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Abstract 

Nowadays, a wide variety of cements is produced in almost all countries in the world. 

Cement is a hydraulic binder produced by heating a mixture of limestone and clay to 

form a clinker, which is fine grinded with gypsum (CaSO4·2H2O) and other additives. 

So this paper investigated the effects of cements produced by Dangote, Habesha, and 

Muger cement factories in Ethiopia on the morphological characteristics of mortar. 

Three mortars were prepared from the three factories with the same cement to sand 

ratios of 1:3 and water to cement ratios of 0.5 aimed to produce masonry mortar class 

six. Then to see the effect of those cements on the morphology of the mortar, 

evaluation was made at 1, 7, 14, 28 days using 3D optical surface profiler microscope. 

The results then correlated with physical and mechanical tests like consistency, air 

content, fresh bulk density, setting time, dry bulk density,  water absorption 

coefficient, flexural strength, and compressive strength tests. Also atomic absorption 

spectroscopy used for investigation of chemical composition presented in all cement 

samples. The results indicated that morphological characteristics of mortar can be 

affected because of using different cement produced in different factories within one 

country. Also physical and mechanical tests results differently changed from one 

mortar sample to another and only mortar A and C got targeted strength class M6 at 

the end of 28th day.  

Key words: atomic absorption spectroscopy, clinker, gypsum, masonry mortar, 

morphological characteristics and 3D optical surface profiler microscope.  
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CHAPTER ONE 

1. Introduction 

1.1 Back ground of the study 

Mortar is a mixture of cement, fine aggregates, and water. It can be classified in to 

two according to the nature of application. Those are masonry mortars that are used 

for construction of masonry walls and finishing mortar which are used for finishing 

works such as plastering, pointing, ornamental finishing etc. Masonry mortar can be 

made from different proportion of masonry cement and sand, mixed with water; thus, 

masonry cement generally consists of Portland cement, pozzolanic cement or slag 

cement (Richard E.C., 2011). 

Masonry mortar basic requirements are that it should have been hardened to such an 

extent to carry weight normally carried by bricks, without crashing (Stephen E. and 

Christopher A, 2014). Thus, which fulfill the requirement used for bonding masonry 

units together, serving as a seating material for the units, leveling and seating the 

units, providing aesthetic quality of the structure (Michael S.Mamlouk and John 

P.Zaniewski, 2011). 

Also mortars are classified according to their compressive strength and mix 

proportion (BS EN 998-2, 2003). If it is specified by strength the classification is 

indicated by the letter M followed by the compressive strength in N/mm, the paper 

used masonry mortar of M6 grade, shown in appendix A-1. 

Fine aggregate is a natural material which is cheap and that has very good strength in 

resisting crushing. So paper used fine aggregate obtained from Metahra, Ethiopia for 

all samples to prepare masonry mortar.  

Cement is the significant constituent part of mortar, that is a hydraulic binder 

produced by heating from a mixture of limestone and clay to form a clinker, which is 

fine grinded with gypsum (CaSO4·2H2O) and other additives. When cement is mixed 

with water, the hydration reactions lead to the setting and hardening of the system 

with the ability to agglomerate other solid materials. The hardened material retains its 

strength and stability both underwater and when exposed to wet weather (Clara G. and 

Fernanda M., 2015). 
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The physical and chemical phenomena that occur during the cement manufacturing 

process determine the chemical composition of the final cement product and its 

compliance with the compulsory specifications. Manufacturing process of Portland 

cement has 3 main steps; raw materials preparation, clinker production, and final 

grinding of clinker with gypsum and admixtures.  

a. Raw materials preparation 

Cement is produced mainly from a mixture of limestone (about 75%) and clay or 

shale (about 25 %). Limestone and clay are extracted from the quarries in blocks with 

a maximum size of 1–2 m and crushed to reduce their size until 25–200 mm. Quarried 

limestone is a rock consisting of calcium carbonate (CaCO3) containing impurities 

such as silica (SiO2), iron oxide (Fe2O3), and magnesium oxide (MgO). To ensure the 

appropriate chemical composition of the final product, the mixture proportions of 

these raw materials may require a correction of some chemical elements by adding, 

small amounts of corrective materials such as quartz and iron ore.  

b. Clinker production  

Clinker is a dark grey nodular material made by heating ground limestone and clay or 

shale at a temperature of about 1400 °C - 1500 °C. The production of clinker requires 

that in the raw materials blend, the limestone particles size is of less than 125 μm and 

that the other raw materials particles size is of less than 45 μm. Typically, 85 % of the 

raw materials particles size is less than 90 μm.  

c. Grinding of clinker with gypsum and additives 

A little gypsum is added to prevent the occurrence of quick flash set of cement i.e., 

longer setting time (Clara G. and Fernanda M., 2015) (Onat L.O.,Valiyeu 

K.R.,Agapou R.V., and Kangarli L.M., 2016). But higher gypsum content very slows 

down setting time (Parang S.,Frisky S., and Dion A.F., 2014), strength development 

and volume stability (Taylor H.F.W., 1997). Grinding typically requires a power 

consumption of 125-180kJkg-1, almost all of which is converted into heat, and cooling 

is required (Taylor H.F.W., 1997). Which is clinker also combined with other active 

ingredients or chemical admixtures of natural pozzolana like volcanic ash, volcanic 

tuff, natural shale or artificial pozzolana like fly ash, were used to produce other types 

of cement (Sanjeev M., 2010) (Naktode P.L. and Chaundhari S.R., 2012). Hence, 

cements are classified into five main groups: Portland cement, super sulfate cement, 

high alumina cement, natural cement, and special cement. Portland cement is the most 

https://en.wikipedia.org/wiki/Gypsum
https://en.wikipedia.org/wiki/Admixture_(concrete)
https://en.wikipedia.org/wiki/Cement#Portland_cement_blends
https://en.wikipedia.org/wiki/Cement#Portland_cement_blends
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common cement used for construction activity. It can be classified as ordinary 

Portland cement, extra rapid hardening cement, Low heat, Portland pozzolana, White 

and colored, Air entraining, Rapid hardening, Quick setting, Portland blast furnace 

slag cement, Sulfate resisting, and Hydrophobic Portland cement. Portland pozzolana 

cement is thus manufactured either by inter grinding Portland cement clinker and 

pozzolana or by intimately and uniformly blending Portland cement with fine 

pozzolana (Dr Punmia B.C,Ashok K.J and Arun K.J., 2003). Although pozzolana has 

no cementing value by itself, it has the property of combining with free lime to 

produce stable lime pozzolana compound which has definite cementitieous properties. 

Its pozzolanic reaction positively affects strength development but, the rate of strength 

increases depending on the type of pozzolana (Massazza F., 1998). Increase in the 

natural pozzolana content of cement would reduce early strength (Sideris K. K., 

Savva A. E. and Papayianni J., 2006) but, increase strength and durability in the long 

term (Massazza F., 1998) (Apl I., Deveci H., Sungun Y.H.,Yilmaz A.O.,Kesimal A., 

and Yilmaz E., 2009) (Walker R. and Pavin S., 2011) (Singh N.,Singh V., and Sarita 

R., 2000). It is stated that physical properties of cementitious materials are strongly 

dependent on the morphological characteristics aspects (Jenni A.,Holzer 

L.,Zurbriggen R.,and Herwegh M.,, 2003). 

Therefore, this paper used three different Portland pozzolana cements produced in 

three different cement factories in Ethiopia to see its effect on morphological 

characteristics of mortar and then the impact it has on the physical and mechanical 

properties of the mortar. Masonry mortar which is mainly used to construct masonry 

walls is considered. 

1.2 Statement of the problem  

Nowadays, we have seen in our country much cracked structures on both structural 

elements and non structural elements that may be because of different reasons. Wall is 

non structural element that can be joined using of masonry mortars. So mortar is one 

of the main construction materials. Hence, the paper deeply studied about masonry 

mortar having grade M6. 

Cement is one of the most constituent part of masonry mortar, that having ability to 

bind solid material like aggregates when it is mixed with water. Here, in our country, 

there were many cement factories. But we don’t know how these different cement 
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factories products affect the life of construction works within the country. Therefore 

the present study was conducted to explore into how different cement factories’ affect 

masonry mortar. 

Morphology can be defined as shape, form or structure at the microscopic scale, 

which is the scale of nanometers or microns. Cracks are one of the signs of bond 

breakage or failure, that can be visible or not on a surface within short time. However 

cracks cannot be seen at early age, may be propagated and visible, even may make 

large damage on the structures and life in the long time. So this study has been 

conducted to check the effect of cement type on morphological characteristics of 

mortar. 

1.3 Research significance 

In Ethiopia, the study on the effect of cement on morphological characteristics of 

mortar was not well studied. The common practice is to focus on the proportioning of 

the ingredients to achieve the desired strength. The paper can give detailed 

information to the construction works at this time as fulfill the durability requirement 

within the country, that is by using the same cement type i.e., Portland pozzolana 

cement type CEM IIB-P/32.5R produced at different factories, by observing 

morphological characteristics difference on masonry mortar and subsequently on the 

physical, mechanical, also chemical characteristics is examined.  

1.4 Objective 

1.4.1 General objective  

 To study the effect of cement types on morphological characteristics of        

mortar. 

1.4.2 Specific objectives  

 To analyze the morphological image difference observed in the mortar 

by using Dangote, Habesha, and Muger cement.  

 To correlate the morphological investigation with physical, mechanical 

and chemical test results.  
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1.5 Scope and limitation of the thesis 

Some of the scope and limitations of the thesis include the following: 

1.5.1 Scope 

In this thesis, from morphology only surface morphological characteristics of sampled 

masonry mortars were examined 

1.5.2 Limitation 

 Atmospheric moisture effect on storage for all sampled cement not considered.  

 Duration of cement stayed on manufacturer story was not considered. 
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CHAPTER TWO 

2. Literature Review 

(Mark B. and Eric O.A., 2015) studied on analysis of chemical composition of 

Portland cement in Ghana: a key to understand the behavior of cement. This work 

analyzed five different brands of Portland cement in Ghana, namely, Ghacem 

ordinary Portland cement (OPC), Portland limestone cement (PLC), CSIR-BRRI 

Pozzomix, Dangote OPC, and Diamond PLC. The chemical compositions were 

analyzed with X-Ray Fluorescence (XRF) spectrometer. The aim of the study was to 

investigate the variation in chemical composition between standard literature values 

and each of the commercial cement brands. The result indicated that as there were no 

significant differences between standard chemical composition values and that of 

commercial Portland cements. Also each brand of commercial Portland cement varies 

in terms of chemical composition; however, the specific brands of cement had no 

significant differences. The study recommended that using any brand of cement in 

Ghana was good for any construction works be it concrete or mortar formation. From 

the paper we can got that different brand of commercial Portland cement has 

individual variations with respect to chemical composition. This is due to the 

differences that exist with individual factory proportioning of raw materials for 

Portland cement production. But there have seen the limitation of the paper as no 

physical and mechanical tests investigated which can support chemical test result to 

decide as all cement sampled were good for any construction works.  

(Ali M.S.,Khan L.A., and Hossain M.I., 2008) investigated on chemical analysis of 

ordinary Portland cement of Bangladesh. The content of major and minor chemical 

constituents of different factories was determined in accordance with British Standard 

Specifications. All the results are presented to provide both quantitative and 

qualitative notation of several locally produced ordinary Portland cement, as 

determined experimentally were within the range of the standard values, but there was 

variation between each brands. The possible reasons of variations are specification of 

raw mix, non-uniformity of mixture, and impurities from various stages of processing, 

and intentional alteration. From the paper it can be noted as the same cement type 

produced by different factories varies by chemical composition but within the 

standard specified. There have seen also this paper have no physical and mechanical 
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tests investigation which can support chemical test result to decide as all cement 

sampled were good for any construction works.  

 (Hamadallah A.,Maria C.B., and Basem K.M., 2013) studied on compressive strength 

of Jordanian cement mortars. Mortars have been prepared from six cement Jordanian 

brands and tested for their compressive strengths at 2, 7 and 28 days. It has concluded 

that as the compressive strength and its development with age has some variations 

between the different cement brands. Also there is an inverse linear relationship 

between compressive strength and water absorption, and a weaker positive relation 

with density. Although there is no clear relation between consistency and compressive 

strength of cement samples. The paper has good description on as different cement 

brands have significant variation of compression strength through increasing ages of 

the samples. But not indicated why variation of compression strength occurred by 

relating type and amount of chemical composition exist in each cement samples.  

 

 (Naktode P.L. and Chaundhari S.R., 2012) investigated on supplementary 

cementitious materials for rural area, which are finely divided material that replaces 

or supplement the use of Portland cement. Its use reduces the cost and /or improves 

one or more technical properties of concrete. These materials are by product from 

other processes or natural materials. It include fly ash, ground granulated blast furnace 

slag, condensed silica fume, lime and natural pozzolana. For use in mortar or 

concrete, supplementary cementitious materials need to meet requirements of 

established standards. The results indicate as alternative cementing materials can 

directly replace a portion of Portland cement. These materials can be blended with 

other alternative cementing materials to produce cement or concrete with properties 

different than those resulting from the use of Portland cement. Also the use of 

alternative materials positively affects cement and concrete properties such as 

workability, hydration, compressive strength, and durability. As we are in developing 

country supplementary cementitious materials good for the construction of cost 

effective and durable structures, since it can reduces the cost and /or improves 

compressive strength and durability of concrete. 

 

(Matar N.,Mahamadane D.,Mouhamadou B.D.and Papa M. N., 2019) studied on the 

pozzolanic activity of old volcanic tuffs of mako area (Senegal-oriental, west African 

carton): an economic and environmental interest. In this study, they have been mixed 
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Portland cement with 20%, 30%, 35% and 40% addition of volcanic tuffs to obtain 

pozzolanic cements. It supposes that the vitreous phase of volcanic tuffs reacts with 

the free CaO of Portland cement to produce new hydrated minerals which participate 

in the increasing of the compressive strength. The result indicated that adding 

volcanic tuff has a positive economic and environmental impact. That is because of 

time of grinding of pozzolanic cements is reduced and reduces the production of 

clinker, then the CO2 emission. From the paper can see most relevant thing that is 

how to reduce the current world problem which is global warming through using 

volcanic tuff as supplementary material of cement in addition to enhancing strength 

and durability.  

(Mouli M. and Khelafi H., 2008) investigated on performance of characteristic 

lightweight aggregate concrete containing natural pozzolana. This research studies the 

potential of using pozzolana from natural source in Algeria as pozzolanic material. 

This pozzolana is rarely used in concrete due to the absence of a thorough study of its 

properties. In order to gain more knowledge on the efficiency of pozzolana concrete, 

six concrete mixtures: one specimen with Portland cement (control) and five mixtures 

with 10%, 20%, 30%, 40%, and 50% of replacement of cement by pozzolana were 

tested. Fresh concrete mixtures were tested for workability and density. While for the 

hardened concrete specimens, compressive strength, splitting tensile strength, and 

flexural strength were determined at 3, 7, 28, 90 and 365 days. The results of this 

study suggest that the use of pozzolana at 20% of the weight of cement produces the 

highest strength increase of the mixtures. From the paper can see as cementatious 

materials like natural pozzolana and limestone improves strength and durability in the 

long term. Also this paper is good as to give detailed information on the extent of 

natural pozzolana have to been used to get most required strength and durability, but 

it is not seen the morphological characteristic changes occurred through the specified 

content of pozzolana. 

(Ghrici M., Kenai S., and Said-Mansour M.,, 2007) reported on mechanical properties 

and durability of mortar and concrete containing natural pozzolana and limestone 

blended cements. In this paper, mortar prisms in which Portland cement was replaced 

by up to 20% limestone filler and 30% natural pozzolana were tested in flexural and 

compressive strength at 2, 7, 28 and 90 days. Some samples were tested under sulfate 

and acid solutions and for chloride ions permeability. Results show that the use of 

blended cement improves the early age and the long-term compressive and flexural 
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strengths. Durability was also enhanced as better sulfate, acid and chloride ions 

penetration resistances were improved. From the paper can see as cementatious 

materials like natural pozzolana and limestone improves strength and durability in the 

long term. Also this paper is give direction to the contents of natural pozzolana have 

to been used to get most required strength and durability that is more related to BS EN 

standard, but it is good if it seen the morphological characteristic changes occurred 

through the specified days. 

(Bisschop J. and Van mier J.G., 1999) studied on quantification of shrinkage micro 

cracking in young mortar with fluorescence light microscope and environmental 

scanning electron microscope. They conducted using mortar with a water to cement 

ratio of 0.5 and sand to cement ratio of 0.5 with Portland cement of Dutch industrial 

cement (CEM I 52.5R). The cement and sand were mixed thoroughly before water 

was added. The complete mixture was then stirred for 3 minutes using a large blade in 

a Hobart mixer. The paste was casted in moulds of 40x40x160mm and vibrated for 10 

seconds. 

The results obtained as in fluorescence light microscope the porosity was relatively 

high and contrast of micro cracks can be very low. Micro cracks smaller than one 

micrometer width is not detected due to lack of contrast. But in environmental 

scanning electron microscopy due to better resolution technique and higher contrast of 

the micro cracks different scales can be observed in the mortar. Generally, micro 

cracks are more and more observed when shrinkage increases or relative humidity 

decreases. From the paper can get as micro cracks of different scales can be observed 

in the young mortar by using high resolution microscopes, but not studied how the 

micro cracks affects mortar mechanical properties.  

(Wojciech F.,Rafal p., and Magdalena W., 2015) studied on SEM investigation of 

microstructures in hydration products of Portland cement.  It is used Portland cement 

CEM I 42.5 R, Thus formed samples were aged in water and subjected to 

observation of changes with SEM after 2, 28 and 90 days of maturing. Also phase 

composition of hydration products is controlled by means of XRD analysis. 

Observations of phase changes and microstructure of maturing cement pastes can 

also be observed using scanning electron microscopy techniques. The results 

obtained by means of scanning electron microscopy with chemical microanalysis 

indicate the practical opportunity to observe changes in the microstructure of 

maturing cement pastes or concrete. Based on changes in the morphology 
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characteristic arise during the hydration of cement paste, it is possible to predict the 

properties of cement mortars and concretes. From the paper can get as morphology 

characteristics determine property of hardened mortar, but the results of 

morphological characteristic not supported by mechanical or physical tests.  

(BS EN 998-2, 2003) recommend on specification of masonry mortar, specially on 

tests required for masonry mortar like sand particle size distribution and bulk sample 

divider or quartering (BS EN 196, 2015) (BS EN 1015-2, 1999),Consistence test (BS 

EN 1015-3, 1999), setting time tests (BS EN 1015 -9, 1999), Air content test (BS EN 

1015 -7, 1999), fresh bulk density test (BS EN 1015-6, 1999), dry bulk density test 

(BS EN 1015 -10, 1999), Flexural strength test (BS EN 1015-11, 1999), compressive 

strength tests (BS EN 1015-11, 1999), and water absorption coefficient due to 

capillary action of hardened mortar test (BS EN 1015-18, 1999). This paper utilized 

all above mentioned tests with its standard for all samples of masonry mortars. The 

following literatures (shown in Table 2.1) were reviewed to examine the effects of 

oxides on the cements used in this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 
 

Table 2.1 Oxides effect as different literatures 

No. Authors  Oxides Effects 

1  (Dulu A., 2002) 

 (Saurabh K.S., 2015) 

 (Dr Punmia B.C,Ashok K.J and 

Arun K.J., 2003) 

CaO Give cement strength and bonding 

Excess presence makes unsound and cause 

expand  

2  (Saurabh K.S., 2015) 

 (Dr Punmia B.C,Ashok K.J and 

Arun K.J., 2003) 

SO2  Give cement strength  

3  (Saurabh K.S., 2015) 

 (Dr Punmia B.C,Ashok K.J and 

Arun K.J., 2003) 

Al2O3  Cement to set quickly  

4  (Dr Punmia B.C,Ashok K.J and 

Arun K.J., 2003) 

 (Ali M.S.,Khan L.A., and 

Hossain M.I., 2008) 

(BS EN 197-1, 2000) 

MgO Cement to have co lor and hardness 

Have to be < 5% 

5 (Saurabh K.S., 2015) 

 (Dr Punmia B.C,Ashok K.J and 

Arun K.J., 2003) 

(Bahram A., 2011) 

Fe2O3 Cement to have co lor and hardness 

6  (Dr Punmia B.C,Ashok K.J and 

Arun K.J., 2003) 

(BS EN 197-1, 2000) 

Na2O and  

K2O  

More than 1% renders cement unsound  

7  (Taneja C.A., 2014) MnO  >2.5% affect early strength 

8  (Baoguo M., Hainan L., Junpeng 

M., Xiangguo L., and Fangjie 

Ch., 2015) 

P2O5  >2.25% form presences of free lime  

9  (BS EN 197-1, 2000) 

(Baoguo M., Hainan L., Junpeng 

M., Xiangguo L., and Fangjie 

Ch., 2015) 

T2O3  Adding 3% can effectively improve  

compactness and durability  

10  (Ali M.S.,Khan L.A., and 

Hossain M.I., 2008) 

 (Sata V.,Jaturapitakkul C., and 

Kiattikomol K., 2007) 

LOI >5% increase water requirement  

 

 

In general from literatures it is observed that as different cement type produced in 

different factories have variation of chemical compositions, and adding of 
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supplementary cementatious materials like artificial or natural pozzolana to Portland 

cement, specifically 20-30% by mass of cement can reduce effect of global warming, 

cost effective, improve strength and durability in the long term. Also as physical 

properties of cementious materials strongly dependent on microstructure that can be 

used to predict the properties of cement mortar and concre tes. So this paper have 

studied on morphological characteristics of mortar using 3D optical surface profiler 

microscopy to know effect of Portland pozzolana cement type CEM IIB-P/32.5R 

produced in three different factories in Ethiopia.  
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CHAPTER THREE 

3. Materials and Methods 

3.1 Materials 

3.1.1 Sand 

The sand was used for all samples is obtained from Metahra, Ethiopia. The sand was 

dried at 105 °C to 110 °C until constant mass is achieved. Then bulk dried sample has 

been taken using a sample divider or by quartering. 

3.1.2 Cement  

Cement used was Portland pozzolana cement type CEMII B-P/32.5R produced by 

three different cement factories in Ethiopia. These are Dangote cement factory located 

in Ada Berga, Habesha cement factory located in Hollota, and Muger cement factory 

located in Muger, Ethiopia. 

Drinking water has been used to mix cement and sand for the preparation of mortars.  

3.2 Sample preparation 

Three mortar samples are prepared by taking one grade of mortar, masonry mortar M6 

having cement: sand ratios of 1:3 and workable at water: cement ratios of 0.5 for all 

mortar samples. The mortar samples prepared are as follows.  

 Mortar A: 12 kg of sand, 4kg of Dangote cement and 2kg of water.  

 Mortar B: 12 kg of sand, 4kg of Habesha cement and 2kg of water.  

 Mortar C: 12 kg of sand, 4kg of Muger cement and 2kg of water.  

All mortars are 18kg of bulk test sample has been mixed and the mixing process is 

completed within 120sec to 180sec. From the mixes specimens with 40mm x40mm 

x160mm size are prepared for mechanical property tests and sizes of 5mm x10mm x 

10mm are prepared for morphological tests.  

3.3 Methods   

First the above mentioned materials have been prepared. Then particle size 

distribution of sand has been determined, also specific gravity and silt contents of 

sand have been tested. Then after that mixing process is under taken for all mortar 

samples have been done. Finally the following tests have been carried out: 
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3.3.1 Chemical composition test 

Atomic absorption spectroscopy is an analytical technique that measures the 

concentrations of elements. It makes use of the absorption of light by these elements 

in order to measure their concentration. So the paper used atomic absorption 

spectroscopy which is shown in Figure 3.1 available in Ethiopian geological survey 

laboratory, to quantify the oxides content in all cements used in this study.  

 

Figure 3.1: Atomic absorption spectroscopy in Ethiopian geological survey laboratory 

3.3.2 Consistency test  

Consistency test is the measure of workability or flow value of fresh mortar by 

measuring the mean diameter of a test sample. Workability of all three masonry 

mortars is tested using flow table test as shown in Figure 3.2. The process is started by 

place the mould centrally on the disc of flow table taking small sample from the bulk 

mixed sample of mortar. And introduce the mortar in two layers, compacted by at 

least 10 short strokes of the tamper to ensure uniform filling of the mould. After 

approximately 15 second slowly raised the mould vertically and spread out the mortar 

on the disc by jolting the flow table 15 times at a constant frequency of approximately 

one per second.  Then measure the diameter of mortar in two directions at right angles 

to one another using calipers. Finally state the average two directions results in mm to 

the nearest mm. Its detail work procedure is in appendix B-1. 
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Figure 3.2: Flow table test machine 

3.3.3 Setting time test 

Setting time is a measure of workable life of a sample of fresh mortar that is initially 

brought to a defined flow value. It measures the time in minutes at which it reaches a 

defined limit of stiffness or workable life during a defined type test. Setting time of all 

the mortar samples have been measured using Vicat apparatus  that is Figure 3.3. 

Which have been done by filling sufficient moulds with test mortar and any control 

mix to provide adequate area of surface for the required number of penetrations o f the 

rod. It was determined 10 min after mixing, by interpolation of the results 

immediately below and above 30mm penetration. Calculate the mean value from the 

individual values of each mortar test sample and its detail procedure is in appendix B-

2. 

 

Figure 3.3: Vicat apparatus 



16 
 

3.3.4 Air content test 

Air content test is a measure of the percentages of air in a fresh mortar. As shown in 

Figure 3.4, for all mortar samples air content is measured using pressure type air 

meter apparatus. The sample container is filled in four approximately equal layers; 

each layer is compacted with ten strokes of the tamper. Air is pumped into the air 

chamber until a stabilized condition is reached; this is equal to the level determined 

during the calibration procedure. When equilibrium is reached the air content is read 

from the pressure gauge. Its detail work procedure is in appendix B-3. 

 

 

Figure 3.4: Pressure type air meter and mortar filled in vessel prepared for 

measurement 

3.3.5 Fresh bulk density test 

The bulk density of fresh mortar is determined by calculating the mass of fresh mortar 

contained in a known volume. Test is carried out for all samples by applying mortar in 

one liter cylinder and then measuring the mass of filled fresh mortar dividing by its 

known volume following detail procedure on appendix B-4. 

3.3.6 Dry bulk density test 

The dry bulk density of a given specimen of hardened mortar is determined as the 

ratio of its mass in oven dried condition at a temperature of 105 °C ± 5 °C until 

constant mass is reached to the volume which it occupies. For all samples the test 

done following procedure on appendix B-5. 
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3.3.7 Flexural strength test 

Flexural strength is also known as bending strength that it represents the maximum 

bending stress experienced within the material at failure point. Flexural strength of a 

hardened mortar of all samples is determined at 1, 7, 14, and 28 days by three points 

loading of a prism specimen. Three samples were tested for each mortar for all testing 

duration and average value of those specimens was taken as the final strength. For all 

samples as shown in Figure 3.5, prism mould compartments are required to be 160 

mm x 40 mm x 40 mm (each mould assembly produces three pr ism specimens) 

following procedure on appendix B-6. 

 

Figure3.5: Three point loading machine and prism mould compartments of160 mm x 

40 mm x 40 mm dimension 

3.3.8 Compressive strength test 

Compressive strength test is a test routinely used to measure the end performance of 

hardened mortar. For all samples compressive strength is determined at 1, 7, 14 and 

28 days on the broken halves of the prism by using a compression jig in a testing 

machine which is seen in Figure 3.6; care being taken that the load is applied to the 

face cast against the steel face of the mold. The load is applied to the test specimens at 

a rate 0f 240 N/s. After that record the maximum load applied, in N, during the test. 

Finally calculate the strength as maximum load carried by the specimen divided by its 

cross-sectional area. It’s detail procedure on appendix B-7. 
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Figure 3.6: Compression strength test mortar by compression jig 

3.3.9 Water absorption coefficient due to capillary action of hardened mortar 

test 

Water absorption coefficient due to capillary action of hardened mortar is used to 

know the rate at which water is absorbed in the given sample. The absorption 

characteristics indirectly represent the porosity. So capillary water absorption 

coefficient for all samples are sealed with paraffin wax (or a synthetic reactive resin 

with a melting point above 60°C), then dried in an oven at 60°C until two successive 

weightings undertaken twenty fours apart give a mass variation of less than 0.2% of 

the total mass and broken in to half. Then test specimens are immersed to a depth of 

5-10 mm in water. The time of immersion is noted that test specimens are removed 

from tray after ten minutes the mass determined as M1, then immediately test 

specimens are replaced in water vessel and let it there for ninety again mass 

determined as M2, then mass difference of M2 and M1 times 0.1 can give water 

absorption coefficient due to capillary action of hardened mortar. For more detail 

procedure is on appendix B-4. 

3.3.10 Morphological test  

Morphological test is the measure of size, shape, form or structure at the microscopic 

scale that can be the scale of nanometers or microns. It can indicate bonding of 

materials, surface depression and surface cracks. For all mortar types 5mm x10mm x 
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10mm specimens have been casted to see morphological characteristics at 1,7,14, and 

28 days using 3D optical surface profiler microscope shown in Figure 3.7.  

 

 

 

 

 

 

 

 

Figure 3.7: 3D optical surface profiler microscope working for the sample  
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CHAPTER FOUR 

4. Results and Discussions 

4.1 Chemical composition test results 

Chemical composition of cements in mortar samples have been shown in table 4.1. 

CaO is a key and most abundant ingredient of cement; thus, its quantity should be 

maintained very carefully, as excess and low quantity of CaO is harmful to cement. 

Cement in mortar C has relatively high CaO content than cement in mortar A. CaO 

improves shear strength, which is responsible for matrix stability and therefore make 

effective bonding.  So mortar C has more strength than mortar A.  

An excess presence of lime makes the cement unsound and causes cement to expand. 

Cement in mortar B may have excess lime because of it amount is much higher than 

the other two samples; therefore this may make the cement unsound and cause 

expansion. Also mortar B has poor physical, mechanical and morphological test 

results which can support chemical test result.  

Presence of proper quantity SiO2 forms calcium silicates which gave strength to the 

cement. Cement in mortar sample A and C has high SiO2 than sample B. That may be 

the reason of mortar A and C to achieve higher strength at 28th day. 

Al2O3 reacts with water very quickly and makes the cement to set quickly. Cement in 

a mortar C has high content of Al2O3 than other two samples; hence the cement has 

short initial setting time than other samples.  Although cement in mortar B has more 

Al2O3 than mortar A, for mortar A and B, Al2O3 contents are not consistent with 

physical test results.  

Cement in mortar C has less content of MgO than other two samples, and cement in 

mortar A has less content of MgO than cement in mortar B. MgO impact color and 

hardness, although from mechanical test result strength of mortar C is greater than A, 

and also strength of mortar A is greater than mortar sample B. Magnesia doesn’t 

combine well with other oxides used in manufacturing cement. Content of magnesium 

oxide shall not exceed 5 % by mass, higher MgO make cement unsound; hence, all 

samples used are within the required value.  
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Fe2O3 also can impact color and hardness of cement. But since content of Fe2O3 

within cement in the mortar A and C are more than sample B, that the cause of mortar 

A and C have got required strength class at 28th day. But adding of Fe2O3 up to 3% by 

weight of cement can act as a filler for strengthening the microstructure of cement,  

reduces the quantity and size of Ca(OH) crystals, fill the voids of C-S-H gel structure 

and finally structure of hydrated product is compacted and denser. With the increase 

of nanoparticles of Fe2O3 up to 5% there is decrease in strength. Hence cement in 

mortar B has 3.1 % Fe2O3 that more close to values which gives more strength than 

other samples. Therefore there is no clear relation between chemical content and 

mechanical test results. 

Alkaline i.e., Na2O and K2O present in a raw material are removed with the gases 

during burning. The quantity of alkali in cement is very less, but they cause number of 

damages, mostly by reacting with the aggregates. If it is present excessively in cement 

they cause efflorescence and staining in concrete, brick work and masonry mortar. 

Alkaline have to be present in the cement less than 1%, but if it is more than that, 

renders cement unsound. In the sample taken cement in mortar A and C has more 

alkaline beyond the limit, there are not consistent with mechanical test result. 

Content of manganese oxide (MnO) higher than 2.5% can affect early strength of 

cement. So all used cement sample have less than 0.2 % contents of MnO.  

The early strength falls as P2O5 increases until 2.25% of clinker content and if it is 

above 2.25% can form presences of free lime. Therefore all the samples are within the 

maximum value of phosphate oxide.  

Addition of 3% T2O3 can decrease water absorption ratio by 40–65%, water 

absorption coefficients by more than 40%, and water-vapor permeability coefficients 

by 43.9%, that indicates adding of 3% T2O3 can effectively improve compactness and 

durability of cement-based materials. Cement in mortar C has less content of T2O3 

than other samples and cement in mortar A has less content of T2O3 than sample B. 

However mortar C has less water absorption coefficients and more durable than other 

samples. The results of T2O3 contents are not consistent with physical test results. But 

when it is seen generally, all samples have less than 0.2% T2O3, that means all 

samples are not durable.  



22 
 

A high LOI indicates pre-hydration and carbonation, which may be caused by 

improper and prolonged storage of cement during transport or transfer. It is also 

known that a high value of LOI results in increased water requirement and dosage of 

super plasticizer usage in mortar and concrete. For sample used cement in mortar C 

has less LOI than other samples.  

 

Table 4.1: Chemical composition of cement exist in mortar samples 

Cement 

type(CEMII

B-P/32.5R) 

in mortar 

S
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2
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l 2
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3
 

F
e 2

O
3
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O
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O
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O
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O
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n

O
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2
O

5
 

T
iO

2
 

H
2
O

 

L
O
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A 35.32 4.33 4.18 45.88 1.12 1.4 1.66 0.08 0.11 0.16 1.02 3.32 

B 28.94 6.15 3.4 55.96 1.62 0.48 <0.01 0.12 0.07 0.14 1.08 2.85 

C 34.04 6.83 3.1 47.46 0.96 0.72 1.36 0.08 0.05 0.17 0.56 3.26 

 

Portland pozzolana cement of CEM II/B-P has percentage by mass of clinker is 65-79 

(silicon dioxide, aluminum oxide, iron (III) oxide, calcium oxide and magnesium 

oxide contents of the clinker) and natural pozzolana from 21-35 as stated in (BS EN 

197-1, 2000). But cement exist in mortar samples are CEM II/B-P 32.5R having more 

than 90% clinker content and less than the limit of natural pozzolana. However, 

increase in the natural pozzolana content of cement would reduce the permeability of 

the paste with the implication of a high resistance to chemical attack, i.e. , increase in 

durability. Furthermore, it was reported that despite the lower early strengths, the 

addition of natural pozzolana (up to 20-30%) could also improve the compressive, 

splitting and flexural strengths of the concrete in the long term, for example, over a 

365 day period. Also the addition of natural pozzolana lowers the volume expansion 

of pastes by 74-87%. Therefore as the standard all samples have less content of 

natural pozzolana. Hence, these may affects the durability of construction work within 

the country.  

4.2 Physical and mechanical test results 

The sand used in all samples has a specific gravity of 2.69, silt content of 4.25% and 

particle size distribution shown in Figure 4.1. It is observed that all the properties 

satisfy CEN specification standards for sand.  
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Figure 4.1: Sieve analysis test result 

From Figure 4.2, it is observed that mortar C is more workable than mortar A and B, 

but it is stiff at initial time. Which means cement in mortar C can undergo more 

hydration process than other cement samples. Higher gypsum content slows down 

setting time. That means gypsum is commonly used for retarding the hydration 

process in industrial cement (Changming L.,Tingting Z., and Lijiu W., 2016). So 

cement in mortar B has a longer setting time than other samples; that make cement in 

mortar B undergo less hydration process than other cement samples. These may be 

because of having higher gypsum content than other samples. However, all samples 

are within the limit of initial and final setting time.  

  

Figure 4.2: Consistency and setting time test results 
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Figure 4.3 and 4.4 shows mortar C has more fresh bulk density and dry bulk density 

but low air content and capillary water absorption coefficient than mortar A and B. 

That is because the mortar which has high density can extract air from itself so more 

compacted and may absorb water slowly (Xudong C.,Shengxing W., and Jikai Z., 

2013). Additionally large pores are the site of weaknesses that control the mechanical 

properties of mortar, the lower porosity, the more dense pastes, and the less water 

access (Elsen J., 2006) (Catarina C., 2015); therefore an increase in porosity will lead 

to a decrease in strength.  

The mortar which has less bulk density can be compacted easily or have pore and can 

absorb water faster. The presence of pore because of the air content may reduce 

strength of the sample. Total pore volume and pore size distribution have a major 

influence on durability of the mortar (Nuruddeen M.M. and Ahmad I.A., 2018). So 

mortar C has less air content and capillary water absorption coefficient that may 

makes less pore; therefore mortar C is more durable than other mortar samples.  

For all mortar samples the results of dry bulk density were lower than those of fresh 

bulk density, due to water evaporation and chemical reactions (Verhelst F., Kjaer E., 

Jaeger W.,Middendorf B.,Van Balen K,. and Walker P., 2012). Generally it is 

observed that inverse relationships exists between fresh bulk density and air content, 

dry bulk density and capillary water absorption coefficient in the tested mortars.  

  

Figure 4.3: Fresh bulk density and air content test result  
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Figure 4.4: Dry bulk density and capillary water absorption coefficient test result  

The results obtained from flexural and compressive strength test at 1, 7, 14, and 28 

days are shown in Figure 4.5. The experiment showed that there is generally an 

increase in both flexural and compressive strength with increasing age of mortars 

(Tsimas S., Delagrammatikas G., Papageorgiou A.J., and Tzouvalas G.N., 2000). But 

increasing strength varies from one mortar sample to another, which may be from 

chemical ingredients in each cement samples.  

However mortar C has more flexural and compressive strength than mortar A and B. 

Especially at 7th day mortar C steeply increasing flexural strength than other samples, 

which may be because of it has higher dry bulk density, less air content and less water 

absorption rate than others. On the other hand the high air content will lead to a loss in 

compressive strength (Senff L., Labrincha J.A., Ferreira V.M., Hotza D., and Repette 

W.L., 2009). Mortar B has low flexural and compressive strength because of it have 

high air content than other samples. Also that may be because of cement in mortar B 

undergoes less hydration process than other samples.  
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Figure 4.5: Flexural strength and compressive strength test results  

4.3 Morphological test results 

The images observed for each mortar type at 1st day are shown in Figure 4.6-4.9. 

Since water is mostly exist at early age it seems as gel like materials, those bonding 

between cement and sand is clearly visible in each case. It is observed that there is 

less surface depression in mortar C than mortar A and B, which is shown in appendix 

C. 

 

(a) Mortar A   (b) Mortar B   (c) Mortar C 

Figure 4.6: 3D optical surface profiler microscope test result of mortar A, B, and C at 

1st day 
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Figure 4.7: Cracks quantitative results of mortar A at1st day 

 

Figure 4. 8: Cracks quantitative results of mortar B at 1st day 
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Figure 4.9: Cracks quantitative results of mortar C at1st day  

Figure 4.10-4.13 shows the images at 7th day age of the mortars. It can be observed 

that mortar C has more bonding between cement and sand, less surface depression and 

very less cracks than mortar A and B. This may be because mortar C underwent a 

very good hydration reaction to form good bonding within its particles leading to very 

less cracks than others. This can also explain the fact that mortar C has more flexural 

and compressive strength than mortar A and B. On the other hand, mortar B 

underwent the least hydration process than other samples that make not bonding 

within its particles, which leads to more cracks than others. Also having of more 

cracks leads, mortar B as have less flexural and compressive strength than other 

mortar samples. 
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(a) Mortar A   (b) Mortar B   (c) Mortar C 

Figure 4.10: 3D optical surface profiler microscope test result of mortar A, B, and C 

at 7th day 

 

Figure 4.11: Cracks quantitative results of mortar A at 7th day 
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Figure4.12: Cracks quantitative results of mortar B at 7th day 

 

Figure 4.13: Cracks quantitative results of mortar C at 7th day  

The fourteen day images are shown in Figure 4.14-4.17. It is observed that in mortar 

A and B there is an increase in the width of cracks, increased surface depression and 
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decreased bonding between cement and sand also shown in appendix C. Also mortar 

C exhibited less cracks, hence it has higher compressive and flexural strength at 14th 

day than other samples. But all mortars hardened well than before and strength 

continues to increase with increasing ages.  

 

(a) Mortar A   (b) Mortar B   (c) Mortar C 

Figure 4.14: 3D optical surface profiler microscope test result of mortar A, B, and C 

at 14th day 

 

Figure 4.15: Cracks quantitative results of mortar A at 14th day 

 



32 
 

 

Figure 4.16: Cracks quantitative results of mortar B at14th day 

 

Figure 4.17: Cracks quantitative results of mortar C at14th day 
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Figure 4.18-4.21 shows the images at 28th day. It can be seen that the width of cracks 

has increased in mortar B. It is also visible that there is a decrease in bonding between 

cement and sand than others. These may be the cause of mortar B has less strength 

than required grade M6 at 28th day. Also it is supported by having of poor physical 

properties than other samples. But in mortars A and C have observed as very less 

crack dimension than mortar B that was one case they have satisfied required grade at 

28th days. 

 

(a) Mortar A   (b) Mortar B   (c) Mortar C 

Figure 4.18: 3D optical surface profiler microscope test result of mortar A, B, and C 

at 28th day 

 

Figure 4.19: Cracks quantitative results of mortar A at 28th day 



34 
 

 

Figure 4.20: Cracks quantitative results of mortar B at 28th day 

 

 

Figure 4.21: Cracks quantitative results of mortar C at 28th day 
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Generally from morphological characteristics test results this paper has got as 

Portland pozzolana cement type CEM IIB-P/32.5R produced in different cement 

factory have significant effects like on variation of bonding of particles, cracks 

dimension and surface depression on morphological characteristics of masonry 

mortar, which is mainly influenced by chemical composition.  
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CHAPTER FIVE 

5. Conclusions and Recommendations 

5.1 Conclusions 

The main objective of this study was to see the relationship between the morphology 

of the mortar and its physical behavior by considering selected cements manufactured 

in Ethiopia. The investigation showed that mortar produced using cement from 

different factories exhibited a significant difference in morphological characteristics, 

which in turn affects the physical characteristics of the mortar. By combining the 

morphological results with physical, mechanical and chemical test results, the main 

conclusions of this study can be summarized below: 

 Mortar C has high flexural and compressive strength than mortar A and B, 

which is mainly caused by the good bonding within its particles as observed 

under the 3D optical surface profiler.  

 Mortar A is observed to have good particle bonding and less cracks than 

mortar B; especially the change was more visible at 28 days. The mechanical 

tests showed that mortar A has more compressive and flexural strength than 

mortar B, which collaborates with what is seen in images obtained from the 

3D optical surface profiler.  

 There is an inverse relationship between air content and compressive or 

flexural strength; between rate of water absorption and compressive or flexural 

strength. But there is a linear relationship between bulk density (either fresh or 

dry density) and compressive or flexural strength for all mortar samples.  

 From all tested masonry mortar only mortar A and C get targeted strength 

class M6 at the end of 28th days. 

 There have been observed that morphological, physical and mechanical test 

results of all mortars mainly influenced by type and quantities of chemical 

composition exist in each cement samples. All cement exists in mortar 

samples have less amounts of natural pozzolana as BS EN standard.  
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5.2 Recommendations 

1. Since the cement produced in different cement factories for the used sample is not 

satisfactory as the standard of BS EN 197-1, the cement manufacturers have to correct 

the quantities of pozzolana required for production of Portland pozzolana cement or 

change the designation of cement type depending on constituent it has. 

2. Quality controllers have to check within short time all cement factory products as it 

satisfy required strength, quality and durability given as the standard.  

3. Engineers or users have to do necessary tests before using any cement as much as 

possible. 

4. Students of structural or any other concerned bodies have to check other materials 

we are use in construction industry. 
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Appendices 

Appendix A 

Supplementary materials for this paper from BS EN standard 

Appendix A-1 Mortar types based on compressive strength class 
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Appendix A-2 Major and minor constituents of common cement given by BS EN 197 
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Appendix B 

Test procedure of physical and mechanical test following BS EN Standards. 

1. Procedure of flow test  
Before each test, wipe the disc and the inner surface and edges of the mould clean 

with a damp cloth, let it dry and lightly lubricate the surfaces with very low viscosity 
non-resin mineral oil. If the table has not been used within the last 24 h, operate it for 
ten revolutions before use. Place the mould centrally on the disc of flow table and 

introduce the mortar in two layers, each layer being compacted by at least 10 short 
strokes of the tamper to ensure uniform filling of the mould. During filling, hold the 

mould firmly on the disc, using one hand. Skim off the excess mortar with a palette 
knife and wipe the free area of disc clean and dry, being especially careful to remove 
any water from around the bottom edge of the mould. After approximately 15 second 

slowly raise the mould vertically and spread out the mortar on the disc by jolting the 
flow table 15 times at a constant frequency of approximately one per second.  

Measure the diameter of the mortar in two directions at right angles to one another 
using calipers. State the average two directions results in mm to the nearest mm. 
 

2. Procedure for setting time 

Fill sufficient moulds with test mortar and any control mix to provide adequate area of 

surface for the required number of penetrations of the rod. Fill each mould in about 10 
increments, minimizing excess mortar to be struck off, and tapping the mould on the 
bench four times after each increment. Strike off the surface plane and level with the 

top of the mould using a palette knife. Place a mould on the scale under the 
penetration rod so that the portion of the sample surface immediately beneath the rod 

is at least 20 mm from the rim of the mould or from position of any previous 
penetrations. Determine the time in minutes, rounded to the nearest minute and 
measured from the time of completion of mixing, then initial flow value determined 

10 min after mixing, by interpolation of the results immediately below and above 
30mm penetration. Calculate the mean value from the individual values of each 

mortar test sample, all values rounded to the nearest minute. The mean value is the 
workable life of the mortar.  
 

 

3. Procedure for air content test  

The sample container is filled in four approximately equal layers, each layer is 
compacted with ten strokes of the tamper, and palette knife is used to remove any 
excess mortar. The container is cleaned with a damp cloth, the cover assembly 

clamped in position and the main air valve closed. Water is introduced through valve 
A (used to fill the container with water) until all the air is expelled through valve B 

(this allows the escape of air from the container). Air is pumped into the air chamber 
until a stabilized condition is reached; this is equal to the level determined during the 
calibration procedure. Valves A and B are closed and the valve between air chamber 

and sample container is opened. When equilibrium is reached the air content is read 
from the pressure gauge. 

 

4. Procedure for fresh bulk density test 

Fill measuring vessel with mortar by means of the scoop in such a way that the mortar 

flows from centre of the vessel to its outer surface. This avoids the inclusion of air 
bubbles. Mortar till it projects above the edge. Using palette knife, skim off any 

excess mortar leaving the mortar surface plane and level with the top edge of the 
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vessel. Wipe the edge clean with a damp cloth. Then bulk density of fresh mortar is 
determined by calculating the mass of mortar contained in a known volume i.e., (m2-

m1)/Vv , where m2  is total mass of vessel filled by mortar, m1 is mass of vessel and Vv 
known volume of vessel.  

 
5. Procedure for dry bulk density test 

Dry the specimen in the oven at a temperature of 105 °C ± 5 °C until constant mass is 

reached. The specimen is considered to have reached constant mass if two 
consecutive weighing by 2hour apart during the drying, do not differ by more than 0.2 

% of the mass of the dry specimen. Record the mass of the specimen as ms, dry in kg. 
Then calculate dry bulk density of each mortar specimen as a ratio of recorded mass 
ms, dry to volume of the mould, which is 256 x 10-6 m3. 

 
6. Procedure for flexural strength test 

The flexural strength of mortar is determined by three points loading of hardened 
molded mortar prism specimens to failure. Wipe the bearing surfaces of the roller and 
the sides of specimen with a clean cloth to remove any loose grit or other material. 

Place the specimen with one of its faces (which has been cast against the steel of the 
mould) on the supporting rollers. Apply the load without shock at a uniform rate in 

the range 10 N/s to 50 N/s, so that failure occurs within a period of 30 s to 90 s. 
Record the maximum load applied, in N. Calculate the flexural strength, f, in N/mm 
by the formula that is (1.5 FL) /bd2, Where b and d are the internal dimensions of the 

prism mould, L is the distance between the two supporting rollers and F is maximum 
load applied on the sample.  

 
7. Procedure for compressive strength test 

The compressive strength is determined on the broken halves of the prism by using a 

compression jig. That by placing specimen in the jig between the pillars and apply the 
load without shock and increase it continuously until failure occurs. As a guide 

suggested loading rates are given for the different classes of mortars. After that record 
the maximum load applied, in N, during the test. Finally calculate the strength as 
maximum load carried by the specimen divided by its cross-sectional area. 

  
8. Procedure for water absorption coefficient due to capillary action of hardened 

mortar test 

At completion of curing period of the test specimens the long faces are sealed with 

paraffin wax (or a synthetic reactive resin with a melting point above 60°C) and are 
then broken into half. The test specimens are then dried in an oven at 60°C until two 
successive weightings undertaken twenty fours apart give a mass variation of less than 

0.2% of the total mass. The test specimens are placed broken end downwards on four 
support pads (these should have as small an area as possible) in a tray (having a 

minimum depth of 20 mm). The test specimens are immersed to a depth of 5-10 mm 
in water and the tray covered to minimize evaporation. The time of immersion is 
noted. The test specimens are removed from the tray after ten minutes .The surface 

water is wiped off with a damp cloth and the mass determined as M1, then 
immediately test specimens are replaced in water vessel and let it there for ninety 

minutes. After 90 min remove the specimen again, wipe off rapidly surface water and 
weigh the specimen as M2.then calculate coefficient of water absorption coefficient 
due to capillary action C by 0.1(M2-M1). 
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Appendix C 

Surface depression and default color of sampled mortar under 3D optical surface 

profiler microscope 

 

  

 
(a) Mortar A   (b) Mortar B   (c) Mortar C 

Appendix C-1:1st day Surface depression and default color of sampled mortar  

 

 
(a) Mortar A   (b) Mortar B   (c) Mortar C 

Appendix C-2:7th day Surface depression and default color of sampled mortar 
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(a) Mortar A   (b) Mortar B   (c) Mortar C 

Appendix C-3:14th day Surface depression and default color of sampled mortar 

 

 
(a) Mortar A   (b) Mortar B   (c) Mortar C 

Appendix C-4:28thday Surface depression and default color of sampled mortar 
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Appendix D 

Worked values from experiment 

Appendix D-1: Consistency test results 
 

Samples Date of execution 1st taken 

(%) 

2nd 

taken 

(%) 

3rd taken 

(%) 

Average 

(%) 

Mortar  A 04/06/2011 70 65.5 67 67.5 

Mortar  B 11/06/2011 62 62.25 70 65 

Mortar  C 04/06/2011 68 70 72 70 

 

Appendix D-2: Fresh bulk density test results  

Samples Date of execution 1
st
 (Kg/m

3
) 2

nd
 (Kg/m

3
) 3

rd
 (Kg/m

3
) Average(Kg/

m
3
) 

Mortar  A 04/06/2011 1605 1611 1615 1610.3 

Mortar  B 11/06/2011 1520 1550 1550 1540 

Mortar  C 04/06/2011 1640.2 1682 1686 1669.4 

 

Appendix D-3: Dry bulk density test results 

Samples Date of execution 1
st
 (Kg/m

3
) 2

nd
 (Kg/m

3
) 3

rd
 (Kg/m

3
) Average(Kg/m

3
) 

Mortar  A 11/06/2011 1356 1373 1375 1368 

Mortar  B 19/06/2011 1347.2 1376 1376 1366.4 

Mortar  C 11/06/2011 1387.5 1402 1400 1396.5 

 

Appendix D-4: Air content test results 

Samples Date of 

execution 

1st (%) 2nd (%) Average (%) 

Mortar  A 04/06/2011 15 16 15.5 

Mortar  B 11/06/2011 15.5 16 15.7 

Mortar  C 04/06/2011 15 15 15 

 

Appendix D-5: Capillary water absorption coefficients test result  

Samples Date of 

execution 

1
st
  

(Kg.m
2
.

min
-0.5

) 

2
nd

  

(Kg.m
2
.min

-0.5
) 

3
rd

  

(Kg.m
2
.min

-0.5
) 

Average 

(Kg.m
2
.min

-0.5
) 

Mortar  A 11/06/2011 0.20 0.24 0.25 0.23 

Mortar  B 19/06/2011 0.51 0.55 0.56 0.54 

Mortar  C 11/06/2011 0.20 0.21 0.22 0.21 

 

 

 

 



49 
 

Appendix D-6 Initial Setting time test results 

Samples Date of execution 1st 

(min) 

2nd  

(min) 

3rd  

(min) 

Average 

(min) 

Mortar  A 04/06/2011 90 90 96 93 

Mortar  B 11/06/2011 105 112 113 110 

Mortar  C 04/06/2011 78 82 83 81 

 

Appendix D-7: Final Setting time test results 

Samples Date of execution 1st 

(min) 

2nd  

(min) 

3rd 

(min)  

Average 

(min) 

Mortar  A 04/06/2011 225 229 230 228 

Mortar  B 11/06/2011 292 300 306 298 

Mortar  C 04/06/2011 232 243 245 240 

 

Appendix D-8: Flexural strength test results 

Samples Date of execution 1st  

(Mpa) 

2nd  

(Mpa) 

3rd  

(Mpa) 

Average 

(Mpa) 

Mortar  A 05/06/2011(1st day) 1 1 1.02 1.01 

Mortar  B 11/06/2011(1st day) 1.08 1.08 1.1 1.09 

Mortar  C 05/06/2011(1st day) 1.1 1.25 1.25 1.2 

Mortar  A 11/06/2011(7th day) 1.21 1.25 1.26 1.24 

Mortar  B 18/06/2011(7th day) 1.22 1.24 1.26 1.24 

Mortar  C 11/06/2011(7th day) 2.13 2.13 2.15 2.14 

Mortar  A 18/06/2011(14th day) 1.96 2.0 2.01 1.99 

Mortar  B 25/06/2011(14th day) 1.71 1.74 1.75 1.73 

Mortar  C 18/06/2011(14th day) 2.2 2.2 2.22 2.21 

Mortar  A 25/06/2011(28th day) 2.42 2.45 2.45 2.44 

Mortar  B 02/07/2011(28th day) 2.2 2.27 2.28 2.25 

Mortar  C 25/06/2011(28th day) 2.5 2.56 2.59 2.55 

 

Appendix D-9: Compressive strength test results 

Samples Date of execution 1
st
 

(Mpa) 

2
nd

  

(Mpa) 

3
rd

  

(Mpa) 

Average 

(Mpa) 

Mortar  A 05/06/2011(1
st
 day) 1.2 1.6 1.7 1.5 

Mortar  B 11/06/2011(1
st
 day) 1.32 1.41 1.41 1.38 

Mortar  C 05/06/2011(1
st
 day) 1.66 1.7 1.72 1.69 

Mortar  A 11/07/2011(7
th

 day) 2.95 3 3.05 3 

Mortar  B 18/06/2011(7
th

 day) 2.97 3.01 3.02 3 
Mortar  C 11/07/2011(7

th
 day) 3.04 3.07 3.07 3.06 

Mortar  A 18/06/2011(14
th

 day) 3.35 3.39 3.4 3.38 
Mortar  B 25/06/2011(14

th
 day) 3.27 3.28 3.29 3.28 

Mortar  C 18/06/2011(14
th

 day) 3.4 3.4 3.6 3.5 

Mortar  A 25/06/2011(28
th

 day) 6 6.07 6.08 6.05 
Mortar  B 02/07/2011(28

th
 day) 4.28 4.32 4.33 4.31 

Mortar  C 25/06/2011(28
th

 day) 6.15 6.20 6.23 6.19 
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