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ABSTRACT 

This study focuses on evaluating the use of the Dangote  Ordinary Portland and Portland 

Pozolana cement for structural concrete production and its  production processes of Dangote 

cement factory with special emphasis to its property as ingredient of structural concrete with 

regards to quality, eniviroment and minimization of structural cross sections  However, most 

of the consultants who design structures are simply specifying the ingredients of concrete 

without enough description of type, reasonable content, and relations with other factors 

which have direct effect to the hydrolysis reaction of the cements. This and others are costing 

the country negatively. 

Anon-experimental survey and experimental test design employing a qualitative approach 

was used in in this investigation. The research Design in this Current inquiry involved two 

phases: data Collection and data analysis. The data Collection phase included examining the 

current literature to identify relevant background and collecting data from the factory. The 

data analysis phase distilled the findings of the laboratory test result of different classes of 

Concrete produced from each of cement type were Conducted and recorded at different ages. 

This research  discuses results from analysis on the compressive strength test results and rate 

of gaining strength.by studying how each of the classes of Concrete produced by Ordinary 

Port land and Portland Pozolana Cement were compared, we  found good strength 

development was observed especially in the high strength concrete, Strength up to54.75% 

and 58.06% in 3 days  and 77.74% and 73.7% in 7 days relative to their28 days strength was 

possible using the Dangote Portland Pozolana Cements and  Ordinary Port land Cement 

respectively. 

Further, we identifies that the OPC is best in high early Strength concrete production. And 

the PPC cannot produce a 28th day concrete compressive strength as high as that of the 

OPC .The study also identifies that carbon dioxide emitted more and costs higher than other 

greenhouse gases during per ton production of Portland cements.  

Keywords: Cement, Greenhouse gases, Compressive Strength, Dangote OPC, Dangote PPC  
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CHAPTER ONE 

INTRODUCTION 

1.1. Background 

By varying the relative proportions of the essential compounds and fineness to which the 

cement is ground and/or by incorporating pozzolanic materials, it is possible to produce 

different Portland cement types. Accordingly, in Ethiopia there are two cement types; 

namely: Portland Pozzolana Cement (PPC) and Ordinary Portland cement (OPC); and 

recently, Messebo and Muggier Cement Factory have started to produce a 3rd cement type 

called Portland Limestone Cement (PLC). 

Depending on the oxide composition of the raw materials and homogenizing them, degree of 

fineness in grinding the clinker and particle size distribution of the cements even ordinary 

Portland cement might vary both in chemical composition and fineness from one 

manufacturing place to another. Consequently the rate of strength development as well as the 

ultimate strength may be affected (Abayneh, 1987). As a result, the research is planned to 

study the cement types produced at one of the cement factories of Ethiopia called Dangote 

Cement (Ethiopia) PLC. 

Concrete, the oldest and the most widely used construction material in the construction of 

civil engineering structures, is a composite material that consists of essentially cements, 

aggregate and water. Besides, chemical admixtures are essential when special properties are 

desired. For instance, super plasticizer is mandatory in the production of high strength 

concrete where the Water/cement ratio is less than 0.4. 

Concrete is made to possess different properties by adjusting the proportions and varying the 

properties of the concrete making materials. Cement being the main constituent of concrete, 

its properties affects the properties of concrete the most. 

Concrete can be made to possess different properties that comprise strength, elasticity, water 

tightness, durability and the likes. Concrete strength comprises compressive, tensile and 

shear strengths; the elasticity stands for modulus of elasticity and creep; and durability of 

concrete is the ability of concrete to maintain its quality throughout its designed service life. 
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Since the primary function, practically, of all structures is to carry loads or resist applied 

forces of whatever nature, concrete used for such purposes must have strength. Hence, 

although in some cases other characteristics may be more important, the strength of concrete 

is commonly considered as its most valuable property. Furthermore, strength usually gives an 

overall picture of the quality of concrete, and it is considered as good index whether direct or 

inverse, of most of the other properties(Abayneh, 1987). Thus, in this research the laboratory 

tests will be made on compressive strength of concretes made of the two cements so that 

early and ultimate strength developments for various strength classes will be studied. 

High-early-strength concrete, also called fast-track concrete, achieves its specified strength at 

an earlier age than normal concrete. High-early-strength concrete is used for pre stressed 

concrete to allow for early stressing; precast concrete for rapid production of elements; high-

speed cast-in situ construction; rapid form reuse; cold-weather construction; rapid repair of 

pavements to reduce traffic downtime; fast-track paving; and several other uses (Canada 

Concrete Association, 2005). 

The primary difference between high-strength concrete and normal-strength concrete relates 

to the compressive strength that refers to the maximum resistance of a concrete sample to 

applied pressure. However, there is no precise point of separation between high-strength 

concrete and normal-strength concrete, but standards like the American Concrete Institute 

defines high strength concrete as concrete with a cylinder compressive strength greater than 

41 MPa (C-50 in Cubic Compressive Strength). 

In this thesis, however, such a narrow difference in strength will not be entertained to 

differentiate normal and high strength concrete. Thus, intermediate strength concrete is going 

to be introduced between high and normal strength concrete. Thus, by the future context of 

this paper concrete with compressive strength up to 40 MPa will be considered as normal 

strength, between 40 and 60 MPa as intermediate and above 60MPa as high strength 

concrete; and/ or high performance concrete. 

Producing high-performance concrete is nothing but knowing what factors affect 

compressive strength and manipulating those factors to achieve the required strength; 
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nowadays, the world is familiarized with the production of Ultra High Performance Concrete 

(UHPC) up to 200MPa. 

High-performance concrete is specified where reduced weight is important, where 

architectural considerations call for small support elements or wider space between columns. 

Carrying loads more efficiently than normal-strength concrete, high-performance concrete 

also reduces the total amount of material placed and lowers the overall cost of the structure 

(Portland Cement Association, 2005). 

1.2 Statement of the Problem 

Almost all the cement factories of Ethiopia are not willing to disclose their manuals and 

chemical composition of cements. The practice of identifying the type of cement is simply 

observing the name stated on the cement bag but not the cement content in the entire bag.  

Even most of the consultants who design structures are simply specifying the ingredients of 

concrete without enough description of type, reasonable content and relations with other 

factors which have direct effect to the hydrolysis reaction of the cements. These and others 

costing the country negatively. 

In the developed world, it is a usual practice for cement factories to conduct a series of tests 

on their products and publish the result so that the parties in the construction industry know 

the merits and demerits of their products. Besides, there are professional associations that 

undergo researches and prepare standard specifications. However, this is not the custom in 

Ethiopia. 

Hence, the parties in the construction industry in general and Contractors and Consultants in 

particular barely have the desired information about the cements produced Ethiopia. This is, 

however, of paramount importance in selecting the appropriate cement in the production of 

concrete at different conditions and in the preparation of material specifications. 
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Therefore, this research focus on the study of the use of Dangote ordinary Portland and 

Portland pozzolana cements for structural concrete production from the production process of 

cements to the final results and focus to the environment.  

1.3 Research Questions 

1. How much at what cost for greenhouse gas emission to the environment per ton 

production process of Portland cement?  

2. What are the physical and chemical properties of cement and how it can be related to 

its product? 

3. What is the compressive strength of concrete classes at different ages? 

1.4 Objective of the Study 

1.4.1 General objective 

The general objective of this study is to evaluate Ordinary Portland and Portland Pozzolana 

Cement as the ingredient of structural Concrete with regard to quality, environment and 

minimization of structural cross sections. 

1.4.2 Specific objectives 

The specific objectives of the thesis is, therefore, 

1. To evaluate the greenhouse gases costs leakage to the environment per ton production 

Process of Portland cement.  

2. To identify the physical and chemical properties of the cements and to relate with 

their products. 

3. To determine the compressive strength of different class of concrete made with OPC 

and PPC at 3rd, 7th and 28th days and to compare with one another. 
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1.5 Significance of the Study 

This research by no means can provide all the required information to prepare mix 

proportioning standard, but it provides important information on the locally produced 

Dangote PPC and OPC cements although it is not the only cement producer of the country; 

but similar studies should be done to cover all the products; so that Contractors and 

Consultants can use these information in selecting the appropriate cement for the desired 

concrete properties. Besides, one of the problems in Ethiopia to undertake researches is 

scarcity of and/or access to data. In this research test results of the cements under study and 

compressive strength of more than 25 concrete cube samples produced using these cements 

in production of concrete strength ranging from normal to high are made. Therefore, these 

data is believed to be Invaluable resource for practitioners who are interested in making 

further researches relevant to Dangote Cements. 

1.6 Scope  

As the title of the thesis reveals the goal of the research is to Evaluate Dangote Cements with 

a special emphasis to its property as the ingredient of structural concrete. Through 

appropriate adjustment on the constituent materials selection and their proportions, concrete 

may be made to possess different properties in response to the desired function it is required. 

To study all concrete properties, it requires studying and/or conducting laboratory tests on 

these entire properties that in turn require much longer time, effort, enough budget and other 

resources that are absolutely beyond the scope of this research. More practically, since the 

primary function of all structures is to carry loads or resist applied forces of whatever nature, 

concrete used for such purposes must have strength.  

Hence, although in some cases other characteristics may be important, the strength of 

concrete is commonly considered as its most valuable property. Furthermore, strength 

usually gives an overall picture of the quality of concrete, and it is considered as good index 

whether direct or inverse, of most of the other properties (Abayneh, 1987).Therefore, the 

research mainly focuses on the cement property and compressive strength of its concrete. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Concrete Making Materials 

2.1.1 Cement 

As per Ethiopian Standard of 2005, there are 27 distinct common cement products and their 

constituents. The definition of each of the cement includes the proportions in which the 

constituents are to be combined to produce these distinct products in a range of six strength 

classes. 

Cement is a hydraulic binder, i.e. a finely ground inorganic material which, when mixed with 

water, forms a paste which sets and hardens by means of hydration reactions and processes 

and which, after hardening, retains its strength and stability even under water. Cement 

conforming to ES 1177 - 1, termed CEM cement, shall, when appropriately batched and 

mixed with aggregate and water, be capable of producing concrete or mortar which retains its 

workability for a sufficient time and shall after defined periods attain specified strength 

levels and also possess long-term volume stability. 

Hydraulic hardening of CEM cement is primarily due to the hydration of calcium silicates 

but other chemical compounds may also participate in the hardening process, e.g. aluminates. 

The sum of the proportions of reactive calcium oxide (CaO) and reactive silicon dioxide 

(SiO2) in CEM cement shall be at least 50 % by mass when the proportions are determined in 

accordance with ES 1176 - 2. CEM cements consist of different materials and are statistically 

homogeneous in composition resulting from quality assured production and material 

handling processes. The link between these production and material handling processes and 

the conformity of cement to ES 1177 - 1 is elaborated in ES 1177 - 2.There are also cements 

whose hardening is mainly due to other compounds, e.g. calcium aluminate in calcium 

aluminate cement Ethiopian standard 1177-1,(2005). 

Reactive Calcium Oxide (CaO): that fraction of the calcium oxide which under normal 

Hardening conditions can form calcium silicate hydrates or calcium aluminate hydrates. To 

evaluate this fraction the total calcium oxide content (see ES 1176-2) is reduced by the 

fraction corresponding to calcium carbonate (CaCO3), based on the measured carbon dioxide 

(CO2)content (see ES 1176-1), and the fraction corresponding to calcium sulfate (CaSO4), 

based on the measured sulfate (S03) content (see ES 1176-2) after subtraction of the SO3 
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taken up by alkalis. 

Reactive Silicon Dioxide (SiO2): that fraction of the silicon dioxide which is soluble after 

treatment with hydrochloric acid (HCl) and with boiling potassium hydroxide (KOH) 

solution. The quantity of reactive silicon dioxide is determined by subtracting from the total 

silicon dioxide content (see ES 1176-2) that fraction contained in the residue insoluble in 

hydrochloric acid and potassium hydroxide (see ES 1176-2), both on a dry basis. 

Cement has cohesive & adhesive properties; able to bind two or more materials together into 

a solid mass. Cohesion is the tendency of a material to maintain its integrity without 

separating or rupturing within itself when subject to external forces. Adhesion is the tendency 

of a material to bond to another material. 

 

Cement when mixed with water form a paste which sets and harden by means of hydration 

reactions, and which after hardening retain its strength and stability even under water. 

Generally cementing materials are of two types: 

A. Non-hydraulic cements: are cements which are either not able to set and harden in water 

(E.g. Non-hydraulic lime) or which are not stable in water (e.g. gypsum plasters). 

B. Hydraulic cements: are cements which are able to set and harden in water, and give a 

solid mass which does not disintegrate, i.e. remain stable in water. E.g. Portland cement. 

In a concrete mixture the function of the cement is to react with water forming a plastic mass 

when the concrete is fresh and a solid mass when the concrete is hard. The properties of the 

hardened paste are affected by the characteristics of the cement and, the completeness of 

chemical combination between the cement and water. Thus, it is essential to discuss about the 

prominent characteristics of cement and the logic behind the hydration of cement. 

 

Types of Portland cement can be varied in type by changing the relative proportions of its 

Prominent chemical compounds, by the degree of fineness of the clinker grinding and/or by 

adding some pozzolanic materials. As a result, there are several types of cements for different 

purposes. Some of them are: Ordinary Portland cement (OPC), Rapid Hardening Portland 

Cement, Sulfate Resisting Portland Cement, Low heat Portland cement, Portland Pozzolana 

Cement (PPC). But, only Ordinary Portland Cement and Portland Pozzolana Cement are 

produced in the cement factories found across the country abundantly and will be discussed 
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more in detail during the main document preparation. 

2.1.1.1 History of cement 

The history of cementing material is as old as the history of engineering construction: 

Ancient Egyptian (about 5000 years ago) used calcined impure gypsum; and the Greeks 

(about 1000BC-100BC) and the Romans (about 300BC-300AD) used calcined limestone. 

The Romans ground together lime and volcanic ash or finely ground burnt clay tiles. The 

active silica and alumina in the ash and the tiles combined with the lime to produce what 

became known as pozzolanic cement from the name of the village Pozzuoli, in Italy. The 

Romans added blood, milk, and hard to their mortar and concrete to achieve better 

workability. 

2.1.1.2 Early history of modern cement 

John Smeaton (1756) found that the best mortar was found when Pozzolana was mixed with 

limestone containing a high proportion of clayey matter. Joseph Aspedin (1824) patented 

Portland cement. This cement was prepared by heating a mixture of finely divided clay and 

hard limestone in a furnace until carbon dioxide is driven off. 

The cement was named after the natural limestone quarried on the Isle of Portland in the 

English Channel. Later in 1845 Isaac Charles Johnson burnt a mixture of clay and chalk till 

the clinkering stage to make better cement and established factories in 1851. In the case of 

Ethiopia, the first cement factory was established in 1936 by the Italians at the Eastern part of 

the country, Dire Dawa 

2.1.1.3 Constituents of cements (Ethiopian standard 1177-1, 2005). 

The requirements for the constituents specified in 2.2.1.3.1 to 2.2.1.3.4 shall be determined in 

principle in accordance with the test methods described in ES 1176 unless otherwise 

specified. 

2.1.1.3.1 Main constituent of cement 

Specially selected inorganic material in a proportion exceeding 5 % by mass related to the 

sum of all main and minor additional constituents; 
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a) Portland cement clinker(K) 

Portland cement clinker is made by sintering a precisely specified mixture of raw materials 

(raw meal, paste or slurry) containing elements, usually expressed as oxides, CaO, SiO2, 

Al2O3, Fe2O3and small quantities of other materials. The raw meal, paste or slurry is finely 

divided, intimately mixed and therefore homogeneous. Portland cement clinker is a hydraulic 

material which shall consist of at least two- thirds by mass of calcium silicates (3CaOSiO2 

and 2CaOSiO2), the remainder consisting of aluminum and iron containing clinker phases 

and other compounds. The ratio by mass (CaO)/ (SiO2) shall be not less than 2.0. The content 

of magnesium oxide (MgO) shall not exceed 5.0 % by mass. 

b) Pozzolanic materials (P, Q) 

Pozzolanic materials are natural substances of siliceous or silicon-aluminous composition or 

a combination thereof. Although fly ash and silica fume have Pozzolanic properties, they are 

specified in separate clauses (see d and g below). 

Pozzolanic materials do not harden in themselves when mixed with water but, when finely 

ground and in the presence of water, they react at normal ambient temperature with dissolved 

calcium hydroxide (Ca (OH)2) to form strength-developing calcium silicate and calcium 

aluminate compounds. These compounds are similar to those which are formed in the 

hardening of hydraulic materials. Pozzolanas consist essentially of reactive silicon dioxide 

(SiO2) and aluminum oxide (Al2O3). The remainder contains iron oxide (Fe2O3) and other 

oxides. The proportion of reactive calcium oxide for hardening is negligible. The reactive 

silicon dioxide content shall be not less than 25.0 % by mass. Pozzolanic materials shall be 

correctly prepared, i.e. selected, homogenized, dried, or heat - treated and comminuted, 

depending on their state of production or delivery. 
 
Natural Pozzolanas (P) are usually materials of volcanic origin or sedimentary rocks with 

Suitable chemical and mineralogical composition and shall conform to the above definition 

of pozzolana. 

 

Natural calcined Pozzolanas (Q) are materials of volcanic origin, clays, shale‟s or 

sedimentary rocks, activated by thermal treatment and similarly, shall conform to the above 

definition of pozzolana. 
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c)  Granulated blast furnace slag (S) 

Granulated blast furnace slag is made by rapid cooling of a slag melt of suitable composition, 

as obtained by smelting iron ore in a blast furnace and contains at least two -thirds by mass of 

glassy slag and possesses hydraulic properties when suitably activated. 

Granulated blast furnace slag shall consist of at least two -thirds by mass of the sum of 

calcium oxide (CaO), magnesium oxide (MgO) and silicon dioxide (SiO2). The remainder 

contains aluminum oxide (Al2O3) together with small amounts of other compounds. The 

ratio by mass (CaO + MgO)/ (SiO2) shall exceed 1.0. 
 

c) Fly ashes (V, W) 

Fly ash is obtained by electrostatic or mechanical precipitation of dust-like particles from the 

flue gases from furnaces fired with pulverized coal. Ash obtained by other methods shall not 

be used in cement that conforms to ES 1177 - 1. Fly ash may be siliceous or calcareous in 

nature. The former has Pozzolanic properties; the latter may have, in addition, hydraulic 

properties. The loss on ignition of fly ash determined in accordance with ES 1176 - 2, but 

using an ignition time of 1h, shall not exceed 5.0 % by mass. Fly ash with loss on ignition of 

5.0 % to 7.0 % by mass may also be accepted, provided that particular requirements for 

durability, especially frost resistance, and for compatibility with admixtures are met 

according to the appropriate standards and/or regulations for concrete or mortar in the place 

of use. In the case of fly ash with a loss on ignition between 5.0 % and 7.0 %by mass the 

maximum limit, 7.0 %, shall be stated on the packaging and/or the delivery note of the 

cement. 

Siliceous fly ash (V) is a fine powder of mostly spherical particles having Pozzolanic 

properties. It consists essentially of reactive silicon dioxide (SiO2) and aluminum oxide 

(Al2O2). The remainder contains iron oxide (Fe2O3) and other compounds. The proportion of 

reactive calcium oxide shall be less than 10.0 % by mass; the content of free calcium oxide, 

as determined by the method described in CD 6333 shall not exceed 1.0 % by mass. Fly ash 

having a free calcium oxide content higher than 1.0 % by mass but less than 2.5 % by mass is 

also acceptable provided that the requirement on expansion (soundness) does not exceed 10 

mm when tested in accordance with ES 1176 - 3 using a mixture of 30 % by mass of 

siliceous fly ash and 70 % by mass of a CEM I cement conforming to CD 5288 - 1.The 
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reactive silicon dioxide content shall not be less than 25.0 % by mass. 

Calcareous fly ash (W) is a fine powder, having hydraulic and/or Pozzolanic properties. It 

Consists essentially of reactive calcium oxide (CaO), reactive silicon dioxide (SiO2) and 

Aluminum oxide (Al2O3). The remainder contains iron oxide (Fe2O3) and other compounds.  

 

The proportion of reactive calcium oxide shall not be less than 10.0 % by mass. Calcareous 

fly ash containing between 10.0 % and 15.0 % by mass of reactive calcium oxide shall 

contain not less than 25.0 % by mass of reactive silicon dioxide. 

 

Adequately ground calcareous fly ash containing more than 15.0 % by mass of reactive 

calcium oxide, shall have a compressive strength of at least 10.0 MPa at 28 days when tested 

in accordance with ES 1176-1. Before testing, the fly ash shall be ground and the fineness, 

expressed as the proportion by mass of the ash retained when wet sieved on a 40 µm mesh 

sieve, shall be between 10 % and 30 % by mass. The test mortar shall be prepared with 

ground calcareous fly ash only instead of cement. The mortar specimens shall be remolded 

48 h after preparation and then cured in a moist atmosphere of relative humidity of at least 90 

% until tested. The expansion (soundness) of calcareous fly ash shall not exceed 10 mm 

when tested in accordance with ES 1176 - 3 using a mixture of 30 % by mass of calcareous 

fly ash ground as described above and 70 % by mass of a CEM I cement conforming to 

ES1177 - 1. If the sulfate (SO3) content of the fly ash exceeds the permissible upper limit for 

the sulfate content of the cement then this has to be taken into account for the manufacture of 

the cement by appropriately reducing the calcium sulfate-containing constituents. 
d) Burnt shale (T) 

Burnt shale, specifically burnt oil shale, is produced in a special kiln at temperatures of 

Approximately 800 °C. Owing to the composition of the natural material and the production 

process, burnt shale contains clinker phases, mainly Dicalcium silicate and mono calcium 

aluminate. It also contains, besides small amounts of free calcium oxide and calcium sulfate, 

larger proportions of pozzolanically reacting oxides, especially silicon dioxide. 

Consequently, in a finely ground state burnt shale shows pronounced hydraulic properties 

like Portland cement and in addition Pozzolanic properties. Adequately ground burnt shale 

shall have a compressive strength of at least 25.0 MPa at 28 days when tested in accordance 
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with ES 1176 - 1. The test mortar shall be prepared with finely ground burnt shale only 

instead of cement. The mortar specimens shall be remolded 48 h after preparation and cured 

in a moist atmosphere of relative humidity of at least 90 % until tested. 

 

The expansion (soundness) of burnt shale shall not exceed 10 mm when tested in accordance 

with ES 1176 - 3 using a mixture of 30 % by mass of ground burnt shale and 70 % by mass 

of a CEM I cement conforming to this Committee Draft. If the sulfate (SO3) content of the 

burnt shale exceeds the permissible upper limit for the sulfate content of the cement then this 

has to be taken into account for the manufacture of the cement by appropriately reducing the 

calcium sulfate-containing constituents. 

           f)  Limestone (L, LL) 

Limestone shall meet the following requirements: 

a)  The calcium carbonate (CaCO3) content calculated from the calcium oxide content 

Shall be at least 75 % by mass. 

b) The total organic carbon (TOC) content, when tested in accordance with ES 1179:2005, 

shall conform to one of the following criteria: 

- LL: shall not exceed 0.20 % by mass; 

- L: shall not exceed 0.50 % by mass. 
 
 
 
 g) Silica fume (D) 
 

Silica fume (D) originates from the reduction of high purity quartz with coal in electric arc 

furnaces in the production of silicon and ferrosilicon alloys and consists of very fine 

spherical particles containing at least 85 % by mass of amorphous silicon dioxide. Silica 

fume shall meet the following requirements: 

a) The loss on ignition shall not exceed 4.0 % by mass determined in accordance with ES 

1176 - 2 but using an ignition time of 1 h. 

b) The specific surface of the untreated silica fume shall be at least 15.0 m2 /g when tested in 

accordance with ES ISO 9277. 

For inter grinding with clinker and calcium sulfate the silica fume may be in its original state 

or compacted or pelletized (with water). 
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2.1.1.3.2 Minor additional constituents 

Minor additional constituents are specially selected, inorganic natural mineral materials, 

In organic mineral materials derived from the clinker production process or constituents as 

specified in 2.2.1.3.1 unless they are included as main constituents in the cement; they will 

be added in a proportion not exceeding a total of 5 % by mass related to the sum of all main 

and minor additional constituents. Minor additional constituents, after appropriate 

preparation and on account of their particle size distribution, improve the physical properties 

of the cement (such as workability or water retention on). They can be inert or have slightly 

hydraulic, latent hydraulic or Pozzolanic properties. However, no requirements are set for 

them in this respect. Minor additional constituents shall be correctly prepared, i.e. selected, 

homogenized, dried and comminuted depending on their state of production or delivery. 

They shall not increase the water demand of the cement appreciably, impair the resistance of 

the concrete or mortar to deterioration in any way or reduce the corrosion protection of the 

reinforcement. Information on the minor additional constituents in the cement should be 

available from the manufacturer on request. 

2.1.1.3.3 Calcium sulfate 

Calcium sulfate is added to the other constituents of cement during its manufacture to control 

setting. Calcium sulfate can be gypsum (calcium sulfate dehydrate, CaSO4_ H2O), 

hemihydrates (CaSO4 ½H2O), or anhydrite (anhydrous calcium sulfate, CaSO4) or any 

mixture of them. Gypsum and anhydrite are found naturally. Calcium sulfate is also available 

as by-product of certain industrial processes. 

2.1.1.3.4 Additives 

Additives for the purpose of ES 1177 - 1 are constituents not covered in 2.2.1.3.1 to 2.2.1.3.3 

which are added to improve the manufacture or the properties of the cement. The total 

quantity of additives shall not exceed 1.0 % by mass of the cement (except for pigments). 

The quantity of organic additives on a dry basis shall not exceed 0.5 % by mass of the 

cement. These additives shall not promote corrosion of the reinforcement or impair the 

properties of the cement or of the concrete or mortar made from the cement. 
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2.1.1.5 Standard designation ES 1177-1, (2005). 

CEM cements shall be identified by at least the notation of the cement type as specified in 

Table 2.1above and the figures 32.5, 42.5 or 52.5 indicating the strength class (see table 

below). In order to indicate the early strength class the letter N (Normal hardening) or the 

letter R (Rapid hardening) shall be added as appropriate. 

Table 2.1: Mechanical and physical requirements given as characteristic values 

 

 

 

 

 
 

EXAMPLE 1: Portland cement conforming to ES 1177-1 of strength class 42.5 with a high 

early strength is identified by: Portland cement ES 1177-1 - CEM I 42.5 R 

EXAMPLE 2: Portland- limestone cement containing between 6 % and 20 % by mass of 

lime stone with a TOC content not exceeding 0.50 % by mass (L) of strength class 32.5 with 

an ordinary early strength is identified by: Portland- limestone cement ES 1177-1- CEM 

II/A-L 32.5 N 

EXAMPLE 3: Portland-composite cement containing in total a quantity of granulated blast 

furnace slag (S), siliceous fly ash (V) and limestone (L) of between 6 % and 20 % by mass 

and of strength class 32.5 with a high early strength is identified by: Portland-composite 

cement ES 1177-1 - CEM II/A-M (S-V-L) 32.5 R 

EXAMPLE 4: Composite cement containing between 18 % and 30 % by mass of granulated 

blast furnace slag (S) and between 18 % and 30 % by mass of siliceous fly ash (V) of 

strength class 32.5with an ordinary early strength is identified by: Composite cement ES 

1177-1 - CEM V/A (S-V) 32.5 N 
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2.1.1.6 Conditions of supply ES 1177-1, (2005). 

2.1.1.6.1 Identification 

Cement should be identified on the bag or the delivery note, and on any test report, with the 

following particulars: 

a) The name, trade mark or other means of identification of the manufacturer to facilitate 

Trace ability to the factory in which the cement was manufactured; 

b) The designation/name, the notation/type and strength class of the cement; e.g. 

I. Portland cement CEM I 42.5N; 

II. Portland-fly ash cements CEM II/B-V 32.5R; 

III. Portland-limestone cements CEM II/A-LL 42.5N; 

IV. Blast furnace cements CEM III/A 42.5N; 

c) The number and date of this Standard i.e. ES 1177-1; 

d) The standard notation of any admixture, where applicable; 

e) The quality marking plus associated information; and in the case of bagged supply only: 

f) The weight of a bag packed with cement. 

2.1.1.6.2 Packed/bagged cement 

Where cement is supplied in a bag for manual handling, the weight should be 50 kg, within 

permitted tolerances. If a test report is requested from the manufacturer, it should include 

results of the following tests on samples of the cement, and the information, where indicated, 

relating to the material delivered; including compressive strength at either 2 days or 7 days, 

as appropriate, and also at 28 days, initial setting time, soundness, chloride content and any 

other compositions ES 1177-1, (2005). 

2.1.1.7 Classification of ordinary Portland cement 

The cements produced by inter-grinding of cement clinker prepared in rotary cement kiln 

along with3-5 % gypsum only are called as Ordinary Portland Cement (OPC). Depending 

upon the strength requirement OPC is further classified as OPC-33 grade, OPC-43 grade and 

OPC-53 grade. The range of applications, the Physical / Chemical requirements as per 

Bureau of Indian Standards (BIS) and strength of OPC are discussed in the following 

sections, http://www.indiacements.co.in/varieties.htm. 
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2.1.1.7.1 53 Grade OPC 

53 Grade OPC is a higher strength cement to meet the needs of the consumer for higher 

strength concrete. As per BIS requirements the minimum 28 days compressive strength of 53 

Grade OPC should not be less than 53 MPa. For certain specialized works, such as pre-

stressed concrete and certain items of precast concrete requiring consistently high strength 

concrete, the use of 53 grades OPC is found very useful. 53 grades OPC produce higher-

grade concrete at very economical cement content. In concrete mix design, for concrete C-20 

and above grades a saving of 8 to 10 % of cement may be achieved with the use of 53 grade 

OPC. 
 

53 Grade OPC can be used for RCC works (Preferably where grade of concrete is C-25 and 

above),Precast concrete items such as paving blocks, tiles building blocks, Pre-stressed 

concrete components and Runways, concrete Roads, Bridges etc. The physical and chemical 

requirements of 53 Grade OPC as per BIS Requirement are given in tables 2.3 and 2.4 below: 

Table 2.2: Physical Characteristics of 53 Grades OPC (BIS Requirements) 

IS 

Code 

Fineness 

[Sq.m/kg], 

min 

Soundness by Setting Time Compressive Strength 

  
Lechatlir 

[mm] 

max 

Autoclave 

Max [%] 

Initial 

[mts] 

Min 

Final 

[mts] 

Max 

3day 

Min 

[Mpa] 

7day 

Min 

[Mpa] 

28day 

Min 

[Mpa] 

(IS 

12269- 

1987) 

225 10 0.8 30 600 27 37 53 
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Table 2.3: Chemical Characteristics of 53 Grades OPC (BIS Requirement) 

IS Code Lime 

Saturation 

Factor 

Alumina 

ratio, Min. 

Insoluble 

Residue 

[%] 

Max 

MgO [%] 

Max. 

Max. 

Sulphuric 

anhydride 

Loss on 

Ignition 

[%], 

Max 

(IS 12269- 

1987) 

0.8 Min 

1.02  Max 

0.66 2 6 2.5%Maxwhen 

C3A is 5or less 

or3%Maxwhen 

C3A is greater 

than 5 

4 

 

2.1.1.7.2  43 Grade OPC 

The 43 grade OPC is the most popular general-purpose cement in the country today. The 

production of43 grades OPC is nearly 50% of the total production of cement in the country. 

The 43 grade OPC can be used for general Civil Engineering construction work, RCC 

works(preferably where grade of concrete is up to C-30), Precast items such as blocks, tiles, 

pipes etc., Asbestos products such as sheets and pipes and non-structural works such as 

plastering, flooring etc. 

The compressive strength of cement when tested as per IS code shall be minimum 43 MPa. 

The physical and chemical properties of this cement are given in the tables 2.5 and 2.6 

below: 
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Table 2.4: Physical Characteristics of 43 Grades OPC (BIS Requirements) 

IS 

Code 

Fineness 

[sq./kg] min 

Soundness by Setting Time Compressive Strength 

  Lechatr 

[mm] 

max 

Auto 

clave 

Max 

[%] 

Initial 

[mts] 

min 

Final 

[mt] 

Max 

3 day 

Min 

[Mpa] 

7day 

Min 

[Mpa 

28dy 

Min[Mpa] 

(IS 

12269- 

1987) 

225 10 0.8 30 600 

specified 

23 33 43 

 

Table 2.5: Chemical Characteristics of 43 Grades OPC (BIS Requirement) 

IS Code Lime 

Saturation 

Factor 

Alumina 

ratio, Min. 

Insoluble 

Residue 

[%] Max 

MgO 

[%] 

Max. 

Max. 

Sulphuric 

anhydride 

Loss on 

Ignition 

[%] Max 

(IS 

12269- 

1987) 

0.8 Min 

1.02 Max 

0.66 2 6 2.5%Max 

when C3A 

is 5 or less. 

3%Max 

when C3A is 

greater than 5 

5 

 

 2.1.1.7.3 33 Grade OPC 

This cement is used for general civil construction work under normal environmental 

conditions. The compressive strength of cement after 28 days test as per IS specification is 33 

MPa. Due to low compressive strength, this cement is normally not used where high grade of 

concrete C-20 and above is required. The availability of higher grades of OPC in the market 

are affecting the use of 33 grade OPC and now days 43 grade OPC is normally used for 
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general construction work instead of 33 grade OPC. It is more useful for mass concreting and 

plain cement concreting; and can be used for plastering and single story individual houses. 

The physical and chemical requirements as per BIS are given in tables 2.6 and 2.7 below: 

Table 2.6: Physical Characteristics of 33 Grades OPC (BIS Requirements) 

IS 

Code 

Fineness 

[sq.m/kg] 

min 

Soundness by Setting Time Compressive Strength 

  Lechatlier 

[mm] max 

Auto 

clave 

Max [%] 

Initial 

[mts] 

min 

Final 

[mts] 

Max 

3 day 

Min 

[Mpa] 

7 day 

Min 

[Mpa] 

28day 

Min 

[Mpa] 

(IS 

12269- 

1987) 

225 10 0.8 30 600 

specified 

16 22 33 

 

Table 2.7: Chemical Characteristics of 33 Grades OPC (BIS Requirement) 

IS 

Code 

Lime 

Saturation 

Factor 

Alumina 

ratio, Min. 

Insoluble 

Residue 

[%] Max 

MgO 

[%] 

Max. 

Sulphuric anhydride 
Loss on 

Ignition 

[%] Max 

(IS12269- 

1987) 

0.8 

Min 

1.02 

Max 

0.66 4 6 2.5% Max when 

C3A is 5 or less. 

3% Max whenC3A 

is greater than 5. 

5 

 

Some countries have only one grade of cement whereas others prescribe different grades. The 

main advantage (some people say: the only advantage) in using higher grade cement is the 

faster rate of gain in strength during the initial two or three weeks. Also, though a bit costlier 

than low grade cement, it is claimed that they offer 10-20% saving in cement consumption 

http://www.concretebasics.org/indiaadvdisadvhighergrade.html. 
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However a faster rate of hydration results in higher heat, increased shrinkage, and lower 

later-age strength. There are many other disadvantages also in using higher grade cements. 

Higher grade cements are promoted by the industry as economical cements as less quantity of 

cement is required. Reduction in the amount of cement, when the quantity of water is based 

on workability, leads to higher water to cement ratio and more voids in concrete. 

Further, without adequate quantity of fine material the concrete becomes unworkable. A 

reduction in the quantity of cement in ordinary concrete produces a harsh mixture, honey 

combing, and more voids. Moreover, concrete exposed to humidity and moisture requires a 

minimum cement content to prevent the corrosion of steel reinforcement. This means 

exposed structures should be made with a minimum quantity of cement, independent of the 

grade of cement to make them durable. 

It can be said that Higher Grade Cements do not have much utility for normal construction 

works &their use is generally recommended only for higher grades of concrete say C-30 and 

above. 

The usage of higher grade cement is becoming more & more popular. In fact 33 grade 

cement is now almost out of market in many countries. 

However, the use of high grade cement should not be taken for granted to yield high grade 

(strength) concrete as the strength of concrete depends on the mixture of cement, sand, coarse 

aggregate and water.in fact, the cement's grade has no relationship to the strength of concrete. 

It is possible to produce concretes of wide-ranging strengths using a particular grade of     

cement as it is done in the http://www.concretebasics.org/indiaadvdisadvhighergrade.html. 

Moreover, the term 'grade' has nothing to do with quality; increase in the grade does not 

increase the quality of the cement. The quality guarantees a set of minimum standards 

prescribed. Two cements of different grades can have the same quality. 

Every structure has to satisfy the requirements of strength and durability. Strength is the 

ability of the structure (or its elements) to with stand load. Durability refers to the period of 

trouble-free life. 
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A structural element of concrete may possess high strength, but may deteriorate sooner than 

expected, making it a material of poor quality. Here the quality is with reference to-concrete 

and not that of cement. But if a brand or grade of cement is directly responsible for producing 

bad quality of concrete, the cement can be blamed as that of low quality. But any grade or 

brand of cement that satisfies the minimum requirements prescribed by the code, generally, 

should produce concrete of desired properties if the mix proportioning is done properly. 

To put it in a proper perspective, a brand or grade of cement can be said to be of good quality 

if the concrete made with it satisfies both the strength and durability requirements. 

The strength requirements (that is, the strength of concrete) is satisfied by choosing the 

proper amount of cement, limiting the amount of water, consolidating the mixture well, and 

curing the hardened concrete as long as possible. 

Durability, on the other hand, depends on several factors that are attributable both to the 

material and to the exposed environment. Exposed structures should be made with a 

minimum quantity of cement, independent of the grade of cement to make them durable. 

It may be stated that manufacture of higher grade cement has been made possible by modern 

equipment/plants, better quality control on processes/products, using superior quality 

limestone, finer grinding, better particle size distribution & better packing 

http://www.concretebasics.org/indiaadvdisadvhighergrade.html. 

2.1.1.8 Components of Portland cement 

Portland cement as per ES is a cementing material which is obtained by thoroughly mixing 

together calcareous (having High calcium oxide ingredients) or other lime bearing material 

with, if required, argillaceous (having Combination of silica & alumina) and/or other silica, 

alumina or iron oxide bearing materials burning them at a clinkering temperature and 

grinding the resulting clinker. Examples of Calcareous materials are limestone, chalk, marine 

shell and that of clay, sandstone, shell will be grouped in to Argillaceous. 
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Portland cement is composed of four main oxides, namely: lime (CaO), Silica (SiO2), 

Alumina (Al2O3) and Iron Oxide (Fe2O3). The Iron oxide added to the raw mixture is to aid 

in controlling the composition. Minor amounts of other materials, such as magnesia, MgO, 

and alkalis, Na2O, K2O are usually present in relatively small amount as impurities. The 

function of the gypsum is to control the time of setting of the cement when it is mixed with 

water in job (Abayneh, 1987). However, the principal compounds, in Portland cement exist 

not in the form of simple oxides but as minerals of more complex molecular structure. 

Table 2.8: Usual composition limits of Portland cement (Neville A.M., 1996) 

 

Oxide Content [%] 

CaO 60-67 

SiO2 17-25 

Al2O3 3.0-8.0 

Fe2O3 0.5-6.0 

MgO 0.5-4.0 

Alkalis (such as Na2O) 0.3-1.2 

SO3 2.0-3.5 

 

2.1.1.9 Compound composition of Portland cement 

These four principal chemical compounds that make up Portland cement are: Tricalcium 

silicate (3CaOSiO2), Dicalcium silicate (2CaOSiO2), Tricalcium aluminate (3CaOAl2O3) and 

Tetra calcium alumina ferrite (4CaOAl2O3Fe2O3). 

The names of oxide composition and abbreviation of the four principal reactive compounds 

present in clinker and dehydrated Portland cement are shown in Table 2.10 below. 

Therefore, depending on the relative proportions of its four prominent chemical compounds, 

the degree of fineness of the clinker grinding and/or by incorporating pozzolanic materials, it 

is possible to produce different Portland cement types. 

The raw materials used for the manufacture of cement consist mainly of lime, silica, alumina 

and iron oxide. These oxides interact with one another in the kiln at high temperature to form 

more complex compounds. The maximum amount of alumina and iron oxide is determined 

by the need to control the rapidity of the setting of cement. The silicate phases form about 

70% of the weight of an ordinary Portland cement. Despite their small percentages, the minor 

compounds can have strong influence on the properties of fresh and hardened cement paste. 
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Gypsum is added to clinker in the last stage in order to regulate the setting time of cement. 

The amount of gypsum added depends on the C3A content of the cement and its fineness. 

Table 2.9: Main Chemical Compounds of Portland cement 

Chemical Compound Oxide composition Abbreviation 

 I. Major Compounds 

Tri calcium silicate 

Dicalcium silicate 

Tricalcium Aluminate 

Tetra calcium Amino 

ferrite 

3CaO.siO2 

2CaO.siO2 

3CaO.AlO3 

4CaO.AlO3. AlO3 

C3S 

C2S 

C3A 

C4AF 

II.Minor Compounds 

Gypsum CaSO4.2H2O CSH2 

Free Lime CaO C 

Magnesia MgO M 

Alkali Oxides   

 Soda 

 Potash 

Na2O 

K2O 

N                                                     

K 

Manganese Oxide Mn2O3  

Titanium Oxide TiO3  

Phosphorus pent oxide  P2O3  

 

The gypsum content must be limited because an excess may cause deterioration in the 

cement due to the expansive nature of hydrating gypsum. Free lime may present in cement 

due to the raw material containing more lime than can combine with the acidic oxides such as 

SiO2, Al2O3, Fe2O3 and insufficient burning at the clinkering stage.Free lime in cement is 

undesirable since after being hard burnt it is very slow to hydrate when cement is mixed with 

water. The presence of free lime in cement may causes volume instability in the hardened 

cement. Magnesia which has a similar hydration to CaO may cause unsoundness if it exists 

greater than the upper limit. 
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Table 2.10: Properties and percentage mass of the compounds of cement 

Compound 

 

Tricalcium 

silicate 

Chemical 

Formula 

 

 

3CaO .SiO2 

Common 

Formula 

 

 

C3S 

Usual 

Range, 

Weight 

(%) 

45 – 60 

Properties 

Harden rapidly. Provides early 

strength, High heat generation. 

Responsible for concrete strength. 

About 70% of hydration of C3S 

takes place in 28 days. 

Dicalcium 

silicate 

2CaO .SiO2 C2S 15 – 30 Reacts& harden slowly, provide 

later strength, high resistance to 

sulfate Chloride. Gain of strength 

due to C2Swithin 2-3 weeks is only 

15% of that due to C3S. 

Tricalcium 

aluminate 

CaO.Al2O3 C3A 6 – 12 First compound to hydrate, highest 

heat of generation, responsible for 

initial setting of cement, Does not 

contribute to Strength. Reactive with 

soils and water containing sulfate: 

this is undesirable in a higher 

percentage since formation of 

calcium sulfoaluminate may cause 

Expansion during setting. 

Tetra 

calcium 

aluminofer

rit 

4CaO. 

Al2O3.Fe2O

3 

C4AF 6 – 8 Does not affect the behavior of 

cement. (No contribution to 

strength). 

Gypsum CaSO4.2H2

O 

CSH2 5 Slow down setting time. 

2.1.1.10 Determination of compound composition 

Although it is possible to determine the compound composition by direct analysis, the 

methods employed are complex and require special skills and expensive equipment. The 

“potential” compound composition can be computed from a complete oxide analysis on the 

assumption that the chemical reaction involved in the formation of clinker has proceeded to 
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equilibrium, that no “glass” or non-crystalline material is present, that the condition of 

cooling are such as not to alter these compounds, and the presence of minor constituents may 

be ignored (George Earl Troxell and Harmer E. Davis, 1956). 

 

For commercial production, the kiln reaction is not always completed, and usually the 

cooling is too rapid for complete crystallization in which case some of the liquid cools to 

glass. In addition, small amounts of other compounds may be formed with some of the minor 

constituents. These factors result in an actual composition that differs from the “potential” 

composition. The fact remains, however, that the calculated compound composition has 

proven to be a very valuable index in judging the characteristics of a Portland cement 

(George Earl Troxell and Harmer E. Davis, 1956). 

Therefore, it is usually estimated by calculation using the ideal compound stoichiometry and 

an oxide analysis determined by standard method. The calculation of the phases from the 

composition is known as Bogue calculation. Bogue equations for the percentage of main 

compounds in cement are given below. The terms in brackets represent the percentage of the 

given oxide in the total mass of cement. 

Case A: A/F >=0.64 

C3S = 4.071(CaO)-7.600(SiO2) – 6.718(Al2O3)-1.430(Fe2O3) – 2.852(SO3) ----  

C2S = 2.867(SiO2) – 0.7544(3CaOSiO2)  ------------------------------------------------    

C3A = 2.650(Al2O3)-1.692(Fe2O3)  ------------------------------------------------------     Eq.[2.1] 

C4AF= 3.043(Fe2O3)  -----------------------------------------------------------------------  

 

Case B: A/F <=0.64 

C3S = 4.071(CaO)-7.600(SiO2) – 4.479(Al2O3)-2.859(Fe2O3) – 2.852(SO3) --------  

S = 2.867(SiO2) – 0.7544(3CaOSiO2)  ----------------------------------------------------  

3A = 0  ------------------------------------------------------------------------------------------   Eq. [2.2] 

C4AF= 2.1(Al2O3) +1.702(Fe2O3)  ---------------------------------------------------------  

It should be noted that small changes in oxide composition of the raw materials leads to 

considerable changes in the proportion of the compounds 
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Composition 
Cement 

1 2 3 

I. Oxide 

CaO 66 63 66 

SiO2 20 22 20 

Al2O3 7 7.7 5.5 

Fe2O3 3 3.3 4.5 

Others 4 4 4 

II. Compound 

C3S 65 33 73 

C2S 8 38 2 

C3A 14 15 7 

 

Table 2.11: Proportion of the compounds during small changes in oxide compositions 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

These four principal cement compounds differ greatly in their properties as shown 

summarized in Table 2.12 below. 

 

2.12 Characteristics of principal compounds that occur in Portland cement 

 

 

Property 

Relative behavior of each compound  

C3S C2S C3A C4AF 

Rate of reaction medium slow fast fast 

Heat liberated medium small large small 

Cementing value, per unit compound: 

Early Good Poor Good Poor 

ultimate Good Good Poor Poor 

A small variation in the composition or proportion of its raw materials leads to a larger 

variation in compound composition. Thus, to produce uniform cement, it requires stringent 

care in keeping the oxide composition of the raw materials uniform (Wilby.C.B, 1991) 
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In addition to the main compounds, there are minor compounds such as MgO, TiO2, Mn2O3, 

Na2O andK2O; which usually amount to not more than a few percent of the mass of cement. 

Two of the minor compounds are of particular interest: the oxides of sodium and potassium 

known as the alkalis (although other alkalis also exist in cement). They have been found to 

react with some aggregates, the products of the reaction causing disintegration of the 

concrete, and have also been observed to affect the rate of the gain of strength of cement. It 

should, therefore, be pointed out that the term „minor compounds‟ refers primarily to their 

quantity and not necessarily to their importance. 

2.1.1.11 Hydration of Portland cement 

The main role of cement in concrete is to bind the aggregate particles so as to produce good 

strength and durable concrete. Perhaps, the single most important factor that has a strong 

effect on these properties is the hydration of the cement, which in turn is affected by the 

composition, and fineness of the cement. 

Hydration of Portland cement is the chemical reaction it undergoes when brought in contact 

with water. However, hydration of Portland cement is far more complex phenomenon. This is 

so because Portland cement is a heterogeneous mixture of several chemical compounds that 

are complex in themselves. Hydration of cement exerts an influence of primary importance 

on practically all other properties of the paste and yet it is not fully understood. 

The reaction of cement with water is a reaction of individual compounds. This reaction may 

occur in two ways. In the first, a true reaction of hydration, which is a recombination of the 

dehydrated compounds with water, i.e. a direct addition of molecules of water to the 

chemical compounds, takes place. In the second type of reaction with water, hydrolysis, leads 

to chemical changes (Abayneh, 1987). 

The two calcium silicates are the main cementations compounds in cement, and the chemical 

behavior of cement during hydration is similar to that of those two compounds alone. 

Making the appropriate assumption that C3S2H3 is the final product of hydration of both of 

C3S andC2S, the reactions of hydration can be written (as a guide although not as exact 

stoichiometric equations) as follows. 
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For of C3S: 

2 C3S + 6H  C3S2H3 + 3Ca (OH) 2 -------------------------------------------- [2.3] 
100 + 24 75 + 49 (the corresponding masses) 

 
For C2S: 

2 C2S + 4H C3S2H3 + 3Ca (OH) 2 -------------------------------------------- [2.4] 
100 + 21 99 + 22 (the corresponding masses) 

 

Thus, on mass basis, both silicates require approximately the same amount of water for their 

hydration, but C3S produces more than twice as much Ca (OH) 2 as is formed by the 

hydration of C2S. 

The presences of Ca (OH) 2makes cement paste highly alkaline (PH 12.5). This is the reason 

why ordinary Portland cement pastes are sensitive to acid attack. The high PH index also 

makes cement parts provide good protection to embedded steel against corrosion (Abayneh, 

1987). 

For C3A: Pure C3A reacts with water very rapidly and immediately converts to a stiff paste. 

C3A + 6H  C3AH6 (calcium aluminate hydrate) ------------------------------- [2.5] 

In cement, however C3A hydrates differently due to the presence of gypsum 

C3A + 3CaSO4.2H2O + 26H  C6AS3H32 (ettringite) 

2C3A + C6AS3H32 + 4H 3C4ASH12 (calcium mono sulfate aluminate) 
For C4AF: 

C4AF + 2CH + 10H  C3AH6 + C3FH6 

C4AF + CaSO4.2H2O + Ca (OH) 2 C3 (AF).3CaSO4 (aq)----------------------- [2.6] 

 

The instantaneous hydration of aluminates, and hence the untimely loss of plasticity is 

avoided by adding the required amount of gypsum which will prevent the passage of alumina 

into solution. Gypsum reacts with C3A to form a coating of ettringite, a practically insoluble 

complex compound of needle like crystals (C6AS3H32). The hydration of the ferrite phase in 

the presence of gypsum in cement is similar to that of C3A. As the hydration of cement is an 

exothermic reaction, the rate of evolution of heat is an indication of the rate of hydration. 

And depending on the grain size distribution in the cement and the presence of water, 

hydration may continue for several years after mixing but at a much reduced rate. 
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2.1.1.12 Pozzolanic reaction of cement 

The pozzolanic reaction is the chemical reaction that occurs in Portland cement containing 

pozzolans (Cook D.J, 1986). 

At the basis of the pozzolanic reaction stands a simple acid-base reaction between calcium 

hydroxide, also known as Portlandite, or (Ca (OH) 2), and silicic acid (H4SiO4, or Si (OH) 

4), and. simply, this reaction can be schematically represented as follows: 

Ca (OH) 2 + H4SiO4 → Ca2+ + H2SiO42- + 2 H2O → CaH2SiO4 · 2 H2O or summarized 

in abbreviated notation of cement chemists: CH + SH → C-S-H 

The product of general formula (CaH2SiO4 · 2 H2O) formed is a calcium silicate hydrate, 

also abbreviated as C-S-H in cement chemist notation, the hyphenation denotes the variable 

stoichiometry. The ratio Ca/Si, or C/S, and the number of water molecules can vary and the 

abovementioned stoichiometry may differ (Cook D.J, 1986). 

 

If a concrete contains a pozzolan, less cement is required to obtain a specified strength. The 

amount of cement reduction will vary depending upon the reactivity of the pozzolan. A 

highly reactive pozzolana has more cementations strength value than a lower reactive 

pozzolan. The amount of cement reduction will be greater with a more reactive pozzolan. By 

definition, a pozzolan by ACI is: “siliceous or siliceous and aluminous materials that in it 

possess little or no cementations value but that will, in finely divided form and in the 

presence of moisture, chemically react with calcium hydroxide (lime) at ordinary 

temperatures to form compounds having cementations properties (Cook D.J, 1986). 

 

By definition to form a compound that has cementations value a pozzolan must react with 

lime which in concrete comes from the cement. Two factors or assumptions must be defined. 

2.1.1.12.1 Availability of lime 

The amount of lime available is the lime produced during cement hydration and this will be 

reduced relative to the percentage of pozzolan. The amount of lime that is available will vary 

with cements. It will depend upon the amount of C3S and C2S in the cement. Each of these 

compounds reacts with water to form C-S-H (Calcium Silicate Hydrate) and lime-Ca (OH) 2. 

A small portion of this lime enters into reactions with cement alumina and sulfates to form 

http://en.wikipedia.org/wiki/Pozzolan
http://en.wikipedia.org/wiki/Pozzolan
http://en.wikipedia.org/wiki/Calcium_hydroxide
http://en.wikipedia.org/wiki/Calcium_hydroxide
http://en.wikipedia.org/wiki/Calcium_hydroxide
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compounds such as ettringite. Therefore not all of the lime produced is available or free to 

react with a pozzolan. 

2.1.1.12.2 Pozzolanic reaction 

It will be assumed that all pozzolanic reactions are lime reactions with siliceous pozzolanic 

materials. The dominate hydration product of Portland cement is C-S-H. If it is assumed that 

the reaction of pozzolan and lime produces the same hydration products as cement consider 

the following reaction: 
 
 
3[Ca (OH) 2] + 2 [SiO2] = [3(CaO) 2(SiO2) 3(H2O)] 

                                 222     120    =    342 
 

In this reaction 222 parts lime reacts with 120 parts silica for a mass ratio of 222/120 = 

1.85.In contrast to siliceous reactions, pozzolanic reactions could be between lime and 

aluminous pozzolanic materials. In this case the final hydration product of aluminous 

compounds in cement is assumed to be 3(CaO) Al2O3 6(H2O). Consider the following 

reaction. 

3[Ca (OH) 2] + Al2O3 + 3 [H2O] = 3(CaO) Al2O3 6(H2O) 

                             222          + 102    + 54     = 378 

The relationship between lime and alumina is 222/102 = 2.18. Alumina combines with more 

lime than does silica. 

2.1.1.13 Mechanism of hydration and setting 

A. Dormant period: - The 1st peak is observed, which is very high and corresponds to the 

initial hydration at the surface of the cement particles, largely involving C3A. The formation 

of dense layers leads to a relatively inactive or very slow reaction period. This period lasts 

b/n 30-120minutes and the paste remains plastic and workable. 

B. Second period: - In this period, there is an increase in rate of heat liberation and relatively 

rapid chemical reactions will be takes place. It lasts normally less than 8hrs and the 

mechanism is that at the beginning the paste loses its plasticity, and acquires a certain degree 

of firmness and becomes unworkable (initial set). The paste becomes stiffer and at the end of 

this period it converts to a rigid mass (final set). The rate of heat evolution reaches a second 

peak. 
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C. Last period: - A gradual decrease in heat of hydration is observed and a slow rate of 

hydration by diffusion through solid hydration products. With most, but not all, cements, 

there is a renewed increase in the rate of hydration up to a third lower peak b/n 18 and 30 hrs. 

Of the four major compounds those which contribute most to hardening and consequent 

strength gains are the silicates. C3S contribute most to strength development of the hardened 

paste during early age where as C2S influences the gain in strength from one month onwards. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2.1: Development of hydration of pure Compounds 
 

2.1.1.14 Portland pozzolana cement 

In the Ethiopian Standard ES1177-1(2005) definition, Portland Pozzolana cement is defined 

as cement resulting from a homogeneous mixture of finely ground Portland clinker and less 

than 35 percent by mass of pozzolana and it does not necessarily satisfy the test for 

pozzolanicity. (Pozzolanicity is assessed by comparing the quantity of Ca (CH) 2 present in a 

liquid phase in contact with the hydrated cement with the quantity of Ca (OH) 2 capable of 

saturating a medium of the same alkalinity). Pozzolanic Cement means cement resulting 

from a homogeneous mixture of finely ground Portland clinker from 21 to 35percent by mass 

of pozzolana and it satisfies the test for pozzolanicity. 

In the same standard pozzolana is defined as a natural volcanic material having pozzolanic 

properties. But the same standard also states that other natural and artificial materials such as 

diatomaceous earth, calcined clay and pulverized fuel ash which also have pozzolanic 

properties, but it does not include blast furnace slag. 
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The Activity of Pozzolanas when mixed with cement is that the silica of the pozzolana 

combines with the free lime released during the hydration of the cement. Silica‟s of 

amorphous form react with lime more readily than those of crystalline form and this 

constitutes the difference in many cases between active pozzolanas and materials of similar 

chemical composition which exhibit little pozzolanic activity. 

The most active of the natural pozzolanas are the diatomite‟s, opaline charts, and some 

shale‟s. Volcanic materials such as pumices and tuffs are generally less active, whilst many 

materials such as some clay require calcination or heat treatment before they become reactive 

(Orchard D.F, 1973). 

2.1.1.14.1 Effect of pozzolana on heat of hydration 

A comparison of the temperatures generated with normal, modified, Pozzolanic and low heat 

cements, it is seen that pozzolanic cement has a similar heat of hydration to that of low heat 

cement. The gain is in both the lower total amount of heat generated and the slower rate of 

evolution (Orchard D.F, 1973). 

2.1.1.14.2 Effect of pozzolana on strength of concrete 

At early ages the replacement of cement by a pozzolana usually results in a decrease in the 

compressive strength, but the difference in strengths becomes less and may disappear at ages 

of 3months or more (George Earl Troxell and Harmer E. Davis). 

A number of tests were carried out by Heath and Brandenburg with Oregon Pumices and 

their results given in Fig. 2.2 illustrating the development of strength of Portland cement 

mortars with various replacements of pumices are typical of the effect on strength of 

pozzolanas of medium reactivity. The mortars consisted of 1 part of ordinary Portland 

cement or 1 part of cement plus pumice to 2.75 parts of Ottawa sand by weight (Orchard D.F, 

1973). 
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Figure.2.2: The effect on concrete strength due to the replacement of cement by a pozzolana 

(Orchard D.F, 1973). 

2.1.1.14.3 Chief applications of Portland pozzolana cement 

The chief use in constructional work for pozzolana cements and for natural and artificial 

pozzolanas as a substitution for part of the cement is in the building of large dams and mass 

structures generally where the reduction effected in the heat of hydration is of great 

importance and the slower gain in strength is not of much consequence. Possible other uses 

are for mass retaining walls, mass foundations, breakwaters and harbor works, culverts and 

drains. The improvement in workability which the incorporation of the pozzolana causes is a 

considerable advantage in the lean harsh mixes normally used in the construction of dams 

(Orchard D.F, 1973). 

2.1.1.15    Manufacturing of Portland cement and its chemistry 

In principle, the manufacture of Portland cement is simple. It is made from abundant raw 

materials. Intimately blended raw materials, usually limestone and clay, are heated in a kiln 

to 1400 to 1600 C
o
(2550 to 2900 F

o
), the temperature at which these materials chemically 

interact to form the cementations compounds in Portland cement. Considerable attention is 
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paid to the various stages of processing to maintain good quality control. This processing 

requires 60 to 80 separate and continuous operations, the use of a great deal of heavy 

machinery and equipment, and the consumption of large amounts of fuel and electrical 

energy (ACI Committee E-701, 2007). 

2.1.1.15.1   Overview of the cement manufacturing process 

The cement manufacturing process involves four distinct stages, and these are Quarrying, 

Raw material preparation, Clinkering and Cement milling. 

Step 1 – Quarrying 

The raw material for cement manufacture is a rock mixture which is about 80% limestone 

which is rich in CaCO3 and 20% clay or shale, a source of silica, alumina and Fe2O3. These 

are quarried and stored separately. The lime and silica provide the main strength of the 

cement, while the iron reduces the reaction temperature and gives the cement its 

characteristic grey color. 

 

Step 2 - Raw material preparation 

The manufacture of Portland cement requires blending raw materials to obtain appropriate 

proportions of lime (CaO), silica (SiO2), alumina (Al2O3), and iron oxide (Fe2O3). High-

quality cements require raw materials of proper chemical composition and proportioned to 

precise quantities. Lime stone, which consists primarily of calcium carbonate, is the most 

common source of lime, although other raw materials such as dolomite, chalk, shell deposits, 

and calcareous muds are used for this purpose.  

The location of cement plants is most often determined by the occurrence of suitable 

calcareous (lime-rich) deposits, and proximity to the market area. A suitable source of silica 

can usually be obtained close at hand. Iron-bearing alumina silicates are often used as the 

primary source of silica. Clays or silts are preferred since they are already in a finely divided 

state; but shale‟s, schist, and other argillaceous rocks are also used. The steps involved here 

depend on the process used. There are two main cement manufacturing processes currently 

used: the dry process and the wet process. The dry process uses more energy in grinding but 

less in the kiln and the wet process has lower overheads than the dry process. The two 

processes are discussed separately below. 
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The dry process 

The quarried clay and limestone are crushed separately until nothing bigger than a tennis ball 

remains. Samples of both rocks are then sent off to the laboratory for mineral analysis. If 

necessary, minerals are then added to either the clay or the limestone to ensure that the 

correct amounts of aluminum, iron etc. is present. The clay and limestone are then fed 

together into a mill where the rock is ground until the majority of the material is less than 

75μm. In the dry process the raw materials are crushed, dried in rotary driers, proportioned, 

and then ground in ball mills. The resulting powder is then burnt in its dry condition in the 

rotary kiln. The difficulties in the control of dry mixing and blending have made this method 

of production of Portland cement much less popular than the wet process. The dry process 

requires much less fuel as the materials are already in a dry state. As a result, the dry process 

is much more thermally efficient than the wet process. Firstly, and most obviously, this is 

because the meal is a dry powder and there is little or no water that has to be evaporated. 

Secondly, and less obviously, the process of transferring heat is much more efficient in a dry 

process kiln  http://www.understanding-cement.com/kiln.html. 

The wet process 

The clay is mixed to a paste in a wash mill - a tank in which the clay is pulverized in the 

presence of water. Crushed lime is then added and the whole mixture further ground. Any 

material which is to coarse is extracted and reground. The slurry is then tested to ensure that 

it contains the correct balance of minerals, and any extra ingredients blended in as necessary. 

In the wet process the materials are first crushed and then ground and dispersed in water to 

form slurry in a wash mill. This process is done for the combined calcareous and argillaceous 

materials or for each constituent separately which are then mixed in predetermined 

proportion. The resulting cement slurry with a water content of 35-50% is made to pass 

through screens to a storage tanks where it is continuously agitated to prevent sedimentation. 

For many years the wet process remained popular because of the possibility of more accurate 

control in the mixing of raw materials. The vertical shaft technology employed by mini 

cement units, use the wet process where as the rotary kiln technology uses the modern dry 

process. 

The original rotary cement kilns were called „wet process‟ kilns. In their basic form they 

were relatively simple compared with modern developments. The raw meal was supplied at 

http://www.understanding-cement.com/kiln.html
http://www.understanding-cement.com/kiln.html
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ambient temperature in the form of slurry and the slurry may contain about 40% water. 

A wet process kiln may be up to 200m long and 6m in diameter. It has to be long because a 

lot of water has to be evaporated and the process of heat transfer is not very efficient. This 

takes a lot of energy to evaporate and various developments of the wet process were aimed at 

reducing the water content of the raw meal  http://www.understanding-cement.com/kiln.html. 

Table 2.13: Typical composition of some raw materials 

Component SiO2 Al2O3 Fe2O3 CaO MgO SO3 K2O Na2O 

Limestone 2.68 0.62 0.46 51.85 1.94 0.03 0.05 0.02 

Sandy Cay 81.56 11.29 1.79 0.12 0.09 0.05 0.14 0.03 

Clay 65.18 21.91 3.36 0.11 0.08 0.06 0.19 0.04 

Iron ore 14.88 16.79 57.74 0.12 0.56 0.04 0.04 0.03 

Shale 61.10 16.42 7.01 1.02 2.34 0.01 4.12 1.65 

Sand 94.70 2.90 0.24 0.35 0.13 0.01 0.60 0.21 

Bauxite 3.11 57.59 15.74 4.16 0.16 0.29 0.08 0.08 

Gypsum 4.31 0.34 0.14 31.19 0.11 43.88 - - 

Fuel Ash 57.20 17.36 9.11 3.95 1.80 3.40 0.78 2.50 

 

Step 3 – Clinkering 

This is the step which is characteristic of Portland cement. The finely ground material is 

dried, heated and then cooled down again. While it is being heated various chemical 

reactions take place to form the major mineral constituents of cement. 

The powder from the dry process doesn't contain much moisture, so can be dried in a 

preheated tower. As it falls through the tower the moisture evaporates, decarbonation (loss of 

CO2) occurs and some intermediate phases such as CaOAl2O3 begin to appear. The mixture 

is then fed into the kiln. The slurry from the wet process contains too much moisture to be 

successfully dried in a preheated tower. Instead, the slurry is fed directly into the kiln where 

it is formed into dry balls by the heat and rotation of the kiln. Because of this extra role of the 

kiln, wet process kilns are 120 -165m in length, whereas dry process kilns are approximately 

45 m long. The kilns used in both processes may be rotary or vertical roller which is fired 

with an intense flame produced by burning coal, coke, oil, gas or waste fuels. The rotary kiln 

http://www.understanding-cement.com/kiln.html
http://www.understanding-cement.com/kiln.html
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discharges the red hot clinker under the intense flame. Immediately following a large cooler 

designed to drop the temperature of the clinker which is around 1450 C
o
at  this point in the 

process the materials have been formed into all the required minerals to make cement. 

 

Step 4 - Cement milling 

To produce the final product the clinker is mixed with gypsum (CaSO4·2H2O), which is 

added as a set retarder, and ground for. The cement flows from the inlet to the outlet of the 

mill (a rotating chamber), being first ground with steel balls. The first grinding break up the 

material and the second grinds it to affine powder. The amount of grinding is governed by 

the volume of cement fed into the mill: the greater the volume the coarser the grind. Each 

cement product is stored in an individual bulk silo until needed by the customer & can be 

distributed by truck or other mode of transportation depending on 

Customers need. 

Table 2.14: The Manufacturing process of Portland cement 

steps Activities Description 

1 Digging, grinding and mixing the raw material 

2 Burning in rotary kiln (Clinker is produced) 

3 Cooling, grinding of clinker and sieving 

4 Storing, packing and distributing 

2.1.1.15.2 Brief overview of kiln operations 

The rotary kiln is an important component of a cement factory. It is a thick steel cylinder of 

diameter3-8 meters and length sometimes reaching 200m. It is lined with refractory materials 

and rotates slowly on its axis which is slightly inclined. At the lower end fire is blown in by 

an air blast. The fuel is powered coal, oil or natural gas. As the slurry moves downward in 

the kiln, it encounters a progressively increasing temperature and undergoes a number of 

chemical changes. At 100°C – waters driven off and at 850°C – limestone changes to 

calcium oxide and carbon dioxide (CO2) will be given off. Upon reaching the hottest part, 

where the temperature reaches 1400-1500°c, the material sinters becoming 20-30% liquid. At 

this temperature lime, silica and alumina recombine to form new chemical compounds which 

fuses into balls, 10-25mm in diameter, which is the clinker. At the lower end of the kiln the 
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cement clinker then drops into coolers. 

 

 

 

 

 

Figure 2.3: Burning the mixture in the kiln and formation of Clinker 

2.1.1.15.3 Clinker chemistry 

The reaction processes occurring within the kiln are not easily understood due to the wide 

variations in raw-mix chemistry, raw-mix physical properties and kiln operating conditions 

and the physical difficulties of extracting hot materials from the process for investigation 

before they cool. Breaking the reaction processes into a number of simple zones means we 

can make some approximations about the cement formation process. 

Zone 1: 0 - 35 min, 800 – 1100 oC 

Decarbonation: Formation of 3CaOAl2O3 above 900Co; Melting of fluxing compounds 

Al2O3 and Fe2O3: 

CaCO3 CaO + CO2  ---------------------------------------------- [2.7] 

Heat Zone 2: 35 - 40 min, 1100 – 1300 C 

Exothermic reactions and the formation of secondary silicate phases as follows: 

2CaO + SiO2 2CaOSiO2  --------------------------------------- 2.8] 

 Heat 
Zone 3: 40 - 50 min, 1300 - 1450 – 1300 oC 

Sintering and reaction within the melt to form ternary silicates and tetra calcium alumina-

ferrates: 

 

2CaO·SiO2 + CaO 3CaOSiO2  --------------------------------- [2.9] 
                                   Heat + Time 
3CaOAl2O3 + CaO + Fe2O3 4CaOAl2O3Fe2O3  ------------- [2.10] 
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Heat + Time 
 

Zone 4: 50 - 60 min, 1300 – 1000 oC 

Cooling and crystallization of the various mineral phases formed in the kiln. Immediately 

following the kiln is a large cooler designed to drop the temperature of the clinker (as the 

fused material is now called) from 1000oC to 150oC. This is achieved by forcing air through 

a bed of clinker via perforated plates in the base of the cooler. The cool clinker which is 

characteristically black, glistering, hard and porous is then fed into ball mills where it is inter 

ground with 5% of gypsum. The plates within the cooler slide back and forth, shuffling the 

clinker down the cooler to the discharge point and transport to a storage area. Once the 

desired degree of fineness is reached, to about1 billion particles per gram, the cement is 

conveyed to storage silos. From the silos it is packed to50Kg bags or fed directly to bulk 

cement Lories. 

The purpose of a cooler is, obviously, to cool the clinker. This is important for several 

reasons: 

 From an engineering viewpoint, cooling is necessary to prevent damage to 

clinker handling equipment such as conveyors. 

  From both a process and chemical viewpoint, it is beneficial to minimize 

clinker temperatures it enters the clinker mill. The clinker gets hot in the mill 

and excessive mill temperatures are undesirable. It is clearly helpful, 

therefore, if the clinker is cool as it enters the mill. 

 From an environmental and a cost viewpoint, the cooler reduces energy 

consumption by extracting heat from the clinker, enabling it to be used to heat 

the raw materials. 

 From a cement performance viewpoint, faster cooling of the clinker enhances 

silicate reactivity. 

The cooled clinker is then conveyed either to the clinker store or directly to the clinker mill. 

The clinker store is usually capable of holding several weeks‟ supply of clinker, so that 

delivers to customers can be maintained when the kiln is not operating. 

At this point in the process the materials have been formed into all the required minerals to 

make cement. Like cement, the clinker will react with water and harden, but because it is 
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composed of 1-3cm diameter fragments it is too coarse to be used http://www.understanding-

cement.com/kiln.html. 

Generally, the four main compounds that are present in cement and percentage of which 

decides (one of the parameter) the quality of cement are Tricalcium Silicate, Dicalcium 

Silicate, Tricalcium Aluminate and Tetra calcium Alumino Ferrite. 

Table 2.15: Reaction in the kiln and formation of compounds 

Temperature 

in Degree 

Centigrade 

Reactions Thermal 

Change 

Clinker 

Compounds 

Formed 

100 Evaporation of free water from 

raw meal 

Endothermic  

500+ Evolution of combined water 

from clay 

Endothermic  

800+ CaCo3 = CaO+CO2 Endothermic  

800-900 CaO+SiO2=CaO.SiO2 Exothermic CS 

900-950 5CaO+3Al2O3=5CaO.3Al2O3 Exothermic C5A3 

950-1200 2CaO+SiO2=2CaO.SiO2 

2CaO+Fe2O3=2CaO.Fe2O3 

Exothermic C2S 

C2F 

1200-1300 3CaO+Al2O3=3CaO.Al2O3 Exothermic C3A, C4AF 

1250-1280 Beginning of Liquid formation Endothermic Molten 

1260-1450 3CaO+SiO2=3CaO.SiO2 Endothermic C3S 

1100-1300 Formation of clinker 

compounds 

“Cooling zone” C3S,C2S,C3A,C4AF 

Of these compounds, C3S and C3A are mainly responsible for the strength of the cement. 

High percentages of C3S (low C2S) results in high early strength but also high heat 

generation as the concrete sets. The reverse combination of low C3S and high C2S develops 

strengths more slowly (over 52 rather than 28 days) and generates less heat. C3A causes 

undesirable heat and rapid reacting properties, which can be prevented by adding CaSO4 to 

the final product. C3A can be converted to the more desirable C4AF by the addition of 

Fe2O3 before heating, but this also inhibits the formation ofC3S. C4AF makes the cement 

http://www.understanding-cement.com/kiln.html
http://www.understanding-cement.com/kiln.html
http://www.understanding-cement.com/kiln.html
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more resistant to seawater and results in a somewhat slower reaction which evolve less heat. 

The balance of the formed compounds versus the performance characteristics required from 

the cement is a chemically controlled parameter. For this reason considerable efforts are 

made during the manufacturing process to ensure the correct chemical compounds in the 

correct ratios are present in the raw materials before introduction of the materials to the kiln. 

2.1.1.16   Testing of cement 

 

 

 

Tests are conducted to ensure the quality of cement and/or determine the chemical and 

physical properties of cement. There are many ways and methods for the testing of cement. 

Some of them need a proper laboratory setup while other can be conducted at field itself. For 

the sake of convenience we will divide the methods under following two categories as (i) 

Tests in Field and (ii) Tests in Laboratory. 

i. Tests in Field 

Field tests are convenient way of primary inspection of cement when it is used in small scale 

works or when decision has to be made during purchase process. These are some of the steps 
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that can ensure you good quality cement while inspection at site:- 

A. First cement bags should be open a little wide for visible inspection. There should not be 

any lumps formation inside the bag. 

B. Put your hand inside the bag and ensures additionally that there are not any hidden Lumps. 

Also this activity should give you a feel of cool sensation on your hands. 

C. Take a sample of cement in your hand and rub it in between your fingers. It should 

Be smooth in nature. 

D. Take another handful sample of cement and throw it in the bucket full of water. 

Particles of cement should float a while before sinking down. 

E. Take about 100 grams of cement and a small quantity of water and make a stiff Paste. 

From the stiff paste, pat a cake with sharp edges. Put it on a glass plate and slowly take it 

under water in a bucket. See that the shape of the cake is not disturbed while taking it down 

to the bottom of the bucket. After 24 hours the cake should retain its original shape and at the 

same time it should also set and attain some strength. If the cement satisfies the above field 

tests it may be concluded that the cement is not bad, however this test does not give any 

quantitative result. 

ii. Tests in Laboratory 

Field tests only indicate that cement is not bad and can be used for small scale works. Thus 

Laboratory tests are necessary to confirm that cement is good in nature and can even be used 

for important works too. Following tests are necessary to be conducted on cement in 

laboratory:- 

ii.1) Physical Tests 

A) Fineness test-The fineness of cement can be defined as the measure of size of particles of 

cement or in simple form “Specific Surface of Cement”. This test is usually carried out using 

IS sieve no.9 or 90 microns. Fineness of cement is tested in two ways; by sieving (rarely 

used) and by determination of specific surface (total surface area of all the particles in one 

gram of cement). The specific surface can be determined by the Air permeability and Blain 

test apparatus. 

The fineness of cement has a direct effect on the rate at which cement hydrates. Finer 

cements cause a more rapid generation of heat and greater strength gain, particularly during 

the early period of hydration. Coarser-ground cement (250 to 280m2/kg) tends to produce 
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lower early strength than conventionally ground cement (320 to 400m2/kg) and may affect 

the workability and bleeding of the concrete. Higher fineness (exceeding 400m2/kg) tends to 

increase early strength development and reduce bleeding. The fineness of cement has 

increased over the years primarily because of user demands for more rapid strength 

development in concrete. Concrete mixtures with high fineness ground cements will 

generally have a higher water demand for the required consistency and will bleed at a slower 

rate. Cements having fineness above 400m2/kg typically requires higher dosages of air 

entraining admixtures to achieve a given level of air entrainment in concrete. 

B) Setting time test- Cement forms a solid and hard mass when mixed with water upon 

hydration. This phenomenon is known as setting of cement. The duration of cement paste 

Requires to undergo setting is setting time. As setting is the consequence of hydration of 

cement, setting time is affected by the amount of water used to prepare cement Paste, i.e. its 

water – cement ratio. Cement pastes with different water – cement ratio will, generally, have 

different setting times. Therefore it seems confusing, at first, which setting time to use. As a 

convention, it is the setting time of cement paste with Normal consistency that is referred to 

as the setting time of cement. 

 

Generally there are two types of setting time to be determined in the laboratory, initial and 

final setting times. The initial setting time is the duration of cement paste related to 25mm 

penetration of the vicat needle in to the paste in 30 seconds after it is released while the final 

setting time is that related to zero penetration of the vicat needle into the paste. 

Ethiopian standard recommends that the initial setting time for cement not to be less than 45 

minutes and the final setting time not to exceed 10hrs (Dinku,2002). 

The setting characteristics of Portland cement paste are defined by initial set and final set. 

Initial set indicates the approximate time at which the paste begins to stiffen considerably, 

while final set roughly indicates the time at which the paste has hardened and can support 

some load. These times of set are tested according to standardized procedures and have no 

special relationship to concrete setting behavior. Generally, initial set occurs within 1 to 4 h, 

and final set in 3 to 6 h. 

 

 



44 
 

Setting times are affected by minor constituents in the cement such as alkalis and sulfates, by 

fineness, water-cement ratio, ambient temperature, and inclusion of mineral and chemical 

admixtures. Concretes generally set more slowly than cement paste because of the higher 

water-cement ratios. There are two types of abnormal setting behavior that should be 

mentioned: 

 

I. False set: This refers to the rapid setting that occurs without the liberation of much heat. 

Plasticity can be regained by further mixing without the need to add more water, and thus is 

not a problem where concrete is mixed for long periods (ready-mixed concrete). Increasing 

mixing time when possible will help to reduce a false set problem. 

II. Flash set (or quick set): This behavior is accompanied by the liberation of considerable 

heat. The plasticity of the mixture cannot be regained with additional mixing or water. 

C) Strength test- The strength of cement is defined in MPa or N/mm2. For grade 33 

Portland cement, strength should be around 33MPa in 28 days. Compression test is Carried 

out to check the strength of cement. 

D) Soundness test- Soundness of cement can be defined as a process in which cement does 

not show any considerable change in volume after setting. Autoclave tests and Le Chateleir 

tests are carried out to check the soundness of cement. 

E) Heat of hydration test-The heat of hydration can be defined as heat from cement 

Paste liberated as a reaction of water with cement. This test is usually carried out in thermos 

flask. Heat is liberated during the hydration reactions of the cement compounds. The amount 

of temperature rise in a concrete mass will depend on the cement content, the rate of 

Hydration (determined by cement fineness, ambient temperature, and admixtures), the 

cement composition, the volume of aggregate, the thickness of the concrete member, and the 

rate at which heat is lost by the concrete to the surroundings. The heat of hydration may 

cause considerable rise in concrete temperatures in the first few days of hydration, and 

temperature will continue to rise in mass concrete over longer periods. In cold weather, the 

heat of hydration may be utilized to help protect the concrete from freezing and increase the 

rate of hydration. Fly ash and other pozzolans or ground granulated blast-furnace slag can be 

used as a partial replacement for Portland cement to control the heat gain of mixtures during 

hot weather or in mass concrete. Cement composition and fineness affect the rate of heat 
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generation. C3Aand C3S are primarily responsible for high early heat generation. The rate of 

hydration will be faster as the fineness of the cement grind increases, although the total heat 

of hydration over a long time will not be particularly affected. Concrete proportions influence 

the amount of generated heat primarily as a result of cement content, with higher cement 

contents raising the heat of hydration. 

 

ii.2) chemical composition test 

Chemical tests are normally conducted by the manufacturer on regular basis in order to check 

the quality of the product. They may also be conducted in research laboratories in order to 

determine the compound composition of the cement used in a research. Chemical tests are of 

little importance to the ordinary consumer. The results of chemical tests are reported in terms 

of oxides which are used to calculate the compound composition by Borgue method. 

Ethiopian Standard ES 1176-2:2005 sets quality requirements of Portland cement as follows: 
 

A. Lime Saturation Factor 

The lime saturation factor (L.S.F.) shall not be less than 0.66 or more than 1.02 when 

calculated by the following formula: 

 

L.S.F=.    -------------------------------------------------------12 

 

B. Alumina-Iron Oxide ratio (Al2O3:Fe2O3) 

The ratio of the percentage of alumina to the percentage of iron oxide shall not be less than 

0.66. The decrease in the ratio may result from an increase in ferric oxide content which 

reduces the proportion of C3A and increases that of C4AF in the cement. 

C. Magnesia (MgO): The mass of magnesia (magnesium oxide) contained in Portland 

cement shall not exceed 5.0%. The upper percentage limit is to avoid the long-term 

unsoundness that results from higher percentage content of MgO.  

D. Sulphur trioxide (SO3): The mass of sulphur trioxide shall not exceed 3% if the C3A is 

8% or less, and shall not exceed 4% if C3A exceeds 8%. An upper limit of SO3 is specified in 

order to avoid unsoundness resulting from the delayed hydration of the sulphates phase. 

E. Loss in mass on ignition: The total loss in mass when Portland cement is heated to a 
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temperature of 925±250C shall not exceed 4%.The loss in mass on ignition is determined in 

order to check on possible pre-hydration or carbonation which may result from improper or 

prolonged storage of the clinker or resulting cement. 

F. Insoluble residue: The mass of insoluble residue shall not exceed 1.5%. The insoluble 

residue is that part of a cement sample which is insoluble in HCl. It derives from the clay 

minerals of the raw materials which have not reacted to form the cement compounds which 

are soluble in this acid. The amount of insoluble residue indicates the efficiency of the 

burning process, the completeness of the reactions in the kiln. 

A test is carried out on cement that tests the ratio of chemicals in the cement. Different 

standards and codes specify different value of such ratios. Ethiopian Standard, ES 1176-

2:2005 is intended for the determination of the major oxide contents of Portland cement, 

conforming to BS12:1991, within the following compositional ranges. 

Table 2.16: Compositional Ranges of Oxides of Portland cement (ES 1176-2, 2005) 

Chemical Compound Percentage 

Lime, CaO 61-69 

Silica, SiO2 18-24 

Alumina,Al2O3 2.6-8 

Iron Oxide, Fe2O3 1.5-7.0 

Magnesia, MgO 0.5-4.0 

Sulphur trioxide, SO3 0.2-4.0 

Alkalis 0.3-1.2 

 

ii.3) Principles of Chemical Test to Determine the Main Constituents 

The analysis is carried out after the sample is completely dissolved. The cement is 

decomposed by sintering with sodium peroxide or by treatment with hydrochloric acid in the 

presence of ammonium chloride. In the first case, after dissolution of the sintered solid in 

hydrochloric acid, the major part of the silica is precipitated either by hydrochloric acid with 

coagulation by polyethylene oxide or by double evaporation; in the second case, the major 

part of the silica is separated by the treatment. The impure silica precipitated is treated with 

hydrofluoric acid and Sulphuric acid to volatilize silica; the residue, treated with a mixture of 
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sodium carbonate and sodium chloride, is dissolved in hydro chloric acid and added to the 

silica filtrate.in the case of the treatment with hydrochloric acid in the presence of 

ammonium chloride, if the residue obtained after volatilization of impure silica by means of 

hydrofluoric acid and sulfuric acid is greater than 0.5 %, the method is not applicable. The 

cement shall in this case be decomposed by sodium peroxide. In the final solution made up 

to500ml, the silica in solution is determined by photometric determination, and iron (III) 

oxide, aluminum oxide, calcium oxide and magnesium oxide are determined by complex 

metric methods(ES 1176-2, 2005). 

2.1.2 Aggregates 

Aggregates are part of a large parent material, which may have been fragmented by a natural 

process of weathering and abrasion or artificially by crushing. As a result, many properties 

such as chemical and mineral composition, specific gravity, hardness, strength, physical and 

chemical stability, pore structures; colors depend entirely on the properties of the parent rock. 

These properties are very essential in production of quality concrete. 

Apart from the properties of the parent material, there are aggregate properties such as 

grading, shape, surface texture which are very important than the properties of the parent 

material in producing strong, durable and economical concrete. 

In a concrete mixture the aggregates form the inert mineral filler material which the cement 

paste binds together. Cement is the most expensive of the materials used to make concrete. 

For this reason and because the aggregates provide a relatively cheap filler, it is advisable to 

use as much aggregates as a given amount of paste will bind together. In addition to being 

relatively cheap filler, the aggregates reduce the volume changes resulting from the setting 

and hardening process and from moisture changes in the paste. 

Contributing about 75 % by volume of concrete; creating stability from volume change and 

by far cheaper than cement, aggregate affects not only the properties of the concrete but also 

its economy. Thus, care should be given in choosing aggregate in concrete production. 

While choosing an aggregate for the production of a particular concrete attention should be 

given, among other things, to three important requirements: 
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1. Workability: The size and gradation of the aggregate should be such that undue labor in 

mixing and placing will not be required. 

2. Strength and durability: When hardened – for which the aggregate should: 

A. be stronger than the required concrete strength 

B. contain no impurities which adversely affect strength and durability 

C. not goes into undesirable reaction with the cement 

D. be resistant to weathering action 

3. Economy of the mixture: - meaning to say that the aggregate should be 

A. available from local and easily accessible deposit or quarry 

B. well graded in order to minimize paste, hence cement, requirement 

Strength of concrete depends on the strength of aggregate, cement paste, the bond between 

the aggregate and the surrounding cement paste and the overall adhesion and compaction of 

the concrete particles. 

Aggregate strength and other prominent properties of aggregate that affect the bond between 

the aggregate and the cement paste and the overall adhesion and compaction of concrete are 

of paramount importance in producing strong, durable and economical concrete. It is, 

therefore, not over-emphasized to discuss in detail these aggregate properties. 

2.1.2.1 Aggregate Strength 

For normal concrete, the compressive strength of concrete cannot significantly exceed that of 

the major part of the aggregate contained therein; however, the same may not be true for 

aggregates in high strength concrete. 

Hence, although it is not easy to state what the strength of the individual particles is, it is 

crucial to measure the crushing strength of aggregates particularly for high strength concrete. 

Indeed, it is difficult to test the crushing strength of individual aggregate particles, and the 

required information has to be obtained usually from indirect tests of the physical or 

mechanical properties like: Aggregate Crush Value, Aggregate Impact Value, force required 

to compact bulk aggregate, and performance of aggregate in concrete. The latter simply 

means either previous experience with the given aggregate or a trial use of the aggregate in a 

concrete mix known to have certain strength with previously proven aggregates. If the 
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aggregate under test leads to a lower compressive strength of concrete and especially if 

numerous individual aggregate particles appear fractured after the concrete specimen has 

been crushed, then the strength of the aggregate is lower than the nominal compressive 

strength of the concrete mix in which the aggregate was incorporated. Clearly, such 

aggregate can be used only in a concrete of lower strength. 

The strength of concrete is influenced not only to the mechanical strength of the aggregate 

but also, to considerable degree, by its absorption and bond characteristic. So, it is important 

to learn about aggregate properties that affect the bond between the aggregate and cement 

paste. 

2.1.2.2 Properties affecting the bond strength between aggregate and cement paste 

The shape, surface texture, the chemical properties like Alkali – silica reaction, compatibility 

between the aggregate and the surrounding hydrated cement paste in terms of the modules of 

elasticity, poison‟s ratio, shrinkage, creep and thermal properties are measures of the bond 

strength between the aggregate and cement paste. Besides, deleterious substances are one of 

the factors, of course the main factor, which affects this bond. 

To ensure good bond between the coarse aggregate particles and the matrix, the particles 

should be approximately equal in dimension, rough in texture, cleanliness of the aggregate, 

absence of adhering dust, and uniformity of grading are essential. Gravel is satisfactory as far 

as shape is concerned and it can be used in all classes of concrete, but the aggregate-matrix 

bond may be inadequate when the surface texture of the gravel is very smooth. 

2.1.2.3   Aggregate properties affecting degree of compaction 

For a concrete to have better strength, the aggregate should be well compacted and grading, 

shape and surface texture are also among the main factors in determining the degree of 

compaction with a reasonable effort and without causing segregation. 

 

There are criteria like flakiness index and elongation on shape of aggregates and generally 

the effects of aggregate shape and texture on compaction are well established, but it is not 

easy and economical to put restriction on aggregate shape and texture for its usage. As a 

result most standards emphasize more on aggregate grading than in shape and texture. 
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2.1.2.3.1 Grading 

Grading stands for grain – size distribution of aggregates. As a matter of convenience, 

aggregates are generally divided into two size ranges, namely: coarse aggregate and fine 

aggregate. Coarse aggregate is the fraction of materials retained on No.4 (4.75mm) sieve and 

fine aggregates the fraction passingNo.4 and retaining No.100 (0.15mm). 

 

2.1.2.3.1.1 Grading requirement and practical grading 

The strength of fully compacted concrete with a given water/cement ratio is independent of 

the grading of the aggregate. Grading is, however, important for its effect on workability. 

That is, achieving the strength corresponding to a given water/cement ratio requires full 

compaction, and it is necessary to produce a mix that can be compacted a maximum density 

with a reasonable amount of work (Neville A.M., 1996). 

It has been suggested that the main factors governing the desired aggregate grading are: the 

surface area which determines the amount of water necessary to wet all the solids, the 

relative volume occupied by the aggregate, the workability of the mix, and the tendency of 

segregation. 

It is obvious that coarser aggregates have smaller surface area and need lesser amount of 

water and hence better strength for a given workability. However, the voids between these 

aggregates have to be filled with cement paste which is uneconomical, or honey combed 

concrete is to be produced which is undesirable for strength and durability of the concrete. 

When more fine is used, there is high surface area and a corresponding higher amount of 

water is required. For a given water/cement ratio this is uneconomical and also a danger of 

shrinkage. The increase in specific surface area of the aggregate for a constant 

aggregate/cement ratio has also been found to lead to a lower strength. The requirement that 

the aggregate occupies as large a relative volume as possible is, in the first instant, an 

economical one the aggregate being cheaper than the cement paste, but there are also strong 

technical reasons why too rich mix is undesirable. 
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For better compaction or strength, the mix should be sufficiently workable and as much as 

possible segregation should be avoided. However, the requirements of consistency and 

absence of segregation tend to be opposed one another. 

The above facts are the background that there is no ideal grading curve that fulfills all the 

aforementioned requirements, but a compromise is aimed at. Moreover, while ensuring 

appropriate grading of aggregate is of considerable important, arbitrarily imposition of limits, 

which are uneconomical or nearly impossible in a given location, is inappropriate. From the 

above fact there is a need for good grading limits of each standard aggregate size. These 

grading limits have been determined intending to provide fairly dense packing of aggregate 

practices which again to minimize the cement paste requirement and a reasonable workability 

and minimum segregation. 

Finally it is worthy to remember that not lesser important than devising a good grading is 

ensuring that the grading is kept constant, otherwise a variable workability results and when 

this is corrected at the mixer by a variation in the water content, concrete of variable strength 

is obtained. 

In all standards the main criteria in the classification of aggregate in to different grading is 

the aggregate maximum size. Hence, it is crucial to discuss about what makes this aggregate 

maximum size important. 

2.1.2.3.1.2 Maximum aggregate size 

The maximum aggregate size of an aggregate is defined the largest size through which at 

least 90% of the aggregate passes. Beforehand, the maximum aggregate size shall be 

specified. And there are three criteria to be considered in determining the maximum 

aggregate size (Troxell G.E., 1968). These are: 

1) Bond area, 

2) The desired performance of the concrete, and 

3) Structural imitation 
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2.1.2.3.1.2.1   Bond area 

It is obvious that the larger the aggregate particle the smaller the surface area to be wetted per 

unit mass. Thus, extending the grading of aggregates to larger mean size lowers the water 

requirement of the mix, so that for a specified workability and cement content, the W/C ratio 

can be lowered with a consequence increase in strength. 

However, there is a limit of maximum aggregate size above which the detrimental effects of 

a lower bond area offset the decrease water demand and of discontinuities introduced by the 

large particles .Inconsequence, concrete becomes grossly heterogeneous, with a resulting 

lowering of strength. 

The adverse effect of an increase in size of the largest particles in the mix exists; in fact, 

throughout the range of sizes, but below 40 mm (1 ½ in) the advantage of the lowering the 

water requirement is dominant (Neville A.M., 1996). 

2.1.2.3.1.2.2     The desired performance of the concrete 

In producing high performance concrete, the required quality of aggregate is the size of the 

course aggregate. Large particles of aggregate are undesirable because they introduce 

heterogeneity in the system that, at the interface, there may be an incompatibility between the 

aggregate and the surrounding hydrated cement paste in terms of the modules of elasticity, 

poison‟s ratio, shrinkage, creep and thermal properties. This incompatibility may lead to 

more micro cracking than when the maximum size of aggregate is smaller than 10 to 12 mm. 

Although a smaller maximum size of aggregate leads to higher water demand, this is of little 

important when the dosage of super plasticizer is used (Neville A.M., 1996). 

 

The larger total surface area of the aggregate with smaller maximum size also means that the 

bond stress is lower so that the bond failure does not occur. That is why failure occurs 

through the course aggregate and the hydrated cement paste while in compression or flexural 

test. 
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2.1.2.3.1.2.3 Structural limitation 

Size of concrete section and the horizontal and vertical reinforcing bars spacing are the 

structural limitations that dictate for the maximum size of aggregate. The governing values 

are prescribed in codes of practice. 

2.1.3 Water 

Water that is acceptable for drinking (except in respect of bacteriological requirements) is 

suitable for making concrete. Curing water should be free of materials that significantly 

affect the hydration reaction of the cement or promote possible alkali – silica reaction or 

produce unsightly stain or deposition the surface (Tayler W. H., 1997). 

The function of the water, other than enabling the chemical reactions which cause setting and 

hardening to proceed, is to lubricate the mixture of aggregates and cement in order to 

facilitate placing. 

The amount of water mixed with the cement determines the strength of the hardened paste. 

The use of too much mixing water will thin or dilute the fresh cement paste and weaken its 

cementing properties when hard. Consequently, it will be readily seen that the strength and 

quality of concrete depend primarily upon the quality and quantity of water mixed with the 

cement. The relation between the amounts of water and cement used in a mixture is called 

the water-cement ratio. 

2.1.4 Admixture 

Admixtures are chemicals which are added to concrete at the mixing stage to modify some of 

the properties of the mix. Admixtures should never be regarded as a substitute for good mix 

design, good workmanship, or use of good materials Cement and Concrete Institute. 

2.1.4.1 Uses of admixtures 

The most common reasons for using admixtures in concrete are: 

 To increase workability without changing water content. 

 To reduce water content without changing workability. 

 To effect a combination of the above. 

 To adjust setting time. 

  To reduce segregation and/or bleeding. 

 To improve pump ability. 
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 To accelerate the rate of strength development at early ages. 

 To increase strength. 

 To improve potential durability and reduce permeability. 

 To reduce the total cost of the materials used in the concrete. 

 To compensate for poor aggregate properties. 

2.1.4.2 Types of admixtures 

Admixtures are normally categorized according to their effect: 

 Plasticizers (water-reducing agents) 

 Super plasticizers (high range water reducers) 

 Air entertainers 

 Accelerators 

 Retarders 

 Others 

Many admixtures provide combinations of properties such as plasticizer/retarders or 

plasticizer/air entertainers. Each admixture type is discussed in the following sections. 

2.1.4.3.1 Plasticizers 

When added to a concrete mix, plasticizers (water-reducing agents) are absorbed on the 

surface of the binder particles, causing them to repel each other and deflocculated. This 

results in improved workability and provides a more even distribution of the binder particles 

through the mix. 

The main types of plasticizers are lingosulphonic acids and their salts, hydroxylated 

carboxylic acids and their salts, and modifications of both. 

Uses:- 

 Plasticizers usually increase the slump of concrete with given water content. 

 Plasticizers can reduce the water requirement of a concrete mix for a given 

workability, as a rule-of-thumb, by about 10%. 

 The addition of a plasticizer makes it possible to achieve a given strength with 

lower cement content. 

 Plasticizers may improve pump ability. 
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Practical considerations:- 

 A number of plasticizers contain a retarder and can cause problems if overdosed. 

 While some plasticizers entrain varying amounts of air, others are reasonably 

consistent in the amount of air they entrain. 

 Where plasticizers are used to increase workability, the shrinkage and creep will 

Invariably be increased. 

2.1.4.3.2 Super plasticizers 

These admixtures are chemically distinct from normal plasticizers and although their action 

is basically the same, it is more marked. When they are used to produce flowing concrete a 

rapid loss of workability can be expected and therefore they should be added just prior to 

placing. 

Super plasticizers are usually chemical compounds such as sulphonated melamine 

formaldehyde, sulphonated naphthalene formaldehyde, modified ignosulphonates and 

Polycarboxylate based materials. 

Uses:- 
 
Super plasticizers are used to best advantage: 
 

 In areas of congested reinforcement. 

 Where a self-leveling consistence facilitates placing. 

  For high-strength concretes by decreasing the water: cement ratio as a result 

of reducing the water content by 15–25%. 

 

Practical considerations:- 

Special mixes must be designed for Super plasticizers and their use must be 

Carefully   controlled. 

The effect of a Super plasticizer will last between 30 minutes to 6 hours depending on the 

admixture used. 

They have a relatively high unit cost. 

2.1.4.3.3 Air entertainers 

An air-entraining agent introduces air in the form of minute bubbles distributed uniformly 
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throughout the cement paste. The main types include salts of wood resins, animal or 

vegetable fats and oils and sulphonated hydrocarbons. 

Uses:- 

 Where improved resistance of hardened concrete to damage from freezing and 

thawing   is required. 

 For improved workability, especially in harsh or lean mixes. 

  To reduce bleeding and segregation, especially when a mix lacks fines. 

 

Practical considerations:- 

 Air entrainment may reduce the strength of concrete and overdosing can cause major 

loss of strength. 

  As a rule-of-thumb, 1% air may cause a strength loss of 5%. It is therefore important 

that mixes be specially designed for air entrainment and that the percentage of air 

entrained during construction is monitored. Because the doses are so small, special 

dispensers and accurate monitoring are required. 

 Different types and sources of cement/cement extenders may result in the entrainment 

of different amounts of air for the same dose and mix proportions. 

 A change in cementations content, in the grading or proportions of the fine fractions 

of sand will normally alters the volume of air entrained. 

 The amount of air entrained may depend on the source and grading of sand in 

concrete. 

 Forced-action mixers entrain larger volumes of air than other types. 

 Increasing ambient temperature tend to reduce the volume of air entrained. 

 The use of ground granulated blast furnace slag (GGBS) and fly ash (FA) tends to 

reduce the amount of air entrained. 

 Duration of mixing can also affect air content. 

2.1.4.3.4 Accelerators 

These admixtures speed up the chemical reaction of the cement and water and so accelerate 

the rate of setting and/or early gain in strength of concrete. Among the main types of 

accelerators are chloride based, non-chloride bases and shot Crete accelerators. 
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Uses:- 

 Where rapid setting and high early strengths are required (e.g. in shaft sinking). 

 Where rapid turnover of molds or formwork is required. 

  Where concreting takes place under very cold conditions. 

 

Practical considerations:- 

 All chloride-based accelerators promote corrosion of reinforcing steel and 

should not be used in Reinforced concrete, Water-retaining structures, pre 

stressed concrete, and Steam-cured concrete. 

 Overdosing with these materials can cause instant setting of the concrete 

resulting in Equipment damage. 

 Accelerators work more effectively at lower ambient temperatures. 

2.1.4.3.5 Retarders 

These admixtures slow the chemical reaction of the cement and water leading to longer 

setting time sand slower initial strength gain. The most common retarders are hydroxylated 

carboxylic acids, lignin, sugar and some phosphates. 

Uses:- 

 When placing concrete in hot weather, particularly when the concrete is pumped. 

 To prevent cold joints due to duration of placing. 

 In concrete which has to be transported for a long time. 

Practical considerations:- 

 If a mix is overdosed beyond the limit recommended by the supplier, retardation can 

last for days. 

 Retarders often increase plastic shrinkage and plastic settlement cracking. 

  Delayed addition of retarders can result in extended retardation. 

2.1.4.3.6 Other admixtures 

Other admixtures with different chemical compositions and effects are available (e.g. 

pumping aids, pigments, expansion aids and grouting admixtures). 

2.1.4.3 Design of mixes 

A laboratory test program should be carried out to optimize dosages of admixtures with the 
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cements/blended cements and aggregates which will be used on the site. This program should 

be based on good concrete mix design and correct laboratory methods. It is also essential to 

verify the proposed mixes under site conditions. The control mix (i.e. one without 

admixture), should be prepared before any other to prevent trace contamination with the 

admixture under test. Changes in materials or ambient conditions (e.g. temperature) may also 

change the effectiveness of admixtures; trials are essential if such changes are envisaged. 

If more than one effect is desired, then more than one admixture may be required. The 

compatibility of admixtures, particularly if from different suppliers, needs to be tested using 

materials from the site. 

2.1.4.4 Storage and handling 

Most admixtures are aqueous solutions of active chemicals that are biodegradable. These two 

factors define the general rules for storage. Admixtures should be protected from frost, as 

most have freezing points at or below 0°C. When an admixture freezes, the chemicals 

crystallize out of the solution and do not readily go back into solution on thawing. It is also 

necessary to protect admixtures from heat because their degradation is accelerated at elevated 

temperatures. They should be stored out of direct sunlight and away from other heat sources. 

Admixtures generally contain preservatives to reduce biodegradation and extend shelf life. 

Despite this, the activity and effectiveness of an admixture will gradually decrease with time. 

Therefore they should be used on a first-in-first-out basis. Admixtures are normally stored on 

site in 200 l drums or in bulk storage tanks. Bulk liquid storage tanks are often supplied, 

serviced and maintained by the admixture supplier. Drums should be handled with care. 

2.1.4.5 Dosage and dispensing 

The correct dosage of admixture is crucial for satisfactory mix performance and the proper 

use of well-maintained and calibrated dispensing equipment is essential. The optimum 

dosage of admixtures meet specific job site requirements should be determined by site trials 

using the selected cement, cement replacement materials (mineral additions) and aggregates. 

In addition to this, it is important to follow the manufacturer‟s technical details and 

recommendations and if necessary, it is possible to contact the company‟s local technical 
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representatives. 

Admixture suppliers normally provide, install and service dispensers which are either manual 

or automatic. Admixtures should be added to a concrete during mixing with the last portion 

of the mix water in order to ensure even dispersion of the admixture throughout the concrete, 

unless delayed addition is necessary for a specific purpose. The admixture should not be 

added directly to the dry cement or aggregates. For the majority of admixtures it is not 

necessary to change the concrete mixing procedure. Any special requirements will be given 

in the admixture manufacturer‟s product literature. 

2.1.4.6   Safety 

While most admixtures are not hazardous to health, certain admixtures are caustic in nature 

and some may be flammable. The following safety procedures apply to all admixtures. Avoid 

eye, mouth and skin contact as all chemicals should be regarded as toxic and corrosive. 

Contamination should be washed off immediately with plenty of fresh water. Contaminated 

clothing should be removed and washed. Seek medical advice in cases of serious eye 

contamination, ingestion or excessive inhalation of fumes. Admixture spillage will cause 

floor areas to become slippery and unsafe. Spillage should immediately be hosed down with 

water to prevent accidents. 
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CHAPTER THREE 

MATERIALS AND METHODOLOGY  

3.1 Cement 

In this research work, three mixes were prepared using Portland Pozzolana Cement and three 

mixes were prepared using Ordinary Portland Cement. Both Dangote OPC, produced at 

different times, and PPC cements were brought from the factory and were fresh. Except the 

package (the way to identify on the bag), both cements comply with the requirements of 

Ethiopian Standards, (ES 1177-1,2005).The chemical and physical properties of the cements 

shown in Table 4.1 are summaries of the cement test result data. 

3.2 Aggregates 

The fine aggregate used in the concrete productions is natural/river sand. It was washed, 

sieved and it‟s grading meets the Ethiopian Standard Requirement ES (1990) and manual 

recommendations (Dinku, 2002). Typical fine aggregate gradation together with its curve is 

shown in Table 3.2 and Figure 3.1 and its physical properties are shown below in Table 3.1 

Table 3.1: Physical Properties of the Fine Aggregate 

No. Test Description Test Result 

1 Silt Content 1.65% 

2 Moisture Content 0.70% 

3 Absorption Capacity 3.00% 

 

4 

 

 

Specific Gravity 

 

Bulk 2.784 

Bulk (SSD) 2.895 

Apparent 2.74 

5 Fineness Modulus 2.85 
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Table 3.2 Sieve Analysis of the Fine aggregate 

Sieve 

size 

(mm) 

Weight of 

Sieve 

(gm.) 

Wt. of 

sieve 

and 

retained 

(gm.) 

Weight 

Retained 

(gm.) 

Percentage 

Retained 

(%) 

Cumulativ

e 

Coarser 

(%) 

Cumulativ

e 

Passing 

(%) 

9.5 595 595 0 0.0% 0.0% 100.0% 

4.75 567.1 595.3 28.2 3.7% 3.7% 96.3% 

2.36 529.3 593.5 64.2 8.5% 12.2% 87.8% 

1.18 535.7 656.2 120.5 15.9% 28.1% 71.9% 

0.6 514.6 746.9 232.3 30.7% 58.7% 41.3% 

0.3 486.1 718.7 232.6 30.7% 89.4% 10.6% 

0.15 469.4 520.9 51.5 6.8% 96.2% 3.8% 

Pan 422.7 451.2 28.5 3.8% 100.0% 0.0% 

 Finesses modules 2.85 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                   Figure. 3.1 Gradation Curve for Sand 
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The coarse aggregates used are with maximum aggregate sizes of 20 mm used in the normal 

strength and intermediate strength concretes production 

n and a maximum aggregate size of 12.5 mm used for high strength concrete production. The 

coarse aggregates were washed to remove deleterious materials and sieved and stored 

separated in to grades. This has minimized segregation and thus variation in gradation from 

mix to mix. They were blended to meet the grading requirements of Ethiopian Standard for 

coarse aggregate. Typical coarse aggregate gradation together with the curve of the aggregate 

is shown in Tables 3.4 and Figure 3.2 and the physical properties are tabulated in Table 3.3. 

Table 3.3: Physical Properties of the Coarse Aggregate 

No. Test Description Test Result 

1 Moisture Content 1.16% 

2 Absorption Capacity 0.765% 

3 Unit Weight 1596kg/m 

 

 

4 

 

 

Bulk 2.74 

Bulk (SSD) 2.76 

Apparent 2.81 

5 Fineness Modulus 1.15% 

 

   Table 3.4 Sieve Analysis of the coarse aggregate 

Sieve size 
(mm) 

Mass 

Retaining 

Aggregate 

Percentage 

Retained 

(%) 

Percentage 

coarser 

(%) 

Percentage Passing 

25 0 0 0 100% 

19.5 20.5 39 39 61% 

12.5 14.1 27 66 34% 

9.5 12.1 23 23 11% 

4.75 5.7 11 11 0% 
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Figure 3.2 Gradation Curve of the coarse aggregate  

3.3 Water 

In every laboratory work throughout the research, tap water was used.  

3.4 Chemical Admixture 

Hyper plasticizing admixture based on new generation polycarboxylate ether , Dynamon 

SP5300, for high performance concrete mixes with very low water cement ratios, high early 

compressive strengths, long slump retention and self-consolidating & self-compacting 

concrete is used. It is used to reduce the amount of water and water-cement ratio. Dynamon 

SP5300 is a chloride free hyper-plasticizing admixture based on the new generation of 

polycarboxylate ether molecules and is specifically designed for the production of high 

performance and self-compacting concrete mixes by significantly reducing water/cement 
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ratio and providing excellent results in flow ability and improvement in both fresh and 

hardened concrete properties; in particular it will enable high early and ultimate compressive 

strengths to be achieved www.mapei.com. 

3.5 Research Area 

This research presents Evaluation on the use of Dangote Ordinary port land and Portland 

pozzolana cements for structural concrete production in the Oromia region Mugher Town. 

Mugher is located in Oromia region in west shewa and 80 km from Addis Ababa. 

3.6 Research Design 

To achieve the objectives outlined earlier, the study has made in two ways:- 

First, the cement factory was visited and data for each cement test results were collected 

from the factory. The data was analyzed and the chemical and physical properties of each 

cement properties were used to propose the properties of concrete produced from each 

cement type. 

Second, laboratory tests on the compressive strengths of different classes of concrete 

produced from each cement type were done and recorded at different ages. Studies and 

justifications on compressive strength are based on the laboratory test result and the analyzed 

cement properties. 

The physical properties of aggregate in the production of concrete in general and high 

strength concrete in particular are very crucial. Hence, the important tests were made on the 

physical properties of the aggregates and all the required properties are in conformity with 

the material specification requirements of the Ethiopian Standards and/or ASTM (Orchard 

D.F, 1973). 

Aggregates were washed and sieved to meet the grading requirement of Ethiopian standard. 

Furthermore, physical properties comprising: Silt Content, Moisture Content, Specific 

Gravity, Absorption Capacity and unit weight of aggregates were conducted. 

 

 

http://www.mapei.com/
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The aggregate was brought from ERA site and has shown better result in all the conducted 

tests. To avoid variation in grading due to segregation of coarse aggregates, the aggregates 

were Screened and stored in to separate sacks and blended in the pre-determined proportion 

while making mixes. 

Without the use of admixtures, it is difficult to produce workable concrete with water/cement 

ratio of 0.4 and below. Thus, Hyper plasticizing admixture based on new generation poly 

carboxylate ether (having production code of Dynamon SP5300) for high performance 

concrete mixes with very low water cement ratios, high early compressive strengths, long 

slump retention and self-consolidating & self-compacting concrete; which is used to reduce 

the amount of water and water-cement ratio was used in the production of high strength 

concrete. 

In each class of concrete, mixing was made keeping every condition the same except varying 

the cement amount so that the variation on the concrete properties is directly attributable to 

the cement properties. Finally, compressive strength tests were made at the ages of 3, 7 and 

28. 

3.7 Study Variables 

3.7.1 Dependent variable 

 Evaluation on the use of Ordinary Portland and Portland pozzolana cements. 

3.7.2 Independent variables 

 Production process. 

 Greenhouse gas emission.  

 Emissions Cost.  

 Chemical composition. 

 Proportioning of the raw materials.                    

 Cement Test.   

 Material properties test. 

 Mix preparation.     

 Compressive strength of normal to high strength concrete. 
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3.8 Mix preparation 

For the purpose of this research two types of cements, namely: Dangote OPC & PPC were 

used in every concrete class and in the three classes of concrete a total of six mixes were 

made. In the production of normal strength concrete the targeted strengths was C-25 and in 

the mix proportions of the intermediate concrete strengths, C-40 were selected and In the 

case of the high strength classes of concrete, the targeted strengths was C-70 ACI 211.4R-08 

Mix design Method was applied in the three class of concrete. 

There are six mix proportions of which three are for the PPC and   three for the OPC that 

were conducted to study the effects of the cements on the concrete properties especially to 

the compressive strengths from normal to high strength. In using OPC, it was made with 

cement contents of 330 kg/m3, 400kg/m3 and 585kg/m3 water/cement ratio of 0.65,0.47,and 

0.24 and chemical admixture of 0, 0, 8.175 liters/m3 and 8.775 liters/m3  respectively for  C-

25, C-40,. In the case of PPC they were made with cement contents of 330kg/m3, 400kg/m3 

and 585kg/m3 water/cement ratio of 0.51, 0.37 and 0.24 and chemical admixture of 0, 0 and 

8.775 liters/m3 respectively for C-25, C-40 andC-70; the mix proportions and slumps are 

given in tables 3.5 and 3.6 below. 
 
Table 3.5: Mix Proportions and slumps for concretes made with Dangote OPC 
 
 
Category 

Strength 

Class 
Cement 

3 
[kg/m ]  

W/C 
Water 

3 
[kg/m ] 

F.A. 

 
[kg/m] 
3 

C.A 

[kg/m 

]3 

admixtu

re 
 [Lit] 

Slump 
[mm] 

Normal                     
C-25 

                  
290 

                
0.65 

                
190 

                 
607 

               
1290 

_____          
-___         

_ 

               
80 

Intermediate                     
C-40 

               
360 

               
0.47 

               
170 

            
532 

                 
1367 

                             
- 

                     
30 

High 
                   

C-70_ 
_                        
_-

________
__ 

_          
-

____
___ 

                           
- 

                     
- 

                  
- 

                        
- 

                      
- 
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Table 3.6: Mix Proportions and slumps for concretes made with Dangote PPC 

Category Strength 

Class 

 Cement 

3 

[kg/m ] 

 

W/C 

Water 

3 

[kg/m ] 

F.A 

3 

[kg/m] 

C.A 

3 

[kg/m] 

Admixture 

[Lit] 

Slump 

[mm] 

Normal 

Strength 

                 

C-25 

                      

330 

            

0.51 

                  

170 

                 

539 

                

1387 

- 20 

Intermediate 

Strength 

C-40 400 0.37 150 624 1325 - 20 

High 

Strength 

C-70 585 0.24 140 604 1085 8.775 200 

3.9 Specimens Preparation 

For the three class of concrete ACI 211.4R-08, guide Mix design Method was used as 

starting point and fortunately all the mixes were perfect at first; and this may be due to the 

high care given during the preparation. Each mix batch was 45.6 liters in volume and was 

subjected to 1 minute dry mixing and 2 minutes wet mixing (EBCS-2, 1995). Regarding 

placing and compaction, placing was started immediately and was done in two layers and 

compacted in table vibrator for 30 seconds for single15cm cube mold and for 45 seconds for 

couple of 15cm cube molds. Compaction and placing were completed within 15 minutes. 

After calculating the volume of the admixture for the amount of cement, the admixture, 

Dynamon SP5300, was added carefully and to maximize the its effect, I have applied the 

suggested mechanisms, that is, subsequent to adding 50-70% of the mixing water; 

particularly in this case after the addition of 60% of the water, the admixture was added and 

then the remaining amount of water. Regarding placing and compaction, placing was started 

immediately and was done in two layers and compacted.  

3.10 Curing and Crushing 

After 24 hours of placing and compaction, samples were removed from their molds and 

placed in to water pond until the intended days for testing concrete compressive strengths, 

that is, 3rd, 7th and 28thdays. Then after, the concretes are crushed and their load carrying 

capacities were recorded; in doing these, I found amazing results of concrete compressive 

strength p to C- 70 Mpa.                                           
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CHAPTER FOUR 

RESULT AND DISCUSSIONS 

This chapter has three parts, in the first part, the production process of the Dangote and its 

care to the environment.  

In the second part, Material proportions which the factory follows, targeted chemical 

compositions and the test results of the cements collected from the factory are summarized 

and/ or analyzed.  

In the third part, the laboratory conducted compressive strength test results on different class 

of concrete made of the two cements types are analyzed and discussed. Besides correlations 

are made between concrete properties analyzed using the laboratory test results and proposed 

using the cement properties test results.  

4.1 Production process of the company and its care to the environment.  

4.1.1 Production Process 

Once the raw feed has been satisfactorily ground and blended, it is ready to enter the 

horizontal rotary kiln where pyro processing (burning) occurs. It is a modern kiln, with a 

production capacity exceeding 5000 tons/day. The raw feed enters at the high end and the 

combination of rotation and inclination slowly moves the material the length of the kiln. 

In this factory, the blended raw material enters the kiln via the pre-heater tower. Here, hot 

gases from the kiln, and probably the cooled clinker at the far end of the kiln, are used to heat 

the raw meal. As a result, the raw meal is already hot before it enters the kiln. 

The raw meal is fed in at the top of the pre-heater tower and passes through the series of 

cyclones in the tower. Hot gas from the kiln and, often hot air from the clinker cooler are 

blowing through the cyclones. Heat is transferred efficiently from the hot gases to the raw 

meal. 
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4.1.2 Basic principle of the pre-calciner kiln 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Model for the illustration of Dangote cement factory  http://www.understanding-

cement.com/kiln.html 

4.1.3 Operation mechanisms of the kiln and pre-heater tower 

Raw meal passes down the tower while hot gases rise up, heating the raw meal. At „1‟, the 

raw meal largely decarbonates in a temperature of 950
o
C; at „7‟, the temperature is 1400 oC 

and intermediate   compounds are forming and at „8‟, the burning zone, clinker nodules and 

the final clinker minerals form. When the clinker has passed the burning zone, it starts to 

cool, slowly at first, then much more quickly as it passes over the „nose ring‟ at the end of the 

kiln and drops out in to the cooler. 

 

 

 

 

 

http://www.understanding-cement.com/kiln.html
http://www.understanding-cement.com/kiln.html
http://www.understanding-cement.com/kiln.html
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Burning fuel, consisting of powdered coal, fuel oil, or gas, is forced into the lower end of the 

kiln, producing temperatures of 1400 to 1600 oC (2550 to 2900 oF) in the hottest part of the 

kiln. Being a dry process the raw materials are crushed, dried in rotary driers, proportioned, 

and then ground in ball mills. The resulting powder is then burnt in its dry condition in the 

rotary kiln. As the raw feed moves through the kiln, carbon dioxides are driven off from the 

constituents in the form of gases (calcinations). The residual oxides recombine in the hottest 

part of the kiln, the clinkering zone, to form new chemical compounds. The heated exhaust 

gases are used to raise the temperature of the incoming feed in special heat exchangers called 

pre heaters. 

4.1.4 Final processing 

Material exiting the kiln is known as clinker; dark-gray, porous nodules (13 to 50 mm [1/2 to 

2 in.]) in diameter that are still hot. The clinker is cooled by forced air, and then conveyed to 

the storage with a capacity of 40,000 tons or immediately to ball mills where it is ground to 

the fine gray powder. A small amount (5%) of gypsum (CaSO4.2H2O) is added to the 

clinker in order to control setting behavior, strength development, and volume stability. The 

ball mills used for finish grinding are similar to the mills used to grind the raw materials. 

They are equipped with air separators that remove the fine particles and return the coarse 

material to the mills for further grinding. The final cement is relatively so fine having 

finesses of 367kg/m2 for OPC and 350kg/m2 for the PPC. The cement is stored in to the two 

large silos of each 10, 000 tons of capacity until ready for distribution. It is also shipped in 

bulk by truck. 
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4.1.5 Naming and notation of the cements 

During my study of Dangote cement(Ethiopia)PLC, researcher found that name and notation 

of the cements as to differentiate OPC from the PPC for the customers;  then the  

designations are simply ES 1177-1_2005, 42,5R for OPC and ES 1177-1_2005, 32.5R for 

PPC.  

 

 

 

 

 

 

 

 

 

 

             

 

           Figure 4.2 Dangote OPC                                       Figure 4.3 Dangote PPC 

4.1.6 Quality Control 

The manufacture of Portland cement involves complex chemical reactions, and all stages of 

production require close monitoring and control, as is doing the factory under research. Plant 

chemists and chemical engineers analyze the raw materials from the quarry, the blending of 

materials, and the finished products using online automated analytical controls. 

The Cement is regularly sampled and tested by the Consultants and the Chinese Contractor. 

Tests include both chemical analysis and physical tests such as strength, fineness, and setting 

behavior. Tests on cement are done for quality control and to verify that the cement meets the 

requirements of Ethiopian standard.  

4.1.7 Client’s community engagement 

According to the ESIA report of Dangote, a substantial stakeholder engagement process was 

undertaken during its preparation. This included a total of about 1,600 stakeholders, 

including members of affected households and communities, Management, Engineers, 
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supervisors, skilled laborers from foreign Countries and Domestic level and peasant 

association (village) leaders from the project-affected area. Discussions were held in two 

main languages: Amharic, the national language, and Oromiffa, the local dialect spoken in 

the Mugher Valley area and in Oromia Region. Based on the information in the ESIA report 

and meetings with resettled households, village leaders, and local administration officials 

during the IFC appraisal mission, the team believes that the project has achieved broad 

community support. This support has been achieved via a process of free, prior and informed 

consultation. 

4.1.8 Community development planning 

Based on comments received during the consultation process Dangote Cement (Ethiopia) 

PLC has committed to provide a number of tangible benefits for surrounding communities. 

These include: 

 Create job opportunities for skilled and unskilled man power. 

 Contribute in promoting small business environment in the area 

 Contribute for the stabilization of price of cement. 

 Contribute in saving of foreign exchange that could have been expended for 

import of cement and clinker. 

 Generate income for the organization and revenue for the government. 

 Contribute to the development of infrastructure of the area. 

4.1.9 Greenhouse gases emission to the environment from the factory  

Almost all the manufacturing units of a cement factory e.g., raw mill, kiln, coal mill, cement 

mill are point sources of pollution emission. In addition some other activities associated with 

post-manufacturing stages like open air handling, loading and unloading etc. result in leakage 

of dust into the environment, which are called fugitive sources of emissions. Emissions of 

Carbon dioxide take place during cement manufacturing due to decarbonisation of Calcium 

carbonate and Magnesium carbonate and burning of fossil fuels. Oxidation of Sulphur in fuel 

generates Sox (Sulphur dioxides) and combination of Oxygen and Nitrogen at high 

temperature in the burning zone generates Nitrogen oxides. The cement manufacturing 

processes thus result in release/emission of following pollutants: Particulate matter 

(Repairable and non-repairable), Nitrogen oxides, Sulphur oxides, Carbon monoxide, 

Volatile organic Compounds (VOC) and Green House (GHG). 
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Table 4.1 Emission of product/processes 

Sub-step Material 

or Process 
Emission of product/processes 

CO2 SO2 NOX CO CH4 N2O VOC 

Manufacturing Portland 

cement 

(kg/ton) 

1.41E

+02 

 

1.75E

-01 

 

3.49E

-01 

 

1.43E

-04 

 

9.50E

-06 

 

2.8540

3E-05 

 

7.49455E

-05 

 

Source: Environmental Life-Cycle Inventories of Energy Systems, Federal Institute of 

Technology, Zurich, Switzerland, Database. 

 

4.1.10 Emissions costs  

The emissions cost were calculated considering the cost of neutralizing CO2, SO2, 

N2O,NOX CO, VOC and CH4 and the costs based on the data reported by Kendall et al. 

(2005) and International Association for energy Economics Estimation shown in Table5.17 

which are equivalent to the values in Global Energy Reporting Initiative Database. 

Table 4.2 emission costs for the greenhouse gases. 

CO2 
 

SO2 
 

NOX 
 

CO 
 

CH4 
 

N2O 
 

VOC 
 

                                                                                                                                      

Cost $ per Ton 
  

26.00 
 

208.00 
 

8,712.00 
 

100.00 
 

28.00 
 

28.00 
 

2,750.00 
 

                                                Cost ETB per Ton(ETB22/$) 
 

572.00 

 

4,576.00 

 

191,664.00 

 

2,200.00 

 

616.00 

 

616.00 

 

60,500.00 
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Table 4.3 Summary of Emission of product and Cost Emission for Dangote 

 

Dangote clinker production capacity 5,000.00  Ton/day 

              

CO2 

 

            

SO2 

 

               

NOX 

 

               

CO 

 

                 

CH4 

 

                  

N2O 

 

             

VOC 

 

           

Total 

         

kg/day 

 

          

703,703.70 

 

           

873.64 

 

        

1,745.10 

 

            

0.71 

 

           

0.05 

 

         

0.14 

 

             

0.37 

 

 

706,323.72 

 

 

Ton/day 

 

           

703.7037 

 

        

0.8736 

 

           

1.7451 

 

 

0.0007 

 

 

0.0000 

 

0.0001 

 

               
0.0004 

        

706.3237 

 

 

cost/ton 

 

               

ETB       

402,518.52 

 

            

ETB                        

3,997.77 

 

                

ETB         

334,472.47 

 

              

ETB              

1.57 

 

               

ETB              

0.03 

 

               

ETB      

0.09 

 

                 

ETB    

22.67 

 

                   

ETB       

741,013.12 

 

 

 

      Figure 4.4 Comparisons of greenhouse gases in terms of their quantity 
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Figure 4.5 Comparisons of Greenhouse gases in terms of Cost. 

As shown on Table 4.3 and figures 4.4 and 4.5, for the production of Portland cements the 

emissions of greenhouse gases CO2, SO2, N2O, NOX, CO, VOC and CH4 in kg/day relative 

to their total are: 703,703.70, 873.64, 1,745.10, 0.71, 0.05, 0.14, and 0.37 respectively by the 

same token in Ton/day, 703.7037 for CO2, 0.8736 % for SO2, 1.7451 for N2O,.0000 for  

NOX 0.0001 for CO, 0.0004 for VOC  and As far as emission attainment is concerned, CO2 

is higher but the total emissions of greenhouse gases, it is already observed that in kg/day and 

ton/day  were 706,323.72 and 706.3237 respectively. 

During the production of Portland cement emissions costs in Cost/Ton for CO2, SO2, N2O, 

NOX CO, VOC , CH4 are ETB 402,518.52, ETB 3,997.77, ETB 334,472.47, ETB 0.03,ETB 

0.09, ETB 22.67 respectively and the total estimated emission costs in Cost/ton is ETB       

741,013.12. 
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As shown in the above figure CO2, SO2, N2O, NOX, CO, VOC and CH4 emitted during the 

production Portland cements of these types of Greenhouse gases but study identifies that 

carbon dioxide has shown emitted more than the other gases and costs a lot than other. 

The other points to outline are that N2O and CH4 d have shown the smaller emission during 

the production of Portland cement.  

Cement is an important construction ingredient produced in virtually all countries. Carbon 

dioxide (CO2) is a by-product of a chemical conversion process used in the production of 

clinker, a component of cement, in which limestone (CaCO3) is converted to lime (CaO).  

Cement manufacturing releases carbon dioxide (greenhouse gas) in the atmosphere both 

directly when calcium carbonate is heated, producing lime and carbon dioxide, and also 

indirectly through the use of energy if its production involves the emission of carbon dioxide. 

On sustainable housing there is large amount of information available but the information is 

somewhat disintegrated and often conflicting or contradictory. The study identifies that 

carbon dioxide emitted more than the other greenhouse gases. 

4.2 Material proportions and test results of the cements collected from the factory. 

Table 4.4: The guiding principle of material proportions which the factory follows 

Proportion [%] 90 6 4 

 Limestone Clay Sandstone 

LOI 36 7.16 0.54 

SiO2 8.96 45 85.57 

Al2O3 1.8 18.99 6.21 

Fe2O3 1.64 18.323 3.46 

CaO 47.33 2.47 1.13 

MgO 0.84 1.95 0.36 

H2o 0.25 17.41 7.36 

 



77 
 

All these three basic materials are available in a nearby quarry, Dangote-Muger valley. The 

raw material is transported to the primary crusher by truck. The material is then crushed and 

is reduced to a maximum size of 100 mm of which 95% should pass 75mm sieve size. The 

crushed material is transported through a conveyer and then stored in a raw material storage 

facility. Raw materials are carefully proportioned and ground in roller presses or ball mills to 

fineness similar to face powder. The ground material is then transported by pneumatic means 

through a pipeline to storage and blending silos. The material is constantly blended and 

checked for uniform chemical composition & uniform products; the factory is always trying 

to keep the targeted composition of the final products to be constant which is tabulated as 

follows. 
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Table 4.5: Summaries of Test Results on Both of the Dangote Cements 
 

Mean 

Chemical 

Oxides of 

LOI 

[%] 

CaO 

[%] 

SiO2 

[%] 

Al2O3 

[%] 

Fe2O3 

[%] 

MgO 

[%] 

SO3 

[%] 

Total 

Clinker 0.35 66.30 21.92 5.33 3.87 1.26 - 99.04 

OPC 4.80 62.38 20.85 5.28 3.54 1.38 2.5 99.26 

PPC 3 48.08 30.50 5.76 3.93 1.32 2.42 95.01 

Mean 

Chemical 

Oxides of 

Pozzolana 

LOI 

[%] 

CaO 

[%] 

SiO2 

[%] 

Al2O3 

[%] 

Fe2O3 

[%] 

MgO 

[%] 

H2o 

[%] 

Total 

Pumice - 1.06 64.73 9.53 7.10 0.83 16.30 99.55 

Mean 

Chemical 

Compounds 

of 

C3S 

[%] 

C2S 

[%] 

C3A 

[%] 

C4AF 

[%] 

Total % of Silicates 

Clinker 57.15 19.74 7.53 11.84 96.26 76.89 

OPC 51.5 22.6 8 10.76 92.76 74.1 

Fineness OPC 367 Initial 

Setting 

OPC 60 min Final 

Setting 

OPC  180min 

PPC 350 PPC 75 min PPC  195min 

Soundness OPC 0.15mm   

PPC 0.2mm 

 

As discussed above, Dangote cements are currently the highest cement producers and the 

main stakeholders at the market. 

The silicates are the cementations compounds which take the recognition for the overall 

strength development of the cement paste; hence, an increase in the summation of silicates 

tends to increase strength at all stages (George Earl Troxell and Harmer E. Davis, 1956). The 

early strength of a Portland cement will be higher with higher percentages of C3S, but if 

moist curing is continuous, the later strengths, after about 6 months, will be greater for the 
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higher percentages of C2S (George Earl Troxell and Harmer E. Davis, 1956). Besides, the 

degree of fineness of the clinker grinding has an effect on the rate of strength development 

and the higher fineness the higher is the rate of strength development; however, with no 

significant effect on the ultimate strength development (Abayneh, 1987). 

 

Regarding Particle Size Distribution of cements, the original size, spatial distribution, and 

composition of Portland cement particles have a large influence on hydration kinetics, 

microstructure development, and ultimate properties of cement-based materials. For a given 

water-to-cement (w/c) ratio, a reduction in median particle size generally results in an 

increased hydration rate and, therefore, improved early properties such as higher early 

strengths (Gaithersburg, 1999).  

As shown on Table 4.5, under the heading: the Mean Chemical Compounds of Clinker, the 

total percentage of silicates is 76.89   and that of C3S is 57.15 and through the row: the Mean 

Chemical Compounds of OPC, the total silicates is 74.1 and the C3S 51. As shown under the 

heading: Fineness, the fineness for Dangote OPC and Dangote PPC are: 367 and 350 m2/kg 

respectively. 

These figures of fineness are good which are conventional in most of the factories of the 

world today; of course, these can result in early strengths relatively however as fineness is 

concerned, no significant and unique effect in early strength development will be expected on 

both the cements; but as the factories manager explains the cements have best PSD with a 

narrow particle size distribution; as the factory utilizes the modern technology of cement 

production. This should be the case for the achievements of early and best ultimate strengths 

in all classes of concrete made in the laboratory; up to 70 MPa. Furthermore, at early ages the 

replacement of cement by a Pozzolana usually results in a decrease in the compressive 

strength, but the difference in strengths becomes less and may disappear at ages of 3 months 

or more (Abayneh, 1987). The amount of pozzolana incorporated in producing PPC is in the 

range of 25-28 and most of the time 25%. Therefore, due to the inclusion of 25% or more 

pozzolana to the clinker while producing the PPC, generally concrete produced using the 

OPC is expected to show higher early strength development than that of PPC. As a result of 

the above facts, concrete produced using Dangote OPC is expected to have the higher rate of 
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early strength development followed by that of Dangote PPC. 

Portland Pozzolana cement is a blend of Pozzolana and clinker. Hence, properties of a 

particular PPC depend on the properties of its clinker and the amount and oxide composition 

(or pozzolanicity) of the incorporated Pozzolana. 

However, the available and collected data from the cement factory regarding its pozzolana is 

the oxide composition and not the reactivity of the silicates. Hence, in this thesis, 

pozzolanicity of PPC is taken as the percentage of silicate in the oxide composition of its 

pozzolana, Pumice. On the literature survey of pozzolana, Pumice is not among the active 

pozzolanas (Orchard D.F, 1973).The percentage of silicate of Pumice, as shown under the 

heading: Mean Oxide Composition of Pozzolana in table 4.5 is: 99.55.The pozzolanas used 

in production PPC is natural material, pumice, which is rated as less active, and the ultimate 

strength achieved from this pozzolana may not be as high as what is achieved from active 

pozzolanas. Besides, for pronounced effect on later age strength development from 

pozzolana, there is a need for continuous and extended moist curing, and that is why in this 

thesis moist curing has made for 3, 7 and 28 days. Therefore, the ultimate strength of 

concrete produced using the PPC is more or less expected to be comparable with that of the 

OPC except the shortage of the days for that not known the 91th days result. 

 

Based on the total silicates of the chemical compound compositions, concrete from the OPC 

is expected to have high ultimate strength. As the concretes were caused for continuous and 

extended moist curing the C2S should be well hydrated and thus, contribute to the better 

ultimate strength. 

 

Dangote PPC possesses a higher silicate in its pozzolana oxide, higher C2S and total silicates 

in its clinker compound composition, hence good later strength development is expected 

from the concrete produced using it. However, comparing the two cements, the OPC with 

higher C3S may show high early strength and the same to do so for the 28th day strengths; 

thus in this regard concrete from Dangote  OPC is expected to show the higher ultimate 

strength followed by that of PPC. As discussed on the literature review part, durability of 

concrete means maintaining the required strength and serviceability of concrete during its 

expected service life (Neville A.M., 1996). This property of concrete depends on its 
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imperviousness and resistance to chemical attack. 

At given mass, higher numbers of particles are available when specific gravity is lesser and 

specific surface area or fineness is higher. As shown on Table 4.5 above the heading: Mean 

Fineness, Dangote OPC has remarkably the higher specific surface area; hence the more 

number of cement particles per given mass than is PPC. 

 

When there are more cement particles in a mix, then the higher is cement paste in the 

concrete; thus, fatty or workable, less segregated and less voided (George Earl Troxell and 

Harmer E. Davis), collectively impervious concrete is produced. Failure of concrete to resist 

chemical attack is primarily of the cement paste; if the cement paste can be made resistant, 

the concrete will be resistant and serviceable (Abayneh, 1987). 

 

C3A promotes high early strength but is the most vulnerable constituent of Portland cement 

toward possible chemical attack (Orchard D.F, 1973). Low C3A cement generates less heat, 

develops higher ultimate strength, and exhibits greater resistance to destructive elements than 

a cement containing large amounts of this (George Earl Troxell and Harmer E. 

Davis)compound. Due to the inclusion of 25% or more pozzolana to the clinker, for sure the 

PPC has lesser content of C3A and C3S than the OPC. 

 

Because of its greater imperviousness, concrete produced from PPC has higher restriction on 

the ingression of gases and liquids and the lesser content of C3A gives rise to better resistant 

to sulphates and generally chemical attacks. Furthermore, the presence of silicates from the 

pozzolana enables it to have better ability to inhibit or reduce the disruptive effects of alkali 

silica reaction. Therefore, PPC is preferable to OPC as far as workability, impermeability and 

resistant to chemical attack concrete is concerned. 
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4.3 Compressive Strength Test Results and Rate of Gaining of Strength. 

The raw data of the compressive test results are summarized and presented in Table 4.6; for 

detail evaluation and comparison among concretes produced using both cement types. Table 

4.7 is further analyzed and summarized in Tables 4.6 and graphed as shown on Fig. 4.6 to 

Fig. 4.9 

To evaluate and compare the rate of strength development among concretes of the same class 

produced using both cement types, the test results of each concrete at different ages are 

analyzed relative to their 28th day test result which are tabulated in Table 4.6. 

Table 4.6: Summaries of Compressive Strength Test Results of C-25, C-40 and C-70 

Test ages 3 days [MPa] 7 days [MPa] 28 days [MPa] Ratio to its own 28 

day compressive 

Normal Strength 

OPC (C-25) 15.82 20.81    33.06 0.48 0.63 1 

PPC (C-25) 15.44 25.07    30.41 0.42 0.68 1 

Intermediate Strength    

OPC (C-40) 36.09 43.15         60.98 0.59 0.71 1 

PPC (C-40) 28.99 39.55   55.925 0.52 0.71 1 

High Strength Concrete    

OPC(C-70) 49.35 62.61  82.35 0.59 0.76 1 

PPC (C-70) 46.54 66.08  80.49 0.59 0.82 1 

 

As shown above on Table 4.6, in all classes of concrete, the OPC have shown better strength 

development than the PPC. This is actually what was expected to occur while discussing on 

concrete properties based on the cements test results. 

Concrete produced using Dangote PPC has shown the smaller compressive strength and the 

higher rate of strength increment with age where as that of OPC has the higher strength but 

the lower rate of strength increment with age. However, it is highly unlikely that the concrete 

produced using the PPC can narrow and reach the strength of the concrete produced that of 
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the OPC and this was especially proven for C-70. The strength up to the 7th day is taken as 

early strength and despite some irregularities at the Normal Strength concrete; generally, it is 

apparent that in all classes of concrete, the OPC have better rate of early age strength 

development than the PPC which is the same as what was proposed on the cement test data 

analysis and discussion 

Table 4.7: Rate of strength development relative to their 28th day‟s strength 

Cement 

type 

Days 3 Days[%] 7 Days[%] Difference  b/n the 3
rd

 

and 7
th

 days 

OPC C-25 47.94  63.05  15.61 

C-40 60.88  75.85  14.78 

C-70 58.06  73.7  15.64 

PPC C-25 44.11  71.63 27.52 

C-40 52.72  71.90 19.18 

C-70 54.75  77.74 22.99 

 

Interestingly in all strength classes good strength development is observed in both cements 

especially in the high strength concrete, strength up to 54.75 % & 58.06% in 3 days and 

77.74% &73.7% in 7days relative to their 28 days strength was possible using Dangote PPC 

and OPC respectively. Hence, the OPC is best in high early strength concrete production. 

Therefore, Dangote OPC can be used for pre-stressed concrete to allow for early stressing, 

precast concrete for rapid production of elements, high-speed cast-in situ construction, rapid 

form reuse, cold-weather construction, rapid repair of pavements to reduce traffic downtime 

and Fast-track paving and several other uses. 

The other points to outline is that also as the strength class increases the percentage 

increment of compressive strengths at 3rd and 7th days will also increase; for this particular 

study of OPC, from 47.94.50% for C-25 to 58.06% for C-70 and from 63.05% for C-25 to 

73.7% For C-70 respectively; and for PPC, from 44.11% for C-25 to 54.75% for C-70 and 

from 71.63% for C-25 to 77.74% for C-70 respectively. 
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Figure 4.6: Compressive strength development of Dangote OPC 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

                   Figure 4.7: Compressive strength development of Dangote PPC. 
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As shown on Table 4.7 and figures 4.6 and 4.7, for the concretes produced using Dangote 

OPC and PPC, the increment of three days strengths relative to their respective 28th days 

strengths are: 46.50% and 44.11% for C-25, 60.88% and 52.72% for C-40 and 58.06% & 

54.75% for C-70, by the same token for the seven days, 63.05%&71.63% for C-25, 

75.85%&71.90 % for C-40 and 73.7%&77.74% for C-70. As far as early strength attainment 

is concerned, OPC is faster but at later ages, it is already observed that concrete made of PPC 

was increasing its strength significantly than OPC. Here, we  would like to draw some one‟s 

intention towards the difference of the increments, that is, when we see the gap between 3rd 

days percentage with that of the 7th day of PPC, 27.52% for C-25, 19.18% for C-40 and 

22.99% for C-70 whereas for OPC 15.61% for C-25, 14.78% for C-40 and 15.64% for C-70; 

which immediately tells us the rate of increment of PPC is higher than that of OPC in all the 

three strength classes of concrete; and this was predicted in the literature review due to the 

late hydration of that of C2S. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.8: Rate of Strength Development of Dangote OPC Relative to its Own 28th Day‟s  

Strength. 
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Figure 4.9: Rate of Strength Development of Dangote PPC Relative to its Own 28th Day‟s 

Strength 

As shown in the figure above, keeping every condition the same, OPC gives higher strength 

than PPC and is highly unlikely that the concrete produced using the PPC can narrow and 

reach the strength of the concretes made of the OPC up to 28 days. But researches show that 

the strength development of concrete made of PPC and OPC will have no significant 

differences at 56 days and more. 

 

 

 

 

 

 

 

 

 

 

 

    Figure 4.10 Compression of C-25 concrete Strength made with OPC and PPC 
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Figure 4.11 Compression of C-40 concrete Strength made with OPC and PPC 

 

 

 

 

 

 

 

 

 

 

Figure 4.12 Compression of C-70 concrete Strength made with OPC and PPC 

In using OPC, at the age of 28 days compressive strengths of: 33.066, 60.98 & 82.35MPa 

have been produced with the possible minimum cement contents respectively for C-25, C-40 

and C-70. In the case of PPC, 30.41, 55.925 & 80.49 MPa have been produced respectively 

for C-25, C-40 and C-70. Therefore, at all ages and classes of concrete, Dangote OPC has 

produced best compressive strength concrete and is also the PPC as it has pozzolanic 

material. 

 

0

10

20

30

40

50

60

70

C-40 OPC C-40 PPC

C
o
m

p
re

ss
iv

e 
S

tr
en

g
th

 M
p

a
 

  

3 days

7 days

28 days

0

10

20

30

40

50

60

70

80

90

C-70 OPC C-70 PPC

C
o
m

p
re

ss
iv

e 
S

te
n

g
th

 M
p

a
  

3 days

7 days

28 days



88 
 

Concrete produced using Dangote PPC has shown the smaller compressive strength and the 

higher rate of strength increment with age where as that of OPC has the higher strength but 

the lower rate of strength increment with age; and thus generally, at later ages the PPC has 

shown larger strength increment as compared to the OPC. Hence, keeping every condition 

the same, the PPC cannot produce a concrete strength as high as the OPC does up to 28 days. 

 

For higher early age strength development, both fineness and the percentage of C3S are 

important parameters. But at later ages, fineness has no effect on strength. The other 

important factor is that Particle Size Distribution of cements, the original size, spatial 

distribution, and composition of Portland cement particles have a large influence on 

hydration kinetics, microstructure development, and ultimate properties of cement-based 

materials. For a given water-to-cement(w/c) ratio, a reduction in median particle size 

generally results in an increased hydration rate and, therefore, improved early properties such 

as higher early strengths; the cements have narrow particle size distribution; as the factory 

utilizes the modern technology of cement production. This should be the case for the 

achievements of early and best ultimate strengths in all classes of concrete made in the 

laboratory; up to 70 MPa. Therefore, it is its high C3S content together with its narrow 

particle size distribution that gives concrete made of Dangote OPC the higher strength at all 

ages. 
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CHAPTER FIVE  

CONCLUSIONS AND RECOMMENDATIONS 

Based on the evaluations made and as reported in the previous chapters, the following 

conclusions are drawn and recommendations are forwarded. 

5.1 Conclusions 

The study identifies that carbon dioxide emitted more and costs higher than other greenhouse 

gases during per ton production of Portland cements. 

At all ages and classes of concrete, Dangote OPC has produced best compressive strength 

concrete. The PPC cannot produce a 28
th

 day Concrete Compressive Strength as high as that 

of the OPC. The low Pozzolannicity of the natural Pumice used in the Production of The PPC 

should be the reason for the ultimate Strength of Concretes made of the PPC to be lower than 

that of the OPC.  

Concrete produced using Dangote PPC has shown the smaller compressive strength and the 

higher rate of strength increment with age where as that of OPC has the higher strength but 

the lower rate of strength increment with age; and thus generally, at later ages the PPC has 

shown larger strength increment as compared to the OPC.  

Though the strength differences show a decreasing trend with age, it is highly unlikely that 

the concrete produced using the PPC can narrow and reach the strength of the concretes 

made of the OPC. 

The pozzolana used in production of the PPC is natural material, Pumice, which has less 

amount of lime (1.15), and the ultimate strength achieved from this pozzolana cannot be as 

high as what could be achieved from active pozzolanas such as fly ash. Besides, the 

hydration of C2S in clinker and the silicate in the pozzolana requires long moist curing; but in 

Ethiopia traditional way of construction, curing is given less attention which could not be 

more than a week. These are, therefore, the threats believed to decrease the ultimate strength 

of the PPC‟s concretes. 
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5.2 Recommendations 

It has been shown that the Dangote Cement industry which is fast growing in Ethiopia is 

capable of generating of carbon dioxide in to atmosphere .This thesis is a wakeup call to 

what this likely to lead to in the future. The earth is warming up with its attendant negative 

effects. Concerned stakeholders are called up on to study the issues raised in this thesis in 

order to contribute to the reducing of the effect of global warming in the bud. 

Concrete made of PPC can only undergo hydration at later ages due to C2S property. 

Therefore, as much as possible, longer early age moist curing of at least for 14 days is 

recommended for all concretes, especially for concretes produced using the PPC. 

When moderate early strength and chemical attack resistant concrete is desired at the same 

time, PPC is preferable. 

In concreting like pre-cast and pre-stressed concrete production, emergency concrete 

structure construction, and in construction where the construction load is large, there is a 

demand for high early strength concrete In the production of such concretes, Dangote OPC is 

found appropriate and is therefore recommended. 

Low grade cements are more useful for mass concreting and plain cement concreting; and 

can be used for plastering and single story individual houses. Therefore, it is my advice if the 

company starts to produce 32.5 grades OPC and Portland Limestone Cements to be 

competent enough in the market and reduce construction costs for general civil engineering 

works under normal environmental conditions. 
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5.3 Areas of Further Studies 

The following points are proposed for further study by practitioners who are interested to 

study on the locally produced cements. 

 Further study on the rate of gaining of strength, heat evolution and the effect of the 

alkalis for the concrete made using Dangote PPC. 

 Particle Size Distribution of Cements and its effect on various properties of concrete. 

 Laboratory tests on the durability of concretes made of Dangote OPC and PPC. 
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APPENDIX 

Cube Compressive Strength Results [Raw Data] of different Strength Concrete 

 The moulds are cubical in shape 

 Cement Type: Dangote OPC [290kg/m3] 

Table A.1. Test results of compressive strength test for C-25 concrete (Targeted for 33MPa) 

No

. 

Test 

Age 

[days

] 

Dimensions 
       (cm) Weigh

t 

(gm.) 

Volume 

3 

(cm ) 

Failure 

Load 

[KN] 

Compressiv
e 

Strength 

(MPa) 

Unit 

Weight 

3 

[gm./cm 

] 

L W H 

1                            

3 

14.97 15 15 8267 3375 366.3 16.27 2.45 

2 15 15 15 8272 3375 334.6 14.87 2.45 

3  15 14.9

9 

14.98 8188 3375 337.7 15.90 2.42 

 Mean 47.94% 15.82 2.44 

1                         

7 

15 14.96 15 8241 3375 470.1 20.89 2.44 

2 14.98 15.01 14.98 8211 3375 454 20.18 2.43 

3 14.99 15.03 15 8284 3375 475.9 21.35 2.45 

Mean 63.05% 20.81 2.44 

1                      

28 

15 15.01 14.98 8286 3375 683.1 33.35 2.46 

2 15 14.99 15 8181 3375 659.7 31.32 2.42 

3 14.98 15.04 15 8334 3375 732.0 34.53 2.47 

Mean 100% 33.06666 2.45 
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 The moulds are cubical in shape 

 Cement Type: Dangote OPC [360kg/m3] 

Table A.2. Test results of compressive strength test for C-40 concrete (Targeted for 55MPa) 

No

. 

Test 

Age 

[days

] 

Dimensions 
       (cm) Weigh

t 

(gm.) 

Volume 

3 

(cm ) 

Failure 

Load 

[KN] 

Compressiv
e 

Strength 

(MPa) 

Unit 

Wei

ght 

3 

[gm.

/cm ] 

L W H 

1                  

3 

14.99 15 15.02 8539 3375 808.1 35.91 2.53 

2 15 15 15 8490 3375 811.6 36.07 2.52 

3  15 14.98 15 8462 3375 816.2 36.28 2.51 

  Mean 65.62% 36.09 2.52 

1                   

7 

15 15.03 15.02 8995 3375 957.1 42.54 2.67 

2 14.96 14.97 14.98 8473 3375 963.6 42.75 2.51 

3 15 15 15 8456 3375 993.5 44.15 2.51 

Mean 78.45% 43.15 2.56 

1            

28 

14.98 15 15 8525 3375 1387.4 61.66 2.53 

2 15.01 15.02 15 8556 3375 1399.5 59.55 2.54 

3 15 14.99 15 8575 3375 1366.8 61.74 2.54 

Mean 100% 60.98 2.54 
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 The moulds are cubical in shape 

 Cement Type: Dangote PPC [290kg/m3]. 

Table A.3. Test results of compressive strength test for C-25 concrete (Targeted for 33 MPa) 

No

. 

Test 

Age 

[days] 

Dimensions 

       (cm) 

Weigh

t 

(gm.) 

Volum

e 

3 

(cm ) 

Failure 

Load 

[KN] 

Compressi

ve 

Strength 

(MPa) 

Unit 

Weight 

3 

[gm./cm ] 

L W H 

1                    

3 

15.0

2 

15 15 8435 3375 410.5 15.24 2.50 

2 14.9

8 

14.99 15 8515 3375 3375 15.3 2.53 

3  15 15 14.98 8480 3375 422.5 15.78 2.51 

                                                                Mean 44.11% 15.44 2.51 

1                    

7 

15 14.98 15 8319 3375 574.3 25.50 2.47 

2 15 14.98 15 8519 3375 539.3 23.98 2.52 

3 15 15 15.0 9054 3375 579.1 25.74 2.68 

Mean 71.63% 25.07 2.56 

1                  

28 

15 15 14.99 8448 3375 810.52 31.45 2.50 

2 14.9

9 

15 15 8500 3375 844.6 29.53 2.52 

3 15 14.98 15 8426 3375 805.7 30.25 2.50 

Mean 92.15% 30.41 2.51 
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The moulds are cubical in shape. 

Cement Type: Dangote PPC [360kg/m3]. 

Table A.4. Test results of compressive strength test for C-40 concrete (Targeted for 55MPa) 

No

. 

Test 

Age 

[days] 

Dimensions 

       (cm) 

Weight 

(gm.) 

Volume 

3 

(cm ) 

Failure 

Load 

[KN] 

Compres

sive 

Strength 

(MPa) 

Unit 

Weigh

t 

3 

[gm./c

m ] 

L W H 

1                     

3 

15 15 15 8469 3375 689.2 30.63 2.51 

2 15 14.99 15 9039 3375 615.7 27.36 2.68 

 Mean 

 

52.72% 28.99 2.60 

1  

7 

 15 15.02 15 8386 3375 892.4 39.66 2.50 

2 15 15 15 8456 3375 887.5 39.44 2.51 

   71.90%             

39.55 

           

2.51 
Mean 

1 `              

28 

 14.99 15.03 15 8479 3375 1253.30 55.7 2.51 

2 15 15 15 8696 3375 1286.5 56.15 2.58 

   100% 55.925 2.54 

Mean 
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The moulds are cubical in shape. 

Cement Type: Dangote PPC [585kg/m3] 

Table A.5. Test results of compressive strength test for C-70 concrete (Targeted for 85MPa) 

No. Test 

Age 

[days] 

Dimensions 

       (cm) 

Weight 

(gm.) 

Volume 

3 

(cm ) 

Failure 

Load 

[KN] 

Compressive 

Strength 

(MPa) 

Unit 

Weight 

3 

[gm./cm ] 

L W H 

1                     

3 

15 15 15 8426 3375 1084.9 48.20 2.50 

2 15 15 15 8474 3375 1072.3 47.66 2.51 

3  15 14.99 15 8873 3375 984.3 43.75 2.63 

                                                                Mean 54.75% 46.54 2.55 

1                    

7 

15 15 15 8414 3375 1521.5 67.62 2.49 

2 15 15 15 8483 3375 1392.0 61.86 2.52 

3 14.99 15 15 8605 3375 1547.4 68.77 2.55 

Mean 77.74% 66.08 2.52 

1                 

28 

15 15 15 8926 3375 1856.32 82.5 2.65 

2 15 15 15 8494 3375 1768.9 78.62 2.52 

3 15 14.99 15 8787 3375 1807.6 80.34 2.60 

Mean 94.7% 80.49 2.59 
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APPENDIX – II  

Some selected Photos of the Activities 

  

       Dangote OPC 

CliDangote PPCDDangot 

Sieving of aggregates during material preparation. 

   Me myself while balancing sand 

     Preparation of Coarse aggregates for mixing 

Sand used during laboratory work 
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Compressive strength testing machines 

 

100
a 

              Casted Concrete 

 

Slump test of Concrete 

                               Casted Concrete 

 

Curing of Concrete 

Clinke Casted Concrete r silo 
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Equipment’s used for slump test. 

Cubical molds used for Concreting 
Material Preparation for mixing 

Cracking shape of C-25 c 

101 

Curing of Concrete 
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Gypsum ready for milling 

Cracking shape of C-25 

PPC 

                 Stock for coal 

 

 Cracking shape of C-40 PPC 

Cracking shape of C-70 OPC 

Cracking shape of C-40 OPC 

102
a 
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Stock for crushed Lime Stone 

 

Clinker of Dangote 

 

Raw material proportioning 

 

Kiln of the Dangote 

 

Raw material proportion station 
Sand stone ready for proportioning 

118
a 
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- 

Cement silo of Dangote 

                 Clinker Silo 

 Crushed Gypsum ready for proportioning 

             Transporting Trucks 


