading
%
b
const mapDispatchToProps = (dispatch) => {
return {
fetchData: () => dispatch(makeApiCall())
%
b

export default connect(mapStateToProps, mapDispatchToProps)(Listing);

The definition of a component to make an api call in services.js file is as fgllows — \/L,

La¥ -
import axios from 'axios'
import { itemsLoading, itemsFetchDataSuccess } from '../actions/actions’
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export default function makeApiCall() {
return (dispatch) => {
dispatch(itemsLoading(true));
axios.get(‘http://api.tvmaze.com/shows')
.then((response) => {
if (response.status !== 200) {
throw Error(response.statusText);
}
dispatch(itemsLoading(false));
return response;
1))

.then((response) => dispatch(itemsFetchDataSuccess(response.data)))

b

mapDispatchToProps() receives dispatch function as a parameter and returns you callback props as
plain objects that you pass to your react component.

Here, you can access fetchData as a prop in your react listing component, which dispatches an
action to make an API call. mapDispatchToProps() is used to dispatch an action to store. In
react-redux, components cannot access the store directly. The only way is to use connect().

Let us understand how the react-redux works through the below diagram —

THE TECHNOLOGICAL INSTITUTE
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Chapter 2-
PROJECT ANALYSIS

2.1 What is supportSME

SupportSME Community Inc. has launched a marketplace platform to help small businesses
mitigate potentially catastrophic effects of coronavirus-related closures, lockdowns and other
restrictions. According to a new survey, one in three businesses in Canada say that they cannot
survive the current coronavirus pandemic conditions for more than a month. According to the
Canadian Federation of Independent Business, 60 percent of small businesses have seen a
significant drop in sales, with more than a third reporting a reduction greater than 75 percent. In
these uncertain and chaotic times, the SupportSME platform targets all small and medium
businesses including restaurants, spas, beauty salons, barber’s shops, dental offices,
physiotherapy/massage clinics, fitness centers, shops, and arts and entertainment venues that are
directly or indirectly dependent on free movement of buyers arriving in-person to physical
business locations. The platform provides a “natural” community-based financing solution to help
businesses meet their liquidity and operating expense requirements by channeling immediately
available cash funds from buyers who are willing to support their favorite service providers now in
lieu of the services delivered later. The governments of all levels may benefit from the platform by
leveraging it to channel available consumer cash in a form of pent-up demand for small business
products and services instead of directly subsidizing business operational expenses during the
COVID-19 economic downturn. Supportsme’s marketplace platform allows local suppliers to list
their businesses and offer services by issuing certificates. Customers will be able to purchase these
certificates during the restrictions, making the funds immediately available for the businesses, and
redeem them after the restrictions are lifted at the issuer-specified premium.

2.2 Technology Stack:-

e Frontend:- ReactJs for web App, react native for mobile app.
e Backend:- NodelJs.
e DataBase:- Postgresql

e Other Technologies:- AWS Elasticsearch, S3 bucket, Microseryices Arcl\lvivmz

n :

50 THE TECHNOLOGICAL INSTITUTE
OF TEXTILE & SCIENCES, BHWANI



2.3 Features Of Project:-

Admin Portal:-
e SignUp
e Signln

e Adding Categories

e Adding Certificate Plans.

e Showing Business List

e Verifying / Reject Business

e Giving the default amount to businesses to publish certificates.
Business portal:-

e SignUp

e Signln

e OnBoard Business

e View Profile

e Edit Profile

e Business Verification

e C(Create and Publish Certificates with his preferred offer.
e Redeem Certificate

e View Certificate History

e View Donation History

e Onboard multiple business \A
e Displaying Business Listing

o Edit Business
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Customer portal:-

SignUp

Signln

OnBoard Customer.

Edit profile

Display of All Businesses with their certificates.
Display of Nearby Businesses.

Purchase Certificate

Checkout Payment

Showing Purchase History

Make Donation

Showing Donation list

Showing Top Donors

Showing Trending Business

Giving Rating and Feedback to business

Displaying Feedback List

2.4 Hardware Configuration

Table 2.1 Hardware configuration

RAM 8 GB
Processor Intel® Core™ j5-8265U CPU y
Clockspeed 1.60GHz /\?WQ-/ R
TN
No of cores 8 \
OS Type 64 bit
Director, |
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Harddrive 251.0 GB

2.5 Software Configuration

Table 2.2 Software configuration

Package Manager npm
Architecture create-react-app
Editor VS Code
Repository Bitbucket

(0N} Linux

2.6 Roles & Responsibilities

e UI Designing of multiple Components.
e API Integrations.

e Business DashBoard.

e Customer Purchasing Certificate.

e Making reusable Components.

e Adding Multiple Business.

e C(Certificates Redemption.

e Integrating Payment Checkout

e Solving UAT Issues. \A
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Chapter- 3
RESULTS AND DISCUSSIONS

3.1 Admin portal:-

HOPE-Admin Portal LOGOUT

Business Listing

Search By name,email phone SUBMIT ‘ CANCEL

First Last ; No. of Email Admin
Id Email Id Phone no.

Name Name Business Verified Verified
S5efd848209dc1c0d2ed22204 Anjali Raheja anjali.raheja@unthinkable.co 07015030631 1 « Verified « Not Verified
5efdB8f509dc1c0d2ed2222e Suvankar Majumder suvankar@yopmail.com 9898989898 3 o Verified » Verified
5efdbd0909dc1c0d2ed222cf Arpi Kap arpita3488@gmail.com 7094958646 1 » Verified » Verified
Sefdf9ad021cb22dc09ddeae Abhishek Virmani abhishek@unthinkable.co 7878787878 1 « Verified « Not Verified
5efdff01021ch22dc09ddebd Abhishek Virmani abhishekunthinkable@yopmail.com 7878787878 1 « Verified « Not Verified

Fig 3.1:- Business List

>4 THE TECHNOLOGICAL INSTITUTE

OF TEXTILE & SCIENCES, BHIWANI



HOPE-Admin Portal

LOGOUT

Business Details

First Name
Anjali

Email
anjali.raheja@unthinkable.co

Email Verified
Verified

Certificate Amount Limit
Minimum Certificate Amount: $0.5

E AMOUNT

HSB Fine Dine Resturant

Business Ve

Pending

Category
Restaurant

Fig 3.2:-

HOPE-Admin Portal

Last Name
Raheja

Phone
07015030631

Total Balance Amount

$342

UPDATE CREDIT BALANCE

Maximum Certificate Amount: $150

Business Name
HSB Fine Dine Resturant

No. of Staff
0 -

Business Details

LOGOUT

Business Verification
Pending

Category
Restaurant

Address
Dinod Gate, Shiv Nagar Colony, Bhagganpuri, Bhiwani, Haryana 127021, India

Postal Code
127021

Business Email

Business Images

| HSBIMAGEJPEG || HSBIMAGE2JPEG |
Business Certificates

I SCREENSHOT FROM 2020-07-01 19-25-30.PNG |

Personal Certific

| SCREENSHOT FROM 2020-07-01 19-25-30.PNG |

e

Business Name
HSB Fine Dine Resturant

N
0

of Staff
City
Rohtak

Business Phone

Business Website

Fig 3.3:- Business Approve/Reject

e . 8. .
’
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HOPE-Admin Portal LOGOUT

Categories List | ADD CATEGORY
Id Name Image Update Category Delete Category
5efd663209dc1c0d2ed221fd Bar and Pub | BAR AND PUB | # EDIT ‘ ‘ DELETE |
5efd664109dc1c0d2ed221fe Hotel : HOTEL :‘ I- # EDIT ‘ ‘- DELETE |
5efd666809dc1c0d2ed221f Restaurant RESTAURANT | ! # EDIT ‘ ! DELETE |
5efd668f09dc1c0d2ed22200 Fitness | FITNESS | | # EDIT ‘ ‘ DELETE |
Sefd66ba0%dc1c0d2ed22201 Tour | TOUR | | # EDIT ‘ ‘ DELETE |

Rows per page 5~ 1-50f5 .

Fig 3.4:- category List

HOPE-Admin Portal

Plans | ADDPLAN |
Id Percentage Value Valid After (in Days)
Secfdcb8ca79b86a39c7d346 10 45
Secfocb8ca79b86a39cTd347 15 60
Secf9cb8ca’/9IbB6a39c7d348 20 90
Seff22b8021cb22dc09ddfec 10 o

Rows per page: 5w 1-40f 4

Fig 3.5:- Certificates Issuing Plans w .
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3.2 Business portal:-

‘ About Us QOur Team I AnialiRaheja AR SIGN OUT

— We help local businesses
sustain through the pandemic

Connect today with your local supporters who are willing to pay

for your services in advance.

GET STARTED

We are committed to supperting our merchants during COVID -19

How supportSME works? —>

Fig 3.6:- Business Home Page

supportSME Redeem Certificate SIGN OUT

Dashboard

el
& Profil Profile Change Password
rofile
= My Business Profile Details [¢ Edit Profile
& certificates Full Name: Email 1d: Verified Mobile No \A
Anjali Raheja anjali.raheja@unthinkable.co 07015030634 L2\ -

& Sponsorship History

(@ Need Help
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Fig 3.7:- Business Profile

supportSME Redeem Certificate SIGN OUT

Dashboard

& pran Free Listing *Upload your certificates for verification
rofile

EsJ My Business

Business Name® Category” Landmark®
Certificates e Landm -
& Sponsorship History Address Line1* Address Linez2 (optional) City*
@y Need Help

Website (optional) Email (optional) Business Phone (aptional)

Fig 3.8:- Edit Business

Enter RedeemCode Code&
Redeem Certificate

Redeem Code

No Of Certificates

Fig 3.9:- Redeem Certificate

Director, |
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3.3 Customer portal:-

After Quarantine Plans

Looking for a place?

Pre-book your favorite spots now and avail added benefits later
at a time that suits you: Start today with us

We are in this together - help local businesses
sail through this pandemic by sponsoring today

SPONSOR TODAY Small Actions™Lots of People = Big Change

Fig 3.10:- Customer Home Page

THE TECHNOLOGICAL INSTITUTE
OF TEXTILE & SCIENCES, BHIWANI

59



I

Bar And Pub Hotel Tour

Restaurant Fitness

All (6 Results)

Kapoor and Sons pay $20 Kapoor and Sons

© 999 Canada P, Vancou

Redeem For $23

@ 999 Canada P, Vancou..

Old Rao Dhaba

@ Imt Manesar, Gurugra...

Redeem For $11 N

Redeem For $12

HSB Fine Dine Restu...  pay $10

@ Dinod Gate, Shiv Nagar.

Redeem For $12

Fig 3.11:- Displaying Available Certificates

@ Best Offers

Kapoor and Sons

RLEVEL410- 999 CANADA PLACE 999 Canada
Pl, Vancouver, BC V&C

6 @

4.0
Canada

Check out our available certificates

Pav €20 £ Pav 10 &

Best Hangout Place in Town

Dau &SN &

Fig 3.12:- Business Detail

60

Anjali + SIGN OUT

¥
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Pay $20 & Pay $10& Pay $50&

Redeem $23 on your bill Redeem $12 on your bill Redeem $50 on your bill
Valid on and after 01 Sep 2020 Valid on and after 01 Oct 2020 Valid on and after 01 Oct 2020
Valid Upto: Never Expires Valid Upto: Never Expires Valid Upto: Never Expiras
Available 1 certificates Available 10 certificates Available O certificates

- 3 +
ADD TO CART

Recommended Reviews

Check out what customer says about us

Share Your Reviews

Arpita Kapoor
Rate Us
Awesome hangout place !
ﬂ Anjali
Feedback

Amazinggggeg

Fig 3.13:- Purchasing Certificate

Support local businesess today

Kapoor and Sons Pay $20 Kapoor and Sons Pay $10 Old Rao Dhaba Pay $10 Old Rao Dhaba Pay $15

@ 999 Canada PI, Vancou, ® 999 Canada P, Vancou. ® Imt Manesar, Gurugra. ® Imt Manesar, Gurugra

SRR 0 Redeem For §12 - Redeem For §11 Redeem For $16.5 o

Fig 3.14:- Certificates on Home Screen
Director, ‘
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supportSME

Certificate History

&

Best Offers About Us Our Team Sponsor

Anjali O SIGN OUT

Last
Business 2 Redeemed Paid Redeem 5
Business Address TXNId Redemption Status
Name Code Amaount Amount
Date
HSE Fine 553/887 Dinod Gate, Shiv Nagar Colony,
Dine Bhagganpuri. Bhiwani, Haryana 127021, A1249720 $5 $35 txn1593680443782 -
Resturant India
HSE Fine 553/887 Dinod Gate, Shiv Nagar Colony,
Dine Bhagganpuri, Bhiwani, Haryana 127021, AT700253 $20 $23 ten1593767757485 -
Resturant India
Pizza Inc Higar Hitae e Stang, Sedtor Uity A5731757 $1 $12 txn1593782058678 -
Haryana, India
HSB Fine 553/887 Dinod Gate, Shiv Nagar Colony,
Dine Bhagganpuri, Bhiwani, Haryana 127021, A367307 %10 $12 txn1593850573764 =
Resturant India
Fig 3.15:- Customer Purchase History
Sponsor Today Sponsor List

Let’s help the local businesses shine!

Who are you sponsoring today?

Choose a Sponsorship Amount

$25

$50 $100 $150

Personal Details

Name *
Anjali

Phone *

Organisation *

City (Optional)

Here

Email *

Sponsor Type *

Address (Optional)

> Here

Country (Optional)

Check out these beautiful souls who just
did their bit

Business @i Platform

$200

A Anonymous Sponsored $2000

Ak ArpitaKapoor  Sponsored $900
& Kudos 1!

A Anonymous  Sponsored $1400

AK ArpitaKapoor  Sponsored $700
@R Expand more 1!

Anjali Sponsored $200
Hyo

Fig 3.16:- Donation Form and Donor List
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Leading Sponsors!
A Big Thanks to our top sponsors !

Individual Business

Anonymous Anonymous Arpita Kapoor
Sponsored: $2000 Sponsored: $1400 Sponsored: $900 Anjali
Sponsored: $200

Discover

supportSME

Join our Market Place
Terms & Conditions Sponsor's List

Acceptable Use of Policy

Fig 3.17:- Top Donors
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Chapter- 4

CONCLUSION AND FUTURE SCOPE

4.1 Present Scope

In today's digital world almost every system is getting computerized and proceeds very fast
execution. Using a fast way computerized system for manipulating the data related to the project
saves time, papers and minimum power which will further help in providing better services to the
society along with providing social distancing among people in this global pandemic and helping
various businesses financially. This E-commerce system provides the better facilities that totally

fulfill the needs of the end user. That user can operate easily and conveniently.

4.2 Future Scope:

The system development is so flexible that it can be extended to include other features and it easily
extended. Without any problem which will be of great benefit. Every businessman can utilize this
for extending his business. This can be converted into a totally different paradigm for online
shopping by adding a little php and bootstrap code. This application can be easily implemented
under various situations. We can add new features as and when we require. Reusability is possible

as and when require in this application. There is flexibility in all the modules.

4.2.1 Software Scope

e Extensibility: This software is extendable in ways t@ developers’may not
expect. The following principles enhances extensibility like hide\data structure, avoid
traversing multiple links or methods, avoid case statements on object type and distinguish

public and private operations.
Director, |
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e Reusability: Reusability is possible as and when require in this application. We can update
it next version. Reusable software reduces design, coding and testing cost by amortizing
effort over several designs. Reducing the amount of code also simplifies understanding,
which increases the likelihood that the code is correct. We follow up both types of
reusability: Sharing of newly written code within a project and reuse of previously written

code on new projects.

e Understandability: A method is understandable if someone other than the creator of the
method can understand the code (as well as the creator after a time lapse). We have used a

method, which is small and coherent, to accomplish this.

e Cost-effectiveness: When the cost is within the budget and is completed within a given
time period then the project is termed as most cost effective. It is desirable to aim for a
system with a minimum cost subject to the condition that it must satisfy the entire
requirement. Scope of this document is to put down the requirements, clearly identifying
the information needed by the user, the source of the information and outputs expected

from the system.

4.3 Conclusion:

From a proper analysis of positive points and constraints on the component, it can be safely
concluded that the product is a highly efficient GUI based component. This application is working
properly and meeting to all user requirements. This component can be easily plugged in many
other systems. The SupportSME platform targets all small and medium businesses including
restaurants, spas, beauty salons, clinics, fitness centers, shops, and arts and entertainment venues
that are directly or indirectly dependent on free movement of b\&yﬁi@dn iﬂ-pésongtophysical
business locations. The platform provides a “natural” community-based fin \ncing solution to help

businesses meet their liquidity and operating expense requirements by channeling immediately
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available cash funds from buyers who are willing to support their favorite service providers now in
lieu of the services delivered later. Supportsme’s marketplace platform allows local suppliers to list
their businesses and offer services by issuing certificates. Customers will be able to purchase these
certificates during the restrictions, making the funds immediately available for the businesses, and
redeem them after the restrictions are lifted at the issuer-specified premium and we have
successfully onboarded 15 businesses on our platform and waiting to see our platform getting

enhanced.
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Websites:-

REFERENCES

https://developer.mozilla.org/en-US/docs/Web/JavaScript

https://material-ui.com/
https://reactjs.org/docs/getting-started.html

https://redux.js.org/
https://www.npmjs.com/ /W

THE TECHNOLOGICAL INSTITUTE
OF TEXTILE & SCIENCES, BHWANI

67





