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  Abstract: Concrete is an essential material in the building 

industry with world consumption estimated close to 25 billion 

tons every year and it is considered as the widely used material in 

the world. Concrete is defined in the wider perspective as “ any 

product or mass made by the use of a cementing medium’’ and 

the medium is the product of hydraulic cement and water 

reaction. The shortcoming in conventional concrete such as poor 

flow faculty and subsequent segregation quandaries leading to 

poor culminating and delayed construction time led to the 

development of self-flowing or self levelling concrete. Self-

compacting concrete (SCC) is a development of conventional 

concrete, where the use of vibrators for compaction is no more 

required. Formulating SCCs is a compromise between adequately 

high fluidity to ascertain good casting and an adequate 

consistency to eschew phase separations quandaries (segregation 

or bleeding). SCC mixes must have three important properties: 

flow under its own weight to completely fill intricate and complex 

forms, under its own weight the ability to pass through and bond 

congested reinforcement and high segregation resistance to 

aggregate. A mix proportion was proposed by Okamura and 

Ozawa for SCC where the water/powder ration is to be adjusted 

and aggregate and fine aggregate contents fixed with self-

compatibility achieved with the addition of plasticizer dosage. 

The content of the course aggregate is fixed at 50 percent of the 

total solid volume while the 40 percent of the mortar volume is 

fixed for the fine aggregate content and 0.9-1.0 water/powder 

ratio is assumed depending upon the properties of the powder 

and super plasticizer dosage. Conducting a number of trials 

determined water /powder ratio. Lack of established mix design 

procedure yet is one of the limitations of SCC. 

Keywords: Self compacting, Admixture, super plasticizer, 

viscosity modifying agent 

I. INTRODUCTION 

Self-compacting concrete is a special kind of concrete that 

can permeate and fill the gaps of reinforcement and the 

corners of molds without any desideratum of vibration and 

compaction during the placing process (1). The highly fluid 

nature of SCC makes it suitable for placing in difficult 

conditions and in sections with congested reinforcement. 

Development of self-compacted concrete is a desirable 

achievement in the construction company in order to resolve 

the issues associated with casting the concrete in place. 

Considering lack of uniformity and complete compaction of 

concrete by vibration, researchers at the University of 

Tokyo, Japan, started developing SSC in the late 1980’s and 

by 1990’s they have develop and start to use the SCC that 

does  not require vibration to achieve full compaction (2).  
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In 1996, a large consortium of European countries embark 

on a project aimed at developing SSC for practical 

applications, as these countries were interested in  exploring 

the significance and potentials of SCC developed  by Japan. 

The project is titled ‘’Rational Production and Improved 

Working Environment through using self-compacting 

concrete’’ (3) (2).  As skills of workers, the shape and 

amount of reinforcement bars or the arrangement of 

structures does not affect self-compacting concrete because 

of its high fluidity and resistance to segregation it can also 

be pumped to longer distance (4). The elimination of 

vibration leads to an improved concrete quality, decreased 

skilled labor and shortens the time needed for construction. 

On the other hand, vibrating the concrete creates noise that 

has a noxious physical impact on workers and affects the 

surrounding neighborhood.  The self-compacting concrete is 

widely used in post or pretension concrete sections. It 

possesses the ability to moulded into any shape with the 

help of mould. It is used in congested areas were 

compaction equipment’s cannot be used. Thus reducing the 

cost of the structure to about one tenth of the total cost of 

structure (4) . Some of the advantages of Self-compacting 

concrete include the following;It can be placed faster 

without mechanical vibration and less screeding which 

course  reduction in placement cost ,Better and more 

uniform structural surface finish with little or no remedial 

surface work, Hard to reach areas and restricted sections can 

be filled easily, Creating structural and architectural shapes 

and surfaces finish difficult to obtained using conventional 

concrete,Better consolidation around reinforcement and ties 

the reinforcement, Better  pumping ability, Eliminating 

variable operator related effort of consolidation by 

improving of uniformity in placement of concrete ,High 

labor saving , Cost saving by reducing the construction 

period, Easily placed in thin walled elements with limited 

access, Industrialized production of concrete, Eliminating 

vibrator noise, potentially increasing construction duration 

in urban areas, ‘’white finger syndrome’’ a serious injury 

from vibration is prevented. 

II. MATERIALS FOR SCC 

Mixture proportion for SCC vary from those of ordinary 

concrete, in that the self compacting concrete has more 

powder content and less coarse aggregate. The ingredients 

of concrete can be grouped into two classes, namely active 

and in acting class, the active class comprises of cement and 

water, whereas in active includes of fine and coarse 

aggregate (3) (5).  Generally, ordinary Portland cement 

(OPC) is employed in preparing SCC (5) (6) (7). “Suitability 

is established for mixing water and for recycled water from 

concrete production conforming to EN 1008’’ (8).  
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Portable water is used generally in the production of SCC 

(9). To produce a homogeneous and cohesive mix, self-

compacting concrete demands a large amount of powder 

content compared to conventional vibrated concrete. (10) 

reported that SCC often contains powder in the order of 

450–600 kg/m3 of concrete.  

      Moreover, SCC incorporates a high range of water 

reducers (HRWR, Superplasticizers) in larger amount and 

frequently a viscosity modifying agent (VMA) in small 

doses.  The question that dominates the selection of 

materials for SCC include: (i) limits on the amount of 

marginally unsuitable aggregates, that is those differed from 

real shapes and sizes, (ii) choice of  HRWR, (iii) choice of 

VMA, and (iv) interaction and compatibility between 

cement, HRWR, and VMA.VMA. The major work in 

producing SCC involves designing of appropriate mix 

proportion and evaluating properties of the obtained 

concrete.  

In practice fresh state of SCC shows high fluidity, self-

compacting ability and segregation resistance all of which 

are influencing the reduction of risk of honeycombing of 

concrete (11). Dependability and durability of reinforced 

concrete structures can greatly be increased with the above 

good properties of SCC produced. The constituent materials, 

used for the production of Self-Compacting Concrete (SCC) 

shall generally comply with the requirements of EN 206 

(12) . 

       Formulating SCCs is a compromise between adequately 

high fluidity to ascertain good casting and an adequate 

consistency to eschew phase separations quandaries 

(segregation or bleeding). SCC mixes must have three 

important properties: flow under its own weight to 

completely fill intricate and complex forms, under its own 

weight the ability to pass through and bond congested 

reinforcement and high segregation resistance to aggregate 

(13) . A mix proportion was proposed by Okamura and 

Ozawa for SCC where the water/powder ration is to be 

adjusted and aggregate and fine aggregate contents fixed 

with self-compatibility achieved with the addition of 

plasticizer dosage (14). The content of the course aggregate 

is fixed at 50 percent of the total solid volume while the 40 

percent of the mortar volume is fixed for the fine aggregate 

content and 0.9-1.0 water/powder ratio is assumed 

depending upon the properties of the powder and super 

plasticizer dosage. Conducting a number of trials 

determined water /powder ratio. Lack of established mix 

design procedure yet is one of the limitations of SCC. 

      Admixtures : SCC incorporates chemical admixtures - 

in particular, a high range water, reducing admixture 

(HRWRA) and sometimes, viscosity-modifying agent 

(VMA). The HRWRA assist in achieving good  flow at low 

water contents and VMA reduces bleeding and enhances the 

stability of the concrete mixture. An effective VMA can also 

reduces the powder requirement and still offer the required 

stability. Moreover, SCC almost always includes a mineral 

admixture, to enhance the deformability and stability of 

concrete. Issues linked with the use of chemical admixtures 

are discussed in this section. 

     Coarse aggregates and Fine aggregate: Aggregates 

shall conform to EN 12620. The maximum size of the 

aggregates depends on the particular application and is 

usually limited to 20 mm (8). Particles smaller than 0,125 

mm contribute to the powder content. As far as mechanical 

properties are concerned, the course and fine aggregate used 

for the development of self-compacting concrete and 

conventional concrete are the same (9). However, shape and 

overall particle size distribution of coarse and fine aggregate 

must be given a serious consideration as the mobility and 

stability of the mix relay on this parameters. Coarse 

aggregate of nominal size   of 19mm of crushed limestone 

with natural local sand as fine aggregate was used in 

concrete mixture (15).  

     Mixing Water: Water is essential for all socioeconomic 

development and for maintaining healthy ecosystems (16). 

Suitability is established for mixing water and for recycled 

water from concrete production conforming to EN 1008 (8). 

Superplasticizer Suitable for Self-compacting Concrete: 

Superplasticizers tend to slow down the cement hydration 

(17). They gave room for improvement of admixtures in 

self-compacting concrete. To achieve this purpose, 

characterization of materials is unavoidable. The 

requirements for superplasticizer in self-compacting 

concrete may be summarized as follows: High dispersion 

effect for low water/powder (cement) ratio; less than 100% 

approx. By volume, keeping up the dispersing effect for at 

least two hours after mixing and reduce the sensitivity of 

temperature changes. High range water reducers: Due to 

its theological requirements, filler insertion (both reactive 

and inert) are normally used in SCC to enhance and 

maintain the workability, as well as to regulate the cement 

content and to reduce the heat of hydration.  A number of 

investigation  have been carryout on the utilisation of 

various types of HRWRAs with or without viscosity 

modifying agents in self-compacting concrete (18), (19). 

These studies seem to indicate those that HRWRAs that 

work on the concept of ‘steric hindrance’ needed a lower 

dosage compared to those based on ‘electrostatic repulsion’. 

Stated in other words, acrylic copolymers (AC) and 

polycarboxylate ethers (PCE) are funtional at lower dosages 

compared to sulfonated condensates of melamine (SMF) or 

naphthalene (SNF) formaldehyde (20). Viscosity modifying 

agents: The conventional method of improving the stability 

of flowing SCC is to increase the fines and reduce the 

aggregate contents by using a large amount of filler, reactive 

or inert. But the reduction in aggregate content result in 

using high volumes of cement which result in turn leads to a 

higher rise in temperature and an increase in cost.  An 

alternative approach consists of incorporating viscosity- 

modifying admixture to enhance stability (21). Chemical 

admixtures are, however, expensive, and their use may 

increase the materials cost. Saving in labor cost might offset 

the increased cost, yet, while using  mineral admixtures such 

as fly ash, blast furnace slag, or limestone filler could 

increase the slump of the concrete mixture without 

increasing its cost (15). Current works indicate that SCC 

produced with less powder content and VMA had similar 

fresh concrete properties as SCC with high powder contents 

produced without VMA (22).  

 

 

 

http://www.ijitee.org/


International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075 (Online), Volume-6 Issue-8, March 2017 

3 

Published By: 
Blue Eyes Intelligence Engineering 
and Sciences Publication (BEIESP) 
© Copyright: All rights reserved. 

Retrieval Number: H2408036817/17©BEIESP 

Journal Website: www.ijitee.org 

VMAs have been in use for a long time (23). (24) reported 

obtaining 0.3% as  the optimum dosage of VMA suitable for 

adjusting admixture content. They were mainly used for 

underwater concreting in the past, but are now also used in 

self-compacting concrete. Most VMAs have 

polysaccharides, as acting ingredient; however, some 

starches could also be appropriate for control of viscosity in 

SCC (25), (26). (27) studied the properties of super flowing 

concrete containing fly ash and reported that the 

replacement of cement by 30% (40% for only one mixture) 

fly ash resulted in excellent workability and flowability.  

Other researchers (28) evaluated the influence of 

supplementary cementitious materials on workability and 

concluded that the replacement of cement by 30% of fly ash 

can significantly improve rheological properties. But most 

of the authors believe that, the percentage replacement of 

cement with fly ash, in the various published studies, did not 

exceed 30% (except the one 40% mixture by (27)  by weight 

of the total cementitious materials. Admixture 

compatibility: A large amount of superplasticisers, 

typically SNF-based, is added to SCC to make it flowable at 

a fair water contents. There occur the problem of 

incompatibility between cement and HRWRA, which is 

generally felt acutely for mixtures having low water content. 

(29) have studied the behaivoir between SNF and cement. In 

concretes having low water content and high 

superplasticizer dosage, gypsum (present in cement) may 

precipitate out, causing a premature stiffening of the paste 

and consequent loss of slump (30). Mineral fillers: Water 

absorption, shape and particle size of mineral fillers can 

affect the demand of water/sensitivity and therefore suitable 

for use in the manufacture of self-compacting concrete (31). 

Minerals widely used are calcium based and can give 

excellent rheological properties and a good finish. Some of 

the mineral fillers include fly ash, silica fumes, ground blast 

furnace slag, etc. Fly Ash: Fly ash provide increase 

cohesion and reduced sensitivity to changes in water 

content. Incorporating high-volume class f fly ash in the 

design of self-compacting concrete is possible (15). Silica 

Fume: Its good cohesion and improved resistance to 

segregation can be obtained from self-compacting concrete 

with addition of silica fume due to its high level of fineness 

and practically spherical shape. Ground blast furnace slag: 

Ground granulated blast furnace slag (ggbs) provides 

reactive fines with a low heat of hydration. Reduced 

robustness with the problem of consistence control my result 

using high proportion of ggbs, while setting slower setting 

can increase the risk of segregation.  

III. DEVELOPING SCC MIXES 

To design a proper SCC mixture is not a simple task. 

Various investigations have to be carried out in order to 

obtain rational design methods. The mix of SCC must meet 

three key properties (32) thus: Ability to flow into and 

completely intricate and complex forms under its own 

weight, Ability to pass through and bond to congested 

reinforcement under its own weigh and High resistance to 

aggregate segregation. 

The SCC mixes are designed and tested to meet the demand 

of the projects. Several different approaches have been used 

to develop SCC. Okamura and Ozawa (33) have proposed a 

simple mixture proportioning system. In this method, the 

coarse and fine aggregate content is kept constant,so that 

self-compatibility can be achieved by adjusting 

water/cement ratio and superplasticizer dosage only.  

• The coarse aggregate content in concrete is fixed at 

50% of the solid volume 

• The fine aggregate amount is fixed at 40% of the 

mortar volume. 

• The water-powder ratio in volume is assumed as 0.9 

to 1.0, depending on the properties of the powder. 

• The superplasticizer dosage and the final water-

powder ratio are determined so as to ensure self-

compactability.  

For conventional concrete, strength requirement is the 

viewpoint in fixing water cement ratio, while for self-

compacting concrete, self-compactabiliy determine the ratio 

of water-powder because self-compactability is very 

sensitive to his ration (34). In most cases, the required 

strength does not govern the water-cement ratio due the 

water-powder ratio is small enough for obtaining the desired 

strength for ordinary structures unless most of the powder 

materials in use is not reactive. Another method to achieve 

self-consolidating property is to incorporate a viscosity 

modifying admixture (VMA) to enhance stability (19) (35). 

Another rational method of mix design is based on the 

material artribute for various grades of SCC by including 

high volume fly ash as mineral admixture (36). 

3.1. Mechanism for achieving self-compactability  

The method for achieving self-computability involves 

resistance to segregation in between course aggregate and 

mortar when the concrete flows through the confined zones 

of reinforcement members and the high deformability of 

paste or mortar. (37)  have employed the following method 

to achieve self-compactability as in figure 1, (19995).
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                                Figure 1 (34) Method for Achieving Self Compactability 

Limited aggregate content , Low water-powder ratio and 

Use of superplasticizer . As the relative distance between the 

particles decreases, the frequency of collision and contact 

between aggregate particles decreases and the internal stress 

can increase when concrete is deformed particularly near 

obstacles (34). Research has found that the energy required 

for flowing is consumed by the increase internal stress, 

resulting in blockage of aggregate particles. This kind of 

blockage can be avoided to a lower level than normal by 

limiting the coarse aggregate content, whose energy 

consumption is particularly intense.  When concrete flows 

through obstacles highly viscous paste is required to avoid 

blockage of coarse aggregate Figure 4. A deformed concrete 

with high paste viscosity, prevent localize increases in 

internal stresses due to the approach of coarse aggregate 

particles. Achievement of high deformability is by 

employment of superplasticizer, keeping water powder ratio 

to very low value. 

 

Figure 2 (34) Mechanism for Achieving Self-Compactability 

Acceptance Test: As Self-Compactability of concrete is 

determined by the degree of compaction in a structure and 

poor Self-compactability cannot be compensated by 

construction work, the whole amount of concrete must be 

checked before casting (34). However, a conventional 

testing method for self-compactability require sampling and 

this may be extremely laborious if the self-compactability 

acceptance test is to be carried out for the whole amount of 

concrete. (38) develop a suitable acceptance test method for 

self-compactability as follows: 

• The testing apparatus installed between the agitator 

truck and the pump at the job sit. The whole 

amount of concrete is poured into the apparatus.  

• If the concrete flows through the apparatus, the 

concrete is considered as self-comtactable for the 

structure. If the concrete is stopped by the 

apparatus, the concrete is considered as having 

insufficient self-campactability and the mix 

proportion has to be adjusted. 

Osaka Gas LNG tank site used the apparatus successfully 

and saved a considerable amount of acceptance test work 

(figure) 6 (39) . 
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Figure. 3 (34) Automatic Acceptance Test at Job Site 

 

3.2. Method of Test of Fresh Self-Compacting Concrete 

Many different test methods have been developed in 

attempts to characterize the properties of SCC. So far no 

single method or combination of methods has achieved 

global approval and most of them have their followers. 

Similarly, no single method has been found which 

characterizes all the relevant workability aspects so each 

mix design should be crosscheck and tested by more than 

one test method so as to get different workability parameters 

(8).  

3.2.1. Measurement of SCC Flow Properties in Fresh 

State 

Filling Ability Tests: 

Slump flow test: This is used to measure the free horizontal 

flow (under the influence of gravity alone) of SCC on plain 

surface without any obstruction. The concrete poured in 

slump cone without external compaction and the cone get 

lifted, then the average diameter of the flown concrete 

measured to check the filling ability of that concrete. The 

time T50cm is the secondary indication of the flow.  The time 

taken in second is measured instantly as the cone is lifted for 

the time when horizontal flow reach 500mm (40). The 

slump flow is used to find the filling ability of the SCC. The 

higher the slump flow value the greater its ability to fill 

formwork under its own weight. A value of at least 650mm 

is required for SCC (32).  

Segregation Resistance Test: 

V- Funnel test and V-Funnel test at T5minutes: The V-funnel 

test is used to find the segregation resistance of SCC. The 

SCC sample is poured into the V-funnel apparatus, then it is 

allowed flow by its own weight. The emptying time of V-

funnel is noted.  The test measure the ease of flow of the 

concrete, the shorter flow times indicate greater flow ability. 

After 5 minutes setting segregation of concrete will show a 

less continuous flow with an increase in flow time. The 

device is used to measure the filling ability of self-

compacting concrete. It consist of a transparent rectangular 

box with a number of obstacles through which the concrete 

is left to follow. The apparatus paced on a firm level support 

having a height of 1m. At the top side the funnel is placed 

through which the concrete is let to follow till it cover the 

most of the obstacles the rear end of the box. 

 L Box Test: Box test: This test the passing ability of the 

fresh concrete In this, the vertical section of the apparatus is 

filled with fresh concrete the gate is lifted to allow the 

concrete in the horizontal section, the propotion of the 

height of the concrete at the end of the horizontal section to 

the height of the remaining vertical section should be greater 

than 0.8 (8) (40). The L-box ratio is calculated as H2/H1, the 

ratio of H2/H1 is higher than 0.8, self-compacting concrete 

has good passing ability. 

3.2.2. Physical Test: 

The density of the hardened concrete is determined by 

measuring the weight of a cube in the air and underwater, 

according to standard NEN 5967  

Compressive Strength: The Traditional vibrated concrete 

will have slightly lower strength compared with self-

compacting concrete with similar water cement or cement 

binder ratio due to lack of vibration, giving  an improved 

interface between the aggregate and harden paste (31). 

https://www.openaccess.nl/en/open-publications
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Figure 3.7 (32) Compressive Test Equipment 

Tensile Strength: For a particular concrete strength class and 

maturity, the tensile strength of self-compacting concrete 

may be assumed to be the same as that of normal concrete as 

the volume of paste  (cement +fine + water) has no 

significant effect on tensile strength (31). 

Drying Shrinkage: Loss of water from concrete to 

atmosphere causes drying shrinkage (8). Generally cement 

paste loses water though few types of aggregate also loses 

water. Shrinkage is the sum of the autogenous and drying 

shrinkage. Autogenous shrinkage results from internal 

consumption of water during hydration, the volume of the 

hydration product less than the original volume of the 

hydrated cement and water. Thus the reduction in volume 

causes tensile stress that results in autogenous shrinkage. 

Deterioration Studies: Durability properties and existing 

environmental conditions largely determine the service life 

of the structure. Dead, live and special loads are designed 

for every show that its load-carrying capacity is not 

exceeded. Existing design procedures may include 

environmental loads that can have effects on geometrical 

and material properties to ensure adequacy of service life.the 

deterioration process of materials are initiated by 

environmental loads especially the corrosion of steel in 

concrete. Environmental loads cause reduction of the cross-

section of area of reinforcement bars beside cracking and 

appalling of the concrete cover results in loss of the section 

bearing capacity. (41) when partially replacing  20% of 

cement with silica fume and 20% fine aggregate as quarry 

dust shows a very good resistance to alkaline attack and acid 

attack, sulfate attack and chloride attack than conventional 

concrete. This is due to the improvement of macro structure. 

Subjecting high strength, SCC to elevated temperature there 

was a maximum decrease in compressive strength of 24% at 

400o/c for 12 hours and a corresponding decrease in 15% of 

tensile strength at the same temperature and duration with 

9% weight lost at the same condition (42).   

IV. CONSTRUCTION ISSUES  

Use of SCC has been demonstrated in a number of 

structures in Japan and Europe. A frequently cited case has 

been the construction of anchorages for the Akashi-Kaikyo 

bridge in Japan (43). Examples of other applications 

include: construction of a wall of a large liquefied natural 

gas tank in Japan (44), viaduct in Yokohama City (45), and 

a number of bridges in Sweden (46). Experience in these 

projects brings to light certain construction issues relating to 

the use of SCC. One issue is that of understanding the limit 

of flow distance of the concrete, in order to avoid 

segregation of coarse aggregate. Results from Japan indicate 

that for distances less than 10 m, segregation does not occur. 

(47)  proposed the use of automatic gate valves for 

discharging the concrete at many different points, at 

intervals of 6-20 m. Another issue is that of the lateral 

pressure of the SCC on the formwork, due to the highly 

fluid nature of SCC (48). Higher rates of casting with SCC 

could compound the problem of excess formwork pressure. 

Prima facie, it may appear that more robust formwork and 

falsework will be required. However, available results 

indicate that SCC exerts about the same pressure as 

conventional concrete. This can be attributed perhaps to the 

inherent thixotropy of SCC, or in other words to, the 

significant buildup of viscosity following a period of rest. 

Research from Sweden has shown61 that the use of SCC 

actually resulted in pressures less than the design values for 

conventional concrete, and only slightly more than the 

conventionally-vibrated concrete. For example, at the same 

casting rate of 1.5 m/hour for a 3 m high wall, the forming 

pressure developed at the base was 25 kPa for normally-

vibrated concrete and 29 kPa for SCC, while the calculated 

design value was more than 40 kPa. Difference in form 

pressures of the two concretes was not significant, given the 

vast differences in mixture design and compaction. In the 

same study, form pressure was found to be proportional to 

the casting rate. 

V. CONCLUSIONS 

The review shows that the application of self-compacting 

cannot be overemphasized, especially in the areas of post 

and pretension concrete structures as it possess the ability to 

be moulded into any shape even in congested areas were 

compacting equipment are difficult to be used.  
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Thus reducing the cost of the structure. Numerous others 

advantages of self-compacting concrete include uniform 

surface finish, better consolidation around the 

reinforcement, better pumping ability and much more.  
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