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ABSTRACT

Concrete is the most important engineering maten the addition of some other materials may chahg
properties of concrete like workability, durabilitgtrength, and permeability. Engineers are tryiagimprove its
performance with the help of innovative chemicamadures, SCMs and waste materials thereby minimgizthe

consumption of natural resources.

Silica fume (SF) is very fine non-crystalline méé&rnon-metallic and non-hazardous waste of imiksst It is
produced in electric arc furnace as a by-produdhefproduction elemental silicon’s or alloys camitag silicon. It is
usually grey color powder and SCMs .The effectilidas fume in concrete is because of its finenass ability to replace
certain amount of cement. SF improves both streagthdurability of concrete and used in making Hatgength and high
impermeability concrete.

Glass is widely used in our lives through manufeedyroducts such as sheet glass, bottles, etarious places,
damaged glass sheets & sheet glass cuttings ate g@ste and usually delivered to landfills forptisal. We can

conserve environment by using GP in concrete prtiaiuc

The experiments aim is to find the strength of cete by mixing highest % of replaced material tbget By
replacing different percentages of Silica fume ament replacement (up to 20%) and Glass powdemasafjgregate

replacement (up to 40%) for M25 grade concrete mix.

The concrete specimens were tested for compreasidesplitting tensile strength at 7 and 28 dayslf&®d mm
cubes and cylinder. The ingredients are mixed ih.43: 2.73 proportions with 0.45 w/c ratio. Theuks have indicated
that the strength increases up to certain percerftesfo replacement of cement by SF), (20% replantofé=A by GP).

KEYWORDS: Silica Fume, Glass Powder, Cement, Natural SandsilEeStrength, Compressive Strength
INTRODUCTION

Concrete is a mixture of different materials lilesrent, sand, gravel and water. Its success ligs Wrersatility as
can be designed to withstand harshest environnemits taking on the most inspirational forms. Resha&Engineers are
further trying to increase its limits with the helpf innovative chemical admixtures and various $eimentary
cementitious materials SCMs.Nowadays, most conerexéure replacement are done with mainly by-prdduar waste

materials from other industrial processes.
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Silica Fume

Silica fume also referred to as micro silica or @emsed. it is a by-product material that is used @®zzolan.
This by-product is a result of the reduction ofthjgurity quartz with coal in an electric arc fureaa the manufacture of
silicon or ferrosilicon alloy. Silica fume is repked with cement to improve its properties like isgth. Addition of silica
fume also reduces the permeability of concretehtorie ions, thereby protecting the reinforcingedtin concrete from
corrosion, especially in chloride-rich regions swshcoastal regions. During the last decade, ceraditk attention has

been given to the use of silica fume as a parjallacement of cement to produce high-strength edecr

Silica fume rises as an oxidized vapor from the@@(3630°F) furnaces. When it cools it condenses ia
collected in huge cloth bags. The condensed dilicg is then processed to remove impurities armbirol particle size.
It is extremely fine with particles less thamprh in diameter and about 100 times smaller than cépeticles. Silica fume

is used in amounts between 5% and 20% by mas® adthl cementitiousmaterial.

Schematic diagram of silica fume production is igufe 1.1.

Raw Materials

Carbon: coke, coal, wood chips
Quartz

Smelting lurnace | T
S Silicon metal
Temperature 2000°C
Off Gas l

Baghouse [ilter

As-produced
sllica fume

Figure 1.1: Schematic Diagram of Silica Fume Produmn
Reaction Mechanism

The silica fume reacts with this calcium hydroxiteform additional binder material called calciuificate
hydrate similar to cement. It is an additional gndhat gives silica-fume concrete its improvedpemties. Silica fume

Mechanism in concrete can be studied basically utiee roles:
* Pore-size Refinement
» Reaction with Free-Lime (From Hydration of Cement)
« Cement Paste—Aggregate Interfacial Refinement
Availability and Handling

Silica fume is available dry and wet condition. Biljca can be densified with or without dry admibdés and can
be stored in silos and hoppers. Silica Fume slwitly dosages of chemical admixtures are availbliecrried products are

stored in tanks. Global consumption of silica fuexeeeds 1 million tonnes per annumdepending omapipéication and
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the available handling facilities. If required iads, these can be tailored to suit the customemsds for handling and

batch weight per cubic metre of concrete.
Glass Powder

Natural resources are depleting worldwide whilghet same time the generated wastes from the irydastr
increasing substantially. So development for cawsion involves the use of non-conventional, dumpeaterials, and
recycled of waste materials in order to compentfetdack of natural resources and to find altemeatvays conserving the

environment.

In the backdrop of such a changed atmosphere, therduge demand for new materials from industriaste.
The materials like waste glass are collected froendump yard are used. These collected glasseswmieed and make
into small pieces like sand size and it could beduan alternate material for natural sand as pagfacement. So

Utilization of glass as fine aggregate will turistivaste material into a valuable resource.

Glass is a transparent material produced by medtingxture of materials such as silica, calciunboaate etc. at
high temperature followed by cooling where solichfion occurs without crystallization. It is widelised in our lives
through manufactured products such as sheet dglattes, glassware, and vacuum tubing and whichreterials that can
be recycled. The use of recycled glass saves lafste glasses and the increasing awareness sfrglagcling speeds up
focus on the use of waste glass with different ®ormother fields. One of its important contribuisois the construction

field where the waste glass was reused for conpreuction.

If fine aggregate is replaced by glass powder Bciic percentage and in sand size range, it willuce fine
aggregate content and thereby reducing the ilicesffef river dredging and thus making concrete rfecturing industry
sustainable. The amount of waste glass producedrhdsially increased over the recent years due ®var growing use
of glass products. When glass powder is reusedaking concrete products, the production cost otoete will go down

and it will be environment friendly thereby reduginsage of natural resources.

But its applications are limited due to the damggixpansion in the Concrete caused by ASR betwagdni h

alkali pore water in cement paste and reactivessih the waste glass is lower with lesser paride of glass.
OBJECTIVES
The main objectives of this study are about:

* To partially replace cement by silica fume and shyd@lass in concrete and to study the compressiemgth of

concrete.

* To determine the suitable percentage of silica fameé glass in concrete that gives the highest vatunerete

compressive strength.
e Tofind the compressive strength of concrete byimgihighest percentage of replaced materials tegeth

e To determine the compressive strength (7 and 28)dmd Split tensile strength (28 days) and compavith the

conventional concrete.
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 To minimize demand, usage and cost of cement aedafjgregate (sand) in concrete construction.
METHODOLOGY OF THE STUDY

The materials and methodology used for produciegctincrete mix are represented in Figure 2.1.

F ™

Fstimation and Collection of Materials

{

Study of Literature

I}

Testing of Aggregates

{

Mix Design

I

Casting of Cubesand Cylinders

g

[ Curing
Compression and Split T'ensile Tests
Comparison of Results ]

Figure 2.1: Methodology Flow Chart
MATERIAL USED
CEMENT

OPC from Zuari Cement Company was used for castonggcrete. The Cement of 53 grade confirming to IS:
12269-1987 was used in the present study. The grepef cement used in the investigation are prieskin Table 2.1.

Table 2.1: Properties of Cement

Sl No Property Value
1 Specific gravity 3.61
2 Fineness 97.8
3 Initial Setting Time 30 min
4 Final Setting Time | 600 min
5 Standard Consistengy  33%
6 Fineness Modulus 6%
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WATER

The role of water is important because the wateetoent ratio is the most critical factor in thesiga of perfect
concrete. Excess of water reduces strength andalibity of concrete. Potable tap water availabl¢hi@ plant conforming

to the requirements of 1S456 - 2000 was used fstirog.concrete & curing the specimens as well.
FINE AGGREGATE

An aggregate that passes through 4.75mm and isedtan 75 micron sieve is known as fine aggregdiural
river sand passing through 2.36mm sieve was useddtesied as per 1S2386 (part 1) - 1963. The prigsedf fine

aggregate investigated are presented in Table 2.2.

Table 2.2: Properties of Fine Aggregate

S| No Property Value
1 Specific Gravity 2.62
2 Fineness Modulus 3.38
3 Water Absorption 0.5%
4 Surface Texture Smooth
5 | Bulk Density (kg/m) | 1720

COARSE AGGREGATE

Aggregate that are retained on 4.75mm sieve passioggh 80mm sieve are known as coarse aggreQate
specimens casted for M25 mix using coarse aggregdtenaximum sizes 20mm. The physical propertiesevtested as
per 1S2386 (part 1) - 1963. Crushed aggregate icoimfg to IS: 383-1987 was used. The propertieb@ftbarse aggregate

are shown in Table 2.3.

Table 2.3: Properties of Coarse Aggregate

SIl.No Property Value
1 Specific Gravity 2.71
2 Fineness Modulus 7.22
3 Water Absorption 0.51%
4 Particle Shape Angular
5 Impact Value 15.3
6 Bulk density (kg/m) 1646

SILICA FUME (MICRO SILICA)

Silica fume was procured from Rock fit Industriestamilnadu. The Silica fume is used as a paréplacement
of cement as specified witls 15388:2003specificationit finer than cement and used by replacing cemertifferent
percentages. Silica Fume is taken in, 5%, 10%, &% by weight of cement.
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Properties of Silica Fume

Silica fume particles are extremely small, with mtiian 95% of the particles finer than 1 um. I{sdgl physical

and chemical properties are given in Table 2.4c&ifume colour is either premium white or greyg(F2.2). All the

properties were given by the manufacturer and coetpaith Silica fume specification of Indian stardia

<>

Figure 2.2: Silica Fume

Table 2.4: Physical and Chemical Properties of SF

Properties Silica Fume
State Amorphous - Sub-micron powder
Color Gray to medium gray powder
Specific Gravity 2.10t0 2.40 (2.2 used)
Solubility Insoluble
Bulk Density 550- 650 kg/m

Constituent Silica Fume
Silicon Dioxide (SiQ) ((%)) > 85
Free Si (%) 0.14
Free CaO (%) <0.1 (lower limit detection)
SG; (%) 0.25
NaO eq (%) 0.5
Cl (%) <0.1
Pozzalanic Activity Index Normal Curing (28dl) 110
Pozzalanic Activity Index Normal Curing (7d 120
H,0 (%) 0.5
>45 um (%) <10
pH 8
Moisture Content (%) Maximum 3.0 (%)
Loss on Ignition (LOI) (%) 2.0-3.0 (%)
Oversize percent retained on g8 (325 sieve) Maximum 10.0 (%)
Specific Surface (BET) >18 7y

GLASS POWDER

Waste glass was collected from Glass industry, Gaierndia, consisting of Waste glass obtained flmoken
bus glass is used for this project. Crushing ofglpieces is done manually by hand crushing. Gtegsrial is sieved
through 2.36mm sieve. Then fine aggregate aregiigrteplaced with glass powder in different petegies. Glass powder
is taken in, 5%, 10%, 15%, 20%, 30% and 40% by tedf fine aggregate.

Properties of Glass Powder

The physical properties and chemical Compositioglags powder is given in Table 2.5 and Table 3iéved

Glass powder is in Fig. 2.3.
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Table 2.5: Physical Properties of Glass Powder

Property Glass Powder
Specific gravity 2.4-2.8 (2.49 used)
Bulk density 2.53
Moisture content (%) Nil
Fine particles less than 0.075mm (%6) 12-15
Sieve analysis Zone

Table 2.6: Chemical Composition of Glass Powder

Constituent Glass powder (%)
Silica (SiIQ) 72.5
Alumina (Al20;) 01.06
Iron Oxide (Fe2@) 0.36
Lime (CaO) 08
Magnesia (MgO) 4.18
Sodium Oxide (NzO) 13.1
Potassium Oxide (O) 0.26

Figure 2.3: Sieved Glass Powder
EXPERIMENTAL INVESTIGATION
A. Mix Proportioning

For this study, M 25 grade of concrete with mixadt: 1.43: 2.73 and water cementitious ratios fw@45), the

guantities of materials used for w/cm ratio arekedrout. Different types of concrete mix are prepar
B. Fresh Concrete Test

Slump Cone Test (IS 1199 - 1959) is done with ndeoacrete and with replacement as shown in Taldle 3

Table 3.1: Slump Cone Values

Values In
S.No Cast Type Mm

1 Conventional Concrete 120
2 Silica fume - 5% 88
3 Silica fume - 10% 69
4 Silica fume - 15% 51
5 Silica fume - 20% 42
6 Glass powder - 10% 59
7 Glass powder - 20% 74
8 Glass powder - 30% 90
9 Glass powder - 40% 105
10 Silica fume - 15% + Glass powder -20% 63
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Fig.ure 3.1: Slump Test for Fresh Concrete
A true slump is obtained as in Fig. 3.1.
Workability of Concrete

Workability is defined as the properties of freshiyxed concrete. In general terms, workability esgnts the
amount of work which is to be done to compact thieccete in a given mould. A workable mix should segregate, while

measuring workability by conducting slump cone (€5t1199-1959).
C.EXPERIMENTAL PROCEDURE

The specimen of standard cube of (150 mm x 150 msOxmm) and standard cylinder (300 mm x 150 mng wa

used to determine the compressive strength andtep8ile strength of concrete. Two specimens wested for 7 & 28
days with each proportion of silica fume and glpesider replacement. Total 48 cubes and 8 cylindere casted for
test. The material was weighed and the materiale wexed by manual mixing. The water cementitioasor (w/cm)
adopted was 0.45. The concrete was filled in difiérlayers and each layer was compacted. The pasinsen was
removed from mould after 24 hrs and were cured undemal conditions as per IS 516-1959 for 7 & 28sland then
tested for compressive strength as per IS 516-8969splitting tensile strength as per IS 5816-199% temperature of
the cured water and the test room was 27 + 2° @. mhterials for each batch of moulds mixed seplgratging the
guantities of dry materials, adapted to the prapostand the quantity of water was determinedhis paper M25 grade is
used for designing mix proportions. The design pdure is detailed below. (Based on IS: 10262 — 1888 mixing and
casting is in Fig. 3.2 and Fig.3.3.

Table 3.2: Mix Proportions for Concrete for 1n?

Water Cement Fine Aggregate| Coarse Aggregate

191.58 liters| 425.733 kg/m®  605.22 kg/mp? 1162.58mRg

0.45 1 1.43 2.73
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Figure 3.3: Concrete Casting

TESTS RESULTS
A.COMPRESSION STRENGTH TEST
Procedure

Mixing the total material required for preparingtboncrete with given proportions by hand mixingjluproper
concrete is obtained. Then prepared mixed congsgteured in cube moulds in two layers each of exiprately 75mm
and ramming each layer with 35 blows. After 24hwscimens are removed from the moulds and curedateror 28
days and the cube and cylinder specimens are taffezdemoval from curing tank. The specimenspgaeed centrally on
the compression testing machine and load is apgiedinuously without shock. The compression tgstimachine for
concrete cubes as shown in fig. 4.1.

e i

Figure 4.1: Compression Test for Concrete Cubes




th
Compression Test on 7day

The compression test for concrete cubes at 7 déygiven in Table 4.1.

Table 4.1: Compression Test on 7 Days

1 Conventional Concrete 645 28.78
2 Silica Fume - 5% 654 29.05
3 Silica Fume - 10% 659 29.39
4 Silica Fume - 15% 691 30.72
5 Silica Fume - 20% 527 23.43
6 Glass Powder -5% 763 33.92
7 Glass Powder - 10% 752 33.45
8 Glass Powder - 15% 937 41.62
9 Glass Powder - 20% 1.57 46.96
10 Glass Powder - 30% 1003 44.56
11 Glass Powder - 40% 954 42.4
Silica Fume - 15%+
12 Glass Powder -20% 820 36.42

th
Compression Test on 28day

The compression test for concrete cubes at 28idagigen in Table 4.2 and concrete curing andrigsdis in fig.

Table 4.2: Compression Test on 28 Days

1 Conventional Concrete 1038 46.13
2 Silica Fume - 5% 997 44 .31
3 Silica Fume - 10% 1006 44,71
4 Silica Fume - 15% 1041 46.24
5 Silica Fume - 20% 927 41.2
6 Glass Powder - 5% 1107 49.18
7 Glass Powder - 10% 1150 51.09
8 Glass Powder - 15% 1163 51.67
9 Glass Powder - 20% 1480 65.76
10 Glass Powder - 30% 1214 53.93
11 Glass Powder - 40% 1127 50.07
Silica Fume - 15%
12 Glass Powder -20% 1170 52
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Inference

Compressive strength is the capacity of a matagialithstand axially directed pushing forces. Norggsting of concrete

th th
when tested during its day of testing gives the lowest compressive stfewglue and when tested on its 28y of

testing gives the maximum compressive strengthevalu

COMPRESSION TESTING MACHINE _

CAPACITY - 2000 kN

Figure 4.2: Cube Curing and Testing
B.SPLIT TENSILE STRENGTH OF CONCRETE CYLINDER

Procedure

Test specimens are stored in water for 28 daysttaem tested in wet condition immediately after reaidrom
the water. The weight and dimension of each spatism®uld be noted. The cylindrical specimen is gdlaborizontally
and centrally between the loading surfaces of aptession testing machine. Then a narrow packirigssof suitable
material such as plywood are placed centrally isetiuce the high compression stresses that adisgdi@sting and the
load is applied continuously till the specimen gadnd the maximum load applied during the tese®nmded. The split

testing test for concrete cylinder as given in fegut.3.
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Figure 4.3: Split Tensile Test for Concrete Cylinde

Split Tensile Test Result on 28Daydt is shown in table 4.3.

Table 4.3: Split Tensile Test on 28days

Conventional
1 Concrete 127 1.80
Silica fume -
2 15% 132 1.86
Glass powder -
20%

Silica fume -
4 15%+Glass 174 2.46

powder -20%

227 3.22

Inference

Tensile strength is the capacity of a material toucsure to withstand axially directed pushing fsc When
cylindrical specimen is tested during its 28th dayes the maximum tensile strength valGeRESULT COMPARISON

COMPRESSION TEST ON CONCRETE CUBE

The compression test Strength of concrete cube Sftland Glass Powder replacement can be seen ih €Ha
and 4.2. A mixed concrete cube made with both 15%86& 20%Glass Powder replacement is compared whitér o
concrete cube can be in Chart. 4.3.
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Chart 4.1: Graphs for Compressive Strength for SF Rplacement
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Chart. 4.2 Graphs for Compressive Strength for Glas Powder Replacement

m 7 days

MW 28 days

Compressive Strength (N/mm?)

Chart. 4.3: Comparison of Compressive Strength of @ncrete Cube
Split Tensile Test for Concrete Cylinder
The split tensile test for cylinder at 28 dayssith is compared with plain concrete and 15%SF28dGlass

Powder cylinder together as detailed in Chart. 4.4.
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Split tensile strength Comparison

w

[
criininwin
<> S

(N/mm?2})

Split Tensile Strength

Chart 4.4: Graphs for Split Tensile Strength

RESULTS AND DISCUSSIONS

It have been observed that maximum compressivagttrenoted for 15% replacement of cement with aifieme
with values (30.72 N/mm2 and 46.24 N/mm?2) are highan those of the conventional concrete (28.#8mM2 and 46.13
N/mm2) at 7 and 28 days, whereas split tensilengtreof the Silica fume concrete (1.86 N/mmz2) isréased by about
3.33% over those of the normal concrete (1.8 N/mmBgn 15% of cement is replaced by SF at 28 dagsthe
characteristic strength of higher grade of cememicrete is achieved only by using the M25 gradegdesl mix
proportion. Hence silica fume can be successfudlydupartially up to 15% as an alternate for cemattt the increase in

strength and durability of the concrete.

It is also observed that, up to 20% replacemeffinefaggregate by glass powder the strength ofrede@fter 28
days is increased and however above 20% condretegth decreases. GP can be successfully usedliyanp to 20% as
an alternate for fine aggregate thereby reduciegethvironmental effects and scarcity of sand. Gitiege is strong and

durable compared to sand concrete.

The cube compressive strength of GP concrete 8%4.Righer than conventional concrete and cylindesite

strength of GP concrete is 7.89% higher than noomatrete at 28 days.

The compressive and split tensile strength of mgaaconcrete with SF and GP together values aré\(B2n2
and 3.67 N/mm2) higher than normal concrete (48\NI3m2 and 1.8 N/mm2) and can be used as presemvafio

environment and natural resources.

CONCLUSIONS

In this paper it is concluded that the study onghgial replacement of cement with silica fume émereby the
results of the compression test and split tensi teveals that silica fume can be used as amaféefor cement. Silica
fume decreases the workability of the concrete witlrease in % replacement in concrete. SF alsocesdthe cost of

concrete and increases the compressive strengtbpdihtensile strength of concrete.

It also concluded about the study on the partiplacement of fine aggregate with Glass powder hadeby the
results of test reveals that glass powder can bé as an alternate for fine aggregate. GP increhsesorkability of the
concrete with increase in % replacement in conde®eaeduces the cost and increases the compresdsivigth and split
tensile strength of concrete. The strength inciedse to the interlocking properties of particleghie glass powder and

Split tensile strength of concrete increases fasglpowder is due to variation of shape and textugtass powder.
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The project main aim is to replace higher percemtafSF and GP in a single concrete together amdl ifs

strength. We have concluded from the test reshlis the cost and quantity of materials is reducediding SF and GP

together in a single concrete cube and cylinder.

On the basis of results obtained, following conicns can be made:

The strength of replacement of highest percentdg&~cand GP together in concrete is more than atioml

concrete.

The highest percentage of SF is 15% and GP is 2@8sctn be replaced in concrete gives maximum giinen

with this replacement percentage.
Both SF and GP concrete give higher strength tbementional concrete
SF and GP can be replaced together in concretsltace cost and usage of cement and natural resource

SF can be used as replacement material to consenwent and to produce ultra-high-strength and tighl

impermeable concrete.
GP can prove to be light weight and economicat &srion-useful waste and free of cost.

GP will eradicate the disposal problem of glassemaltand prove to be environment friendly thusipgway for

greener concrete.

GP will preserve natural resources particularlyerivsand and thus make concrete construction industr

sustainable.
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