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Abstract: 

To ensure adequate compaction and facilitate placement of concrete in structures with congested reinforcement and in restricted areas, 

the major work involves designing an appropriate mix proportion and evaluating the properties of the concrete thus obtained. In 

practice, Self-Compacting concrete (SCC) in its fresh state shows high fluidity, self-compacting ability and segregation resistance, all 

of which contribute to reducing the risk of honeycombing of concrete. With these good properties, the SCC produced can greatly 
improve the reliability and durability of the reinforced concrete structures. Self-compact-ability can be largely affected by the 

characteristics of materials and the mix-proportion. Initially a simple mix design was followed and modifications were made 

accordingly while arriving at trial mixes to get an optimized mix which satisfies both fresh, hardened properties and economy. In the 

present work a wide range of SCC M60 mix were developed using fly ash based Portland Pozzolona Cement.The experimental 

program can be identified in two stages, first, to develop SCC mixes for M60 grade which satisfy specifications given by EFNARC to 

qualify SCC and developing a simple mix design for producing SCC with OPC and the shear failure comparisonof normal SCC 

andSpecial fibre reinforced concrete(SFRC).  

 

Keywords: High-strength concrete (HSC),High range water-reducing admixture (HRWR),Self-Compacting concrete (SCC), special 

fibre reinforced concrete (SFRC), special fibre reinforced Self-Compacting concrete (SFRSCC), Viscosity-modifying admixture 

(VMA). 

 

Introduction 

1.1 General: 

Self-compacting concrete is a concrete which can be placed and 

compacted under its own weight with little or no vibration effort, 

while being cohesive enough to be handled without segregation 

or bleeding at the same time. SCC is the modified concrete with 

the use of chemical and mineral admixtures in the concrete. It is 

designed generally with high content of powder/fine material. To 

facilitate flow and penetration through congested reinforcement 

zones, it is desirable to avoid 20mm aggregate. If more coarse 

aggregate is used, flow rate will be diminished due to frictional 
loss and stresses. [1] 

Self-Compacting concrete(SCC) was introduced in Japan in the 

late 1980’s in order to overcometo facilitate and ensure proper 

filling and good structural performance in restricted areas and 

heavily reinforced structural members viz, seismic resistant 

structures etc. SCC meanwhile is spread all over the world with a 

steadily increasing number of applications. The use of SCC 

offers many benefits to the construction practice, the elimination 

of the compaction work results in reduced costs of placement, 

shortening of the construction time and therefore improved 

productivity. Since then several attempts have been made to 
study the properties of SCC. Fibre reinforcement can extend the 

technical benefits of SCC by also providing crack bridging 

ability, higher toughness and long-term durability. The use of 

steel and synthetic fibres however is known to alter the flow 

properties of fresh concrete. To maintain self-compacting ability, 

the fibre length and total volume must be controlled, which can 

restrict the gain in toughness imparted by fibres. Thus fibres 

intended for use in SCC need to be carefullyoptimized.  

 

1.2 Background of Self-Compacting Concrete: 
Self-compacting concrete (SCC) represents one of the most 

significant advances in concrete technology for decades. 

Inadequate homogeneity of the cast concrete due to poor 

compaction or segregation may drastically lower the 

performance of mature concrete in-situ. SCC has been developed 

to ensure adequate compaction and facilitate placement of 
concrete in structures with congested reinforcement and in 

restricted areas. 

SCC was developed first in Japan in the late 1980s to be mainly 

used for highly congested reinforced structures in seismic 

regions. As the durability of concrete structures became an 

important issue in Japan, an adequate compaction by skilled 

labours was required to obtain durable concrete structures. This 

requirement lead to the development of SCC and its development 

was first reported in 1989 (Okamura and Ouchi). SCC can be 

described as a high performance material which flows under its 

own weight without requiring vibrators to achieve consolidation 
by complete filling of formworks even when access is hindered 

by narrow gaps between reinforcement bars. 

SCC can also be used in situations where it is difficult or 

impossible to use mechanical compaction for fresh concrete, 

such as underwater concreting, cast in-situ pile foundations, 
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machine bases and columns or walls with congested 
reinforcement. The high flow ability of SCC makes it possible to 

fill the formwork without vibration. Since its inception, it has 

been widely used in large construction in Japan. 

The method for achieving self-compact ability involves not only 

high deformability of paste or mortar, but also resistance to 

segregation between coarse aggregate and mortar when the 

concrete flows through the confined zone of reinforcing bars. 

Homogeneity of SCC is its ability to remain un-segregated 

during transport and placing. High flow ability and high 

segregation resistance of SCC are obtained by, 

 A larger quantity of fine particles, i.e., a limited coarse 
aggregate content. 

 A low water/powder ratio, (powder is defined as cement 

plus the filler such as fly ash, Silica fume etc.)  and 

 The use of super plasticizer and VMA. 

Because of the addition of a high quantity of fine particles, the 

internal material structure of SCC shows some resemblance with 

high performance concrete having self-compact ability in fresh 

stage, no initial defects in early stage and protection against 

external factors after hardening. Due to the lower content of 

coarse aggregate, however, there is some concern that:SCC may 

have a lower modulus of elasticity, which may affect 
deformation characteristics of pre-stressed concrete members 

andCreep and shrinkage will be higher, affecting pre-stresses loss 

and long-term deflection.  Self-compacting concrete can be 

produced using standard cements and additives. It consists 

mainly of cement, fine and coarse aggregates, and a filler, such 

as fly ash, water, super plasticizer and stabilizer. 

1.3 Basic Principles and Requirements of SCC: 

With regard to its composition, SCC consists of the same 

components as conventionally vibrated normal concrete, which 

are cement, aggregates, water, additives and admixtures. 

However, high volume of super plasticizer for reduction of the 

liquid limit and for better workability, the high powder content as 
“lubricant” for the coarse aggregates, as well as the use of 

viscosity-agents to increase the viscosity of the concrete have to 

be taken into account  have employed the following methods to 

achieve self-compact-ability of SCC. 

 Limited aggregate content (coarse aggregate 50% of the 

concrete volume and sand 

 40% of the mortar volume 

 Low water/powder ratio and 

 Use of higher dosage of super-plasticizer 

 
Fig No. 1. Basic Principles for the Production of SCC 

A concrete mix can only be classified as SCC if the requirements 

for all the 

Following three workability properties are fulfilled (EFNARC, 

2002):[7] 

 Filling ability, 

 Passing ability and 

 Segregation resistance. 

Filling ability: It is the ability of SCC to flow into all spaces 
within the formwork under its own weight. Tests, such as slump 

flow, V-funnel etc. are used to determine the filling ability of 

fresh concrete. 

Passing ability: It is the ability of SCC to flow through tight 

openings, such as spaces between steel reinforcing bars, under its 

own weight. Passing ability can be determined by using U-box, 

L-box, Fill-box, and J-ring test methods. 

Segregation resistance: The SCC must meet the filling ability 

and passing ability with uniform composition throughout the 

process of transport and placing. [2] 

1.4 Mechanism for achieving SCC: 
The method for achieving self-compacting concrete involves not 

only high deformability of paste or mortar, but also resistance to 

segregation between coarse aggregate and mortar when concrete 

flows through the confined zones of reinforcing bars. Okamura 

and Ozawa have employed the following methods to achieve 

self-compact ability.  

 Limited aggregate content. 

 Low water-powder ratio. 

 Use of super plasticizer. 

The frequency of collision and contact between aggregate 

particles can increase as the relative distance between the 
particles decreases and then internal stress can increase when 

concrete is deformed, particularly near obstacles. Research has 

found that the energy required for flowing is consumed by the 

increased internal stress, resulting in blockage of aggregate 

particles. Limiting the coarse aggregate content, whose energy 

consumption is particularly intense, to a level lower than normal 

is effective in avoiding this kind of blockage. 

 
Fig No.2. Methods for achieving self-compatibility 

Highly Viscous paste is also required to avoid the blockage of 
coarse aggregate when concrete flows through obstacles. When 

concrete is deformed, the paste with a high viscosity also 

prevents localized increase in internal stress due to the approach 

of coarse aggregate particles. High deformability can be achieved 

only by the employment of a super plasticizer, keeping the water-

powder ratio to a very low value. Since the development of the 

prototype of self-compacting concrete in 1988, the use of self-

compacting concrete in actual structures has gradually increased.  

The main reasons for the employment of self-compacting 

concrete can be:                                      

 To shorten construction period.  

 To assure compaction in the structure - especially in 

confined zones where   vibrating compaction is difficult.  

 To eliminate noise due to vibration - effective especially 

at concrete products plants.   
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By  employing  self-compacting  concrete,  the  cost  of  
chemical  and  mineral  admixtures  is compensated by the 

elimination of vibrating compaction and work done to level the 

surface of the  normal  concrete.  However, the total cost for a 

certain construction cannot always be reduced, because 

conventional concrete is used in a greater percentage than self-

compacting concrete. SCC can greatly improve construction 

systems previously based on conventional concrete requiring 

vibrating compaction. 

1.4 High strength concrete: 

High-strength concrete (HSC) is often considered a relatively 

new material. As the development has continued, the definition 
of HSC has changed. In the 1950s, concrete with a compressive 

strength of 34Mpa was considered high strength. In the 1960s, 

concrete with 41 and 52Mpa compressive strengths were used 

commercially. In the early 1970, 62MPa concrete was being 

produced.  More recently, compressive strengths approaching 

138MPa have been used in cast-in-place buildings. For many 

years, concrete with compressive strength in excess of 41Mpa 

was available at only a few locations.  However, in recent years, 

the applications of HSC have increased, and HSC has now been 

used in many parts of the world. The growth has been possible as 

a result of recent developments in material technology and a 
demand for HSC. 

Manufacture of HSC involves making optimal use of the basic 

ingredients that constitute NSC.  Producers of HSC know what 

factors affect compressive strength and know how to manipulate 

those factors to achieve the required strength.  In addition to 

selecting a high quality Portland cement, producers optimize 

aggregates, and then optimize the combination of materials by 

varying the proportions of cement, water, aggregates, and 

admixtures. When selecting aggregates for high-strength 

concrete, producers consider the strength of the aggregate, the 

optimum size of the aggregate, the bond between the cement 

paste and the aggregate, and the surface characteristics of the 
aggregate. Any of these properties could limit the ultimate 

strength of HSC Pozzolona, such as fly ash and silica fume, are 

the most commonly used mineral admixtures in HSC. 

1.5 Shear Reinforcement: 

Shear reinforcement is usually provided in the form of stirrups to 

hold the longitudinal reinforcement and also to take the shear to 

which the structure is subjected to. Even if shear reinforcement is 

not required, a minimum has to be provided as per IS: 456 

2000.Shear reinforcement is typically perpendicular to the 

longitudinal reinforcement and thus oriented vertically in a 

typical (horizontal) beam.  The idea behind shear reinforcement 
is to arrest the development of the diagonal tension cracking and 

generally, shear reinforcement is detailed such that any potential 

diagonal tension crack will have to cross two such 

reinforcements. Since the design shear force may vary along any 

particular structural member, it may be necessary to reinforce 

some sections, and not others, and where reinforcement is 

necessary the spacing of such reinforcement may vary. 

1.5.1 Shear Mechanism:  

To give a simplified explanation, HSC is obtained by improving 

the compactness of the concrete mix, which increases the 

strength of both the paste and the interface between the paste and 

the coarse aggregate.  However, an increase in the strength of the 
concrete produces an increase in its brittleness and smoother 

shear failure surface, leading to some concerns about the 
application of HSC.  

For slender beams where a/dis greater than 2.0 to 3.0, the shear 

force in a cracked section of a reinforced concrete beam is 

mainly resisted by the shear resistance of compression zone, 

interlocking action of aggregates, and dowel action. For 

rectangular beams, after an inclined crack has formed, the 

proportion of the shear force transferred by the various 

mechanisms is as follows: 20 to 40 percent by the un-cracked 

concrete of compression zone; 33 to 50 percent by interlocking 

action of aggregates; and 15 to 25 percent by dowel action. 

Meanwhile, in a relatively short beam, the load is transferred 
directly from the loading points to supports owing to arch action. 

 
Fig No.3. Shear Transfer Mechanism 
1.5.2 Basic Shear Transfer Mechanisms:  

For slender beams where a/dis greater than 2.0 to 3.0, the shear 

force in a cracked section of a reinforced concrete beam is 

mainly resisted by the shear resistance of compression zone, 

interlocking action of aggregates, and dowel action, For 

rectangular beams, after an inclined crack has formed, the 

proportion of the shear force transferred by the various 

mechanisms is as follows: 20 to 40 percent by the un-cracked 
concrete of compression zone; 33 to 50 percent by interlocking 

action of aggregates; and 15to 25 percent by dowel action. 

Meanwhile, in a relatively short beam, the load is transferred 

directly from the loading points to supports owing to arch action. 

1.5.3 Shear Resistance of Un-cracked Concrete:  

In a reinforced concrete beam, after the development of flexural 

cracks, a certain amount of shear is carried by the concrete in the 

compression zone. It is clear that the shear failure in the un-

cracked concrete is recognized as the failure under combined 

compression and shear and the area of un-cracked zone. The 

position of the neutral axis in a beam after flexural cracking is 
mainly dependent on the elastic modulus of concrete and the 

longitudinal steel ratio because elastic modulus of steel is nearly 

constant. Therefore, the shear force carried by the un-cracked 

concrete in the compression zone can be represented by the 

compressive strength of concrete and the longitudinal steel ratio, 

since the concrete strength in the biaxial state and elastic 

modulus of concrete is the function of the compressive strength 

of concrete. 

1.5.4 Interlocking Action of Aggregates: 

Previous studies have shown that a large portion of the total 

shear force on the beam without web reinforcement is carried 

across the cracks by aggregate interlocking. Among many 
variables, the width of the crack and the concrete strength are 

likely to be the most important factors. Since the flexural crack 

width is approximately proportional to the strain of tension 

reinforcement, the crack width at failure becomes smaller as the 

longitudinal steel ratio is increased. Also, with increasing a/d, the 
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strain of tension reinforcement at failure is increased. 
Meanwhile, it is naturally expected that the interlocking force 

will be increased when the strength of concrete is high. 

1.5.5 Dowel Action: 

When shear displacement occurs along the cracks, a certain 

amount of shear force is transferred by means of dowel action of 

the longitudinal bars. Although there is some contribution in 

dowel action by the number and arrangement of longitudinal 

bars, spacing of flexural cracks, and the amount of concrete 

cover, etc., the main factors influencing this action are flexural 

rigidity of longitudinal bars and the strength of the surrounding 

concrete. 

1.5.6 Arch Action: 

In relatively short beams, applied loads are transferred directly to 

the supports by arch action. The main factors influencing this 

action are the span-to-depth ratio of the analogous arch and the 

strength of the compression strut. The span-to-height ratio of the 

analogous arch is approximately equal to the shear span-to-depth 

ratio. The strength of the compression strut is closely related to 

the compressive strength of concrete and the area of tension 

reinforcement. 

Effect of Shear Span to Depth Ratio (a/d) on RC Beams: 

The different modes of shear failure can be studied from the test 
results normally conducted on a simply supported beam 

symmetrically loaded by two equal concentrated loads acting at a 

distance “a” from supports. The different modes of failure can be 

identified into four distinct regions depending on a/d ratios as 

follows: 

 

Large Values of Shear Span to Depth Ratio (a/d> 6): 

In the case of large values of a/d> 6 effect of bending moment is 

predominant and the failure essentially occurs due to flexure 

(starting with yielding of main steel and finally by crushing of 

concrete) and formation of vertical cracks on tension side in the 

region of maximum bending moment. The ultimate failure of 
beams under this category is dependent solely on the maximum 

bending moment and not on shear. 

Intermediate Values of a/d {(2.5-3) <a/d< 6}: 
Beams having values of a/d< 6 fail due to combined effect of 

bending and shear. A crack is first initiated by flexure in the 

vertical direction, which further propagates in an inclined 

direction towards the load due to the combined action of flexure 

and shear. Such a crack is known as flexure shear crack, or many 

times a diagonal crack. With further increase in load, the crack 

further progress in the compression zone at some stages it 

become unstable, splitting the beam into two segments this mode 
of failure is termed as diagonal-tension failure or shear flexure 

failure.  

Small Values of a/d {1<a/d (2.5-3.0)}: 

For beams with values of a/d between say 1- 2.8, shear being 

predominant, the diagonal crack is developed along with flexure 

crack. The beam usually remains stable after this diagonal 

cracking. But further increase in load can lead to shear failure. 

For higher values of a/d, with any increase in load, the diagonal 

crack, instead of progressing towards the load upwards,stops at 

some point and propagates backwards almost horizontally along 

the longitudinal reinforcement due to splitting caused by pressing 

down of the longitudinal steel by increased shear. This results 
into destruction of bond with concrete and longitudinal steel, 

leading to failure is known as shear tension failure or shear 
bound failure. 

Deep Beams (a/d<1): 

For deep beams, shearing stress is predominate and need more 

considerations than flexural stresses. The inclined cracks occurs 

near the support, and the beam gets transformed into tied arch.  

This tied-arch can fail in number of ways as follows: 

 Anchorage failure of tension reinforcement 

 Crushing failure at support 

 Flexural failure arising from either yielding of steel or 

crushing of concrete. 

1.5.8 Factors affecting shear resistance of RC members: 
Characteristic strength of concrete, 

 Percentage of longitudinal tension reinforcement 

 Shear span to depth ratio 

 Effect of cross section 

 Effect of shear reinforcement 

1.6 Study of Steel Fibres: 

Steel fibre reinforced concrete (SFRC) has been successfully 

used in various types of construction due to the fact that adding 

steel fibres improves the durability and mechanical properties of 

hardened concrete, notably flexural strength, toughness, impact 

strength, resistance to fatigue, and vulnerability to cracking and 
spalling. However, the addition of steel fibres also reduces the 

workability of fresh concrete, hence the use of SFRC as concrete 

infill is inappropriate. 

Self-compacting concrete has recently been successfully 

developed by several authors. In addition to its high workability 

and higher mechanical properties compared with normal strength 

concrete, self-compacting concrete reduces the energy, expense 

and time required for consolidation at the construction site. Steel 

fibre reinforcement self-compacting concrete (SFRSCC) 

feasibility has been recently observed in some investigation 

works.  

1.6.1 Characteristics of Steel Fibres: 

Fibres have been added to binding materials in order to improve 

the characteristics in the hardening or the hardened state. The 

steel fibre is the most common fibre type in the building 

industry; plastic, glass and carbon fibres contribute to a smaller 

part to the market. Thefibre type, the mixture composition, the 

mixing process and the compaction technique determine the 

maximum fibre content. To optimize the performance of a single 

fibre, fibres need to be homogeneously distributed; Fibres differ 

in a wide range of materials and characteristics. 

 
Fig No.4. Crimped Flat End Steel Fibres of Length 30mm 
Their effect on workability is mainly due to four reasons: First, 

the shape of the fibres is more elongated compared with 

aggregates; the surface area at the same volume is higher. 

Second, stiff fibres change the structure of the granular skeleton, 

while flexible fibres fill the space between them. Stiff fibres push 
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apart particles that are relatively large compared with the fibre 
length. The porosity of the granular skeleton increases. Third, 

surface characteristics of fibres differ from that of cement and 

aggregates, e.g. plastic fibres might be hydrophilic or 

hydrophobic. Finally, steel fibres often are deformed (e.g. have 

crimped-shaped or are hooked ends) to improve the anchorage 

between a fibre and the Surrounding matrix. The friction between 

crimped steel fibres and aggregates is higher compared with 

straight steel fibres. 

2.1 LiteratureSurvey: 

Based upon studies and tests carried by the authors we arrived at 

the following conclusions. 
The slump flow, L-box and sieve stability tests have been 

selected as first priority test methods for fresh self-compacting 

concrete. Four other tests have been selected as second priority: 

J-ring, Orimet, V-funnel and Penetration tests.  

There is an increase in Compressive Strength, Flexural Strength, 

and Split Tensile Strength for all the grades of SCC mixes 

compared with 28 days are 20 to 30%, 15 to 25% and 15 to 25% 

respectively. 

FRSCC is prone to blocking when combined with primary 

(ordinary) reinforcement and especially with crossbars 

(secondary bars) and the load capacity for structures which is 
dependent on the distribution and orientation of the fibers. 

There is no problems in mixing of SCC with 0.5% hooked end 

steel fibers and 0.1% polyester fibers and fibers distribution was 

uniform. 

Fibers can positively affect the concrete casting, improve the 

concrete quality as well as the bond behavior between steel rebar 

and concrete matrix, and possibly reduce the construction period 

and cost. 

Transverse steel provides improvement in behavior relative to 

members without transverse steel. This improvement is more 

significant in members either relatively smaller amount of 

longitudinal reinforcement. 
The use of steel fibers in normal-slump and self-compacting 

concrete are effectual to replace the traditional transverse re-bars, 

to control end zone cracking, to augment the shear strength and 

to enhance the ductility of concrete for earthquake-resistant 

structures. 

A well-known relationship between shear and the rate of change 

of bending moment along a span, an equation is proposed to 

predict the ultimate shear strength of RCC beams without web 

reinforcement  The equation is, 

Vu =0.21(1-√ρ) (d/a) ^r [   c) ^0.5+1020ρ^0.9(d/a) ^0.6] 

Where,    Vu=Ultimate shear strength 
                ρ=Amount of longitudinal steel content 

                d=Effective beam depth 

                a=Shear span between load point and support 

                 r=Distance from support                                    

 c=Compressive strength of concrete  

2.2 Minimum Shear Reinforcement Given By Different 

Codes: 

IS 456-2000: 

Av, min = 0.4bws / 0.87fy  

ACI 318-02: 

Av, min = 0.0625Sqrt (fc) bws/ fy 

Av, min = Minimum required cross-secctional area of shear 
reinforcement 

bw= Web width of the beam section 

s          = Spacing of the shear reinforcement 
fc= Cylinder compressive strength of concrete 

fy= yield strength of shear reinforcement  

It has been observed from the above formulae the minimum 

shear reinforcement depends on the concrete strength and yield 

strength of shear reinforcement. The important parameters such 

as ratio (a/d) is not justified because failure mode changes from 

diagonal tension failure to shear compression failure, when the 

a/d ratio less than 2.5. It has been observed as the longitudinal 

steel ratio increases, the longitudinal stress increases thus the 

diagonal tension occurs at higher stress level including more 

shear reinforcement is required. The depth factor is also 
predominant in the slender beams where the shear stress 

decreases as the depth of the beam increases.  

2.1 Materials Used: 

Cement: Cement used in the investigation was 53 Grade 

Portland Pozzolana Cement. Selection of the type of cement 

depends on the overall requirements for concrete, such as 

strength and durability.  

Fine Aggregate:The fine aggregate conforming to Zone-2 

according to IS: 383 were used. The fine aggregate used was 

obtained from a nearby river source. Sand plays a very important 

role in self compacting concrete.  It manages to fill the void 
between powders and coarse aggregates.  That is why the sands 

must be well graded from a particle size point of view. Properties 

of cement are shown in table No.4. 

Coarse Aggregate: Crushed granite Aggregate was sed as coarse 

aggregate. The coarse aggregate was obtained from a local 

crushing unit having 20mm MSA, 20mm and 12.5mm well 

graded aggregate according to IS: 383is used in this 

investigation. Properties of cement are shown in table No.4. 

Super-plasticizer (SP): High range water reducing admixture 

called as super plasticizers are used for improving the flow or 

workability for decreased water-cement ratio without sacrifice in 

the compressive strength. These admixtures when they disperse 
in cement agglomerates significantly decrease a viscosity of the 

paste by forming a thin film around the cement particles. In the 

present work water-reducing admixture Glenium B233 

conforming to ASTM C494 Types F, EN 934-2 T3.1/3.2,IS 

9103: 1999 is used. Glenium B233 is an admixture of a new 

generation based on modified poly-carboxylic ether. The product 

has been primarily developed for applications in high 

performance concrete where the highest durability and 

performance is required. 

Viscosity Modifying Agent (VMA): The use of a Viscosity 

Modifying Admixture (VMA) gives more possibilities of 
controlling segregation when the amount of powder is limited. 

This admixture helps to provide very good homogeneity and 

reduces the tendency to segregation. In the present work Stream-

2 VMA is used. 

Steel fibres:Steel fibres are known to enhance the toughness of 

concrete in compression and in tension. Steel fibres also improve 

the bond properties between concrete matrix and reinforcing steel 

bars. Different types of steel fibres are available namely crimped 

flat. Crimped round, Hooked end steel fibres etc. improves the 

durability and mechanical properties of hardened concrete, 

notably flexural strength, toughness, impact strength, resistance 

to fatigue.  
Water:Potable water was used in the experimental work for both 

mixing and curing. 
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3.0 Methodology 

Performing of all required test on the ingredient of concrete 

suchAs cement, sand, coarse aggregate, fly ash etc.  

 
Fig.5.Flow-chart for Mix Design of SCC  
Mix design for self-compacting concrete 

3.1Mix Design Procedure: 

There is no standard codal provision for obtaining SCC, but there 

are different mix design procedure for obtaining SCC some of 

them are listed below proposed by different researches : 

1. Nan-Su Method, 

2. Okumura (Japanese) method, 

3. Gomes, RavindraGettu Method, 

4. European Method, 

5. Swedish Method.     

3.1.1 Nan-Su Method:  

Designing SCC mixes for M60 grade: 

3.1.1 SCC Mix Proportion Obtained by Nan-Su Method: 
Table No.1. SCC Mix Proportion without Fibers:  

Cement 
Fine 

Aggregate 

Coarse 

Aggregate 

Fly 

ash 
Water S.P 

V.M.

A 

1 1.88 1.721 0.39 0.43 0.025 
0.001

4 

Table No.2.SCC Mix Proportion with Fibers: 

Cement 

Fine 

Aggrega

te 

Coarse 

Aggregate 

Fly 

ash 

Wat

er 
S.P V.M.A 

1 1.88 1.721 0.39 0.43 0.0279 0.0014 

 

Table No. 3.Mix Proportion Obtained by Nan-Su Method for M60 Grade in 

Kg /m3: 
Particulars SCC Mix Without fibers SCC Mix With fibers 

Cement 428.57 kg 428.57kg 

Fine aggregate 807.711Kg 807.711Kg 

coarse 

aggregate 
737.823kg 737.823kg 

Fly ash 168.534Kg 168.534Kg 

Glanium B233 10.74lit 11.94 lit 

Strem-2 VMA 0.597 lit 0.597 lit 

Water 185.101 lit 185.101 lit 

Fibres ____ 78.5Kg 

3.2 Tests for Fresh Properties of Self-Compacting Concrete: 
At the stage before solidification, self-compacting concrete is 

required to have three qualities: high-flow ability, resistance 

against segregation and possibility, i.e. ability that is necessary to 

pass the space between reinforcing bars. Therefore, it is 

important to test whether the concrete is self-compactable or not 

and also to evaluate deformability or viscosity for estimating 

proper mix proportioning if the concrete does not have sufficient 

self-compact ability. The common tests currently used, although 

not standardized for assessment of fresh SCC, are described here. 

3.2.1 Slump flow (Reference method for filling ability): 
Principle: The slump flow test aims at investigating the filling 

ability of SCC. It measures two parameters: flow spread and flow 

time T50 (optional). The former indicates the free, unrestricted 

deformability and the latter indicates the rate of deformation 
within a defined flow distance. 

Interpretation of result: The higher the slump flow (SF) value, 

the greater its ability to fill formwork under its own weight. A 

value of at least 650mm is required for SCC. There is no 

generally accepted advice on what are reasonable tolerances 

about a specified value, though ± 50mm, as with the related flow 

table test, might be appropriate. Test results are shown in table 

No.4. 

3.2.2 J-ring (Reference method for filling and/or passing 

ability): 

Principle:The J-ring test aims at investigating both the filling 
ability and the passing ability of SCC. It can also be used to 

investigate the resistance of SCC to segregation by comparing 

test results from two different portions of sample. The J-ring test 

measures three parameters: flow spread, flow time T50J 

(optional) and blocking step. The J-ring flow spread indicates the 

restricted deformability of SCC due to blocking effect of 

reinforcement bars and the flow time T50J indicates the rate of 

deformation within a defined flow distance. The blocking step 

quantifies the effect of blocking. 

Interpretation of result:It should be appreciated that although 

these combinations of tests measure flow andpassing ability, the 
results are not independent. The measured flow is certainly 

affected by the degree to which the concrete movement is 

blocked by the reinforcing bars. The extent of blocking is much 

less affected by the flowcharacteristics, and we can say that 

clearly, the greater the difference in height, the less the passing 

ability of the concrete. Blocking and/or segregation can also be 

detected visually, often more reliably than by calculation. Test 

results are shown in table No.3. 

3.2.3 V-funnel test: 

Principle:The V-funnel flow time is the period a defined volume 

of SCC needs to pass a narrow opening and gives an indication 

of the filling ability of SCC provided that blocking and/or 
segregation do not take place; the flow time of the V-funnel test 

is to some degree related to the plastic viscosity. 

Interpretation of result:This test measures the ease of flow of 

the concrete; shorter flow times indicate greater flow ability. For 

SCC a flow time of 10 seconds is considered appropriate. The 

inverted cone shape restricts flow, and prolonged flow times may 

give some indication of the susceptibility of the mix to blocking. 

After 5 minutes of settling, segregation of concrete will show a 

less continuous flow with an increase in flow time. Test results 

are shown in table No.3. 

3.2.4 L-box test method: 
 Principle: The method aims at investigating the passing ability 

of SCC. It measures the reached height of fresh SCC after 

passing through the specified gaps of steel bars and flowing 

within a defined flow distance. With this reached height, the 

passing or blocking behavior of SCC can be estimated. 

Interpretation of result:If the concrete flows as freely as water, 

at rest it will be horizontal, so H2/H1 = 1. Therefore the nearer 

this test value, the ‘blocking ratio’, is to unity, the better the flow 

of the concrete. Obvious blocking of coarse aggregate behind the 

reinforcing bars can be detected visually. 

The values obtained are checked against the acceptance criterion 

by EFNARC as shown in the Table No.4.For self-compacting 
concrete.  

3.2.5 U-box test: 
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Principle: The U-box test was used to measure the filling ability 
of the mixes. The apparatus used was similar to that used by 

Khayat et al. which consists of a vessel that is divided by a 

middle wall into two compartments, an opening with a sliding 

gate is fitted between the two sections. Reinforcing bars with 

normal diameters of 13 mm are installed at the gate with center-

to-center spacing of 50 mm. This creates a clear spacing of 35 

mm between the bars. Concrete filled in the left hand box is 

allowed to pass through this obstacle and to fill the right hand 

box [4] 

Interpretation of result: More will be the height of filling in the 

right hand box more will be the filling ability of the SCC mix. 
For SCC a filling time of 0-30 mm is considered appropriate.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table No.4. Acceptance Criterion for Self-Compacting Concrete by 

EFNARC: 

 

2.3 Tests for Hardened Properties of SCC Mix: 

 

2.3.1 SCC Trial Mix Results Obtained By Nan-Su Method:  

Byusing Nan-Su mix proportion no of trials are done on SCC 

mix using Conplast SP-430, which satisfies the fresh property at 

very high % of SP dosage. When cubes were kept for curing it 

disintegrates in water, hence SP is changed with new generation 

Super plasticizerGlenium B-233, which satisfy the fresh property 
and hardened property with less % of SP dosage for both fibrous 

and non-fibrous SCC mix.   

Notations Used for Beams specimen: 
A1/1.86/2.56/100; A1F/1.86/2.56/100 

A2/1.86/2.56/300; A2F/1.86/2.56/300 

B1/1.86/3.84/100; B1F/1.86/3.84/100 

B2/1.86/3.84/300; B2F/1.86/3.84/300 

Here, First letter stands for naming of beam specimen Second 

letter stands for % of longitudinal reinforcement 

Third letter stand for shear span to depth ratio 

Last letter stands for shear spacing in mm 
Table No.5. Details of Beam Specimens:  

 

Table No.6. SCC Trial Mix Results without Fibers: 

 

Table No.7. SCC Trial Mix Results with Fibers: 

 

Table No.8. SCC Trial Mix Results: 

 

Table No.9. Fresh Properties of SCC Mix without Fibres: 

Acceptance criterion for self-compacting concrete by EFNARC 
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Sl.No Method Units 
Typical range of values 

Minimum Maximum 

1 
Slump 

flow 
mm 500 700 690 

2 J-Ring mm 0 10 8 

3 V-Funnel Sec 8 14 13 

4 U-box mm 0 30 15 
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A
1

 

1
2

0
0
 

1
2

5
X

1
3

0
 

2.56 100 
2#12,1#10 @ bottom,2#10 

top, 2L- 6mm stirrups 

A
2

 

1
2

0
0
 

1
2

5
X

1
3

0
 

2.56 300 
2#12, 1#10@ bottom,2#10 

top, 2L- 6mm stirrups 

A
1

F
 

1
2

0
0
 

1
2

5
X

1
3

0
 

2.56 100 

2#12,1#10 @ bottom,2#10 

top, 2L- 6mm stirrups,  

with fibres 

A
2
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1
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0
0
 

1
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5
X
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0
 

2.56 300 

2#12, 1#10@ bottom,2#10 

top, 2L- 6mm stirrups,  

with fibres 

B
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X
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0
 

3.84 100 
2#12,1#10@ bottom,2#10 

top, 2L- 6mm stirrups 
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3.84 300 
2#12,1#10 @ bottom,2#10 

top, 2L- 6mm stirrups 
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0
0
 

1
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5
X

1
3

0
 

3.84 100 

2#12, 1#10@ bottom,2#10 

top, 2L- 6mm stirrups, 

with fibres 
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F
 

1
7

0
0
 

1
2

5
X

1
3

0
 

3.84 300 

2#12, 1#10@ bottom,2#10 

top, 2L- 6mm stirrups,  

with fibres 

Sl. 

No 
Method Units 

Typical range of values 

Minimum Maximum 

1 Slump flow mm 500 700 

2 J-Ring mm 0 10 

3 V-Funnel Sec 8 14 

4 U-box mm 0 30 

5 L-Box (h2/h1) 0.8 1 

SP Used Conplast 430 

Sl.No 
SP Dosage 

in  % 

Slump Flow 

Without Fibres 

1 1.5 320mm 

2 1.6 365mm 

3 1.7 410mm 

4 1.8 480mm 

5 2 540mm 

6 2.2 590mm 

7 2.3 620mm 

SP Used Conplast 430 

Sl.No 
SP Dosage 

in  % 
Slump FlowWithout Fibres 

1 2 410mm 

2 2.2 440mm 

3 2.4 490mm 

4 2.6 530mm 

5 2.8 570mm 

6 3 610mm 

SP Used Glenium B-233 

Sl. 
No 

SP Dosage 
in  % 

Slump Flow 
Without Fibres 

Slump Flow 
With Fibres 

1 1.3 410mm - 

2 1.4 440mm - 

3 1.5 480mm - 

4 1.6 560mm - 

5 1.7 630mm 520mm 

6 1.8 690mm 550mm 

7 2 - 620mm 
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Table No.10. Fresh Properties of SCC Mix WithFibres: 

Acceptance criterion for self-compacting concrete by 

EFNARC 
 

Test  

Results Sl.No Method Units 
Typical range of values 

Minimum Maximum 

1 
Slump 

flow 
mm 500 700 620 

2 J-Ring mm 0 10 7 

3 
V-

Funnel 
Sec 8 14 19 

4 U-box mm 0 30 20 

5 L-Box (h2/h1) 0.8 1 1 

 

Table No.11. Test Results for Hardened Properties of SCC Mix: 

 

Sl.NO 

 

Particulars 

Test Results for 28days 

Without Fibre With Fibre 

1 Compressive Strength 68Mpa 76Mpa 

2 Split Tensile Strength 5.77Mpa 5.9Mpa 

3 Flexural Strength 5.15Mpa 5.26Mpa 

 

2.4 Failure Patterns of  Beams : 
Table No.12. Ultimate Load and Modes of Failure of Beam Specimens: 

Sl.No 
Beam 

Notations 

Ultimate load 

in KN 
Type of Failure 

1 A1 144 Flexure Failure 

2 A1F 158 Flexure Failure 

3 A2 136 Shear Flexure Failure 

4 A2F 150 Anchorage bond Failure 

5 B1 84 Flexure Failure 

6 B1F 96 Flexure Failure 

7 B2 80 Shear Failure 

8 B2F 88 Shear Flexure Failure 

 

4.0ANALYTICAL STUDY 

Ultimate load carrying capacity all beams are obtained 

experimentally and tabulated in table No.13 and 14 the 

experimental results are compared with various codes, IS Code, 

ACI Code, British Code, New Zealand Code, Norwegian Codes. 

By observing all formulas it is noted that only ACI code consider 

the a/d ratio except other codes. The ultimate shear capacity of 

beams are calculated analytically, the value obtained are very 

less as compared with experimental results. 

 

4.1 ULTIMATE SHEAR STRENGTH PREDICTED BY 

DIFFERENT CODES: 

SHEAR DESIGN BY IS CODE EQUATION: 

IS CODE 456-2000: 

According to Indian code equation the shear strength of concrete 

members is given by following equation, 

Vu  =  bw d 0.85 sqrt (0.8 fck ) ( sqrt ( 1 + 5ß ) -1 ) /  6ß + (Av  fsv 

d / S) 

Where, 

bw,  d =  Width and Effective depth of cross section in mm 
S= spacing of shear reinforcement in mm. 

ß = (0.8 fck / (689 AS / bw d)) > = 1 

fc  = Compressive strength of concrete at 28 days in Mpa. 

 

4.2 SHEAR DESIGN BY ACI CODE EQUATION: 

ACI CODE 318 (1989): 

According to ACI code equation the shear strength of concrete 

members is given by following equation, 

Vu = (0.158 sqrt (fc
’) + 17.45 ρ  VU d/ Mu) bwd + (Av fsvd / S) 

Where, 

bw, d   =  Width and Effective depth of cross section in mm. 

Mu, Vu =Factored moment and Factored shear force at Cross 
section. 

ρ = Longitudinal Reinforcement Ratio. 

S= spacing of shear reinforcement. 

fc  = Compressive strength of concrete at 28 days in Mpa 

 

4.3 SHEAR DESIGN BY BRITISH CODE EQUATION: 

BRITISH CODE 8110: 

According to British code equationthe shear strength of concrete 

members is given by following equation, 

VU  =  (0.79 /γm) ( 100 As / b d ) 0.33  (400 / d)0.25  (fcu/ 25)0.33bw d + 

(Av fsvd / S) 
Where, 

bw, d =  Width and Effective depth of cross section in mm. 

S= spacing of shear reinforcement. 

γm=  material partial factor of safety = 1.25 

 

4.4 SHEAR DESIGN BY NEW ZEALAND CODE 

EQUATION: 

NEW ZEALAND CODE 3101: 

According to New Zealand codeequationthe shear strength of 

concrete members is given by following equation, 

 Vu =  0.07 + 10 ρw) sqrt (fc') bw d + (Av fsv d / S) 
Where, 

bw, d =  Width and Effective depth of cross section in mm 

S= spacing of shear reinforcement 

fc  = Compressive strength of concrete at 28 days in Mpa 

 

4.5 SHEAR DESIGN BY NORWEGIAN CODE 

EQUATION: 

NORWEGIAN CODE 3473E: 

According to Norwegian codeequationthe shear strength of 

concrete members is given by following equation, 

VU =0.33[ftd + (KAAst/Ycbw d)] bw d + (Av fsv d / S) 

Where, 
KA is taken as 60Mpa 

ftd =Design tensile strength of concrete fm/Y 

fm =Tensile strength of concrete 

Yc = Material factor for concrete (equal to 1.40) 

        Using the above equations the ultimate shear strength of 

beams were calculated. The ratio of experimental shear to the 

calculated shear was worked out and the results obtained as 

shown in table No.14. 
 

Table No.13. Experimental Load and Analytical Load by Different Codes 
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L
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ad

 i
n
 K

N
 Analytical Load in KN 

Average 
Load           
in KN 

IS ACI BS NZ NS 

A1 72 33.06 41.56 41.63 52.68 44.76 42.74 

A1F 79 33.06 41.56 41.63 52.68 44.76 42.74 

A2 68 20.81 29.31 29.38 40.42 32.50 30.48 

A2F 75 20.81 29.31 29.38 40.42 32.50 30.48 

B1 42 33.06 40.87 41.63 52.68 44.76 42.74 

B1F 48 33.06 40.87 41.63 52.68 44.76 42.74 

B2 40 20.81 28.62 29.38 40.42 32.50 30.48 

B2F 44 20.81 28.62 29.38 40.42 32.50 30.48 
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Table No.14. Comparison of Experimental Values with Different Codes 

Beam 
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A1/1.86/2

.56/100 
2.17 1.73 1.73 1.36 1.61 1.72 +72 

A1F/1.86/

2.56/100 
2.38 1.9 1.89 1.50 1.76 . +89 

A2/1.86/2

.56/300 
3.27 2.32 2.31 1.68 2.09 2.33 +133 

A2F/1.86/

2.56/300 
3.60 2.56 2.55 1.86 2.30 2.84 +184 

B1/1.86/3.

84/100 
1.27 1.02 1.00 0.79 0.93 1.02 +2 

B1F/1.86/

3.84/100 
1.45 1.17 1.15 0.91 1.07 1.15 +15 

B2/1.86/3.

84/300 
1.92 1.39 1.36 0.99 1.23 1.38 +38 

B2F/1.86/

3.84/300 
2.11 1.59 1.49 1.09 1.35 1.52 +52 

Mean 2.27 1.7 1.68 1.27 1.54   

SD 0.66 0.54 0.57 0.39 0.60   

CV 0.29 0.32 0.34 0.30 0.39   

 

4.6RESULT AND DISCUSSIONS: 

 By conducting number of trials on different methods to 

get satisfactory fresh property and hardened property, it 

was found that Nan-Su method gives better results for 

SCC. 

 Super plasticizer (SP) GleniumB-233 is well suited for 

SCC to achieve fresh and hardened property of SCC 

mix with less % of SP dosage. 

 However the addition of steel fibres reduces the 

workability of fresh concrete, hence the use SFRC 

become inappropriate in case where a good workability 

of concrete is needed or is made possible by increasing 

% of SP. 

 It is clear that, the presence of fibres and stirrups 

increased the shear capacity of the beams. 

 In case of fibrous beams more number of cracks are 

developed with minimum crack width as compared with 

non-fibrous beams. 

 The shear failure of the beams tested in present 
investigation showed the bursting type of failure at 

ultimate loads. 

 The beams with 100mm spacing almost failed by 

flexure due to more confinement of reinforcement and 

stirrups in concrete. The beams with 300mm spacing 

failed by shear/ 

 As the ratio of a/d increases the load carrying capacity is 

decreases due to increase in moment. 

 From graphs 1 it is observed that the load v/s deflection 

curve varies linearly up to 120KN for both fibrous and 

non-fibrous beams. Further the curve is nonlinear and a 
small increase in load shows more deflection. Because 

the fibrous concrete are more ductile then the non-

fibrous concrete beams for 100mm shear spacing.  

 From bar chart No.1.0 it is observed that load capacity 

of 100mm beam is higher as compared with 300mm 

spacing of beam. It is also seen that load carrying 

capacity of fibrous beam is much higher as compared 

with non-fibrous beams. Because the lesser spacing of 

100mm gives more confinement of the reinforcement 
which improves the overall strength and rigidity of the 

concrete beam. 

 
Graph: 1. (A1/A1F)/1.86/2.56/100 with and without fibre content 

 
Graph:2. (A2/A2F)/1.86/2.56/100 with and without fibre content 

 
Graph:3. (B1/B1F)/1.86/2.56/100 with and without fibre content 
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Graph:4. (B2/B2F)/1.86/2.56/100 with and without fibre content 

 

 
Bar Chart: 1. Load v/s Stirrup Spacing 

Conclusions 

 Mix proportion for M60 grade concrete was obtained 
using mineral admixture fly ash and chemical 

admixture, the average 28 days strength was found to be 

68Mpa. 

 The shear failure is brittle, sudden and very explosive 

with normal SCC compared with SFRC.  

 The cracks in HSC were observed to pass directly 

through the aggregates when propagates, instead around 

of that. It indicates that improved fracture toughness of 

aggregate and mortar interface. 

 Addition of fibres to HSCC causes substantial increase 

in shear strength for the range of fibre volume fraction, 
this suggests improved bounding   of fibres to HSCC 

matrix and that the fibres perform the role of pseudo 

stirrups. 

 Generally in all beams, the flexural cracks appeared first 

at initial stages of the loading. However for the beams 

which failed in shear at higher level of loading, the 

beams failed suddenly due to the formation of diagonal 

cracking in the shear span. 

 The beams with 100mm spacing are almost failed by 
flexure due to more confinement of concrete. The 

beams with 300mm spacing are failed by shear. 

 It has been observed from  the table No. 13 that the  

ratio of experimental value with different codes are 

higher for 1.2m span and the ratio is less for 1.7m beam 

it shows that lesser span beams takes higher shear as per 

standard values. 

 From table No.13 it can be observed that New-

Zeland(NZS) 3101 (1982) model predicts the values 

much better. 

 Also it is observed that IS 456-2000 Code values are 
very conservative both for short span and long span 

beams also this method does not account for the a/d 

ratio.  
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