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Abstract—Self compacting concrete (SCC) is generally defined as the concrete that does not
need Compaction. The use of SCC in actual construction is giving importance because of
various advantages .The use of S.C.C is becoming popular in India and it is being put to use
in major construction projects. The present article attempts to review and summarize the
research work that has been carried out in the area of SCC. After discussing the back
ground, the recent research investigations that have been carried out on SCC by
Dr.B.L.P.Swami, Dr.B.Dean Kumar and S.Vijaya Kumar are discussed in details and the
conclusions are drawn.

Index Terms— SCC, Flowability, Workability ,Viscosity, Triple blending , Fibers
,CompressionFlexure.

|. INTRODUCTION

A. Development of Self Compacting concrete

Development of Self Compacting concrete(SCC) is a desirable achievement in the construction industry in
order to overcome problems associated with cast in place concrete .SCC is innovative to flow under its own
weight completely filling the voids in the form work and achieving full compaction even in the presence of
congested reinforcement. The hardened concrete is dense, homogeneous and has the same engineering
properties and durability as a traditional vibrated concrete.

B. Production of SCC

S.C.C consists of same ingredients as conventional concrete which are ordinary Portland cement (OPC),
aggregates and water. Mineral and chemical admixtures are added to obtain the required flow properties of
S.C.C. Usually , the chemical admixtures which are added consist of high range water reducers (Super
plasticizers) and viscosity modifying agents which change the rheological properties of concrete S.C.C mixes
are designed and tested for flow properties before use.

C. Advantages of S.C.C
S.C.C has become an advanced construction material S.C.C does not require vibration to attain full
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compaction resulting in reduction of site man power, better surface finishes, easier placing, high strength,
better durability and lower overall costs etc. S.C.C is better suited than conventional concrete for almost all
the structural applications like bridges, box culverts, buildings, tunnel linings, dams, diaphragm walls,
structural joints etc.

1I. REVIEW OF EARLIER WORK ON S.C.C

S.C.C, right form its innovation has under gone various improvements to suit the various needs. Several
researchers worked on S.C.C and brought it to the modern stage. Further work is still being carried out on
S.C.C to make it into a most useful construction material and versatile. The following gives the details of
developments which have taken place on S.C.C in various stages.

A. Early innovative work on S.C.C

Okamura, H.Y, Ouchi, M.I (34) did the pioneering work in Japan towards the end of 20" century in the
development and the practical uses of S.C.C .This work was mainly carried out to over come the problems of
concrete workers and labour Ouchi , M. and M.Hibino (35) carried out investigations on the production and
applications of S.C.C. Earlier Ozawa,K(36) worked on durability aspects of high performance concrete
(HPC). Gomes, P.C.C et al (17)have conducted experimental work for optimizing the high strength S.C.C .
The authors suggested to use 12mm aggregate size, with condensed silica fume (CSF) at 10% and the water
to cement ratio of 0.4. Khayat, K.H et al (27) studied the workability, listing and performance of S.C.C. Nan
Su Kung et al (31) had suggested a simple mix design procedure for S.C.C The European project group
(EFNRC, 2002)gave the specifications and guidelines for S.C.C. The methods for testing the workability of
S.C.C and the principles of mix design were suggested. Peterson, O et al(37)studied the workability of S.C.C
and suggested a model for the production of S.C.C. Jagadish, v et al (24) studied the proportioning of S.C.C
mixtures. Khatri,R.P et al (28) studied the effect of different supplementary materials on the mechanical
proportions of S.C.C with normal concrete. Domone, P.1(12) reviewed the mechanical properties of hardened
S.C.C. Buia,V.K et al (9)gave report listing methods for studying the segregation resistance of S.C.C.

The A.C.I publication 544(1) gives the state of the art report on fiber reinforced concrete (FRC). Narayanan
et al (32) studied the various factors which influence the workability of FRC. Heurikstrnag et al (18) gave
classification of fiber reinforced cementitious materials for structural applications. Majumdar et al (29) gave
the details of glass fiber reinforced cement in their publication. A.Sivakumar and Manu Santhanam (40) gave
the Mechanical properties of FRC reinforced with metallic and non- metallic fibers . khatri, R.P et al (28 )
studied the effects of different supplementary cementitious materials on mechanical properties of HPC.
Sravama, P, Srinivasa Rao, P and Seshadrisekhar (41 ) reported the results of glass fiber reinforced S.C.C
slabs under flexure. Christina Frazero et al(11) studied the durability of steel fiber reinforced S.C.C with
ordinary FRC .Melgorzata pajak et al (30) used hybrid steel fibers in S.C.C tested under flexure and reported
the results . Dr Mrs S.A. Bhalchandra et al (7) studied the performance of steel fiber reinforced S.C.C.
Athiyamaan, V et al (5) gave a state of the art report containing the statistical detailed analysis of fiber
reinforced self compacting concrete . The effect of silica fume on the proportion of steel fiber reinforced
S.C.C was studied by Ahmed Fathi Mohamed et al (4) .Satheskumar , K (39) et al compared steel and basalt
fibers used in S.C.C.

I1l. RECENT INVESTIGATIONS ON FIBROUS SCC

A. Triple blended SCC with steel fibers

! Vijaya Kumar, S, ? Swami, B.L.P et al(43) conducted experiments in the concrete laboratory (Vasavi
college of Engineering ) on triple blending by replacing OPC with 15%fly ash and 10% condensed silica
fume . Two S.C.C mixes of grades M5 and Mz, were designed. Short steel fibers with three aspect ratios (15,
20and 25) were used at three percentages (0.5, 0.75and 1.0). In total trial 11 combinations including two
basic combinations were trail in designed concrete mixes Mysand Mso. The mixes were tested for workability
with the usual chemical admixtures ( Superplasticizer and VMA). The various flow properties were found to
satisfy the EFNARC specifications. Specimens were cast and tested at the age of 28 days for compression ,
split tension and flexure . The results presented in tables 1 and 2 and figures 1 and 2 may be referred from
paper 43.

The authors concluded that up to certain maximum percentage fibers are contributing to strength. The triple
blending is advantageous with the presence of fibers the cracking and ductility characteristics of S.C.C are
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improved . The authors continued the investigations with Metakaoline (metacem) instead of CSF and gave
the results (44).The authors suggested an optimum percentage of 0.4 percent of steel fibers with an aspect
ratio of 25 to give better results. Triple blended S.C.C of Ms, grade using 20% fly ash and 10% Metakaoline
was used as replacement to OPC to give optimum results. It was also concluded that CSF or Metakaoline are
giving similar results.

B. Investigations on the influence of fiber percentage and aspect ratio on the elastic properties of fibrous
SccC

Vijaya Kumar and Swami .B.L.P et al conducted studies on the elastic properties of fibers S.C.C (45) Four
fiber percentages were tried at 0.1,0.2,0.3 and 0.4 .The aspect ratios of 10,20 and 30 Equivalent SCC mix of
My grade was used 10% CSF with 20% fly ash was used as replacement to OPC in triple blending .After
satisfying the workability criteria ,tests were conducted for Compressive strength , Young’s modulus and
poissons ratio .

The authors recommended optimum values of 0.4% steel fiber with aspect ratio of 20 to give the highest
Young’s modulus and lowest poissons ratio. The results presented in table 3 and figures 3 and 4 may be
referred from paper 45.

C. Work carried out on mixed fibrous SCC

Vijaya Kumar and B.L.P. Swami et al (48) conducted experimental investigations on SCC reinforced with
mixed fibers (steel and polypropylene). Steel and polypropylene were used at different percentages in a given
total fiber percentages which is varied as 0.05,0.10,0.15 and 0.20 My, grade equivalent S.C.C with triple
blending (20%fly ash +10% CSF ) was used. Tests for mechanical properties were conducted after satisfying
the workability requirements. From the results (Table.3), the authors concluded that highest strengths are
recorded with 0.2% steel fibers at an aspect ratio of 15. Non metallic fibers contributed towards better
ductility and resistance to cracking. In an earlier investigation the authors used glass fiber instead of
polypropylene in the mixed fibers . The results are similar to the above.

D. Acid Resistance studies on triple blended fibrous S.C.C

Vijaya Kumar.S and Swami.B.L.P et al (49) studied the acid resistance characteristics of triple blended
fibrous S.C.C. Fibrous triple blended S.C.C of Ms, equivalent grade specimens were cast . Fly ash and CSF
were used at20% and 10% replacement of OPC respectively in the mix . Steel fibers of constant aspect ratio
of 20 were used at four percentages of 0.1,0.2,0.3 and 0.4 . After satisfying the workability requirements,
specimens were cast and cured for 28 days . The specimens were immersed in 5% HCL and H,SO, solutions
and were tested at exposed periods of 0,7,14,21 and 28 days . Tests were conducted for weight loss and
compressive strength at various exposure periods and the results were discussed.

The authors concluded that triple blending helps to reduce the weight loss when exposed to acid , steel fibers
reduce the loss of weight considerably when exposed to acids .Py value increases in the case of triple
blending. Fibers are making the Py value higher. The results presented under 3.3 and 3.4 may be referred
from paper 48 and 49.

E. Permeability and impact properties of fibrous SCC with mineral admixture.

Specimens of equivalent triple blended fibrous S.C.C were cast after workability tests, cured for 28 days and
tested for permeability and impact properties. The percentages of steel fibers tried were 0.1,0.2,0.3 and 0.4.
The aspect ratios of the fibers were also varied 10, 15, 20 and 25.The impact test was conducted by drop
hammer as per ACI 544 2R. Impact test was conducted after 28 days curing by applying specified number of
blows like ,0, 50,100,150 and 200. After impact each set was tested for compressive strength. For
permeability, RCPT tests were conducted on cylindrical specimens (150 mm diameter and 50mm height each
) and the charge was measured to indicate the permeability by the authors(50).

The authors concluded that in the case of triple blended fibrous S.C.C the properties like flow of concrete,
impact strength and impermeability were improved considerably compared to plain S.C.C. Fibrous S.C.C
with steel fibers at 0.4% with an aspect ratio of 25 has recorded not only the optimum impact strength but
also less permeability. Triple blending helped in reducing permeability. The results presented under 3.5 may
be referred to paper 50.

IV. OVERALL COMMENTS

On the basis of the overall review conducted the following comments are made broadly.
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1. Triple blending of S.C.C with mineral admixtures contributes towards better flow, higher strength,
economy and better durability.

2. Short discrete steel fibers at lower percentages and aspect ratios help in better strength. Crack resistance,
durability and better impermeability as well as acid resistance.

3. Mixed fibers help in ductility and prevention of micro cracks.

ACKNOWLEDGEMENTS

The authors acknowledge with gratitude for the help and encouragement given to them by the authorities of
Methodist college of Engineering and Technology, Vasavi college of Engineering, Hyderabad.

REFERENCES

[1] ACI 544, IR, state -of-the -art report on fibre reinforced concrete , Farmington Hills, Michigan: American concrete
institute, 1996.

[2] American concrete institute , ACI International symposium : fiber reinforced concrete ,Detroit :ACI 1985 (ACIU
SCM -10) .

[3] ACI 544,1R-96, —State of the art report on fibre reinforced concrete, Fragmentation Hillsl,Michigan:American
concrete institute,1996.

[4] Ahmed Faith Mohamed, Nasir Shfig, M.F. Nuruddin, Ali Elheber, “Effect of Silica Fume on the Properties of Steel-
Fiber Reinforced Self-compacting Concrete, International Journal of Civil and Environmental Engineering, Vol:7,
No:10, 2013

[5] Athiyamaan, V and G Mohan Ganesh, “ Statistical and Detailed Analysis on Fiber Reinforced Self-Compacting
Concrete Containing Admixtures- A State of Art of Review”, IOP Conf. series, Material Science and Engineering
263-2017.

[6] Bentur, A. and Mindess, S. Fibre reinforced cementitious composites, London: Elsevier, 1990.

[7] Dr. Mrs. S.A Bhalchandra, Pawase Amit Bajirao, “ Performance of Steel Fiber Reinforced Self Compacting
Concrete”, International Journal of Computational Engineering Research, Vol-2, Issue 4, August 2012.

[8] BreinPamlson, Sanitary General, EFNARC. Specifications and Guidelines for Self-Consolidating Concrete”,
February 2002.

[9] Buia, V.K., Montgomeryb, D., Hinczak, I. and Turner, K. “ Rapid testing method for segregation resistance
of self- compacting concrete,” Cement and Concrete Research, Vol.32, 2002, pp 1489-1496.

[10] Bui, Van K. And Attiogbe, Emmanuel. Degussa Admixtures, Inc., Seminar at UM on October 27, 2005.

[11] Cristina Frazao, Aires Camoes, Joaquim Barros and Delfina Gonclaves, “ Durability of Steel Fiber Reinforced Self-
Compacting Concrete”, 5™ |nternational Conference on the Concrete Future, 26-29, May 2013.

[12] Domone, P.L. “A review of the hardened mechanical properties of self-compacting concrete,” Cement And
Concrete Composites, 29,2007,1-1

[13] EFNARC , “Specifications and Guidelines for Self — Consolidating Concrete” , February 2002.

[14] European Project Group, Specifications and guidelines for self compacting concrete, United Kingdom,
EFNARC,2002..

[15] Ganeshan N et al -2005 , “ Fiber- Reinforced Cements and concrete “, Gordon and Breach Science Publishers ,
Amsterdam.

[16] Gibbs JC,Zhu W. “Strength of hardened self-compacting concrete”. In the 1st International RILEM
Symposium on Self compacting concrete,1999. Skarendahl.A. Petersson.O., editors, RILEM Publications
S.AR.L., pp 199-209.

[17] Gomes.P.C.C , Ravindragettu et al., —Experimental optimization of High Strength Self Compacting
Concretel,proceedings of the second conference on self -compacting concrete, Tokyo, October 2001.

[18] HeurikStrnag, Victor C Li 2004. Classification of Fiber Reinforced Cementitious Materials for Structural
Application 6™"Rilem symposium on FRC, 20-22 Sep. Varenna, Italy ,pp 197-218.

[19] IS 10262:2009, Concrete mix proportioning

[20] IS 516:1959, Methods of test for strength of concrete

[21] IS 516:1959 — Method of tests for strength of concrete.

[22] 1S-456- 2000: Plain and Reinforced Concrete Indian Standard Specification.

[23] IS 10262:2009-Concrete mix proportioning-guidelines bureau of Indian standards, New Delhi

[24] Jagadish Vengala and R.V Ranganath. — Mixture Proportioning procedure for Self-Compacting Concrete, The
Indian Concrete Journal ,August 2004, pp13-21

[25] Johnson, C.D., “Fiber — Reinforced Cements and Concrete”, Gordon and Breach Science Publishers, Amsterdam,
2001.

[26] Johnston, C.D.,” Fiber- Reinforced Cements and Concrete”, Gordon and Breach Science Publishers, Amsterdam,
2001

306



[27] Khayat .K.H. Workability , Testing and Performances of Self — Consolidating Concrete,American Concrete Institute-
ACI Journal ,96,(2004),346-354

[28] Khatri,R.P. and Sirivivatnanon, V. “Effect of different supplementary cementitious materials on mechanical
properties of high performance concrete,” Cement and Concrete Research,25,1,1995,209-220.

[29] Majumdar A J., Laws V. 1991. Building Research Establishment book on Glass fiber reinforced cement 2™ ed.
Oxford; Boston: BSP Professional.

[30] Malgorzata Pajak, Tomasz Ponikiewski, “ Experimental investigation on hybrid steel fibers reinforced self-
compacting concrete under flexure”, International Conference on Analytical Models and New Concepts in Concrete
and Masonry Structures AMCM-2017 (ELSEVIER), Procedia Engineering 193 (2017), 218-225.

[31] Nan Su, Kung-Chung Hsub and His-Wen Chai,l A simple mix design for self- compacting concretel. Cement and
Concrete Research, 2001, Vol 31.

[32] Narayanan, R., Kareem — Planjian, A.S., “Factors influencing the workability of steel — fibre reinforced concrete “,
Part 1: Vol.16, 10, 1982 .pp.45-48. Part2: Vol.17. No .2 1982. Pp.43-44

[33] Neville, A.M., “’Properties of concrete’’, Third Edition, Longman Scientific and Technical, UK (1993).

[34] Okamura , H.,Y Ouchi, M., “Self compacting concrete development , present use and future “, 1% International
RILEM Symposia on Self Compacting Concrete, Edited by A.Skarendahi, O.Petersson, Editorial RILEM
publications S.A.R.L., Cachan, Francia,1999.

[35] Ouchi, M and M.Hibino , “Development , Applications and Investigations of Self Compacting Concrete “,
International Workshop, Kochi, Japan(2000).

[36] Ozawa,K., —Development of high performances concrete based on durability design of concrete
structuresl, EASEC-2(East Asia-Pacific Conference on structural engineering and construction), Vol.1

[37] Petersson .0O.,Biliberg. P.Y van , B.K ., “Amodel for self —compacting concrete , production nMethods and
Workability of Concrete”, Edited by P.J.M.Bartos .D.l., Marrs y D.J. Cleand. Editorial :E&FN Spon Londres.1996.

[38] Persson, B, A comparison between mechanical properties of self compacting concrete and the
corresponding properties of normal concrete “Cement and Concrete Research,31,2001,PP 193-198.

[39] Satheskumar K, Karthik P, Vijayan V, Santhanantham T and Janavi V, “Comparative Study on Self Compacting
Concrete using Steel Fibre and Basalt Fibre”, International Journal of Current Innovation Research, Vol-2, Issue 05,
PP 375-379, May 2016.

[40] Sivakumar, A, Manu Santhanam, “Mechanical properties of high strength concrete reinforced with metallic and non-
metallic fibres”. Cement and Concrete Composites, 29, 2007, PP-60.

[41] Sravana P, Srinivasa Rao P, Seshadri Sekhar T, “Flexural Behaviour of Glass Fibre Reinforced Self Compacting
Concrete Slabs”, 35" Conference on OUR WORLD IN CONCRETE AND STRUCTURAL, 25-27 August 2010.
Singapore Concrete Institute. 2010

[42] Dr. Urooj Masood, S.Vijaya Kumar and B.L.P, Swami, “Mixed Fibre Reinforced Concrete- Study of Strength and
Behavior”, Proc. of First International Conference on Recent Innovations in Engineering and Technology
(ICRIEAT-2016) Aurora Scientific Technological and Research Academy, Hyderabad-500005, 22-23 December
2016

[43] S.Vijaya Kumar, M.Jaganaiah, P.Sravana and B.L.P, Swami, “ Fibre Reinforced self compacting concrete
admixtured with fly ash and silica fume”, Proc. of the National Conference on Advances in Civil Engineering and
Infrastructure Development (ACEID-2014), Vasavi College of Engineering, Hyderabad, A.P, 6-7 February, 2014,
PP 71-75

[44] S.Vijaya Kumar, B.Dean Kumar and B.L.P, Swami, “Influence of Fibre on to Strength Properties of Triple Blended
Self Compacting Concrete”, International Journal of Emerging Technology and Advanced Engineering (IJETAE),
V-7, Special Issue 2, Dec-2017.

[45] S.Vijaya Kumar, B.Dean Kumar and B.L.P Swami, “Influence of Fibre Percentage and Aspect Ratio on the Elastic
properties of Fibrous S.C.C”, National Conference of Sustainable Materials and Management Systems, CBIT,
Hyderabad, 16-17 December- 2016.

[46] S.Vijaya Kumar and B.L.P, Swami, “Strength and Elastic Properties of Fibrous Self Compacting Concrete”,
International Conference on Innovations in Structural Engineering, Osmania University College of Engineering, 28-
29, December-2015.

[47] S.Vijaya Kumar, B.Dean Kumar and B.L.P, Swami, “Study on to Structural Properties of Mixed Fibrous Self
Compacting Concrete with Mineral Admixtures”, International Journal of Latest Research in Engineering and
Technology (IJLRET), V-02, Issue-05, May-2016, PP 21-27.

[48] S.Vijaya Kumar, B.Dean Kumar and B.L.P, Swami, “Effect of Mixed Fibrous (Steel and Polypropylene) on Strength
Properties of Fibrous Self Compacting Concrete” International research Journal of Engineering and Technology
(IRJET), Vol-03, Issue 02, Feb-2016.

[49] S.Vijaya Kumar, B.Dean Kumar and B.L.P, Swami, “ Acid Resistance Studies on Triple Blended Fibrous Self
Compacting Concrete”, International Journal of Emerging Technology and Advance Engineering (IJETAE),
Volume 7, Special Issue 2, Dec-2017.

[50] S.Vijaya Kumar, B.Dean Kumar and B.L.P, Swami, “ Permeability and Impact Properties of S.C.C with Mineral
Admixtures and Steel Fiber”, International Conference Hosted by MGIT, Hyderabad, Published in the Journal of
Emerging Technology Innovative Research (JETIR), Volume 5, Issue 2, Feb-2018.

307



