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ABSTRACT: Self-compacting concrete (SCC) is a modern way of generating concrete which flows and consolidates
under its own weight. SCC has many advantages over conventional concrete, it can be used in areas like congested
reinforcement, deep concrete placing, availability of less man power and better concrete quality. In SCC, a chemical
admixture superplasticizer is used which enhances its properties from conventional concrete. Fly ash is a by-product
that is produced at thermal power plants in very large amounts. Only a small amount of this is used in construction
materials like bricks, and remaining is left unused. This creates a lot of problem to dispose it in land and is hazardous to
environment. Iron powder is one of the by-products from steel industries which has several uses. So, utilization of
industrial by-products in concrete reduces its negative impact on environment. The objective of this study is to
investigate the properties of SCC which is produced by partially replacing cement with Fly ash and Iron powder with
different percentages of weight of cement in concrete. All the flow tests which are mentioned in EFNARC code would
be conducted on concrete mixes and also tests like compressive strength, split-tensile strength would be performed. By
investigating the results, the behaviour of concrete can be analysed. Finally, the optimum percentage of replacement of
fly ash and iron powder would be found out from the results.

KEYWORDS: Self-Compacting concrete (SCC), Superplasticizer,Fly ash, Iron powder, Compressive strength, Split-
Tensile strength.

L. INTRODUCTION

Concrete is very commonly used in construction field since many years. The development in concrete technology all
over the world is increasing day-to-day. One of the technologies is, “Self-Compacting Concrete”. Self-Compacting
Concrete (SCC) is a flow-able concrete, which flows under its own self-weight. A conventional concrete requires
vibration for compaction of concrete but, SCC does not require any external vibration. The self-compacting concrete is
suitable in areas where compaction of concrete is difficult and also in congested reinforcement. The properties of SCC
are enhanced by addition of mineral and chemical admixture. An SCC, must possess the following properties:

(i) Filling ability: the ability of concrete to fill all the corners of the formwork.

(i) Passing ability: the ability of concrete to pass the reinforcement.

(iii) Segregation resistance: the concrete should remain homogeneous before and after placing.

The present scenario in construction shows that there is an increase in construction of large and complex structures,
which often results in difficulty of concrete placing. Vibration of concrete in congested reinforcement is difficult, and
sometimes also results in segregation. The strength of concrete gets effected due to segregation. So, in order to
overcome this problem, the use of SCC is appropriate in such conditions. In countries like Japan, Britain and Sweden
the use of SCC is on large scale but in India, the use of SCC is very less.As per the guidelines provided by ‘EFNARC’
code for SCC mix design, the major difference between the SCC and normal concrete is the use of admixtures. Thus,
many studies have been conducted on use of mineral admixtures in SCC and their effects. The studies showed that use
of mineral admixtures increased the workability of SCC. Additionally, the mineral admixtures increased fineness of
concrete and decreased permeability of concrete. Industrial by-products such as Fly ash, Silica fume, Ground
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Granulated Blast-furnace Slag and Copper slag can be used as mineral admixtures in SCC. By use of these industrial
by-products concrete cost can be reduced and also environmental pollution can be reduced.

Fly ash is an industrial by-product, produced by the combustion of coal at thermal power plants. The increasing
scarcity of raw materials for cement and to decrease environmental pollution by industrial by-products, the use of fly
ash in concrete has been significant. Fly ash when used as admixture it improves workability and strength. Fly ash can
be either partially replaced with cement or can be added in addition to cement in concrete.

Iron is a natural mineral, which occurs in the earth’s crust. Generally, Iron has very high strength properties. In
construction of structures like buildings, bridges, dams iron is used as steel reinforcement. Iron powder is produced in
iron industries and it as several uses. In the present study the cement is partially replaced with iron powder.

II. LITERATURE REVIEW

Arulsivanantham [1] et al. (2017), has done a review paper on self-compacting concrete which is made using various
admixtures and fibres. This paper discusses about the mix design of SCC and the tests to be conducted on fresh
concrete, and their acceptance values. In this paper, the need for SCC and its importance is clearly explained. The
properties of SCC are also discussed.

S. Mahesh [2] (2014), has conducted a study by replacing cement with fly ash in SCC. In this it has been found that
workability of concrete increased with increase of superplasticizer. For 30% replacement of fly ash the properties of
fresh concrete were good when compared to other percentages. Viscosity modifying agent (VMA) also plays a
significant role in order to reduce segregation. The mechanical properties showed an increase in strength with fly ash in
SCC. The concrete was tested for durability and it was very high.

H. Shankar Sanni [3] et al. (2015), conducted a study on self-compacting concrete incorporating fly ash. In the study it
was found the use of fly ash increased the workability of concrete and also strength. The optimum percentage of fly ash
was found to be 30% of cement content. The flow characteristics have increased with fly ash. Mechanical properties of
concrete were found out and find to be increase with fly ash.

Purumani Supriya [4] (2016), has done a study on self-compacting concrete by using different mineral admixtures. The
mineral admixtures were Metakaolin, fly ash, Ground granulated blast furnace slag (GGBS) with different percentages.
From the study it was found that all the three can be used as admixture in SCC. It was found that 10-15% of metakaolin,
20-25% of fly ash and 30-35% of GGBS are optimum for replacement of cement. Finally, in the study it was found that
GGBS is better replacement than metakaolin and fly ash. The split tensile strength and flexural strength have also
increased. The powder content was chosen as per the guidelines provided in EFNARC code.

G. Sakthi Ganesh [5] (2017), have investigated the mechanical and durability properties of self-compacting concrete. In
his study he replaced cement with fly ash with different percentages. For 15% replacement the mechanical test results
obtained were satisfactory. Rapid chloride penetration test (RCPT) was carried out to determine workability of SCC.
For 15% replacement more chloride penetration was observed.

Satish Kumar [6] et al. (2017), carried out a study in order to study the effect of partial replacement of cement with
pozzolanic materials like silica fume and fly ash. The adopted water cement ratio is 0.36. Tests were conducted on
fresh concrete it was observed that addition of fly ash improved the workability whereas silica fume decreased
workability. The strength of concrete increased with increase in silica fume than fly ash. Finally, from the results it was
observed that 30% of fly ash along with 2% of silica fume produced high workability and strength.

P. Sachin Prabhu [7] et al. (2018), has a done a study on behaviour of Self-Compacting Concrete with Cement
replacement materials. In this study the cement was replaced with fly ash and wood ash with different percentages, it
was observed the workability increased gradually and then decreased. The optimum percentage was 10% for both fly
ash and wood ash in combination. The strength was increased by 10%.

S. Arun Chaitanya [8] et al. (2019), has done a review paper on self-compacting concrete using mineral admixtures.
The mineral admixtures used in the study were fly ash, and copper slag. In this paper tests on fresh concrete and
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mechanical properties were considered. From the results, it was observed that for 20-30% of fly ash replacement
workability of concrete increased and also strength of concrete. A maximum of 30% increase in strength of concrete
was observed. The copper slag was replaced with fine aggregate and the optimum percentage was observed at 40%.

III. MATERIALS AND THEIR PROPERTIES

3.1 Properties of Cement: A cement is a binder material, which is used in construction. Cement when mixed with
water gets hardened and bind the materials together. The major raw materials used for cement are lime (CaO), silica
(5102), alumina (Al1203) and gypsum. Various tests are performed on cement to determine its quality and strength. The
tests on cement are performed as per the guidelines provided in IS: 4031-1988.

Table 1 Physical properties of Cement

Physical Property Value
Fineness of cement 8%
Normal consistency of cement 30%
Initial setting time of cement 55 min
Final setting time of cement 320 min
Specific gravity of cement 3.04

3.2 Properties of Aggregate: The aggregate passing through 4.75 mm and retained on 0.075 mm sieve are known as
fine aggregate. Generally, river sand is used as fine aggregate in concrete. It helps in filing of voids in concrete. Sand
mainly constitutes silica and argillaceous or siliceous or calcareous materials. Natural sand is formed due to weathering
of rocks.The aggregate size which are above 4.75 mm are generally called as coarse aggregate. Generally crushed
stones are used as coarse aggregate in concrete. The size of aggregate varies depending on concrete grade and purpose.
Coarse aggregate have different shapes such as angular, rounded, flaky and elongated, of these angular shape have
great interlocking property. The coarse aggregate provides maximum strength to the concrete.

Table 2 Physical properties of Aggregate

Physical property Fine aggregate Coarse aggregate
Specific gravity 2.66 2.72
Water absorption 1% 0.81%

3.3 Properties of Fly ash & Iron powder:

Table 3 Physical properties of Fly ash & Iron powder

Physical property

Fly ash

Iron powder

Specific gravity

2.29

5.08

2,

Fig: 1 Fly ash

Fig: 2 Iron powder
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IV. EXPERIMENTAL METHODOLOGY

The present study has done in three stages. In stage-1 the mix design of M30 grade SCC is done based on trial-and-
error method. In stage-2 the cement is then replaced with fly ash to increase the workability of SCC and the optimum
percentage of replacement is found out. The replacement is done with 10%,20%,30% of cement content. Then in stage-
3 with optimum percentage of fly ash the cement is then partially replaced with iron powder and the effect is observed.
The replacement is done with 5%,10%,15% of cement content. For mix design of SCC there is no specific design
procedure, but some guidelines are provided in IS 10262 (2019) and also in EFNARC code. So, based on the guidelines
the mix design has been done.

Table 4 Quantity of Materials for 1m®

Mix | Cement Fine Coarse | Water | % of Fly % of 1 SP VMA
kg/m’ Agg. Agg. lit/m’ fly ash Iron kg/m® | lit/m’ | lit/m’
kg/m’ | kg/m’ ash | kg/m’ | Powder

1. 440 987.4 731 211.2 0 0 0 0 5.28 1.76
2. 396 987.4 731 211.2 10 44 0 0 5.28 1.76
3. 352 987.4 731 211.2 20 88 0 0 5.28 1.76
4. 308 987.4 731 211.2 30 132 0 0 5.28 1.76
5. 330 987.4 731 211.2 20 88 5 22 5.28 1.76
6. 308 987.4 731 211.2 20 88 10 44 5.28 1.76
7. 286 987.4 731 211.2 20 88 15 66 5.28 1.76

Many different test methods have been developed in order to determine the workability properties of SCC. As of
now no single method have universal approval and all of them have their limitations. Similarly, no single method
determines all the properties of workability. So, to determine the workability of SCC different tests need to be
performed on fresh concrete. The tests procedures which are mentioned in EFNARC code for SCC are considered to
determine workability. When considering these tests, one should remember it must satisfy three different properties
namely filling ability, passing ability and segregation resistance. The different tests performed need to satisfy the
acceptance value to in order to produce high workable SCC. The tests performed on hardened concrete are compressive
strength test and split tensile strength.

sl

Fig: 3 J-Ring Fig: 4 Slump Flow Flg 5 V-Funnel Fig: 6 L-Box

V. TEST RESULTS

The tests were performed on fresh concrete and hardened concrete and it is important to analysis the results. The
analysis of results provides a clear information about the behaviour of concrete under different condition. In the
analysis of results the results obtained are compared with one other to determine its behaviour. The results can be easily
analysed with the help of graphs.
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5.1 Slump Flow Test:

Slump Flow Test
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Chart 1: Variation of Slump Flow Test

5.2 J-Ring Test:

J-Ring Test
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Chart 2: Variation of J-Ring Test

5.3 V-Funnel Test:

V-Funnel Test
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Chart 3: Variation of V-Funnel Test
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5.4 V-Funnel at Ts,;,:

V-Funnel T, Test
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Chart 4: Variation of V-Funnel at Ts,;, Test

5.5 L-Box Test:

L-Box Test
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Chart 5: Variation of L-Box Test

5.6 Weight of Concrete Cubes:

Weight of Cubes
9.5

8.5

8
.
Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6 Mix 7
Different mixes

(kgs)

Chart 6: Variation of Weight of Concrete Cubes
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5.7 Compression Test:
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Chart 7: Variation of Compressive strength of Concrete

5.8 Split-Tensile Test:

Split Tensile Test 28 days
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Different mixes

Split tensile strength N/mm?

Chart 7: Variation of Split-Tensile strength of Concrete

VI. CONCLUSION

By the investigation on SCC with partial replacements of fly ash and iron powder,the following conclusion has been

made

(i)  The normal mix concrete satisfies all the requirements of an SCC. But to improve workability of SCC more
cement was replaced with fly ash.

(i)  When filling ability of SCC is considered the mix with 20% replacement of fly ash obtained high flow and 9%
increase in flow was observed. It shows that finer the particle size in concrete more the flow value.

(iii) The passing ability of SCC through reinforcement was high for 20% fly ash replacement and also low
segregation.

(iv)  Anincrease of 63% in passing ability and 56% of reduction in segregation was observed.

(v) By considering the tests on fresh concrete it was observed that 20% fly ash replacement was optimum.

(vi) For the concrete mix with 5% iron powder and 20% fly ash replacement, the flow, segregation of SCC was
within the acceptance value. But for 10%, 15% iron powder the flow of SCC decreased and failed the acceptance
criteria. The failure of mix may be due to high density of iron powder.
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By measuring the weight of concrete cubes, it was observed that self-weight of concrete slightly decreased with
fly ash replacement, and the weight increased when iron powder is replaced.

When compressive strength and split tensile strength of different mixes were compared it was observed that by
iron powder replacement the strength increased gradually and decreased. As iron has high strength properties the
strength of concrete increased. A maximum of 21% and 30% increase in compressive strength and split tensile
strength was observed.

Thus, fly ash can be used as a mineral admixture in SCC to improve its work ability. It was also observed that fly
ash not only increases workability of SCC but also increases its strength.

Iron powder can be used as partial replacement of cement to increase its strength, but only in less amount as it
decreases the flow of SCC. The optimum percentage is 5%.

By cost analysis of concrete, it was found that with utilization of fly ash and iron powder decreased the rate of
concrete. So, an economical SCC mix can be produced.

REFERENCES

Arulsivanantham, Gokulan, 2017, “A Review on Self-Compacting Concrete” International Journal of ChemTech
Research (IICRRGG), ISSN: 0974-4290, ISSN (online): 2455-9555 vol.10 no.11, pp62-68.

S. Mahesh, August 2014, “Self-Compacting Concrete And Its Properties” Int. Journal of Engineering Research and
Applications www.ijera.com ISSN: 2248-9622, Vol. Issue 8 (Version 7), pp.72-80 www.ijera.com 72 | page.

Shankar H. Sanni, R. B. Khadiranaikar, 2015, “Performance of Self-Compacting Concrete Incorporating Fly ash”
IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE) e-ISSN: 2278-1684, p-ISSN:2320-334X, PP 33-37
www.iosrjournals.org National Conference on Advances in Engineering, Technology & Management 33 | page
(AETM’15).

Purumani Supriya, February 2016, “Experimental Investigation of M40 Grade on Self Compacting Concrete Using
Mineral Admixtures” International Journal of Advanced Research Foundation, website: www.ijarf.com , volume 3,
Issue 2.

Sakthi Ganesh G, June 2017, “Mechanical and Durability Properties of Self Compacting Concrete” International
Journal of Engineering Trends and Technology (IJETT) — Volume 48 number 4, ISSN: 2231-5381
www.ijettjournal.org Page 193.

Kumar Satish, Sanjay Kumar, Baboo Rai, July 2017, “Self Compacting Concrete using Fly Ash and Silica Fumes as
Pozzolanic Material” Journal of Engineering Technology (ISSN: 0747-9964) Volume 6, Issue 2, PP.394-407.

P. Sachin Prabhu, Ha. Nishaant, T. Anand, December 2018, “Behaviour of Self-Compacting Concrete with Cement
Replacement Materials” International Journal of Innovative Technology and Exploring Engineering(IJITEE), ISSN:
2278-3075, Volume-8, Issue-2S, www.ijitee.org

S. Arunchaitanya, E. Arunkanthi, January 2019, “usage of Mineral Admixtures in Self Compacting Concrete- A
Review” International Journal of Innovative and Exploring Engineering (IJITEE) ISSN: 2278-3075, Volume-8 Issue-3,
Published by Blue Eyes Intelligence Engineering & Sciences Publication Retrieval Number: C2576018319.

Subhan Ahmad, Arshad Umar, Amjad Masood, 2017, Properties of Normal Concrete, Self-Compacting Concrete and
Glass Fibre-reinforced Self-Compacting Concrete: An Experimental Study”, 11" International Symposium on
Plasticity and Impact of Mechanics, Implast 2016, Procedia Engineering 173 (2017) 807-813 www.elsevier.com
ShehdehGhannam, HusamNajm, Rosa Vasconez, 2016, “Experimental study of concrete made with Granite and Iron
powder as partial replacement of sand” Sustainable Materials and Technologies 9 (1-9),
www.elsevier.com/locate/susmat

Anwar Ahmad, Adesh Tripathi, May 2017, “To Study the Concrete Behaviour by Partial Replacement of Cement with
Iron Dust and Addition of Steel Fibre” International Journal of Innovative Research in Sciences, Engineering and
Technology, ISSN(online): 2319-8753, ISSN(Print): 2347-6710, vol.6, Issue 5, www.ijirset.com

Krikar M. Gharrib Noori, Hawkar Ibrahim, 2018, “Mechanical Properties of Concrete Using Iron Waste as a Partial
Replacement of Sand” 4" International Engineering Conference on Developments in Civil & Computer Engineering
Applications, ISSN: 2409-6997.

Bassam Tayeh, Doha M Al Saffar, 2018, “Utilization of waste Iron Powder as Fine Aggregate in Cement Mortar”
Journal of Engineering Research and Technology, SP-22 EP-27, Vol-5.

IS 10262: 2019, “Indian Standard Concrete Mix Proportioning — Guidelines (Second Revision).

EFNARC: 2002, Specification and Guidelines for Self-Compacting concrete.

EFNARC: 2006, Guidelines for Viscosity Modifying Admixtures for Concrete.

IS 456: 2000, Code of Practice for Plain and Reinforced concrete.

IJIRSET © 2021 | AnISO 9001:2008 Certified Journal | 982


http://www.ijirset.com/
http://www.ijera.com/
http://www.iosrjournals.org/
http://www.ijarf.com/
http://www.ijettjournal.org/
http://www.ijitee.org/
http://www.elsevier.com/
http://www.elsevier.com/locate/susmat
http://www.ijirset.com/

INTERNATIONAL

: STANDARD
v (@) srace B
SJIF Scientific Journal lmpact Factor ' \ NUMBER

INDMA

Impact Factor:
1.512

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

[ 9940 572 462 [@ 6381907 438 (3 ijirset@gmail.com |

www.ijirset.com



