International Journal of Civil & International Academy of Science,

Engineering (IJCE) 5

ISSN(P): 2278-9987; ISSN(E): 2278-9995 Engineering and Technology

Vol. 5, Issue 6, Oct - Nov 2016; 33-42 IASET Connecting Researchers; Nurturing Innovations
© IASET

DEVELOPMENT OF HIGH PERFORMANCE FIBRE REINFORCED CO NCRETE

USING SILICA FUME AND FLY ASH

SREELAKSHMI S* & NIVIN PHILIP 2
PG Scholar, Computer Aided Structural Engineeriviar Athanasius College of Engineering,
Kothamangalam, India
“Assistant Professor, Department of Civil Enginegriiar Athanasius College of Engineering,

Kothamangalam, India

ABSTRACT

High performance concrete is a concrete mixturachvis designed to provide high durability and higihength
when compared to the conventional concrete. Thesepte study describes the development of High-Pmdace
Fiber-Reinforced Concrete (HPFRC) with very higresgth and durability properties. Initially, thetopum amount of
Silica fume and fly ash needed to obtain concrdtedesired compressive strength was determined by ptartial
replacement of cement with different quantitiesSalica fume and fly ash. The mechanical properded durability
properties (limiting to water absorption test, sidfe attack and sea water attack) of High Perfocemddibre Reinforced
Concrete (HPFRC) were studied by varying the fibmatent. The test results indicate that the inc@iion of mineral
admixtures and steel fibres improves mechanicaldamdbility characteristics of the concrete.

KEYWORDS: Compressive Strength, Durability Properties, Higterfefrmance Concrete, High-Performance

Fiber-Reinforced Concrete, Mechanical Properties
INTRODUCTION

Concrete is acomposite material which is composddggregates that are bonded together with a
fluid cement which hardens over time. Often, to iaye the physical properties of the wet mix or filéshed material,
additives (such as pozzolans or superplasticizges)ncluded in the mixture. In concrete, a ranigmaterials can be used

as the cement such as mineral admixtures [1].

High Performance Fibre-Reinforced Concrete (HPFRGhe combination of high performance concreterimat
and fibre reinforcement. High performance concrptssess high durability and high strength when @rep to
conventional concrete. High performance concretg amtains one or more of different cementitiougernals such as
Silica fume, fly ash, or ground granulated blashace slag and usually a super plasticizer [3E8gn though it’s initial
cost is higher than that of conventional concrhigh Performance concrete works out to be econdnBexause, the use
of High Performance concrete in construction enbanthe service life of the structure and the stmecsuffers less

damage which would reduce overall costs [4].

The strength of concrete significantly increaseshiyinclusion of steel reinforcement. The develephof micro
cracks is a must to suppress, to produce concritte hemogenous tensile properties. The introductrfibers was

brought in as a solution to develop concrete imwvid enhancing its flexural and tensile strengtthe compared with
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traditional reinforced concrete fibre reinforcedhcrete is rather a new engineering material. t miew form of binder that

could combine Portland cement in the bonding wittnent matrices [2].

From the literature survey it can be concluded thatinclusion of steel fibres to cementitious mate improve
many of the engineering properties such as teasimgth, fracture toughness, energy absorptiof2gt®Reviews indicate
that there exists an optimal value of fibre cont&dhen fibres added beyond this value, the ovémgifovement is not
applicable. Hooked end steel fibres can be wetriliged in the mix and the mechanical propertiesancrete can be
improved effectively. There is an optimum amountSdfca fume and fly ash for which, further increda their content

will not increase the strength parameters of caedf.

This paper aims to find the optimum amount of fjhand Silica fume for the desired compressivengtheof
110 MPa. And to find the mechanical properties @hHPerformance Fiber Reinforced Concrete limitiagcompressive
strength, split tensile strength and flexural sgtbrusing various percentages of steel fibres péetsratio 60 and also to
find the durability properties of High Performarféiber Reinforced Concrete such as water absorpidphate attack and

sea water attack.

EXPERIMENTAL METHDOLOGY

Materials and Mix Proportion

The ingredients used in this study are Portlandecgnily ash, Silica fume, fine aggregate, coaggregate, steel

fibre, superplasticizer and water.

Ordinary Portland cement 53 grade conforming td2269-1989 was used in this study. Low calcium (MST
Class F) fly ash with specific gravity 2.5. Siliftane conforming to IS 15388.2003 was used in thid\g having specific
gravity 2.2, specific surface 23000%ky and SiQ content greater than 85%. Fine aggregate used aBarM used
confirms to 1S 383:1970 Zone Il having nominal sif€2.36 mm and specific gravity of 2.62. Coarsgragate of nominal
size 12.50 mm (70%) and 6 mm (30%) are used. $itmels used are hooked end type and of aspect 88ti(80 mm
length x 0.5 mm diameter) and tensile strength450LMPa. The super plasticizer used was MasteriGlieACE 30 a
product of BASF India Pvt. Ltd, having pH greateart 6 and having chloride ion content less thaf0.2

Proportioning of the mixtures were done accordioaghte guidelines of American Concrete Institute xidie
proportions for mixes of Silica fume and fly ashgeet the optimum amount of admixtures to get th&irdd strength are

summarized in Table 1.
Test Procedures

The compressive strength test and flexural stremgth conducted as per IS 516:1959. The split ®ssibngth
specimens are tested as per IS 5816:1999. Cubsigeofl50mm were casted to determine the compressigagth of
concrete. Split tensile strength was determinedgusylinders of size 150mm dia and 300mm heighteAm of size 100
x100 x150 mm was made to find the flexural stremftboncrete. 100 mm cubes were used to find thtervedosorption at
28 days of curing. 150 mm cubes are used to firti bolphate attack and sea water attack of spesingpecimens are
cured by submerging in clean, fresh water and Kegte until taken out just prior to test. The valuaken are average

results of three specimens.
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Stage 1:The first stage of the study includes the develapned target strength by the partial replacement of
cement by Silica fume and fly ash. Compressivengtte and Split tensile strength were determined dbrthe

combinations of Silica fume and fly ash.

Table 1: Mix Proportions for HPC (For 1 M?)

Mixld [wcm| c | F | s | ca Fa |Sp
F,S% |0.23 |600|90 |60 |898.16| 561.08] 27
F..Ss | 0.23 | 585 105| 60 | 898.16| 561.08| 27
FicSs | 0.23 | 570 120| 60 | 898.16| 561.08| 27
FieS | 0.23 | 555 135| 60 | 898.16| 561.08| 27
F.,.So | 0.23 | 585|90 | 75 | 898.16| 561.08| 27
F..So | 0.23 | 570 105| 75 | 898.16| 561.08| 27
FicSio | 0.23 | 555 120 75 | 898.16| 561.08| 27
FieSio | 0.23 | 540 135 75 | 898.16| 561.08| 27
F,S, | 023 |570|90 | 90 | 898.16| 561.08| 27
F..S, | 0.23 | 555 105| 90 | 898.16| 561.08| 27
FicS, | 0.23 | 540 120| 90 | 898.16| 561.08| 27
FieS, | 0.23 | 525 135| 90 | 898.16| 561.08| 27
F,S. | 0.23 | 555| 90 | 105 898.16| 561.08| 27
F..S. | 0.23 | 540 105 105 | 898.16| 561.08| 27
FicSia | 0.23 | 525 120 105 | 898.16| 561.08| 27
FieSa | 0.23 | 510 135] 105 | 898.16| 561.08| 27

Stage 2:In the second stage, the optimum content of Sflicae and fly ash was adopted for achieving HPFRC
with different fibre contents. Mechanical propestigimiting to compressive strength, split tensiteength and flexural
strength) and durability properties (limiting to telmabsorption, sulphate attack and sea waterkattddhe HPFRC were
determined. Fibre contents for developing High &enince Fibre Reinforced Concrete using the optinaumount of

silica fume and fly ash are shown in Table 2.

Table 2: Fibre Content for HPFRC

Materials Hpfrcl Hpfrc2 Hpfrc3
Cement (kg/n?) 555 555 555
Fly ash (kg/nT) 135 135 135
Silica fume (kg/nt) 60 60 60
Course aggregate (kg/r) 898.16 898.16 898.16
Fine aggregate (kg/m) 561.08 561.08 561.08
Superplasticizer (kg/nT) 27 27 27
w/c 0.23 0.23 0.23
Fibre content (%) 0.75 1.00 1.25

RESULTS AND DISCUSSIONS

Stage 1:Compressive and split tensile tests were condutdefihd the optimum amount of Silica fume and

flyash.

The concrete specimens of different mixes were gnegh Specimens are cured by submerging in cleash f
water and kept there until taken out just priortést. The values taken are average results of thpeeimens. The
percentage variations in compressive strength aiititensile strength with different admixture cents are shown in

Figure 1 and Figure 2 respectively.
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Figure 1: Variation of Compressive Strength of HighPerformance Concrete for Different Fly Ash
Content and Silica Fume Contents

I

1 —W— Percentage variation of 287
130 i day split tensile strength
125 /
Z 120 h
3 4
=
% ]
% 115
= J
o
2 1104
e
z J
o 105
o
B o .
1004 = / \ :
] ) k‘.\./' \./I
95 4

T T T T T T
04 128 145 163 185 12-10 4-1016-1013-1012-12141216-1218-1212-1414-1416-1413-14

FLY ASH - SILICA FUME CONTENTS (%)
Figure 2: Variation of Split Tensile Strength of High Performance Concrete for Different Fly Ash
Content and Silica Fume Contents
From the test results (Figure 1 and Figure 2)iitlsa seen that for a particular fly ash and Siiicae content (&
Sg) the compressive strength and split tensile streage maximum. A continuous increase in strengtbhiserved up to
this combination. Thereafter the compressive strenglues decreases. This mix can be taken asptirawm quantity of

silica fume and fly ash for obtaining the targeesgth.

Stage 2:After obtaining the optimum amount of Silica fumedafly ash for the desired compressive strength of
110 MPa, High Performance Fibre Reinforced Concspecimens were casted using different fibre cdatéh75%, 1%
and 1.25%).

Compression, split tensile and flexure tests weagied out for the HPFRC. The percentage increnwént
compressive strength and split tensile strengitoatrete after the inclusion of steel fibre is shawFigure 3 and Figure

4, respectively.
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Figure 3: Variation of Compressive Strength of Coneete for Different Steel Fibre Contents
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Figure 4: Variation of Split Tensile Strength of Cancrete for Different Steel Fibre Contents
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Initially tests were conducted to determine theiroptn amount of silica fume and fly ash. And the maxm

compressive strength was obtained to be 112.23 MRainclusion of fiber increases the compressikength of concrete

at 28 days. A continuous increase in strength seoked after the addition of different fibre corgean be seen in

Figure 3. The 1.25% fibre content has given theimam compressive strength value of 125.74 MPa bthethree fibre

contents. By the addition of hooked end steel §btteere is up to 12% increase in the compressiaength of the

specimens.

Figure 4 shows the percentage variation of sptisite strength for different fibre contents. Fogthiperformance

concrete without steel fibre the maximum tensitersgth was obtained to be 4.80 MPa. For high perdoice steel fibre

reinforced concrete there observed a continuougase in the split tensile strength. By the additibsteel fibres there is

up to 63% increase in the tensile strength of frexisnens. 1.25% content of steel fibres shows denable increase in

tensile strength compared to 0.75% and 1%.

Effect of steel fibres on the flexural strengthcoficrete after 28 days of curing is shown in Figure
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Figure 5: Effect of Steel Fibre on the Flexural Stength of Concrete
Figure 5: shows the effect of Silica fume and f§hand fibres on flexural strength of a high perfance fibre
reinforced concrete. The fibre content is indicadadX-axis and flexural strength is on Y-axis. Tlesult shows that the

flexural strength of concrete increases considgraifith an increase in fibre contents. A continuougease in strength is

observed up to a 1.25% of fibres content.
Stage 3:DURABILITY PROPERTIES
e Water Absorption

The concrete specimens (100 mm cubes) of diffaréxés were prepared. The percentage of water atisonf
the hardened concrete after 28 days of curing auntavarious percentages of hooked end steel dilare shown in

Figure 6.
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Figure 6: Water Absorption

The water absorption test result shows only a shgiiation among the three fibre contents. Peagmtwater
absorption was found to be lesser for 1% fibre eotivhen compared with 0.75% and 1.25% fibre cdaten

e Sulphate Attack

The concrete specimens of different fibre contemése prepared for the optimum mix. After 24 houns t
specimens were immersed in water containing 2.0&gn@sium sulphate for 90 days. Weight loss anaigtindloss were

obtained after 90 days and are shown in Figured7Fégure 8, respectively.

Impact Factor (JCC): 3.2318 NAAS Rating:06



Development of High Performance Fibre Reinforced Cacrete using Silica Fume and Fly Ash

86

84

~ =3 @
o0 =} [N
1 1 1

WEIGHT LOSS (%)

~
o
1

74+ L]

/

—=—Weight loss due
to sulphate attack

T
075

T
1.00

T
1.25

39

FIBRE CONTENT (%)

Figure 7: Weight Loss of Concrete Due to Sulphatetfack
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Figure 8: Strength Loss of Concrete Due to Sulphatattack

Figure 7 shows the average weight loss due to atdpdittack after 90 days. The average weight o&suind to
be in the range of 7-10 %. The average weightdiossto sulphate attack is more for 1.25% fibre eohtompared to the
other two fibre contents (0.75 % and 1 %). The agermweight loss is lesser for 0.75% fibre content.

Figure 8 shows the average percentages of stréogghdue to sulphate attack. The average strengthdue to
sulphate attack is found to be in the range ofa280 %. And it is found to be more for 1% fibre temt (29.45%) than the
other two. This is more than that of the sea wattack (23.51%) for the same mix. The average gtheloss due to
sulphate attack is lesser for 0.75% steel fibre&&8@%). This is because, the inclusion of steeleBbminimize the
interconnecting voids and bridge the cracks whedd$ to lesser penetration of sulphate ions intwrete. Steel fibers

could reduce the rate of propagation of cracksratatd the performance deterioration of the coecret

* Sea Water Attack

The concrete specimens of different fibre contemése prepared for the optimum mix. After 24 houns t
specimens were immersed in sea water for 90 dagghtVloss and strength loss were obtained afted®® and are

shown in Figure 9 and Figure 10, respectively.

Figure 9 shows the weight loss due to sea wataclatfter 90 days of immersion of specimens in\sater.
Weight loss is found to be in the range of 6 to .8T¥e average weight loss due to sea water attacioie for 1.25% fibre

content (7.861%) compared to the other two fibretents (0.75 % and 1 %). The average weight losstdisea water
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attack is lesser for 0.75% fibre content (6.129%).
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Figure 9: Weight Loss of Concrete Due to Sea Watdttack
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Figure 10: Strength Loss of Concrete Due to Sea WatAttack

Figure 10 shows the strength loss due to sea &tttk after immersion of specimens in sea wateBfodays.
The strength loss due to sea water attack is foorige in the range of 23 to 25 %. The maximum pesgge of strength
loss due to sea water attack is found to be 24 f(8%.75 % fibre content. This is comparativelyslésan sulphate attack
for the same mix of concrete. The average strelugth due to sea water attack is lesser for 1.2%%l §ibre content
(23.24%). This is because, magnesium and hydrogeimonate ions precipitate a layer of brucite, orictvia slower
deposition of calcium carbonate occurs. These fagemewhat protect the concrete from attack by esigm, chloride
andsulphate ions, etc.

CONCLUSIONS

An experimental study was done to develop highgverance fibre reinforced concrete by the partiplaeement
of cement using silica fume and fly ash and usieglsfibres. From the study it is clear that HPFR&S got superior

technical characteristics including strength angrimmed durability.

» Different percentages of silica fume and fly astreveonsidered to obtain the optimum quantity far tkesired
strength of 110 MPa. And it has been obtained éréimge of 8% Silica fume and 18% fly ash.

* By using the optimum quantity of silica fume angldish, HPFRC was developed using hooked end dbees fof
aspect ratio 60. Different mechanical and durabgioperties were determined for the same.

e By the addition of steel fibres there is up to 1#t¥%rease in the compressive strength of the spesmEhe

Impact Factor (JCC): 3.2318 NAAS Rating:06
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1.25% fibre content has given the maximum compvessirength out of the three fibre contents.

A considerable increase in Spilt tensile strengih to 63%) was observed for the HPFRC. 1.25% corstee!

fibres shows considerable increase in tensile gthen
The maximum value of flexural strength was obtaifeedL.25% fibre content..
Durability properties such as sulphate attack, malsorption and sea water attack were also tested.

The water absorption test result shows only a sligiiation among the specimens with three fibrateots.
Percentage water absorption was found to be Iéssé&s fibre content when compared with the othes fibre

contents.

The average weight loss due to sulphate attackoi® for 1.25% fibre content compared to the other fibre

contents. The average weight loss due to sea bk is more for 1.25% fibre content.
The average weight loss is lesser for 0.75% filrgent for both sulphate attack and sea waterlattac

The strength loss due to sulphate attack is foargktin the range of 26 to 30 %. And it is found&more for

1% fibre content than the other two. This is mb@ntthat of the sea water attack for the same mix.

The average strength loss due to sulphate attaldsser for 0.75% fibre content and the streng$is limr sea

water attack is lesser for 1.25% fibre content.

Durability properties such as strength loss dusulphate attack and sea water attack was founé tmdre for

1% and 0.75% fibre content, respectively.

Addition of fibers up to 1.25% gives best resuftall strength parameters compare to other fibreeras. While
0.75% fibre contents shows better durability préipsr
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