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ABSTRACT 

In our construction industry, the use of conventional construction material and conventional construction 

technologies makes construction expensive and hazardous to the environment that the use of alternative 

construction material and construction technologies in our construction industry is very important so in 

this study the behavior of  SIFCON with waste marble dust as filler are studied and slurry infiltrated 

fibrous concrete is special type of steel fiber concrete (SFC) with a high volume fraction of fiber. It 

possesses high ductility and high mechanical properties with special application of SIFCON lamination 

for structural member of buildings and It improves the strength of concrete structural members up to 25% 

for normal concrete and up to 40% for fibrous reinforced concretes and used for remedial works for 

weaken concrete structural members of buildings and this type of concrete uses a matrix consisting of 

very fine particles or filler to enhance its fibrous interlock properties. The purpose of this paper is to study 

the possibility of using marble waste powder as fine fillers in slurry infiltrated fibrous concrete 

production. From previous studies  the use of marble waste powder filler for concrete production 

improves property of flowable concrete up to a certain limit so that for this purpose four different serious 

of concrete were prepared by adding different dosage of  WMP  (0%,10%,20%,30%, 40%) by weight of 

cement .To study the performance of SIFCON , a total of eighteen samples were prepared with the 

addition of waste marble powder with  different additional range  (0%,10%,20%,30%, 40% ) . For each 

replacement, C-30 were prepared the testes were on the mechanical properties of SIFCON that is 

compressive, tensile and flexural strength of the concrete and UPV test are conducted to check the 

porosity of the samples. The results indicate that the amount of ingredient (cement, sand) is reduced up to 

10 % because the fresh volume can be increased up to 15 % and final SEM  are conducted to observe the 

microstructure of the samples.  the use of waste marble powder in SIFCON as fine filler improves the 

consistency and workability up to 30% usage so that from previous literatures that is because the 

lubricating power of very fine limestone particle and also compressive  ,tensile and  flexural strength 

shows progress up 30% usage and the optimum usage is 30%  more than this percentage it is  observed 

that  reduction in workability and also in compressive, tensile and flexural strength of SIFCON.                                                                                                                              

 

Key words: - Fine Filler, waste marble dust, Compressive Strengths, Flexural Strength and Tensile 

Strength 
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CHAPTER ONE 

INTRODUCTION 

 

1.1. Background of the Study. 

Concrete  is  the  most  commonly  used  construction  material  in  the  world (Faiz, 2018).  It is 

basically composed of two components paste and aggregate.  The paste contains cement, water 

and sometimes other cementations’ and chemical admixtures, whereas the aggregate contains 

sand and crushed stone. In developing countries like Ethiopia the demand of construction is very 

high but deliveries of construction at affordable rates and quality for the low and medium earners 

have not been successful. We can give many reasons for this problem but cost and technological 

advancement construction is one of the reasons for this problem when we say cost of 

construction it is directly related with cost of construction material.  

Concrete is extensively used and important construction material and it is used in the 

construction industry due to its high compressive strength and its durability. Now a day’s various 

studies have been conducted to make concrete with waste material with the intention of reducing 

cost and unavailability of conventional materials (Espacios et al., 2017). 

Use of conventional material as a single source is causing so many problem to construction 

industry for the reason that the cost of those material will be high and will be difficult to afford 

and the exploitation and production process will be dangerous for the environment .on the other 

hand there are wastes which can cause serious damage to the environment if they are disposed 

unwisely. Recently, one of the main concerns of most countries is coming up with a low impact 

material to be used in construction which can meet the needs and desires of both contractors and 

consumers and at the same time fulfill the principles of a new but fast growing trend and 

sustainable development. 

On one hand, excessive exploitation and limited availability of raw materials and, on the other 

hand, the problem with the increasing number of industrial waste and the lack of landfills, have 

led to the development of studies related to potential use of waste materials in building material 

production (Dobiszewska et al., 2019). 
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Leaving the waste materials to the environment directly can cause environmental problem. 

Hence the reuse of waste material has been emphasized. Waste can be used to produce new 

products or can be used as admixtures so that natural resources are used more efficiently and the 

environment is protected from waste deposits. Marble stone industry generates both solid wastes 

and stone slurry.(Pal et al., 2016) Utilization of marble powder has become a important face shift 

towards the efficient utilization in concrete for improved properties (Profile, 2015). 

Slurry Infiltrated Fiber Concrete (SIFCON) is a type of fiber reinforced concrete in which 

formwork molds are filled to capacity with randomly-oriented steel fibers, usually in the loose 

condition, and the resulting fiber network is infiltrated by cement-based slurry. Infiltration is 

usually accomplished by gravity flow aided by light vibration, or by  pressure grouting (Daniel et 

al., 2002). SIFCON has many applications such as remedial works of high strength concrete 

structure which needs high ductility specially SIFCON laminate for strengthening existing 

structures and for doing remedial works for damaged building  structural members. 

 it is special type of still fibrous reinforced concrete the only difference is its volume of still fiber 

and it needs high amount of finer filler material and fluidity, compactablity, and fillingablity 

properties are very important for this type of concrete to infiltrate through interlocked fibers and 

from the previous researches marble waste powder has the capacity to improve those properties.  

The use of special concrete in our construction industry is considered as extravagance because of 

the cost of material and the cost of admixture but it is not always true because the use of special 

concrete by incorporating with available cost effective material will makes it easy to use those 

special concrete to get cost and performance advantage and this marble waste powder filler is 

almost admixture without any cost so I used it for the production of slurry infiltrated fibrous 

reinforced concrete by considering its physical and chemical properties. 
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1.2. Statement of the Problem. 

In our country the demand for construction is very high and more than half of the capital budget 

are incurred to the this construction industry but when we see the delivery of construction it is 

not that much as expected due to many reason the cost and technological advancement of 

construction is one of the reason for this problem when we see our construction industry it is 

dependent on conventional technology and conventional construction material. The use of single 

source for construction material demand makes construction expensive and hazardous for the 

environment for instance the rapid  extraction  of  sand  from  the  river  bed  causes problems  

like  deepening  of  the  river  beds,  loss  of vegetation  on  the  bank  of  rivers,  disturbance  to  

the aquatic life as well as agriculture due to lowering of ground  water level and furthermore opc 

and ppc are the only cementing material used in our  construction industry the production 

process and the exploitation of raw material is causing environmental as well as economical 

problems . So the use of alternative technologies and alternative material or material that can 

fully or partial replace this conventional material is very important to reduce the cost and 

environmental impact of construction. Construction industries of developing countries are in 

stress to identify alternative materials and technologies. Hence partial or full replacement of 

those conventional materials by the other compatible materials like crushed rock dust, quarry 

dust, glass powder, recycled concrete dust, industrial wastes and others are being researched by 

different researcher in view of conserving the ecological balance and reducing the cost of 

construction. On one hand, excessive exploitation and limited availability of raw materials and, 

on the other hand, the problem with the increasing number of industrial waste and the lack of 

landfills, have led to the development of studies related to potential use of waste materials in 

building material production. Such a method of managing waste is consistent with the principle 

of sustainable development that assumes efficient management of non-renewable (consumable) 

natural resources and their replacement with recycled waste substitute.  

Marble waste is one of those industrial wastes the reuse of this waste will help to save cost, 

conserve limited resources and ultimately protect the environment there are two types of by-

products of marble processing. During marble processing, 30% of the stone (in case of 

unprocessed stone) goes to scrap because of being smaller size and/or irregular shape. This is 

then sold to chip manufacturers. In case of semi-processed slab, the scrap level reduces to 2-5%. 
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The other waste material is slurry. It is basically the water containing marble powder. The water 

is reused till it gets thick enough (70% water and 30% marble powder) to be reused. It can be 

safely estimated that 1 ton of marble stone processed in gang-saw or a vertical/horizontal cutter 

produces almost 1 ton of slurry (70% water) (Raj et al., 2015) .  

Disposal of this slurry will cause many problems to the environment if it is disposed in the soil the 

porosity and permeability of the top soil will be reduced and the finer waste will reduce the fertility 

of the soil by increasing its and when we see the processing plants most of them are found near 

to catchment area of natural river so that this cause contamination of ground water and cause 

drainage problem. 

One of the new concrete technology applications that had  to get  increased  importance  as  

repairing  and  retrofitting  technique  is slurry  infiltrated  fiber  concrete  (SIFCON) which has 

constructability, cost and performance advantage  but the matrix needs very fine filler which has 

flowablity ,compactablity property and the lime containing marble powder has good flowablity 

property and because of the specific gravity of the marble powder the compactablity property of 

this marble powder is good so that the use of this filler  for SIFCON is advisable. 

From previous researches, the use of this marble waste powder have been studied by many 

researcher for the production of concrete and they conclude that the use of this marble waste 

powder improves  fresh properties like fluidity, fillingablity and compactablites of concrete and 

also have good effect on the mechanical properties of concrete compressive, tensile, flexural 

strength of hardened concrete and by increasing the fresh volume of concrete as a filler reduce 

the overall cost of concrete production So this paper seeks for ways of utilizing WMD as a filler 

for concrete production to minimize disposal problems, environmental pollution and also 

enhance the economy. 

1.3 Significance of the study. 

The main purpose of this research is to investigate the possibility of utilizing waste marble dust 

as a filler for slurry infiltrated fibrous concrete. This research verify the properties of this filler 

and its effects in the production of concrete so that this material can be used as a filler and this 

helps to minimize the exploitation and production of conventional material for concrete 

production  and it will be helpful to minimize environmental impact’s and cost of construction .  



 

5 
 

Marble waste powder is highly available and cheap mineral filler so that contractors and owners 

use this cheap mineral filler for their construction projects especially for development of special 

concrete which has flowablity property.  

 slurry infiltrated fibrous concrete can be used for  Reinforced concrete structures which needs 

Modification and improvement of their performance during their service life and for remedial 

works of older building  structures . By using 35mm SIFCON laminate by casting up to 35mm 

SIFCON  panels and apply to the damaged structure up to 25% strength improvement can be 

achieved for normal concrete and 40% strength improvement can be achieved for fibrous 

reinforced concrete members. This remedial technique has constructability and cost reduction 

advantage when it is compared to existing techniques to do strengthening and remedial works 

such as jacketing so that building owners and contractors can use this technique by using marble 

waste powder as cheap mineral filler to improve its performance and cost advantage.  

Since this filler is available in high amount owner can take and minimize cost of construction 

material so that this encourage the development of infrastructure in our country and contractors 

can also think different type of special concrete for their projects since they have this cheap 

admixture and the overall cost of construction will be minimized and it will be affordable for the 

middle and low income earners and for the marble processing companies they will have 

additional income and opportunity due to this marble waste powder and they can locate their 

company in any place without considering the disposal of this waste . And the findings of this 

research will be used as a reference for further research on properties of slurry infiltrated fibrous concrete. 

There is need for this research since waste marble dust has recently gained good attention to be used as an 

effective filler material. 

1.4. Research questions 

The study is also addressing the following questions. 

 What are the fresh properties of slurry infiltrated fibrous concrete when waste marble 

dust is added as filer? 

 What is compressive, tensile and flexural strength   of slurry infiltrated fibrous concrete 

when waste marble powder is added as filler?  
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 What is optimum percentage of WMD in slurry infiltrated fibrous concrete production as 

filler? 

1.5. Research Objective 

1.5.1. General objective 

 

The general objective of the study is to study the behavior of slurry infiltrated fibrous concrete 

with waste marble powder as filler. 

1.5.2. Specific objectives of the study  

 

 To examine the fresh properties of slurry infiltrated fibrous concrete when waste marble 

is added as filler 

 To investigate the compressive, tensile and flexural strength   of slurry infiltrated fibrous 

concrete when waste marble powder is added as  filler 

 To Investigate the optimum percentage use of WMD for concrete production 

1.6. Scope of research 

The research  will  cover  studying  physical  and  chemical  properties  of  marble  waste  

powder and  studying  compressive  strength,  flexural  strength  and  tensile strength of slurry 

infiltrated fibrous concrete produced  by  marble  waste  powder  as a filler (admixture) ,   

Throughout  the  investigation,  the  research  is  limited  to white   marble  waste  powder  from  

the  three factories of The Ethiopian Marble Processing Enterprise which process limestone and 

marble. 

1.7. Structure of the thesis 

The topic this research is selected based on the problem statement that had been stated before. 

The thesis has parts that discuss various aspects of marble waste powder and slurry infiltrated 

fibrous concrete after the problem is stated and the necessary terms are defined, literature review 

and required tests are conducted.  In  order  to  achieve  the  above  stated  goal  of  the  research,  

the  following procedures were followed. 
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1.7.1. Introduction. 

 Discusses the introduction of the research by highlighting the research problems, research 

purpose, research objectives, proposed methodology and research organization. 

1.7.2. Literature review.  

In this section previous works related to the topic were reviewed and summarized. Accordingly, 

Materials related to slurry infiltrated fibrous   concrete, marble powder additives for cement 

aggregate, and as admixture replacement were thoroughly reviewed. 

1.7.3. Prepare mix design for SIFCON. 

Once the required and related materials are reviewed, the next step is to perform the physical 

quality test of the ingredient materials and prepare mix design by taking recommendation from 

ACI 544.4 and by referring previous related researches mix design for C30 is mad after trial b  

1.7.4. Assess its performance  

After the mix design completed by trial method for SIFCON and as per the ACI method for the 

conventional  concrete,  it  was  cast  and  tested  for  its  fresh  and  hardened  properties.  The 

compressive strength of the three cubic samples were tested at the age of 7days, 28 days and the 

UPV test was conducted to check the compactablity of this concrete and microstructure was 

conducted to check the overall internal structure of the samples. 

1.7.5. Analysis and discussion:  

Having all the test results, analysis and discussion was made on the results and finally some 

points were concluded and recommended.  
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1.8 Limitation of the thesis. 

This thesis is limited on fresh properties and mechanical properties of hardened concrete but 

there are different properties to study such as (durability, water absorption…etc ) so because of 

the material availability and the time allowed for this thesis this testes cannot be conducted and 

the type of marble used in this study is one type of marble that is white marble but there were 

another type of marble with different chemical content due to time and cost limitation it cannot 

be performed so that I select one white marble which is belived to have good lime content 

because of its color and there were different types of still fibrous  to be used but I used only 

straight type of still fibrous. and to check the passingablity of fresh mix has to be checked by V 

funnel instrument but v funnel instrument is not available so that I try to relate this property with 

the results of the other testes such as flowablity ,fillingablity because there is direct relationship 

between this properties and  to be accurate about the internal structure of the concrete i conduct 

SEM but i cannot identify the chemical reaction because chemical identifier was not properly 

installed to the equipment .   

 

 

 

 

 

 

 

 

 

 



 

9 
 

CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introductions. 

Concrete is the most extensively used construction material in the world and it is a composite 

material composed of cement, sand, coarse aggregate and admixture. It can be cast in any desired 

shape and fashion and is therefore applicable for most building purposes. Its long life and 

relatively low maintenance requirements add to its popularity. Concrete does not rust or decay 

and is resistant to wind, water, rodents and insects. It is a non-combustible material making it fire 

resistant and able to withstand high temperatures. In the road sector, concrete is used for a 

number of purposes, including pavements, bridges, culverts, retaining walls and other structures. 

2.2 Theoretical Review 

Concrete is the most extensively used construction material in the world and it is a composite 

material composed of cement, sand aggregate and admixture. It can be cast in any desired shape 

and fashion and is therefore applicable for most building purposes. Its long life and relatively 

low maintenance requirements add to its popularity. Concrete does not rust or decay and is 

resistant to wind, water, rodents and insects. It is a non-combustible material making it fire 

resistant and able to withstand high temperatures. In the road sector, concrete is used for a 

number of purposes, including pavements, bridges, culverts, retaining walls and other structures 

2.2.1. What is SIFCON? 

Slurry Infiltrated Fibrous Reinforced Concrete (SIFCON) is a relatively new high performance 

and advanced material and can be considered as a special type of Steel Fiber Reinforced 

Concrete (SFRC). SIFCON is the unique construction material possessing high strength as well 

as large ductility and excellent potential for structural applications when accidental (or) abnormal 

loads are encountered during services. SIFCON also exhibit new behavioral phenomenon, that 

of” Fiber lock” which believed to be responsible for its outstanding stress-strain properties. The 

matrix in SIFCON has no coarse aggregates, but a high cementious content. However, it may 

contain fine (or) coarse sand and additives such as fly ash, micro silica and latex emulsions 

(1S.Soundarya, 2S.Suresh Babu & 1P.G.Student, 2018). 
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Slurry Infiltrated Fiber Concrete (SIFCON) is a type of fiber reinforced concrete in which 

formwork molds are filled to capacity with randomly-oriented steel fibers, usually in the loose 

condition, and the resulting fiber network is infiltrated by cement-based slurry. Infiltration is 

usually accomplished by gravity flow aided by light vibration, or by pressure grouting(Daniel et 

al., 2002). 

2.2.2 Materials and mix proportions  

SIFCON is preplaced fiber concrete with the placement of steel fibers in a mold or form, or on 

substrata, as the initial construction step. Fiber placement is accomplished by hand, or through 

the use of commercial fiber dispersing units. As stated before, the amount of fibers that can be 

incorporated depends on fiber dimensions, especially aspect ratio (l/d), fiber geometry, and 

placement technique. External vibration can be applied during the fiber placement operation 

(Vijayakumar & Kumar, 2017). 

One of the important aspects in the fabrication of SIFCON is fiber orientation. As might be 

expected, when steel fibers are placed onto a substrate or into a mold, a preferred fiber 

orientation occurs. The orientation is essentially two dimensional, perpendiculars to the gravity 

vector. The orientation effect is more exaggerated with some fibers than with others. In general, 

there is a trend toward a three-dimensional fiber orientation that accompanies reduction in fiber 

diameter and aspect ratio (Vijayakumar & Kumar, 2017). 

The fiber orientation phenomenon must be considered when designing field installations of 

SIFCON or in preparing laboratory specimens. The preparation of test specimens of SIFCON 

requires special considerations relating mainly to the need of avoiding non-uniform fiber 

distributions and of avoiding unfavorable fiber orientation. The fiber density at the edges of the 

mold can be much less, compared to the interior. Additionally, a number of fibers may align 

vertically (parallel to the long cylinder axis) along the outer surface.  

One way to avoid the fiber orientation and edge effect problems is to cast a slab and obtain the 

test specimens by coring. Here again, attention should be paid to the orientation of fibers. If 

fibers are aligned along the diameter of the cylinder, a much higher compressive strength can be 

expected compared to a cylinder in which fibers are aligned along the axis of the cylinder. 
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Actually, it is reported that specimens with fibers perpendicular to loading axis may exhibit 

twice the strength of specimens with fibers placed parallel to load direction,  

Vertically and horizontally from a slab with horizontally placed steel fibers. Once the steel fibers 

have been placed on a substrate or in a mold, then they are infiltrated with fine-grained cement 

based slurry. The slurry must be flowable and liquid enough and have sufficient fineness to 

infiltrate thoroughly the dense matrix in the fiber-filled forms. The infiltration step is 

accomplished by simple gravity-induced flow or gravity flow aided by external vibration or 

pressure grouting from the bottom of the bed (1S.Soundarya, 2S.Suresh Babu & 1P.G.Student, 

2018). 

In most cases, high-range water-reducing admixtures (super plasticizers) are used in order to 

improve the flowability of the slurry to ensure complete infiltration without increasing the water-

cement ratio (W/C). The dosage of super plasticizers has the greatest effect on fluidity, 

cohesiveness and penetrability of cement slurries (1S.Soundarya, 2S.Suresh Babu & 

1P.G.Student, 2018). 

2.2.3 Steel fibers. 

 A large variety of steel fibers have been investigated for use in SIFCON. To develop better 

mechanical anchorage and bond between the fibers and the matrix, the fibers can be modified 

along its length by inducing mechanical deformations or by roughening its surface. The most 

widely used types are hooked and crimped fibers. Surface deformed and straight fibers are used 

also, but they are less popular In most cases, the cross section of steel fibers is circular. It can be 

also rectangular, square, and triangular or flat   

Most common steel fibers have a length from 25 to 60mm, and a diameter ranging from 0.4 to 1 

mm. Their aspects ratio (l/d), that is, the ratio of length over diameter or equivalent diameter, is 

generally less than 100, with a common range from 40 to 80 (Vijayakumar & Kumar, 2017). 
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2.2.4 Matrix 

 The matrix of SIFCON does not contain coarse aggregate which, of course, cannot infiltrate 

through the tiny spaces between the steel fibers. The matrix compositions investigated in 

literature include cement, cement-sand, cement-fly ash, cement- silica fume, cement-sand-fly ash 

and cement-sand-silica fume. Matrices containing mineral additives such as fly ash or silica fume 

were found to have better shrinkage characteristics (Vijayakumar & Kumar, 2017).  

2.2.5 Mix proportions  

The primary variables in the mix proportioning are fiber content and matrix composition. The 

fiber volume fraction is commonly controlled by the placement technique and the fiber 

geometry. The recommended water-cement ratio for the slurry (matrix) is 0.4 or less. Super 

plasticizers (SP) can be used, if necessary, to improve the flow ability of the slurry, which should 

be liquid enough to flow through the dense fiber bed without leaving honeycombs. Only fines 

and should be used. Generally for mix proportion of SIFCON the percentage of fibers can be 

from 2to 20 percent depending of the end of concrete. Normally for making SIFCON mix ratio 

of cement and sand can be 1:1 ,1:1.5 or 1:2 and water cement ratio is varies from 0.3to 0.45. 

(Singam & Susmitha, 2018). 

2.2.6 Factors Affecting SIFCON Efficiency  

The following factors affect the strength of SIFCON and the ultimate strength, ductility and 

energy absorption are all affected by fiber alignment (1S.Soundarya, 2S.Suresh Babu & 

1P.G.Student, 2018). 

 Slurry strength  

  Fiber volume  

  Fiber alignment  

  Fiber type 

2.2.7 Advantages of SIFCON  

 SIFCON possesses excellent durability, energy absorption capacity, impact and abrasion 

resistance and toughness.  
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  Modulus of elasticity (E) values for SIFCON specimens is more compared with plain 

concrete.  

  SIFCON exhibits high ductility.  

2.2.8 USAGE /APPLICATION AREA 

 SIFCON has properties like ductility, crack resistance, penetration and impact resistance very 

high compared to other materials like SFRC, concrete it is best suited to applications where  high 

strength or high ductility or both are needed. These include a large variety of earthquake-

resistant structures, military installations, explosive and penetration-resistant structures. In 

addition to many other uses such as airport pavements, parking lots and bridge 

decks.(1S.Soundarya, 2S.Suresh Babu & 1P.G.Student, 2018). 

2.2.9. Special use of SIFCON for Defected Buildings 

For the maintenance of reinforced concrete structures and buildings, it requires periodic 

inspection. In that case there is very little awareness in civil engineers and other discipline. As a 

result, many of the times due importance is not given to the repair and maintenance of the 

building. But now a day it has become necessary to give more attention towards the repair and 

maintenance of old and damaged building structure to avoid any kind of accident of such 

deteriorated buildings, repair works should be carried out at regular time so that the building will 

be serviceable up to its full serviceable life. For any recreational activity of structure it required 

strengthening of structural elements (Pardeshi, 2017). 

For global sustainability, the long life of reinforced concrete structures is essential. To 

rehabilitate these defected buildings and restore their mechanical properties, new techniques 

should be applied. One of these techniques is slurry infiltrated fiber concrete (SIFCON). It could 

be defined as a special type of steel fiber concrete (SFC) with a high volume fraction of fiber; it 

possesses high ductility and high mechanical properties. It is a high-performance cementations 

composite, which exhibits outstanding strength and ductility (Hameed, 2019). 

It is manufactured by first placing fibers in formwork molds and then infiltrating the fiber 

network with cement-based slurry. The infiltration is generally achieved by gravity flow assisted 

by external vibration, or by pressure grouting. Due to this procedure, much higher fiber volume 



 

14 
 

fraction can be achieved in SIFCON. The adding of SIFCON layers to the normal concrete 

beams increased the ultimate and the yielding loads by about 25%. Also, it causes an increase of 

45% in the case of FRC composites.  

The increment in the SIFCON depth displayed good effect in the reduction of beam deflection. 

By increasing the number of infrastructure facilities globally, the number of buildings exposed to 

damage is also increasing. Complete substitute of the defected building might increase overall 

costs, also, to waste the natural sources, especially when planning to improve the strengthening 

and performance of the structure. Lots of contemporary infrastructures are constructed of 

concrete. Over time, spoilage and change of purpose requisites simplify the need for new 

buildings. Destruction of existent and building of new systems is a highly priced, time 

exhaustion, and resource consuming operation 

SIFCON layers casting to the tension face of prisms improve flexural strength considerably. 

Hybrid section exhibits an increased in flexural strength of 320 % for laminates with (35 mm) 

thickness increasing the stiffness of the concrete composite section will significantly reduce the 

deflection at any load level. 

By strengthening the prism, performance of the weak structure can be improved and it will 

protect many lives from sudden failure. Energy absorption capacity (toughness) of SIFCON 

concrete composite sections increase significantly with the increase of SIFCON laminates 

thickness. It reaches 1086.64 % of control prisms for (35 mm) SIFCON layer thickness.  The 

ductility of hybrid sections improved compared with control section; in contrast, the increment of 

SIFCON layer thickness has no great effect on ductility (Hameed, 2019). 

 

Fig 2.1 SIFCON panels 
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2.2.9.1 What is filler?  

Fillers are material used in concrete to fill gaps between aggregate and lower consumption of 

binders and improve the properties of the mixed materials, when they are mixed with cement, 

they help improve the practice packing and above all create other properties in fresh concrete. 

According to European standard EN13139 (2002) fillers are fine materials that pass through 

0.063mm sieve size, or they are packing characteristics of a chemically inactive material of 

admixture that depends on shape texture and particle size.  

 it can be defined as chemically inactive material of a mixture that depends on shape texture and 

particle size distribution of the said material , moreover, little pores present within particles in 

concrete or cement paste can be filled by a finer particle (filler) and this effect will significantly 

affect the properties of the cement paste and the concrete gives  rise to a more improved 

concrete(tc odimegwa, 2018) in summary fillers are utilized in other to enhance the granular 

filling factor and luck-up capillary pores in a concrete mix this fillers can either be reactive or 

non reactive. 

2.3 Marble 

2.3.1. What is marble. 

Marble is a metamorphic rock resulting from the transformation of a pure limestone. The purity 

of the  marble  is  responsible  for  its  colour  and appearance: it is  white if the limestone is 

composed solely  of  calcite  (100%  CaCO3).  Marble is used for construction and decoration; 

marble is durable, has a noble appearance, and is consequently in great demand.  A  large  

quantity  of  powder  is  generated during the cutting process (Pal et al., 2016). 

2.3.2. Chemical and Physical Properties of Marble. 

2.3.2.1 Chemical Properties of Marble. 

Chemically, marbles are crystalline rocks composed predominantly of calcite, dolomite 

orserpentine  minerals.  The other mineral constituents vary from origin to origin.  Quartz, 

muscovite,  tremolite,  actinolite, micro  line,  chert, talc, garnet,  osterite  and biotite are the 

major mineral  impurities  whereas  SiO2,  limonite,  Fe2O3,  Mn,  and  FeS2  are  the  major  

chemical impurities associated with marble (Naedir et al., 2017). 
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2.3.2.2. Physical Properties of Marble  

Physically, marble is re-crystallized hard, compact, fine to very fine grained metamorphosed 

rocks capable of taking shining polish. All limestone’s are crystalline but with varying crystal 

sizes and crystal arrangements (Naedir et al., 2017). 

Table 2.1 physical properties of marble. 

properties Marble  limestone 

hardness 3 to 4 mohs scale 3 to 4 mohs scale 

density 2.55 -2.7 kg/cm3 2.55 -2.7 kg/cm3 

Compressive strength 70 -140 N/mm2 60-170 N/mm2 

Water absorption <0.5% <1% 

porosity Very low Very low 

Weather impacts resistance  

 

2.4. Marble deposits in Ethiopia 

During the last 20 years, the production and use of building stone has steadily increased 

worldwide, and today stone has reached a position as one of the world’s most important mineral 

resources. For many countries, export of stone has become a significant economic activity. For 

others, the recognition of local sources of building stone has secured a steady supply of cheap 

and durable construction materials for domestic purposes(Naedir et al., 2017). 
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Fig 2.2. Marble deposit in Ethiopia 

2.5. Marble Processing and Production 

The enterprise produces marble block from two regional states, namely from Harari National 

Regional State,  a place  known  as “Hakim Gara” quarry  and from Benshangul Gumuz National 

Regional State a place  known  as “Enkonti”, “Mora” and Mankush. The Enterprise produces 

different types of marble block from these  quarry sites. The  colour  of the marble from these 
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quarries varies, example Enkunti marble is white gray, and white, while “Mankush”  marble has 

multi-colour, and rose, “Mora” marble mainly has a white colour (Naedir et al., 2017).  

2.6. Environmental Hazards due to waste. 

It is shaping to major threat of the Environment in the state by mining and processing activities. 

Nearly one thousand Gang saws and thousands of cutters are producing 15-20 lac tons of marble 

slurry waste which is indestructible waste and harm to general Public. Some of effects of the 

marble slurry may be listed as under:  

 The waste is indestructible. 

 The sites which can be used as dumping ground are limited and give repulsive dirty look. 

 Contamination of top fertile soil cover. 

 Contamination of the rivers and other water bodies there by adversely affecting irrigation 

and drinking water resources. 

2.7. Admixture  

According to ACI 116R and ASTM C 125, admixture is ingredients other than water, aggregates, 

hydraulic cement, and fibers that are added to the concrete batch immediately before or during 

mixing. A proper use of admixtures offers certain beneficial effects to concrete, including: 

acceleration or retardation offsetting time, enhanced strength development, improved 

workability, improve concrete durability and enhanced finish ability. Historically, admixtures are  

almost  as  old  as  concrete  itself.   They   have   been   recognized   as important components of 

concrete used to improve its performance. The original use of admixtures in cementations  

mixtures  is  not  well  documented.  It would be  a  logical  progression  to  use  such materials, 

which imparted desired qualities to the surface, as integral parts of the mixture. It is known that 

the Romans used animal fat, milk, and blood to improve their concrete. Properties. Although 

these were added to improve workability, blood is a very effective air entraining  

agent and might well have improved the durability of Roman concrete; eggs during the middle 

ages in Europe; polished glutinous rice paste, lacquer, Tung oil, blackstrap molasses, and 

extracts from elm soaked in water and boiled bananas by the Chinese; and in Mesoamerica and 

Peru, cactus juice and latex from rubber plants.  
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The Mayans also used bark extracts and other substances as set retarders to keep stucco workable 

for a long period of time. In more recent times, calcium chloride was often used to accelerate 

hydration of cement. The systematic study of admixtures began with the introduction of air-

entraining agents in the 1930s when people accidentally found that cement ground with beef 

tallow (grinding aid) had more resistance to freezing admixture and thawing than a cement 

ground without it.  Nowadays, admixtures are important and necessary components for modern 

concrete technology. The concrete properties both in fresh and hardened states can be modified 

or improved by the addition of admixtures. Currently, admixtures are obtained as mineral and 

chemical admixtures which used to improve the short and long term properties of concrete. 

2.8. Some Previous Studies of Using Marble Waste as Filler in Concrete. 

Previously different studies are conducted to use marble waste powder in concrete production 

some of them are as follows. In this research it is mentioned that the effect of the disposal of 

waste materials from the marble industry, consisting of sludge that is composed of powder mixed 

with water, is one of the current worldwide environmental problems. This experimental study 

aims to valorize marble powder, which is achieved by grinding the sludge as filler added to the 

cementitious matrix of self-compacting concrete (SCC). The main purpose of this work is to 

evaluate the marble filler effects on the property in the fresh state and on the hardened properties 

of SCCs compared to those of limestone filler. To this end, two SCCs, SCCM and SCCL, 

manufactured using marble powder and limestone filler, respectively, were prepared and tested. 

The fresh properties of the two SCCs’ mixtures were determined by slump flow, L-box, V-

funnel, sieve stability, bulk density, and air content. Tests on hardened SCCs included 

compressive strength, homogeneity, and quality in terms of ultrasonic pulse velocity and 

durability against carbonation and water penetration. In addition, scanning electron microscope 

(SEM) and X-ray diffraction (XRD) were used to analyze the specimens. Then he concludes that 

the powder obtained from the sludge of marble blocks can be used as marble filler added to the 

SCC cementitious matrix. And the fillingablity and compactablity property of this marble 

powder helps to improve the self computability property of the concrete and it improves the 

vertical flow and increases the air content. The hardened properties were also improved 

compressive strength and the speed of the ultrasonic pulse wave is higher in the SCCM due to its 

low air content, compared to the SCCL(Alyousef et al., 2019)i. 
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And also in this research the research focuses on the effect of using waste marble powder and 

quarry dust as partial sand replacement materials on concrete properties. Massive exploitation of 

the nonrenewable natural resources to fulfill the aggregate requirement of billions of tones each 

year for concrete production bears the serious risk of their gradual depletion. Therefore, concerns 

of aggregate material source depletion, together with the evolution of concepts of sustainable 

development and material conservation, leads to exploring of the effective utilization of waste 

materials instead of natural resources. Nine concrete mixes were prepared with Marble Powder 

and Quarry Dust as sand replacement materials (12.5%, 25%, 50% separately, and 25%, 50% 

combined). The effect of the replacements on workability, tensile, compressive and flexural 

strengths and cost were studied. Marble Powder negatively affected the workability while Quarry 

Dust improved it. Strengths were improved for 12.5% replacement of both the materials but 

further replacement decreased the strength within acceptable limits. These waste powders 

improved mechanical properties (at optimum percentages) or showed acceptable strength results 

(at higher percentages). The replacements of natural sand by waste quarry dust and marble 

powder will help to resolve environmental, economic and ecological issues of concrete 

production and will lead towards sustainability (Faiz, 2018) . 

The behavior of green concrete, having partial replacement of cement or sand with granite waste 

was studied. Laboratory testing of flexural strength, splitting tensile strength, and pull out for the 

samples mixtures were carried out to study the replacement effect on the mechanical properties 

of produced concrete. The study revealed that by comparing the mechanical properties of the 

control mix to the green concrete mixes containing 5% of fine granite waste as a partial 

replacement of cement, the splitting tensile strength was 20% higher, the flexural strength was 

19% lower and the bond strength was slightly lower by 1%. Whereas, replacing sand in the 

concrete mixes by 10% granite waste granules led to significant increase in the splitting tensile 

strength and the flexural strength while the bond was slightly affected when compared to the 

control mix (Allam et al., 2016). 

 In another research It has been recommended that; the disposal of industrial waste would be 

greatly reduced if it could be incorporated in concrete production. One of these possibilities is 

the substitution of the fine aggregate by marble waste (MW), which contributes to the reduction 

of natural resources consumption, while solving a waste management problem. The basic 
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objective of this investigation is to examine the characteristics of concrete using MW as fine 

aggregate in proportions 0%, 20%, 40%, 60%, 80% and 100% by weight of cement. The results 

observed from the various tests depict that Workability of concrete increased as percentage of 

marble waste increased. Highest slump was achieved at 100% substitutions of marble waste. It is 

due fact that marble has water absorption than natural sand. Hence more water is available for 

lubricant between the coarse aggregate particles.  Increase the slump value with the increase the 

percentage level of M W. Moreover, strength was increase up to 60% substitution of MW and 

then decreases gradually. Therefore, it is recommended to MW as fine aggregate up to 60% 

substitution(Ahmad et al., 2020). 

This paper aims to study the effect of using marble dust as partially replace of fine sand on 

concrete. With the increase in production of marbles it increases the wastes that get from it. 

Marble dust creates environmental problems. Due to environmental problems, it affects Human 

health as well as nature. As marble dust is the waste product, get during the sawing and polishing 

of marble by parent marble block and about 20-25% of the processed marble is turn into dust 

form. The production of cheaper concrete using waste marble dust can solve to some extent the 

ecological and environmental problems. Thus, The investigation revealed that replacing of sand 

with marble waste dust in concrete production gives similar strength as of concrete mixes with 

100% sand both at early and later ages unit weight of concrete can be increased when waste 

marble dust is added into the concrete because the specific gravity of waste marble dust is 

extremely high. Marble dust also helps in increasing the physical and Mechanical properties of 

the cement when mixed in proper ratio. the optimum percentage for replacement of sand with 

marble dust in concrete is almost 50%  it  improved the workability and (Mittal et al., 2016). 

 However, a high volume of the industrial production has generated a considerable amount of 

waste materials which have a number of adverse impacts on the environment. In this regard, the 

marble industry produces a huge amount of waste in the last decades and grows significantly in 

time. The marble waste is generally a highly polluting type of industrial wastes due to its highly 

alkaline nature and its manufacturing and processing techniques, all of which impose serious 

health threats to the surroundings. In this study, effects of waste marble on some durability 

properties such as water absorption and permeability, chloride penetration and carbonation, 

sulphate attack and abrasion resistance, and lastly performance at high temperature and freezing 
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and thawing cycles of conventional or self-compacting concrete were investigated. As a result, it 

was found out that the use of waste marble in the conventional or self-compacting concrete mix 

as an admixture material or aggregate is suitable as it can improve durability properties of the 

concrete. Especially, properties of water absorption & permeability and resistance of chloride 

penetration & sulphate attack were improved by incorporation of waste marble in concrete and 

he concludes that using of the waste marble in the conventional or self-compacting concrete as 

mineral additives or fine/coarse aggregate was positively affected on these durability properties 

of concrete. However, for resistance to carbonation of the concrete mixes, no significant 

difference was observed compared to reference concrete mixes (Cagin et al., 2016). 

This paper blends and adds artificial marble waste powder to concrete, aiming to disclose the 

effects of the powder on the physical and mechanical properties of concrete. The slump and other 

working properties of the fresh concrete were tested, and several mechanical parameters of the 

hardened concrete were measured, including cube compressive strength, flexural strength, elastic 

modulus and splitting tensile strength. Through the analysis of the test results and measured data, 

the following conclusions were put forward: Both blending and addition of artificial marble 

waste powder can improve the cohesiveness and bleeding of concrete. The blending is an 

effective way to increase the slump of concrete, while the addition suppresses the slump. During 

the addition, the strength indices of the concrete were all on the rise; the indices reached the 

maximum at the dosage of 10~15%, were comparable to those of the control group at the dosage 

of 20%, and plunged rapidly when the dosage surpassed 25%. The splitting tensile strength and 

the cube compressive strength has a power function relationship with the correlation coefficient 

of 0.845; the flexural strength and the cube compressive strength has a linear relationship with 

the correlation coefficient of 0.995; the elastic modulus and the cube compressive strength has a 

power function relationship with the correlation coefficient of 0.738. Finally, it is recommended 

to add 20% of artificial marble waste powder into concrete. The research findings lay the basis 

for the application of artificial marble waste powder in concrete and provide a new mineral 

admixture for the concrete industry (Zhang et al., 2018). 

This work covers some workability, mechanical, and durability properties of colored self-

compacting concrete (SCC) containing maroon marble powder and iron oxide pigment. Pigments 

with varying amounts were used to produce coloured SCC. For this purpose, ten different series 
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were prepared of which two of the series were pigment free that one of them was the colour of 

white SCC including limestone powder and the other one was the colour of maroon SCC 

including maroon marble powder. The other series were containing pigments with varying 

amounts. The water to binder ratio remained constant for all the series at 0.42. Slump flow, T50 

time, V-funnel, and L-box tests were used to determine the workability of coloured SCC. The 

hardened properties that were determined included density, water absorption, ultrasonic pulse 

velocity (UPV), compressive strength, abrasion resistance, and impermeability. As workability, 

experimental results showed that coloured SCC could be obtained by using maroon marble 

powder and when iron oxide pigment used in amounts less than 6%. The addition of pigment 

notably increased the water absorption of SCC series. The use of smaller quantities of pigment 

caused slight increase in compressive strength. Higher pigment content also provided decreases 

in abrasive resistance, and after exposure to abrasion, mass losses were within the range of 

0.89%–2.12% and the abrasion depths were within the range of0.9 mm–2.1mm. Among the 

varying amounts of pigmented series, M1 series which contains 1% pigment showed the best 

performance, and the findings indicated that it is possible to successfully utilize utilize maroon 

marble powder and lower amounts of pigments in producing coloured SCC In terms of 

workability, most of the series of SCC have maintained the target range that is in accor- dance 

with EFNARC standards SCC mixtures yielded a mass loss of 0.89%–2.12% and yielded an 

abrasion depth of 0.9 mm–2.1mm at the end of abrasion wear test at 28 d SCC mixtures yielded a 

water impermeability depth of 4.47–7.28 mm, and all the series of SCC’s did not allow passing 

water through concrete. (Uysal, 2018).  

The present investigation aimed to study the mechanical and durability properties of High- 

Strength Concrete (HSC) with cement partially replaced by waste marble powder. Cement was 

replaced with marble powder at 0%, 5%, 10%, 15%, and 20%. The properties, such as 

compressive strength, modulus of elasticity, and flexural strength, as well as durability 

characteristics, such as water absorption, acid resistance, and rapid chloride permeability, of 

concrete were determined (10% replacement of marble powder) exhibited increases by 9.23%, 

19.29%, and 21.51% in compressive strength, flexural strength, and elasticity modulus, 

respectively, compared to the control specimen Slight reductions in weight and compressive 

strength (1.25% to 2.47%) were observed in the test specimens with and without addition of 

marble powder when subjected to acid attack Very low penetration of chloride ion was observed 



 

24 
 

in the test specimens with 0%, 5%, 10% and 15% replacement levels of marble powder The 

marble powdered concrete and the conventional concrete exhibited the same water absorption 

capacity   (Raghunath et al., 2019). 

Marble dust can positively impact on the strength and micro- structure properties of concrete. 

Furthermore, the results have indicated that Marble dust can be used as a filler material in 

concrete to improve the microstructure of the mix. Up to a certain replacement ratio, generally 

considered as 10% in several studies, the incorporation of marble waste can positively influence 

the compressive strength capacity of the mixture. The specific gravity of marble dust can be 

considered as one of the main characteristics that affect the strength properties of the investigated 

concrete mixtures. The considerably high degree of fineness in the marble dust provides 

sufficient cohesiveness of mortar and concrete even in low w/c ratio conditions. Hence, this 

powder can be utilized as a filler to improve the flow ability of cement based materials. (AcAhed 

Habib and Maan Habibcess, 2020). 

The strength properties of concrete specimens cast using waste marble dust as replacement of 

fine aggregate. Marble waste is high in calcium oxide content which is cementing property but it 

creates many environmental hazards too if left in environment or in water. In this research, 

partial replacement of cement and sand by waste marble powder (WMP) has been investigated. 

Concrete mixtures were prepared for this investigation by partially replacing cement, sand with 

WMP at proportions of 0%, 10% and 15% by weight separately and in combined form. To 

determine compressive strength, flexural strength and split tensile strength of concrete made with 

waste marble powder, the samples at the curing ages of 7, 28 and 90 days was recorded. 

Different tests of durability were applied on samples like ultrasonic pulse wave test, absorption 

and sorptivity results were compared and noticed that WMP has shown good results and 

enhancing mechanical properties of concrete mix on partially replacing with sand and cement in 

set proportions the investigations shows increase in compressive strength on 15% replacement of 

sand by marble powder.  Maximum split tensile strength was achieved on 10% sand replacement 

but on replacement of 15% sand and 15% cement in combined form shows decrease in split 

tensile strength. And In comparison to the control concrete, flexural strength shows improved 

results for 10% replacement of sand and cement individually by marble powder.  The ultrasonic 

pulse velocity shows improved results up to 15% replacement of sand with marble powder. The 
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water absorption of concrete mix was slightly increased up to 15% replacement of cement and 

sand individually by marble powder.  The sorptivity test shows increase in durability up to 15% 

replacement of cement and sand individually by marble powder. So finally it can be concluded 

that sand replaced with marble powder shows better results as compare to cement.(Ashish et al., 

2016). 

2.9. Summary of Research Gaps. 

The use of green technology has got attention due to two main reason one is that resource are 

limited and human demand is unlimited and this heavily use of this natural resource is causing so 

many problems now a day’s conservation of natural resource are getting god attention so that the 

concept of reuse of material specially industrial by products are studied by many researchers 

marble waste powder is a byproduct from marble processing industry.  recently The use of Waste 

marble powder filler are studied by different researcher as partial replacement of concrete 

ingredient like as  cement , fine and course aggregate , admixture and they get good results to use 

this filler in construction industry they replace with cement up to 30% and the result is almost the 

same us cement concrete that is because the lime content of the  marble powder  and this lime 

powder improves the flow ablity of fresh concrete and this reduce the water content so that 

higher strength can be achieved and in other case some conclude that if it is used in bulk quantity 

the bonding between cement particles will be wicked and also because high surface area of the 

finer particle will increase the water demand and the addition of more water decrease the 

mechanical performance of concrete and they recommend this fine filler for the concrete and also 

some use for partial replacement of sand for concrete in this case this will be finer sand with low 

finesse modules so that this fine sand can be used for concrete which needs  fluidity to be casted 

such as self compacted concrete and some type of special concretes and this material used as an 

admixture to improve properties and to increase the volume of fresh concrete so that the overall 

cost can be reduced this filler shows improvement to the property of concrete because all the 

voids will be filled by this filler and permeability and durability of concrete will be improved and 

resistance to different chemical attaché will be improved  then  when it is summarized  

The researcher discuss their result and the possible causes for the fresh and hardened properties 

of concrete when we see workability properties some conclude that the workability  was 

improved in the beginning and after the addition of more amount the workability starts to 
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decrease but they decide different optimum percentage of addition for marble waste powder and 

they conclude that it is due to those fine filler this particle  will increase the water demand 

because they have increased surface area and this increasment of water to the mix will reduce the 

strength of concrete and it will weaken the mechanical properties of concrete and others 

conclude that the presence of fine limestone powder will improve the flowablity and fresh 

property of concrete and did not have any negative effect for the performance of concrete instead 

the voids will be filled by this filler and the volume of the mix is increased so that the cost of 

concrete is reduced due to the filler amount of concrete is increased and also different properties 

of concrete is improved  they recommend this material for different type of special concrete 

because partial replacement  and using as a filler  marble powder filler will give additional 

properties for concrete ingredients specially for fine filler because material have many 

advantages such as it will improve fillingablity ,compactablity and flowablity property for 

flowable concrete  

Most of those studies are conducted on normal concrete. The use of this powder for special 

concrete special which needs good flow ability has to checked. SIFCON exhibit new behavioral 

phenomenon, that of “Fiber lock” which believed to be responsible for its outstanding stress-

strain properties and uses  finer particles as a filler and this type of concrete has many advantage 

for our construction industry specially for strengthening existing structures and for repairing 

damaged structural members . due to the above importance the use of cement and fine filler 

makes it an expensive material and since this material needs to develop some special property 

like  fillingablity,compactablity and flowablity the use of marble powders will help to active and 

improve the above properties of SIFCON and the use of this finer filler improves  the fresh and 

hardened properties of this concrete and this filler decreases the demand for cement and sand  

and this will reduce the overall  cost  of concrete production.  
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CHAPTER THREE 

MATERIALS AND METHODOLOGY 

3.1 Introduction. 

This chapter focuses on over all methodology and materials used for the research and include the 

experimental investigations, mix proportioning and method of analysis. In order to fulfill the 

research objectives first physical and chemical tests were performed for concrete ingredients 

Then, based on the test results  concrete  making  materials  proportioning  have  been  executed  

and by referring previous  related research paper  and trial mixes . Mix design was prepared for 

C-30 slurry infiltrated fibrous concrete.  After   that, by following the appropriate three samples 

were casted   for each percentage addition of marble waste and for different mechanical property 

testes for different date 7th and 28th day test. Then the prepared concrete samples have been 

tested for fresh and hardened states. The results obtained from experiment are discussed and 

presented in tables and figures and the collected data were analyzed in qualitative method  Finally, 

conclusions are drawn and recommendations have been forwarded  this chapter elaborates 

SIFCON making materials used for the research, mix design, proportion, and concrete 

production process. Then before starting my work I investigate the availability of materials 

especially marble waste and the appropriate type of admixture. All the physical tests were 

conducted in AASTU construction material laboratory whereas chemical property of marble 

waste powder is conducted in Ethiopian geological survey company.  

3.2. Research Design. 

The research study was conducted by laboratory Experimental design.  Quantitative study was 

applied in the research.  Comparative experimental and analytical method were used during the 

study in order to provide the most reliable and economical mitigation method to studying the 

effect of different percentage addition of marble waste powder on the performance of slurry 

infiltrated fibrous concrete. 
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3.2.1. Study procedure 

The following procedures were used while conducting the research.  

3.2.1.1. Reviewing all related literature which include articles, research paper, books standards 

like ES, ASTM, BS. 

3.2.1.2. Sample collection and preparation. The minimum number of samples were determined 

and all the sample were collected and prepared. 

3.2.1.3. Laboratory test.  Determining the physical property of concrete making materials. 

3.2.1.4. Concrete mix design. By taking ACI and previous works mix for trial batch is prepared 

3.2.1.5. Concrete production process. After two trial batches mix design was prepared and 

different samples are casted. 

3.2.1.6. Testing for fresh and hardened properties. Fresh property testes are conducted during 

mixing time for each Bache then for hardened property testes after 3and 28 days some 

mechanical test SEM test and micro structure test are conducted. 

3.2.1.7. Result and analysis. After the testes are conducted the results are organized and 

analysis is made so as to reach conclusion. 

3.2.1.8. Conclusion and recommendation. After analyzing all the results conclusion and 

recommendation has made. 

3.3. Data analysis Techniques and Procedure 

Engineering properties at fresh and hardened state of slurry infiltrated fibrous concrete  which 

are workability  /by  Slump flow test/  and compressive strength  /by compressive  strength  test  

machine/,  is  performed  in  laboratory  tests.  In processing all the design and analysis, literature 

review of the research and data gathered from laboratory test were evaluated to come up with the 

research output.  all the result of laboratory tests were compared  and  analyzed  with  the  

available  national  and  international  standards.  Finally, discussed and analysis the results 

according to the research objectives by using different graphs, tables and charts as required. 

according  to  the research objectives. 
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3.4. Mix design 

Based on ACI 544.4 recommendation and based on previous researches proportioning for the 

trial mix is prepared. Generally for SIFCON the percentage of fibers can be from 2to 20 percent. 

Normally for making SIFCON mix ratio of cement and sand can be 1:1,1:1.5 or 1:2 and water 

cement ratio is varies from 0.3 to 0.45.Different specimens are taken with variation of steel fiber 

content .The strength characteristics like compressive strength and tensile strength are evaluated 

(Singam & Susmitha, 2018). 

(Kumar & Thakur, 2018) studied the performance of SIFCON by partially replacement of sand 

with fly ash for the research and use the following proportioning cement and sand generally used 

for making SIFCON are 1:1, Fly ash equal to 50%by weight of cement is used in mix. W/c is 

0.45 and super plasticizers 2% weight of cement used. The percentage of fibers by volume was 6 

%   they use C-30 MPa Grade of concrete throughout their research work.  

(Rahim et al., 2016)  the effect of still types on the flexural strength of SIFCON was studied to 

conduct this research he use the following mix design cement to fine aggregate is 1:1.5 and water 

to cement ratio is 0.45 .The percentage of fibers by volume was 2 %   and by using this 

proportioning he can achieve flexural strength 8.6 MPa 

(Search et al., 2017) to study the effects of slag on SIFCON he use The slurry mix consisted of 

partial replacement of cement with different percentage of slag (15,30, 45%, 60%&75%) for 

getting an optimum dosage of slag in the matrix and rich mix proportion of 1:1 with water binder 

ratio of 0.4 were maintained for fabrication of the SIFCON specimens containing a constant 10% 

of fiber content was adopted . During mixing of slurry a high range water reducing admixture 

(Super plasticizer) was added for improving more workable and easy infiltration capacity into 

the packed of fiber. The matrix was compacted well manually to verify the complete penetration 

of the slurry into the pre-packed fiber bed. To study the flexural behavior of reinforced SIFCON 

beam with varying fiber content (6%,8% &10%) and incorporation of an optimum dosage of slag 

(30%) for enhancing the ductility, stiffness and toughness characteristics. Reinforced cement 

concrete specimen of mix proportion 1:1 and water cement ratio of 0.39 was adopted for 

comparison. The mix ratio of different mixes were presented in he gets compressive strength 

65MPa and tensile strength 12.05 MPa 
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(Ali & Riyadh, 2018) according to this research the effect and type of still fibrous on the 

performance of SIFCON to study this cement to fine aggregate proportion they  used two mix 

type 1:1 and 1:1.5 with w/c is about 0.4, and they used silica fume and super plasticizer he use 

2% and (8%) of still fiber of SF is gave higher compressive strength than other mixes, and the 

result of mix 1:1 is better than of mix 1:1.5 because of the amount of sand is increase in this mix 

that lead to weak the strength of the cubes and thy achieves compressive strength up to 78.2 MPa 

and Flexural strength 20.43MPa 

In general by referring different researcher and there mix proportion proportioning for SIFCON 

will be as follows  

 The percentage of still fibers can be from 2to 20 percent by volume. 

  Normally for making SIFCON mix ratio of cement and sand or  can be 1:1,1:1.5 or 1:2 and  

 water cement ratio is varies from 0.3to 0.45.Different specimens are taken with variation of 

steel fiber content .The strength characteristics like compressive strength and tensile 

strength are evaluated (Singam & Susmitha, 2018). 

For this research, slurry infiltrated fibrous concrete were casted experimental design was used for 

the research design and by laboratory results for c-30 MPa concrete.  

Table 3.1. Mix design 

Cement  Sand  Super plasticizer w/c Still fibrous 

1 1.54 2.62 0.45 10% 

3.5. Method of casting  

From the previous researches and two trial mixes the above mix design is designed. all the 

ingredients and weighted in weight balance and first sand is added to the mixer then cement is 

added   for each mix Bache 1 minute dry mixing and 2 minutes wet mixing for cement and sand 

for each mix  then water and  admixture is added to the dry mix and mixed for 2 minutes .then 

the fresh mix is checked for workability and casted The methods of casting have similarity with 

fibrous reinforced concrete initially the mould will be placed on a smooth surface and the sides 

of mould are oiled so as to enable easy removal of specimen or formwork. And for beaching of 

the materials Cement, marble waste, sand, water and super plasticizer will be weighed accurately 
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and mixed for making slurry. Fibers’ are weighed according to the percentage by volume and 

SIFCON beams will be made by using three layer technique. This system follows the filling of 

fibers to one third depths of mould and then slurry being poured to the pre-placed fibers up to 

this layer. A littlie hand Compaction is be done to ensure complete infiltration of slurry into fiber 

pack. The process is repeated till the entire mould is be filled and compacted. After 24 hrs of 

casting, beams will be de molded and cured in water for 28 days. After curing days, specimens 

will be dried in air. And test for compressive, tensile and flexural strength and ultra pulse 

velocity (UPV). 

3.6. Data collection process. 

The data for this research will be collected from laboratory results. In the study analytical data 

will be collected 

3.6.1. Sampling procedure and sample size 

The sampling procedure was purposive sampling, therefore the sample size was determined 

accordingly to the test specimen number required to conduct compressive strength, flexural, Split 

tensile strength for concrete. Therefore there is be 3 samples for compressive strength, flexural 

and split tensile strength tests in each % addition and age each sample will be 15cm 

*15cm*50cm. 

Table 3.2. Sampling procedure and sample size 

% of 

marble 

addition 

Number of sample  

For compressive strength For flexural and split 

tensile strength. 

total 

 7th 28th 7th 28 th  

10 3 3 3 3 15 

20 3 3 3 3 15 

25 3 3 3 3 15 

30 3 3 3 3 15 

35 3 3 3 3 15 
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3.6.2. Material  

3.6.2.1 Cement 

Cement from the available market dangote ordinary Portland cement (OPC) grade 42.5 used for 

the study. 

3.6.2.2. Fine aggregate 

Locally available river sand passing through 4.75mm sieve conforming to the recommendation 

and the Specific gravity of fine aggregate is used for the study. The sand is from langano area but 

I buy this sand from construction material shops around tulu dimtu area. 

3.6.2.3. Super plasticizer. 

Water reducing super plasticizer confirming to ASTM C- 494 type F is will be used. 

3.6.2.4. Steel fiber .Stainless steel fiber will be used according to ASTM- A 820 TYPE I 

Table 3.3 steel types 

 

 

 

 

3.6.2.5. Marble Dust used for the experiment 

The specific gravity of marble is 2.7 Local available white Marble wastes is used. That is from 

national mining corporation processing plant that is located around Gotera Street. 

Table 3.4 chemical property of marble powder 

color white 

form powder 

odor odorless 

Specific gravity 2.6 gm/cm 

Diameter 0.6 mm 

Length 30mm 

Aspect ratio 50 

Tensile strength of the wire >1450Mpa 
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3.7. Material preparation. 

3.7.1. Fine aggregate 

All  sand  sample  were  air  dried  to  reduce  the  moisture  content  before  the commencement 

of the laboratory test. Half of the sand sample selected for the study was washed with potable 

water by using 75μm sieve in order to free of clay/silt content and sun dried on a clean platform. 

3.7.2. Marble waste powder 

The marble waste powder was collected from the factory in slurry form   then it was dried in 

open air and crushed because it forms ball like structure and sieved to 0.063mm and separated 

and the appropriate sizes are accumulated in dry place. European standard EN13139 (2002) 

fillers are fine materials that pass through 0.063mm sieve size. 

3.8. Experimental investigation. 

3.8.1. Tests for fine aggregate Physical Properties.  

The engineering property of all materials necessary for describing the type of materials used and 

also properties that can affect the production concrete were determined prior to production. They 

are listed below in  

Table 3.5. Tests for Physical Properties of fine aggregate. 

 

3.9. Properties of control concrete and concrete with marble dust:  

3.9.1. Workability- The V-funnel and L-box test are adopted to assess the fresh properties of 

(SIFCON) concrete. in this study workability of slurry infiltrated fibrous concrete is tested by 

Sieve analysis for fine aggregate and marble waste ASTM C136-84a 

Specific gravity and water absorption for FA and marble waste ASTM C-128 

Silt content for FA and marble waste ASTM C-33 

Consistency of cement    ASTM C-187 

Final and initial Setting time of cement ASTM C-191 

Specific Gravity of cement ASTM C188-87 

Fineness of cement ASTM C 184-83 
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slump flow test method at each percentage replacement of marble waste powder 

0%,10%,20%,30%,35%,40% to achieve the desired  flowablity (workability) so that Slump Flow 

Test for Measuring Flowability, V-funnel test, L-box Test, J-ring testes was conducted. 

3.9.1.1. Slump Flow Test for flowablity test, The  basic  equipment  used  is  the  same  as  for  

the Conventional Slump test the test method differs from the conventional one in the way that  

the concrete sample placed into the mould has no reinforcement rod and when the slump cone is 

removed the sample collapses. The diameter of the spread of the sample is measured, ie, a 

horizontal distance is measured as against the vertical slump measured in the conventional test. 

While measuring the diameter of the spread, the time that the sample takes to reach a diameter of 

500 mm (T50) is also sometimes measured. The Slump Flow test can give  an  indication  about  

the  filling  ability  of  slurry infiltrated fibrous concrete and  an experienced operator can also 

detect an extreme susceptibility of  the  mix  to  segregation.  However,  this  information  cannot 

be  obtained  from  numerical  results  alone,  a  substantial previous  experience  in  using  the  

test  and  carrying  out construction in slurry infiltrated fibrous concrete  is essential. 

3.9.1.2. V-funnel Test: 

The V-funnel test was developed in Japan and used by Ozawa, et al the equipment consists of a 

V-shaped funnel. The funnel is filled with concrete and the time taken by it to flow through the 

apparatus measured. This test gives account of the filling capacity (flowability). The inverted 

cone shape shows any possibility of the concrete to block is reflected in the result 

3.9.1.3. L-box Test: 

The  L-box  test  method  uses  a  test  apparatus comprising  a  vertical  section  and  a  

horizontal  trough  into which the concrete is allowed to flow on the release of a trap door from 

the vertical section passing through reinforcing bars placed  at  the  intersection  of  the  two  

areas  of  the  apparatus  The  concrete  ends  of  the  apparatus  H1  and  H2 measure  the  height  

of  the  concrete  at  both  ends.  The  L-box test can give an indication as to the filling ability and 

passing ability.(Upadhyay et al., 2011) 
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3.9.2 Hardened property testes  

3.9.2.1 .Compressive Strength Test (ASTM C - 109) . 

The compressive strength is the capacity of a material or structure to withstand loads tending to 

reduce size. It can be measured by plotting applied force against deformation in a testing 

machine. Some material fracture at their compressive strength limit; others deform irreversibly, 

so a given amount of deformation may be considered as the limit for compressive load. 

Compressive strength is a key value for design of structures. 

3.9.2.2. Flexural-Strength Test (ASTM C - 78).   

Flexural strength, also known as modulus of rupture, bend strength, or fracture strength, a 

mechanical parameter for brittle material, is defined as a material’s ability to resist deformation 

under load. The transverse bending test is most frequently employed, in which a specimen 

having either a circular or rectangular cross-section is bent until fracture or yielding using a three 

point flexural test technique. The flexural strength represents the highest stress experienced 

within the material at its moment of rupture. 

3.9.2.3. Splitting Tensile Strength Test (ASTM C – 496). 

The tensile strength is one of the basic and important properties of the concrete. The concrete is 

not usually expected to resist the direct tension because of its low tensile strength and brittle 

nature. However, the determination of tensile strength of concrete is necessary to determine the 

load at which the concrete members may crack. The cracking is a form of tension failure. The 

direct method suffers from a number of difficulties related to holding the specimen properly in 

the testing machine without introducing stress concentration, and to the application of unaxial 

tensile load which is free from eccentricity to the specimen. As the concrete is weak in tension 

even a small eccentricity of load will induce combined bending and axial force condition and the 

concrete fails at the apparent tensile stress other than the tensile strength. 

3.9.2.4. Validity of the Result. 

All the results from construction material lab are compared with ACI 214 -11 and with ASTM C-

192 Batch to Bach comparison were made by comparing variance and comparition within one 

Bache was made according to ASTM C-192 

http://en.wikipedia.org/wiki/Three_point_flexural_test
http://en.wikipedia.org/wiki/Three_point_flexural_test
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CHAPTER FOUR 

4. RESULTS AND DISCUSSIONS 

This chapter investigates laboratory test results on the property of slurry infiltrated fibrous 

concrete mixture produced in the study. Physical and chemical property of concrete ingredient 

and as well as Fresh and hardened properties of the slurry infiltrated fibrous were assessed in 

detail under this chapter. 

4.1. Property of fine aggregate. 

For the investigation natural river sand was used for all experimental investigation. The fine 

aggregate  used  was  from langano area and I buy this sand from small supplier found in tulu 

dimtu area .The  fine  aggregates were  dried  and  surface  dry  (SSD)  state before any test was 

carried out.  All  fine  aggregate which  retained  on  9.5mm  sieve  size  were  no  longer  

relevant,  and  all  the  passing  fine aggregate  were  used  for  experimentation.  Essential  

Properties  of  fine  aggregate  which  are vital for mix design and determined in this study are 

determination of Gradation, Fineness Modulus,  Bulk  unit  weight,  Specific  gravity, 

Absorption,  Moisture  content,  and Determination of silt content. Three samples were taken and 

the results are average results. 

4.1.1. Silt content of fine aggregate. 

The material which is below 75μm is regarded as silt. It affects the workability and strength of 

concrete. Ethiopian standard restrict the amount of silt should be less than 6 % if it is above this 

it will be rejected or washed so that the sand was washed and prepared and the result is 3.11%. 

Table 4.1. Silt content of fine aggregate. 

Samples Sample 1 Sample 2 Sample 3 

a 3.24 3.01 3.1 

average 3.11 
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4.1.2. Gradation and Fineness Modules for Fine Aggregate. 

This is a procedure for the determination of the particle size distribution of the aggregate. It is  

also  used  to  determine  the  fineness  modulus,  an  index  to  the  fineness,  coarseness  and 

uniformity of aggregates. These properties of the aggregate greatly affect the property of the 

concrete and results are as follows. 

 

Fig 4.1.the gradation curve 

Finesse modules =   ∑ 
𝐶𝑈𝑀𝑀𝑈𝐿𝐴𝑇𝐼𝑉𝐸 𝐶𝑂𝑈𝑅𝑆𝐸𝑅(%)

100
 = 2.96 

Since finesse module is between 2.9 and 3.2 this type of sand is categorized as coarser sand. 

4.1.3. Unit weight of aggregates. 

Unit weight of fine aggregate it is simply measured by filling a container and weighing it. And 

then dividing the aggregate weight by the volume of the container provides the unit weight of the 

aggregate. The compacted and loose unit weight of fine aggregate is 1488 kg/m3. 
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Table 4.2.Unit weight of aggregates. 

Trials variables trial 1 trial2 trial 3 

weight of container kg A 1.06 1.06 1.06 

weight of aggregate plus container kg B 8.45 8.62 8.43 

weight of aggregate sample kg (B-A)=D 7.39 7.56 7.37 

volume of container m3 C 0.005 0.005 0.005 

 

Trial 1 bulk unit weight = 
(8.45−1.06)𝐾𝐺

0.005𝑀3
 = 1478 𝐾𝐺/𝑀3 

Trial 2 bulk unit weight  (8.62−1.06)𝐾𝐺

0.005𝑀3
 = 1512𝐾𝐺/𝑀3 

Trial 3 bulk unit weight  
(8.43−1.06)𝐾𝐺

0.005𝑀3
 = 1474 𝐾𝐺/𝑀3    Mean unit weight is 1488 kg/m3 

4.1.4. Specific gravity and water absorption capacity of fine aggregate 

Specific gravity is an expression of the density of an aggregate.  It is the ratio between the weight 

of the substance and that of the same volume of water. Aggregates contain pores in their 

structure, therefore the specific gravity depends on whether the pores are included in the 

measurement or not. Apparent specific gravity of an aggregate refers to the solid materials 

excluding the pores and bulk specific gravity refers to total volume i.e. including pores of the 

aggregate. Absorption  capacity of the aggregate  is computed as a percentage by subtracting the 

oven dry  mass  from  the  saturated  surface-dry  mass,  dividing  by  the  oven-dry  mass,  and 

multiplying by 100. In concrete technology, aggregate moisture is expressed as a percent of the 

dry weight of the aggregate (ACI Committee, 2007).  

Bulk specific gravity =
𝐴

(𝐵+𝑆)−𝐶 

Where A = Weight of oven-dry specimen in air, g,  

           B = Weight of pycnometer filled with water, g,  

           S = Weight of saturated surface-dry specimen, and  
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            C = Weight of pycnometer with specimen and water to calibration mark, g. 

Bulk specific gravity = 
495

(1555.5+500𝑔)−1865   = 2.6 

Table 4.3. Specific gravity. 

sample Sample 1 Sample 2 Sample 3 

 2.6 2.7 2.64 

average 2.64 

4.1.4.1. Water absorption.                    

Table 4.4. Water absorption. 

sample Sample 1 Sample 2 Sample 3 

 1.11 1.13 1.0 

average 1.08 

 

Absorption = 
500 𝑔−495𝑔

495𝑔
 *100 = 0.01 

4.1.5. Moisture content of fine aggregate. 

 The moisture content of fine aggregate was determined by oven dry 500gmof fine aggregate for 

about The moisture content of fine aggregate was  determined by  Oven dry 500gm of fine 

aggregate for about 24 hours with a temperature of 105 0c to 110 0c and cool for an hour. Then it 

is divided the weight difference by oven dry weight and multiplying by hundred provide the 

moisture content so that I get the results that the moisture content of the sample is 1.08%. 

                                                  p=
𝑤−𝑑

𝑑
 *100 

Table 4.5 moisture content of fine aggregate 

sample Sample 1 Sample 2 Sample 3 

 1.42 0.81 1.0 

average 1.08 
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Table 4.6. Summary of results fine aggregate. 

no Physical property of fine aggregate result 

1 Silt content 3.11 

2 Finesse modulus 2.96 

3 Unite weight  Compacted unit weight 1488 

Loses unit weight 1405 

4 Specific gravity Bulk specific gravity 2.39 

Bulk specific gravity(SSD) 2.42 

Apparent specific gravity 2.64 

5 Absorption capacity 1.08% 

6 Moisture content 1.08% 

4.1.6. Marble dust powder. 

The marble waste powder used for this research is taken from national Mining Corporation that 

is found in kirkos sub city near to agona cinema it is found in slurry form then it is dry by sun 

and sieved until I get appropriate size. 

    

Fig 4.2  marble waste powder 
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Table 4.7.chemical property of waste marble 

Collectors code SiO2 AI203 FeO3 CaO MgO Na2O K2O MNO P2O3 TIO2 H2O LOL 

D1 4.46 <0.01 <0.01 28.44 21.78 <0.01 <0.01 0.02 0.09 <0.01 0.08 44.3 

 

 4.2. Testes for cement 

4.2.1. Normal consistency of cement. 

Cement is finely ground powder of chemically combined argillaceous materials (silica, alumina) 

and calcareous materials (lime) with iron oxide, gypsum and small amount of other ingredients. 

When mixed with water, cement sets and hardens in to a solid mass up on hydration. The normal 

consistency of hydraulic cement refers to the amount of water required to make a neat paste of 

satisfactory workability.  It is determined using Vicat apparatus.  This apparatus measures  the 

resistance of the paste to the penetration of a plunger or needle of 300gm related at the surface of 

the paste. The amount of water required for normal consistence is then expressed as a percentage 

by weight of the dry cement. 

                           %water =
𝑤𝑒𝑖ℎ𝑡 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑒𝑚𝑒𝑛𝑡
∗ 100 

Thus the usual range of water-cement ratio for normal consistency is between 26% and 33% and 

from  the  experiment  the  percentage  by  weight  of  dry  used  water  is  between  the  ranges  

with penetration of 10 ± 1 

4.2.2. Setting time 

Cement forms a solid and hard mass when mixed with water upon hydration. The duration of a 

cement paste requires  undergo  setting  is  its  setting  time.  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  determine  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 
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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 in to the paste. 

4.2.3. Fineness Test. 

The fineness of cement and the marble dust powders were determined by the sieve analysis 

method.  The  sieve  analysis  method  was  used  to  determine  the  gradation  of  cement  and 

marble dust powder particles by considering 200gm for each of OPC and MDP samples. The  

samples  were  shaken  for  15  minutes  through  a  series  sieves  with  circular  openings, 

nested one above the other in order of their size, with the sieve having the largest (100µm) 

openings  on  top,  the  one  having  the  smallest  (32µm)  openings  at  the  bottom,  and  a  pan 

underneath to catch material passing the finest sieve. 

Table:4.8. Summarized Test Results for Dangote Cement (OPC). 

Item 

no. 
Description Test Result 

1 Fineness of Cement 94% passing 

2 Specific Gravity 3.15 

3 
Cement 

Consistency Test 

W/C ratio (%) 32% 

Water (gm) 160 

Penetration (mm) 9.3 

4 Setting Time 
Initial 48 min. 

Final 8hr. 38min. 

 

Type of Cement used in the concrete mix was ‘Dangote'- Ordinary Portland cement (OPC) 

whose Cement Grade 42.5R which is locally available cement. It was decided upon as the most 

suitable cement type since it is widely used in the construction industry at the current time.  

Ethiopian standard recommends that the initial setting time for Portland cement not to be less 

than 45 minutes and the final setting time do not exceed 10 hours. From this experiment, i get the 

exact penetration value (of 25mm) at 48minutes and the final setting 8hrs 38min hence the initial 

setting time is approximately acceptable. 
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4.3. Properties of control concrete and concrete with marble dust:  

4.3.1. Workability testes. 

4.3.1.1. Slump cone test method. The  basic  equipment  used  is  the  same  as  for  the 

Conventional Slump test the test method differs from the conventional one in the way that  the 

concrete sample placed into the mould has no reinforcement rod and when the slump cone is 

removed the sample collapses. The diameter of the spread of the sample is measured, ie, a 

horizontal distance is measured as against the vertical slump measured in the conventional test. 

While measuring the diameter of the spread, the time that the sample takes to reach a diameter of 

500 mm (T50) is also sometimes measured. The Slump Flow test can give  an  indication  about  

the  filling  ability  of  slurry infiltrated fibrous concrete and  an experienced operator can also 

detect an extreme susceptibility of  the  mix  to  segregation.  However,  this  information  cannot 

be  obtained  from  numerical  results  alone,  a  substantial previous  experience  in  using  the  

test  and  carrying  out construction in slurry infiltrated fibrous concrete  is essential. 

 

Fig 4.3 slump flow result 

 

According to EFNARC standard, for flowable concrete with a slump flow diameter of ranging  

from  650mm  to  800mm  was  considered  to  be  a  good  flowable concrete.  Since the matrix 

for  SIFCON  has to be very flowable so as to infiltrate the congested still fibour the water 

cement ratio has to be adjusted and the use of super plasticizer is indispensable so from the 
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above result it is shown that the flowablity of SIFCON increases with the addition of marble 

powder filler. 10% addition of marble powder filler to the mix improves the flowablity by 2.11% 

and further addition of marble powder to the mix that is 20%,25%30%,improves the flowablity 

of SIFCON by 2.11%,4.6% 4.6% respectively and for further addition  that is 35% the flowablity 

starts to decrease by 2.12%  so that the optimum usage of this marble powder is determined that 

is 30% .and this flowablity property has direct relation ship with other workability testes it can 

be forecasted about the other test results by referring the result of this test. the addition of marble 

powder improve the flowablity of SIFCON up to 30% addition that is because the flowablity 

property of lime containing powder and because of the specific gravity of lime powder it makes 

the slurry to flow due to gravity but after 30% addition the flowablity was decreasing and the 

water demand is also increasing so if I apply more water it will affect the mechanical property of 

concrete.   So in this case 30% addition is the maximum percentage of marble powder filler. 

 

Fig 4.4. The slump flow result  

4.3.2. For T500mm Slump Flow 

According to EFNARC, (2002) manual, a flow time of 3 up to 5 second was very enough to 

decide whether the concrete is flow able concrete or not. as it can be shown from the below 

figure the flowablity of the mix was increasing and it can be shown from the decreasing of the 
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time to reach a diameter between  650mm  to  800mm. for 10% addition the time taken to reach 

the diameter between 650mm to 800mm decrease by 3.4% and for further addition that is 

20%,25% and 30%  the flowablity was increasing by 5.8%,11.1% and11.2%  respectively for 

further addition that is 35% the flowablity decreases and it is shown by the increase of the time 

taken to reach the allowable diameter.the presence of more fine powder in the concrete will make 

the cement paste slurry to infiltrate  congested stell fibours easly but further addition has its own 

disadvantage  that is the surface area of this fine particles will be high so that the water demand 

of the concrete will be increased and this reduce the flowablity of concrete and more finer 

particle will block the bonding between cement particle so due to this factes the workability start 

to decrease  and so that the maximum usage is recommended as 30%.   

 

Fig 4.5. The result of T500 

According to the result since the mixes are very flowable the time taking to reach T50 or 50cm 

diameter is between the ranges but after 30 % addition the flowablity was decreasing in this case 

the time taken to reach 50cm was increasing and this shows also the addition should not be 

exceed 30% if it is above this percentage the workability will decrease and the demand for water 

increases so that the mechanical property of the concrete will be affected. 

4.3.3. L- Box Test: 

The  L-box  test  method  uses  a  test  apparatus comprising  a  vertical  section  and  a  

horizontal  trough  into which the concrete is allowed to flow on the release of a trap door from 

the vertical section passing through reinforcing bars placed  at  the  intersection  of  the  two  
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areas  of  the  apparatus  The  concrete  ends  of  the  apparatus  H1  and  H2 measure  the  height  

of  the  concrete  at  both  ends.  The  L-box test can give an indication as to the filling ability and 

passing ability.(Upadhyay et al., 2011). 

 

fig 4.6 the result from L-box test 

The fillingablity property is very important for SIFCON the slurry is expected to be filled by its 

own weight or with a very little hand compaction so the addition of marble powder by 10% 

increases the fillingablity by 5.71% and further addition of marble powder filler by 

20%,25%30% increases the fillingablity of concrete by 2.24%,2%and 1.136% respectively but 

further addition 35% decrease the resulte that is showed by the increasing of average highet by 

4.34% so From the above result I observe that the fillingablity of slurry infiltrated fibrous 

concrete is increased throughout increasment of marble waste powder until some percentage 

when the percentage of marble powder filler increases the fillngablity of SIFCON that is due to 

the specific gravity of fine marble powder .the specific gravity of marble powder increase the 

fillingablity property of concrete due to gravity.  so that I can conclude that the fillingablity of 

slurry infiltrated fibrous concrete can be improved by the addition of marble waste powder the 

results is between the limit and the addition is acceptable from the workability point of view. 
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Fig 4.7. L box test 

4.3.4. Passing ability of Fresh Concrete  

The result of the passing ability test was measured for every corner of the flow table and the 

result shows that for 10% addition of marble powder filler the passingablity of concrete is 

improved by 3.21% and for further addition by 20%25%,and 30% the passingablity of slurry 

infiltrated fiber concrete is improved by 1.08%,1.31%and 2.15% and for further addition that is 

by 35% the average hight was increasing by 0.21% so this shows that further addition will 

reduce the passingablity of concrete.. When the result is compared with that of the result which is 

recommended by EFNARC all the results are between the limit that is because there is no course 

aggregate in the matrix and that is because of the flowablity property of SIFCON.  And because 
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of the flowing property of lime containg marble powder contribute the passingablity of concrete 

is improved up to a certain percentage of addition. 

 

 

Fig 4.8 the test result for J-ring 

From  the results it was satisfactory and the result was directly increasing with the increase of 

marble powder but after some increasing the value starts to decrease it can be observed by the 

increase of the value.  

 

Fig 4.9. j-ring test 
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Table 4.9.summary of result for workability tests 

 

 samples  

method unit D1 D2 D3 D4 D5 D6 Typical range  

Slump Flow by 

Abram Cone 

mm 695 710 725 760 795 780 min max 

650 800 

T50cm Slump 

Flow 

sec 2.9 2.89 2.73 2.7 2.2 2.56 2 5 

J-Ring mm 9.62 9.32 9.22 9.1 9.3 9.32 0 10 

L-box (h1/h2) 0.962 0.91 0.89 0.87 0.88 0.92 0.8 1 

 

The flowablity ,fillingablity,compactablity,and  passingablty  propertyes are very important 

properties of SIFCON .since for SIFCON concrete the amount of still fiber used are very high 

when it is compared to the ordinary stell fiber reinforced concrete due to this the slurry have to 

have good flowablity property so as to to penetrate and to be filled with the presence of 

congested fibour interlockes and the addition of this marble powder filler improves the 

flowablity of this concrete and this property has direct effect on other properties of SIFCON the 

water demand decreases and the flowablty increases due to the addition of this marble powder 

filler and because of this the time taken to reach standard diameter flow is decreasing up to 30% 

addition and the fillingablity of SIFCON was very high when it is compared with the controlled 

one this is due to the specific gravity of marble powder improves increase the weight of the 

concreat and this improves the  fillingablity and it is observed by the decreasing of the time taken 

to reach the specified diameter .  So the above results shows that the flowablity ,compactablity 

and fillingablity property of the slurry infiltrated fibrous concrete can be improved by the use of 

marble powder that is related with the flowing property of fine limestone powder and the specific 

gravity of marble waste powder contribute for its fillingablity and compactablity property. Due 

to this the demand for water and admixture will be reduced and these contribute for the hardened 

property of the concrete.  
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4.4. Hardened property for SIFCON 

4.4.1 Compressive strength. 

For compressive strength cubes with dimension of  (15cm*15cm*15cm)  was casted and six 

sample for each percentage replacement three for seven day and three for twenty eight day 

strength is casted and it is tested at a pace rate of 6.8KN/s.  For every cube the compressive 

strength is recorded in MPa and then the mean values of three samples were taken as their 

compressive strength value for 7th and 28th days. Table below presents the compressive strength 

result and workability slump results are described below. 

Table 4.10. Compressive strength for c-30 SIFCON concrete. 

Effect of waste marble dust on compressive strength of concrete mix 

Waste marble  

dust 

w/c 

ratio 

7th day 28th  day 

Failure 

Load  

(kN) 

 

Comp.  

strength  

(MPa) 

 

Failure 

Load  

(kN) 

 

Comp.  

strength  

(MPa) 

 

0 0.45 638.16 28.36 

 

859.61 38.205 

 

10 0.45 639.67 28.43 

 

878.62 39.05 

 

20 0.45 647.55 28.78 

 

919.575 40.87 

 

25 0.45 662.62 29.45 

 

953.1 42.36 

 

30 0.45 691.2 30.72 

 

1000.1 44.45 

 

35 0.45 668.9 29.73 956.25 42.5 

 

The mean rate of compressive strength development of concrete at the age of 7th, and 28th days 

with those percentages are also discussed as follows. At the age of seventh day, the observed rate 

of compressive strength development with 10 % addition of marble waste powder is 28.3 MPa  

this shows 0.24% increase from the controlled sample and with further addition of marble 



 

51 
 

powder that is  for 20%,25% and for 30% addition compressive strength of the samples are 

increased by 1.21%,2.27% and 4.13% respectively so that the compressive strength of SIFCON 

increases with the increasing addition of marble powder filler .the addition of marble powder 

filler increase the workability of concrete by decreasing the water demand because the lime 

containing marble powder increase the workability of concrete and this helps to decrease the 

water demand and  lower water ratio means higher compressive strength and this marble powder 

increase the fillingablity of the concrete because of that the voids will be filled so that more 

compacted concrete have good compressive strength and  for 28 day compressive strength the 

compressive strength of SIFCON was increasing due to the increasment of addition of marble 

powder. For 10% addition of marble powder filler the compressive strength  was increasing by   

2.16% and for further  addition of marble powder the compressive strength was increasing by 

4.45%,3.51%4.71% respectively so for further addition that is 35% addition the compressive 

strength was decreasing by 2.24% so this shows that the reduction in fresh properties has direct 

relationship with hardened concrete properties and the maximum use of this filler should not be 

exceed 30 . since SIFCON contains high still fiber content the addition of fine marble powder filler 

improve the inter lock fiber property of still fibers and this contribute for the overall compressive strength 

of SIFCON concrete.  

According to ASTM C 192 standard, the 7-day compressive strength results of properly 

conducted tests on two trial batches made in the same laboratory should not differ by more than 

574 psi (4MPa). If the analysis is based on the recommendation of ASTM C192 standard, all 

added dosage of waste marble dust does not bring a significant change on strength. However, 

based on the test observed results, concrete casted with the addition of waste marble dust has 

been shown a difference on the rate of compressive strength development at all ages than the 

controlled concrete sample. This indicates, the rate of compressive strength development of 

concrete can be improved by the addition of waste marble dust, but based on the observed result, 

addition of WMD not always increases the compressive strength of concrete, on the other hand, 

it can reduces the strength significantly and become worse when the dosage is beyond the 

optimum amount. For this reason, there is an optimum limit for the usage of dust. According to 

the test observation the optimum dosage of waste marble dust filler which produces better 

strength is 30%. 
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The compacted still fiber interlock property improves other mechanical properties.  

.  

Fig 4.10. Compressive strength machine 

4.4.2. Effect of waste marble dust on Flexural strength of concrete. 

Since this type of concrete contain high volume of still fibers good results is expected with 

flexural and tensile strength and also the addition of fine marble powder increases the fibour 

interlock between still fibers and this cause the increasing in flexural and split tensile strength  

and when we see the results with the addition of marble powder the flexural strength was 

increasing such that for 10% increasment of marble powder the flexural strength was increasing 

by 6.1% and for 20%,25%30% addition of marble powder the flexural strength was increasing 

by 11.2%,5% respectively but for further increasement  that is for 35% the flexural strength start 

to decrease so that for  further addition of marble powder the flexural strength decreases due to 

the presence of fine  marble powder the water demand will be increased this has negative impact 

to the flexural strength and due to this the bond between cement particles will be decreased and 

these decrease the flexural strength.  The flexural strength represents the highest stress 

experienced within the material at its moment of rupture. 

 

 



 

53 
 

Table 4.11.Effect of waste marble dust on Flexural strength of concrete 

Wmd  % 

added 
28 day flexural strength 

Failure load (kn) Flexural strength (mpa) 

0 10.42 

 

4.61 

 

10 11.29 

 

4.91 

 

20 12.84 

 

5.53 

 

25 13.34 6.04 

 

30 15.54 6.94 

35 13.48 6.02 

  

The addition of fine marble powder contribute for the mechanical property of SIFCON by 

strengthening the interlock of still fibers by filling the voids between the still fibrous and strength 

the bonding between the fibers  and this contribute for the compressive, flexural and tensile 

strength of SIFCON.  

 

Fig 4.11. Flexural strength test. 

4.4.3. Experimental Results and Discussion on split tensile strength of concrete. 

Split Tensile strength of concrete is tested on cylinders at different percentage of marble powder 

Content in concrete. The strength of concrete has been tested on cylinder at 7 days curing and 28 

days. 7days test has been conducted to check the gain in initial strength of concrete. 28 days test 

gives the data of final strength of concrete at 28 days curing .Compression testing machine is 
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used for testing the Split Tensile strength test on concrete along with two wooden boards. At the 

time of testing the cylinder taken out of water and dried and then tested. 

Table 4.12. Result of split tensile strength 

Addition of marble 

waste 

Split tensile strength 

7th day 28th day 

0% 4.05 

 

4.56 

 

10% 4.61 

 

5.01 

 

20% 4.75 

 

5.32 

 

25% 4.88 

 

5.55 

 

 30% 4.560 

 

5.96 

 

35% 4.4 5.67 

 

From the above result the 7 th day split tensile strength of SIFCON increases with the addition of 

marble powder filler for 10% addition of marble powder filler the tensile strength was increasing 

by 8.96% and for further increase the  increasment of split tensile strength are 

2.94%,2.66%,7.01% are respectively and for further additional that is for 35% the split tensile 

strength was decreasing by 3.63%.so from the above result it can be shown that the split tensile 

strength is increasing due to the addition of marble powder up to certain amount .the addition of 

this fine filler strength the inter lock property of this still fibers and this has direct impact for the 

strength of concrete and the addition of this marble powder increase the compactablity and 

fillingablity property of concrete so that the concrete will be well compacted and this has direct 

impact for the split tensile strength of concrete . This material is recommended for different 

application because of its flexural and split tensile strength performance and the use of marble 

powder improves the split tensile strength . And for 28 day performance split tensile strength was 

improving such as for 10% addition split tensile strength was increased by 1.8% and also for 

further additional such as for 20%,25%,30% the split tensile strength is increasing by 

5.8%,4.14%,6.87% respectively but for further increasment that is for 35 % addition the split 

tensile strength was decreasing by 5.11% WMD presence in concrete affects the results. From 
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the result 7 and 28 days strength against various replacement conditions.  The optimum  value  is  

reached  at  30%WMD content  in  concrete  sample.  Due to the fine filler effect of  WMD  

powder,  maximum  packing density of the mass is achieved with WMD grains filling up the 

vacant space. As an additive, WMD presence in concrete affects the results. so that the addition 

of marble powder in SIFCON improves split tensile strength up to 30% addition. 

4.13.Batch to batch variance 

samples  day Sample 1 Sample 1 Sample 1 variance 

V=
𝑠

𝑥
×100    factor 1.693 

D1 7th day 29.12 29.38 26.59 2.37   

28th day 39.027 36.978 38.611 1.12 

D2 7th day 28.45 27.12 29.71 1.677 

28th day 39.56 38.53 39.06 1.26 

D3 7th day 28.69 30.83 26.83 3.9 

28th day 40.94 42.24 39.43 1.977 

D4 7th day 30.39 28.04 29.91 1.55 

28th day 41.92 42.89 42.28 0.24 

D5 7th day 28.88 29.87 27.42 1.512 

28th day 43.92 44.8 44.6 1.21 

D6 7th day 29.88 30.87 31.41 0.62 

28th day 41.6 42.4 43.5 0.91 

 

According to ACI 214-R11 the coefficient of variation batch to batch and overall variation the 

results are less than 2 except for 7th day strength result .according to ACI 214 all the results are 

excellent and very good so that batch to batch and overall results are acceptable and for the other 

results according to ASTM  C-192 the results should be between 2 below and 2 above and all the 

results are in this limit. 
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4.5. Ultra pulse velocity (UPV) 

In this test structure, the ultrasonic heartbeat is made by the transducer which is held in contact 

with one surface of the strong part under a test. In the wake of examining a known way length 

(L) in the strong, the beat of vibrations is changed over into an electrical sign by second 

transducer held in contact with various surfaces of the strong part and an electronic sorting out 

circuit associates with the improvement time (T) of the beat to be evaluated. The beat speed (V) 

is given by V=L/T (km/s). Bond is term of consistency, rehash or nonattendance of inside 

blemishes, parts and partition, etc average for the fragment of workmanship used, would thusly 

have the decision to be assessed using the principles given in the table underneath which have 

been made for depicting concrete in structures the degree that the ultrasonic heartbeat 

speed.(Sampath & Asha, 2019) 

                                                                                                        Table 4.14. UPV result 

 

                            Fig 4.12 UPV test. 

From the above result it is observed that ultra pulse velocity was increasing it is showed by the 

decreasing of the time taken to pass through the concrete so that the addition fine marble powder 

increase the compactablity of concrete so that because of  the addition  of marble powder the 

void will be compacted and it is shown by the above result  

samples UPV  

7day mil s 28 day mil sec Km/s 

0 3.71 3.69 5.69 

10 3.58 3.57 6.10 

20 3.51 3.50 6.22 

30 2.9 2.9 7.51 

40 2.39 2.393 7.67 

35 2.39 2.4 7.1 



 

57 
 

4.6. SEM analysis. 

Micro structural study on concrete is a unique technique to find out the morphological features of 

concrete. X-Ray Diffraction Analysis (XRD), Scanning Electron Microscope (SEM) and Energy 

Dispersive Spectroscopy (EDS) are the general technique used to visualize the micro structural 

behavior of concrete during hydration process. The specific characteristics within the concrete 

can be visualized through these modern techniques. The mineral data obtained from the micro 

structural study will helps to interpret the unique behavior of concrete and presence of minor 

compound inside the hardened cement paste of concrete. The hydration process in concrete will 

leads to formation of C-S-H gel, Ca (OH)2 crystals, and other mineral compounds which 

influences the individual properties of concrete 

 

Fig 4.13.  3D micro structure of SIFCON 
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Fig 4.14. 2D micro structure of SIFCON. 

 

The  surface method of SEM diffraction was adopted in the present study .to observe the 

microstructure of the concrete. An on-line search of a standard database (JCPDS database) for X-

ray powder diffraction pattern enables phase identification . Since this equipment has no element 

identifier I cannot identify any chemical reaction formation of C-S-H gel, Ca (OH)2 crystals.  
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 

Based on the above   results the following  conclusions  and  recommendations are forwarded on 

the effect of WMD filler on the properties of slurry infiltrated fibrous concrete . 

5.1. Conclusion. 

This research investigates the behavior of slurry infiltrated fibrous concrete using marble waste 

powder as filler. Such as fresh properties (fillingablity , compactablity, flowablity ) and hardened 

properties of SIFCON (compressive, flexural, tensile strength) based on the above results  

different conclusion are drawn and the use of waste marble dust as a filler for slurry infiltrated 

fibrous concrete has been confirmed. 

The fresh property of  SIFCON is improved such as. 

 the fillingablity of the slurry infiltrated fibrous concrete is improved with the addition of 

waste marble dust filler due to this the water demand to produce workable (fillingable) 

concrete is reduced and has a direct effect on the mechanical property of hardened concrete 

and fillingable mix can penetrate through the inter locked still fibers this reduce the void 

which is created by the presence of congested still fibers . so this property of SIFCON was 

improved by 4.605%   

 the flowablity property of finer limestone powder helps SIFCON to decrease the demand of 

water and super plasticizer and this property of fine marble powder filler improves the 

flowablity of SIFCON  by 5.53% 

 fillingablity and flowablity property of marble waste powder improves the compactablity of 

SIFCON this shows that the addition of marble waste powder to special concretes which 

have special workability properties or flowablity such as self compacted concrete, slurry 

infiltrated concrete   concretes improves workability. 

 When we see the hardened properties compressive strength was improved by The addition of 

marble powder filler in SIFCON and the increasment continues up to addition  of 30% and 

the addition more than this percentage reduce the strength so from the previous literature the 

addition of filler to the concrete will fill the void between aggregates and the increase in 
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workability decreases the demand for water and superplstisizer so the filling of those voids 

and reduction for water demand increases  the compressive strength of sifcon by  10.2  %  

  the addition marble waste powder more than 30% this percentage reduce the compressive 

strength that is because the presence of  more finer particles in the concrete increase the 

water demand because of  the higher surface area of those finer particles  the demand of 

water increases and the bonding between cement particles will be blocked by the presence of 

fine filler so the use of marble powder  more than this percentage will decrease the 

compressive strength so that this percentage is optimum percentage to use . 

 The presence of fine filler improves the fiber lock property of SIFCON .the interlock 

property of this concrete is improved with the addition of marble powder filler that is because 

the voides are filled and compacted by this filler and because of the flowablity property of 

fine lime powder the bond between still fibers are strong so that this contribute for split 

tensile strength and flexural strength of SIFCON and this is true for all types of fibour 

reinforced concrete . 

 Generally the use of marble powder filler for slurry infiltrated fibrous concrete production 

can be recommended up to 30%.  

 The addition of this filler increase the fresh volume of concrete up to 15% so this helps to 

minimize the cost of production this type of concrete by 15%. 

 

5.2. RECOMMENDATION 

Based on the above results and conclusion the following recommendation is drawn. 

5.2.1. Recommendation for marble processing companies. 

 The disposal of marble powder to the environment or to rivers is very dangerous for the 

environment and if this material handled and prepared this material can be an input for 

the  production of concrete and they can generate additional money so they have to 

handle and prepare it to be used for the special concrete production. 

 They have to support researches to sustain the use of their product with scientific 

evidences this research is the one. 
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5.2.2. For construction owners. 

 The use of this marble waste powder as a filler material decreases the cost of concrete up 

to 10%  by increasing the strength and by increasing the fresh volume without scarifying 

any hardened properties so use this very cheap filler for your projects. 

 For strengthening or to do remedial works your existing buildings slurry infiltrated 

fibrous concrete is  the cheapest and constructible alternative so use this concrete for your 

remedial work of older buildings or for strengthening of existing buildings. 

5.2.3. For contractors. 

 The use of marble waste powder as a filler in slurry infiltrated fibrous concrete shows 

many improvements such as compressive strength was improved until 30% usage and 

flexural split tensile strength was also improved so the use of this filler for concrete is 

checked so that contractors can use this filler up to 30% for their flowable concrete 

production and they can consider this material as very cheap admixture. 

  They have to think slurry infiltrated fibrous concrete as an alternative material for doing 

strengthening structural works and for the remedies of older buildings because SIFCON 

is an innovative construction material possessing both high strength and large ductility 

SIFCON has special uses such as it can be casted thick (20mm-35mm) and laminated to 

existing structures (columen and beam) and it can improve the strength up to 25% for 

normal concrete and up to 40% for fibrous reinforced concrete. 

 Its constructability and cost advantage makes this material make it popular for remedial 

works and  for strengthening of existing structures  so contractors have to use this 

material for their project. 

5.2.4. For authorities. 

The use of conventional material and technology makes our construction industry 

expensive and dangerous for the environment so the use of industrial wastes for 

construction industry will minimize pollution to the environment and it will have 

economical benefit so 
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 The use of this marble powder for concrete production will preserve the environment 

and it will have economical advantage. 

 The use of slurry infiltrated fibrous concrete for strengthening and for doing remedial 

works for older buildings has to be encouraged in governmental projects because it has 

economical and guaranteed strength and  quality improvement.  

5.2.5. For further works. 

 For further work by considering the advantages of slurry infiltrated fibrous concrete 

for strengthening and remedial works of older buildings different type of fibrous has to 

be checked for further improvement and cost reduction of this material and we have 

different type of locally available type of fibrous. 

 For this research I use only one type of marble that is white marble but there are 

different type of marble with different chemical composition so different testes has to 

be conducted with different type of marble powder.  
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APPENDIX.1 

TESTES ON THE PROPERTY OF CEMENT 

EXPERIMENT 1: fineness test of cement 

Aim  

The main purpose of the experiment is to determine the fineness of cement by sieve analysis. 

Apparatus  

 90 micron sieve with pan 

 Weighing balance 

 Sieve Lid 

 Gauging Trowel 

Procedure 

1. Take 100 g of cement for the test. 

2. Put the cement in to the sieve for sieving and cover it with the sieve Lid. 

3. Sieve it continuously for 15 minutes. 

4. Take the weight of residues left in the sieve. 

Observation 

W1= 100 g  

W2 = 92 g 

Where, W1 original sample weight of cement and W2 is weight of cement passing through 90 

micron sieve. 

Calculation 

Percentage of fine (%) = 
𝑊2

𝑊1
∗ 100 ,   

92

100
∗ 100 = 92% 

Percentage of residue = 100-92 =8% 
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Result 

Percentage of fine = 92%  

Percentage of coarser (residue) = 8 % 

 EXPERIMENT 2:  standard consistency 

Aim:  

To determine the amount of water required to prepare a standard cement paste 

Apparatus:  

 Vicat Apparatus with vicat plunger  

 Vicat Mould  

 Gauging trowel, weighing balance and graduating cylinder 

 Glass plate, mixing dish and stop watch  

Procedure  

1.  A 300 gm. cement sample with a measured quantity of clean water is thoroughly mixed 

within 3 minutes by means of a trowel.  

2. Prepare a paste of weighed quantity of cement (300gms) with weighed quantity of 

potable or distilled water, taking care that the time of gauging is not less than 3minutes 

not more than 5minutes and the gauging is completed before any sign of setting occurs. 

3.  Immediately after filling the mould level the paste, lower the plunger and bring it in 

contact with the surface of the paste.  

4. Tighten the screw setting the movable indicator to the upper zero mark of the scale and 

release the plunger immediately.  

5. Thirty (30) seconds after releasing the plunger record its penetration.  

6. The paste is said to be of normal consistency when the rod settles 5-7mm below the 

original surface within 30 seconds.  

7. Repeat the above procedures by varying the proportions of water (by adding 2% of water) 

until a paste of normal consistency is obtained. 
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8. The amount of water required for normal consistency is then expressed as a percentage 

by weight of the dry cement 

Observation 

 Weight of given sample of cement is 300 gms 

 Volume of water addend (22 times the water required to give a paste of standard consistency) 

for preparation of test block    

 The normal consistency of a given sample of cement is 30 %  

Table result of needle penetration for different percentage of water. 

Trial 

no 

Wt.of cement(gm) Water (gm) Water % Needle penetration 

(mm) 

remark 

1 300 66 22 10  

2 300 72 24 9  

3 300 78 26 9  

4 300 84 28 8  

5 300 90 30 7  

 

INFERENCE  

The usual range of water / cement ratio for normal consistency is 32% that is between 22% and 

33%. I get result 7mm penetration from the bottom reading of the vicat for 32% of water. 

Therefore, 30% of water is required to produce cement based of normal consistency since the 

needle penetration is 5 to 7 mm from the bottom. 
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EXPERIMENT 3: INITIAL SETTING TIME OF CEMENT 

Aim: 

This test method covers the determination of the initial setting time of cement paste with normal 

consistency. Initial setting time is the time when cement paste losing its plastic after adding 

water. 

Required Apparatus  

 Vicat apparatus and vicat plunger  

 Vicat needle and vicat mould 

 Gauging trowel, graduating cylinder and mixing plate 

 Weighing balance, stop watch and glass plate  

 Stopwatch  

Procedure:  

1. A 300 gm cement sample with a 31 % of measured quantity of clean water is thoroughly 

mixed within 3 minutes by means of a trowel.  

2. Prepare a paste of weighed quantity of cement (300gms) with weighed quantity of 

potable or distilled water, taking care that the time of gauging is not less than 3minutes 

not more than 5 minutes and the gauging is completed before any sign of setting occurs. 

3. Immediately after filling the mould level the paste, lower the plunger and bring it in 

contact with the surface of the paste.  

4. The cement shall be considered as finally set when, upon applying the needle gently to 

the surface of the test block, the needle makes an impression thereon, while the 

attachment fails to do so.  

5. The period elapsing between the time when water is added to the cement (t1)and the time 

at which the needle makes an impression on the surface of test block while the 

attachment fails to do so (t2)shall be the final setting time.  
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Observation 

Weight of given sample of cement is 300 gmsAmount of water added (31 times the water 

required to give a paste of standard consistency) for preparation of test block. 

 The normal consistency of a given sample of cement is 30 %  

Observation table 

Trial 

no 

Wt.of cement(gm) Time in 

(minutes) 

Water % Needle penetration 

(mm) 

remark 

1 300 5 31 11  

2 300 10 31 10  

3 300 15 31 10  

4 300 25 31 9  

5 300 30 31 8  

6 300 35 31 7  

 

CALCULATION 

Initial setting time=t2-t1 

Where, 

t1=Time at which water is first added to cement 

t2=Time when needle fails to penetrate 5 mm to 7 mm from bottom of the mould 

Result 

I get initial setting time 48 min minutes be checking the penetration of the needle from the 

bottom reading. The reading at 35 minute after the addition of water shows 7mm from the 

bottom, according to Indian standard the penetration should be 5 to 7mm from the bottom. 
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INITIAL SETTING TIME          48 min. 

FINAL SETTING TIME              8hr. 38min. 

 

INFERENCE  initial setting time of cement should not be less than 30 minutes. Therefore from 

the test result is 48 minute and it is acceptable. 

EXPERIMENT 4: FINAL SETTING TIME OF CEMENT 

Aim: 

This test method covers the determination of the initial setting time of cement paste with normal 

consistency. 

Required Apparatus  

 Vicat apparatus and vicat plunger  

 Vicat needle and vicat mould 

 Gauging trowel, graduating cylinder and mixing dish 

 Weighing balance, stop watch and glass plate  

Procedure:  

1.  A 300 gm cement sample with a 31 % of measured quantity of clean water is thoroughly 

mixed within 3 minutes by means of a trowel.  

2. Prepare a paste of weighed quantity of cement (300gms) with weighed quantity of 

potable or distilled water, taking care that the time of gauging is not less than 3minutes 

not more than 5 minutes and the gauging is completed before any sign of setting occurs. 

3. Immediately after filling the mould level the paste, lower the plunger and bring it in 

contact with the surface of the paste.  

4. The cement shall be considered as finally set when, upon applying the needle gently to 

the surface of the test block, the needle makes an impression thereon, while the 

attachment fails to do so.  

5. The period elapsing between the time when water is added (t1) to the cement and the time 

at which the needle makes an impression on the surface of test block while the 

attachment fails to do so (t3) shall be the final setting time.  
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Observation 

Weight of given sample of cement is 300 gms 

 Volume of water addend (31 times the water required to give a paste of standard 

consistency) for preparation of test block. 

 The normal consistency of a given sample of cement is 30 %  

Trial 

no 

Wt.of cement(gm) Time in 

(minutes) 

Water % Needle penetration 

(mm) 

remark 

1 300 570 31 0  

 

Calculation 

Final setting time=t3-t1, 

Where, 

t1=Time at which water is first added to cement 

t3=Time when the needle makes an impression but the attachment fails to do so. 

Result 

The final setting time of the cement is 8hr38min minutes 

INFERENCE  

We get final setting time 8hr. 38min. minutes so the result is below 600 minutes or ten hours it is 

acceptable according to Indian standard. 

LABORATORY PROCESSES FOR FINE AGGREGATE TESTES 

 PROPERTIES OF FINE AGGREGATE 

Silt content 
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Silt content Before washing 

 

Sample 

 

Amount of Silt deposit 

 

Amount of clear sand 

 

Silt content 

 

Sample 1 

 

 0.97 ml 

 

30ml 

 

3.24 

 

Sample 2 

 

0.0.81ml 

 

30ml 

 

3.01 

 

                                                                                         mean 

 

3.11% 

Sieve analysis 

Sieve analysis for original sand 

 

Sieve 

size(mm) 

  Wt. of 

sieve 

(gm) 

Wt. of sieve 

and 

aggregate 

(gm) 

 

Wt. 

retained 

(gm) 

Percentage 

retained 

(%) 

Cumulative 

coarser 

(%) 

Cumulative 

passing 

(%) 

 

9.5 mm 

 

585 

 

585 

 

0 

 

0 

 

0 

 

100 

 

4.75 mm 

 

429 

 

449 

 

20 

 

4 

 

4 

 

96 

 

2.36 mm 

 

383 

 

431 

 

48 

 

9.6 

 

13.6 

 

86.4 
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1.18 mm 

 

354 

 

426 

 

72 

 

14.4 

 

28 

 

72 

 

600 μm 

 

326 

 

464 

 

138 

 

27.6 

 

55.6 

 

44.4 

 

300 μm 

 

304 

 

415 

 

111 

 

22.2 

 

77.8 

 

22.2 

 

150 μm 

 

460 

 

553 

 

93 

 

18.6 

 

96.4 

 

3.6 

 

Pan 

 

255 

 

273 

 

18 

 

3.6 

 

100 

 

0 

Unit weight 

1.1.1.1 Compacted Unit weight 

Compacted Unit weight 

 

Sample Wt. of 

cylindrical 

metal(kg) 

Wt. of 

container + 

aggregate(kg) 

Height of 

Cylinder 

(m) 

Dia. of 

cylinder 

(m) 

Wt. of 

aggregate 

(kg) 

Volume of 

container 

(m3) 

Compacted 

unit eight 

(kg/m3) 

 

Sample 1 

 

1.710 

 

20.980 

 

0.235 

 

0.235 

 

19.270 

 

0.0129779 

 

1489 

 

Sample 2 

 

1.710 

 

20.870 

 

0.235 

 

0.235 

 

19.160 

 

0.0129779 

 

1479 

 

Mean 

 

1488.5 

 



 

75 
 

1.1.1.2 Loose Unit weight 

Loose Unit weight 

 

Sample Wt. of 

cylindrical 

metal(kg) 

Wt. of 

container + 

aggregate 

(kg) 

Height 

of 

cylinder 

(m) 

Dia. of 

cylinder 

(m) 

Wt. of 

aggregate 

(kg) 

Volume 

of 

container 

(m3) 

Loose 

unit 

weight 

(kg/m3) 

 

Sample 1 

 

1.710 

 

19.960 

 

0.235 

 

0.235 

 

18.250 

 

0.0129779 

 

1406.2 

 

Sample 2 

 

1.710 

 

20.040 

 

0.235 

 

0.235 

 

18.330 

 

0.0129779 

 

1414.4 

 

Mean 

 

1405.3 

 

 

3.1.1 Specific gravity 

Weight of pycnometer = 291g 

Weight of sand = 500 g 

Va = Volume of water added to pycnometer = 797cm3 

V = Volume of pycnometer = 1000cm3 

A = weight of oven-dry sample in air, [g] = 487g 

Formula 

C = 0.9976Va + 500 + W 

Where: 

C = weight of pycnometer filled with sample plus, water, [g] 
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Va = volume of water added to pycnometer, [cm3] 

W = weight of the pycnometer, [g] 

C = 0.9976Va + 500 + W 

C = 0.9976*797 + 500 + 291 

C = 1586.09 

B=0.9976V + W 

Where: 

B = weight of flask filled with water, [g] 

V = volume of flask, [cm3] 

W = weight of flask empty, [g] 

B=0.9976V + W 

B = 0.9976 *1000 + 291 

B = 1288.6 

 Bulk specific gravity 

Bulk sp g r =                   A 

                                 B + 500 -C    

 

Bulk sp gr =              487 

                     1288.6 + 500 -1586.09 
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 Bulk sp gr =            487       = 2.4 

                              202.51 

 Bulk specific gravity (saturated- surface dry) 

 

Bulk sp. gr. (saturated- surface dry) =                   A   

                                                                                    B + 500 -C    

 

Bulk sp. gr. (saturated- surface dry) =                    500  

                                                                1288.6 + 500 -1586.09 

Bulk sp. gr. (saturated- surface dry) =         500       = 2.47 

                                                                    202.51 

 Apparent specific gravity 

Apparent sp. gr. =               A 

                                     B + A -C    

 

Apparent sp. gr. =                      487 

                                     1288.6 + 487 -1586.09   

 

Apparent sp. gr. =           487     = 2.6 

                                       189.51 
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 Absorption capacity 

Absorption capacity (%) =         500 - A     *100 =     13 *100 = 1.08% 

                                                              A                      487 

1.2.4. Moisture content 

A = weight of original sample = 500gm 

B= weight of oven dry sample = 488gm 

W= moisture content (%) 

W =          A - B     ∗ 100 

                    B 

W =         500 - 488 *100 = 1.08% 

                   488 

 

 

Appendix 2 
Lab results. 

Compressive Strength (150mm*150mm*150mm) 

 Compressive Strength (SIFCON,C-30)  

S.

N 

Test 

age(days

)  

Slum

p 

(mm) 

Dimension(cm

) 

Weigh

t (gm) 

Volum

e  

(cm3) 

Failure 

Load(KN

) 

Compressiv

e Strength 

(MPa) 

Unit 

weight  

W L D     (gm/cm3

) 

1 7 20 15 15 15 6195 3375 655.15 29.12 1.84 

2 15 15 15 6154 3375 661.12 29.38 1.82 

3 15 15 15 6187 3375 598.21 26.59 1.83 
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Mean 

      28.36 1.83 

1 28 20 15 15 15 6200 3375 878.10 39.027 1.84 

2 15 15 15 6160 3375 832.00 36.978 1.83 

3 15 15 15 6197 3375 868.75 38.611 1.84 

                                                                  

Mean 

      38.205 1.83 

 

 

S.N Test 
age(days
)  

Slum
p 
(mm) 

Dimension(cm
) 

Weigh
t (gm) 

Volum
e  (cm3) 

Failure 
Load 
(KN) 

Compressiv
e Strength 
(MPa) 

Unit 
Weight 
(gm/cm3

) W L D     

1 7 0 15 15 15 6406 3375 640.1
0 

28.45 1.90 

2 15 15 15 6410 3375 610.3
0 

27.12 1.90 

3 15 15 15 6400 3375 668.5
6 

29.71 1.90 

                                                                  
Mean 

  28.43 1.90 

1 28 0 15 15 15 6411 3375 890.1
0 

39.56 1.90 

2 15 15 15 6412 3375 867.0
0 

38.53 1.90 

3 15 15 15 6410 3375 878.8
9 

39.06 1.90 

                                           Mean   39.05 1.90 

 

S.
N 

Test 
age(days
)  

Slum
p 
(mm) 

Dimension(cm
) 

Weigh
t (gm) 

Volum
e  
(cm3) 

Failure 
Load(KN
) 

Compressiv
e Strength 
(MPa) 

Unit 
Weight 

W L D         (gm/cm3

) 

1 7 25 15 15 15 6520 3375 645.50 28.69 1.93 

2 15 15 15 6555 3375 693.67 30.83 1.94 

3 15 15 15 6533 3375 603.78 26.83 1.94 

                                                                  
Mean 

  28.78 1.94 

1 28 25 15 15 15 6550 3375 921.23 40.94 1.94 
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2 15 15 15 6550 3375 950.3 42.24 1.94 

3 15 15 15 6520 3375 887.23 39.43 1.93 

                                                                  
Mean 

  40.87 1.94 

 

 

S.N Taste 
age(da
ys)  

Slum
p 
(mm) 

Dimension(cm) Weig
ht 
(gm) 

Volu
me  
(cm3) 

Failure 
Load(K
N) 

Compres
sive 
Strength 
(MPa) 

Unit 
Weight 

W L D         (gm/cm3) 

1 7 0 15 15 15 6635 3375 683.67 30.39 1.97 

2 15 15 15 6660 3375 631.00 28.04 1.97 

3 15 15 15 6610 3375 673.00 29.91 1.96 

                                                                  Mean       29.45 1.97 

1 28 0 15 15 15 6650 3375 943.11 41.92 1.97 

2 15 15 15 6678 3375 965.02 42.89 1.98 

3 15 15 15 6630 3375 951.33 42.28 1.96 

Mean   42.36 1.97 

 

S.N Taste 
age(da
ys)  

Slum
p 
(mm) 

Dimension(cm) Weig
ht 
(gm) 

Volu
me  
(cm3) 

Failure 
Load(K
N) 

Compres
sive 
Strength 
(MPa) 

Unit 
Weight 

W L D         (gm/cm3) 

1 7 0 15 15 15 6843 3375 649.77 28.88 2.03 

2 15 15 15 6830 3375 672.01 29.87 2.02 

3 15 15 15 6860 3375 616.88 27.42 2.03 

                                                                  Mean       30.72 2.03 

1 28 0 15 15 15 6860 3375 889.30 44.52 2.03 

2 15 15 15 6824 3375 893.34 45.70 2.02 

3 15 15 15 6872 3375 895.05 44.78 2.04 

Mean   44.6 2.03 
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S.N Taste 
age(da
ys)  

Slum
p 
(mm) 

Dimension(cm) Weig
ht 
(gm) 

Volu
me  
(cm3) 

Failure 
Load(K
N) 

Compres
sive 
Strength 
(MPa) 

Unit 
Weight 

W L D         (gm/cm3) 

1 7 0 15 15 15 6843 3375 649.77 29.88 2.03 

2 15 15 15 6830 3375 672.01 30.87 2.02 

3 15 15 15 6860 3375 616.88 31.41 2.03 

                                                                  Mean       29.73 2.03 

1 28 0 15 15 15 6860 3375 889.30 44.52 2.03 

2 15 15 15 6824 3375 893.34 42.70 2.02 

3 15 15 15 6872 3375 895.05 42.5 2.04 

Mean    2.03 

 

 

 

 

 

         Weight 
(gm) 

Volume  
(cm3) 

Failure 
Load 

Splitting 
Tensile 
Strength 
(MPa) 

Unit 
Weight 

S.N Test 
age 
(days) 

Slump 
(mm) 

Dimension(cm) (KN) (gm/cm3) 

      Diam. Length     

1 7 20 15 30 11680 5298.75 271.90 3.85 2.20 

2 15 30 11790 5298.75 299.20 4.23 2.23 

3 15 30 11670 5298.75 288.23 4.08 2.20 

                                                                  
Mean 

  4.05 2.21 

1 28 20 15 30 11615 5298.75 324.40 4.59 2.19 

2 15 30 11740 5298.75 315.70 4.47 2.22 

3 15 30 11667 5298.75 327.23 4.63 2.20 

                                                                  
Mean 

  4.56 2.20 
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S.N Test 
age 
(days) 

Slump 
(mm) 

Dimension (cm) Weigh 
(gm) 

Volume 
(cm3) 

Failure 
Load 
(KN) 

Splitting 
Tensile 
Strength 
(MPa) 

Unit 
Weight 
(gm/cm3) 

Diam. Length 

1 7 0 15 30 12260 5298.75 315.10 4.46 2.31 

2 15 30 12266 5298.75 340.40 4.82 2.31 

3 15 30 12220 5298.75 322.12 4.56 2.31 

                                                                  
Mean 

  4.61 2.31 

1 28 0 15 30 12275 5298.75 366.11 5.18 2.32 

2 15 30 12260 5298.75 350.10 4.96 2.31 

3 15 30 12235 5298.75 345.70 4.89 2.31 

                                                                  
Mean 

      5.01 2.31 

 

S.
N 

Test 
age 
(days
) 

Slum
p 
(mm) 

Dimmension 
(cm) 

Weigh
t       
(gm) 

Volume  
(cm3) 

Failure 
Load(KN
) 

Splitting 
Tensile 
Strengt
h (MPa) 

Unit 
Weight(gm/cm3

) 

Diam. Lengt
h 

1 7 25 15 30 12850 5298.7
5 

322.10 4.56 2.43 

2 15 30 12885 5298.7
5 

335.13 4.74 2.43 

3 15 30 12860 5298.7
5 

349.33 4.94 2.43 

                                                                  
Mean 

  4.75 2.43 

1 28 25 15 30 12840 5298.7
5 

375.00 5.31 2.42 

2 15 30 12820 5298.7
5 

385.50 5.46 2.42 

3 15 30 12850 5298.7
5 

366.55 5.19 2.43 

                                                                  
Mean 

      5.32 2.42 
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S.N Test 
age 
(days) 

Slump 
(mm) 

  
Dimmension(cm) 

Weight 
(gm) 

Volume  
(cm3) 

Failure 
Load(KN) 

Splitting 
Tensile 
Strength 
(MPa) 

Unit 
Weight 

(gm/cm3) 

Diam. Length   

1 7 0 15 30 12998 5298.75 344.50 4.88 2.45 

2 15 30 12996 5298.75 364.00 5.15 2.45 

3 15 30 12990 5298.75 325.87 4.61 2.45 

                                                                  
Mean 

  4.88 2.45 

1 28 0 15 30 12985 5298.75 394.10 5.58 2.45 

2 15 30 12987 5298.75 386.00 5.46 2.45 

3 15 30 12995 5298.75 395.35 5.60 2.45 

                                                                  
Mean 

      5.55 2.45 

 

S.N Test 

age 

(days) 

Slump 

(mm) 

  Dimension(cm) Weight 

(gm) 

Volume  

(cm3) 

Failure 

Load(KN) 

Splitting 

Tensile 

Strength 

(MPa) 

Unit 

Weight 

(gm/cm3) 

Diam. Length   

1 7 0 15 30 13265 5298.75 354.50 5.02 2.50 

2 15 30 13220 5298.75 354.56 5.02 2.49 

3 15 30 13202 5298.75 328.87 4.65 2.49 

                                                                  

Mean 

  4.90 2.50 

1 28 0 15 30 13235 5298.75 418.10 5.92 2.50 

2 15 30 13212 5298.75 436.80 6.18 2.49 

3 15 30 13250 5298.75 465.35 6.59 2.50 

                                                                  

Mean 

      6.23 2.50 

 

S.
N 

Test 
age 
(days
) 

Slum
p 
(mm) 

Dimension (mm) Weigh
t (gm) 

Volum
e (cm3) 

Failur
e Load 
(KN) 

Flexural 
Strengt
h (MPa) 

Unit 
Weight 
(gm/cm3
) 

Widt
h 

Dept
h 

Lengt
h 

1 7 20 100 100 500   5000   0.00 0.00 

2 100 100 500   5000   0.00 0.00 

3 100 100 500   5000   0.00 0.00 

                                                                    0.00 0.00 



 

84 
 

Mean 

1 28 20 10 10 500 8845 5000 10.56 4.75 1.77 

2 10 10 500 8890 5000 9.56 4.30 1.78 

3 10 10 500 8895 5000 10.42 4.69 1.78 

                                                                  
Mean 

  4.58 1.78 

 

S.

N 

Test 

age 

(days

) 

Slum

p 

(mm) 

Dimmension (mm) Weigh

t (gm) 

Volum

e (cm3) 

Failur

e Load 

(KN) 

Flexura

l 

Strengt

h 

(MPa) 

Unit 

Weight 

(gm/cm3

) 

Widt

h 

Dept

h 

Lengt

h 

1 7 0 100 100 500   5000   0.00 0.00 

2 100 100 500   5000   0.00 0.00 

3 100 100 500   5000   0.00 0.00 

    0.00 0.00 

1 28 0 10 10 500 9245 5000 10.17 4.58 1.85 

2 10 10 500 9200 5000 11.24 5.06 1.84 

3 10 10 500 9220 5000 11.29 5.08 1.84 

                                                                  

Mean 

  4.91 1.84 

 

S.
N 

Test 
age 
(days
) 

Slum
p 
(mm) 

Dimmension (mm) Weigh
t (gm) 

Volum
e (cm3) 

Failur
e Load 
(KN) 

Flexural 
Strengt
h (MPa) 

Unit 
Weight 
(gm/cm3
) 

Widt
h 

Dept
h 

Lengt
h 

1 7 25 100 100 500   5000   0.00 0.00 

2 100 100 500   5000   0.00 0.00 

3 100 100 500   5000   0.00 0.00 

                                                                  
Mean 

  0.00 0.00 

1 28 25 10 10 500 9660 5000 11.96 5.38 1.93 

2 10 10 500 9640 5000 12.02 5.41 1.93 

3 10 10 500 9600 5000 12.84 5.78 1.92 

                                                                  
Mean 

  5.52 1.93 

 

S. Test Slum Dimmension (mm) Weigh Volum Failur Flexural Unit 
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N age 
(days
) 

p 
(mm) 

Widt
h 

Dept
h 

Lengt
h 

t (gm) e (cm3) e Load 
(KN) 

Strengt
h (MPa) 

Weight 
(gm/cm3
) 

1 7 0 100 100 500   5000   0.00 0.00 

2 100 100 500   5000   0.00 0.00 

3 100 100 500   5000   0.00 0.00 

                                                                  
Mean 

  0.00 0.00 

1 28 0 10 10 500 10366 5000 12.38 5.57 2.07 

2 10 10 500 10235 5000 12.67 5.70 2.05 

3 10 10 500 10425 5000 12.94 5.82 2.09 

                                                                  
Mean 

  5.70 2.07 
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                Marble powder                                   j-ring testes 

                                                                     

  
    Slump flow for SIFCON                                             casted samples. 
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     Super plasticizer used for the mix                                          Tensile strength result 
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Chemical content of marble waste powder from Ethiopian geological servey 
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List of publication. 
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