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Self - Compacting Concrete is a highly fluid concrete mixture with no segregation and can compact under its self 
weight. The use of SCC is spreading all over the world, but it is in infant stage in India. SCC requires considerably 
more quantity of fine particle as compared to traditional concrete to achieve self - compatibility. Looking at the 
potential of cementitious constituents in fly ash and availability in abundance in million tonnes as a byproduct of the 
thermal power plant demanding environmental solution, large volumes of fly ash, partially in substitution for cement 
and partially as filler, can be employed in SCC. The entire investigation is divided into four distinct phases of activities. 
The utilization of self-compacting concrete started growing rapidly. European federation of natural trade 
associations representing producers and applicators of specialist building products has drawn up specification and 
guidelines to provide a framework for design and use of high quality SCC, during 2002 and revised in 2005. Self-
compacting concrete has been described as “the most revolutionary development in concrete construction for 
several decades” and defined as “A concrete that is able to flow and fill every part and corner of the formwork, even 
in the presence of dense reinforcement, purely by means of its own weight and without the need for any vibration 
or other type of compaction”. Originally, SCC was developed in Japan to offset a growing shortage of skilled labour 
 
INTRODUCTION 
GENERAL 
Recognizing the lack of uniformity and complete 
compaction of concrete by vibration, researchers at 
the University of Tokyo, Japan, started in late 1980’s 
to develop Self - Compacting concrete (SCC). By the 
early 1990’s, Japan has developed and used SCC that 
does not require vibration to achieve full compaction. 
By the year 2000, SCC has become popular in Japan 
for prefabricated products and ready mixed concrete. 
Modern application of self-compacting concrete is 
focused on high performance, better and more 
reliable and uniform quality. 
 
In present-day Self - Compacting concrete can be 
classified as an advanced construction material. The 
SCC, as the name suggests, does not require to be 
vibrated to achieve full compaction. This offers many 
benefits and advantages over conventional concrete. 
These include an improved quality of concrete and 
reduction of on-site repairs, faster construction 
times, lower overall cost and facilitation of 
introduction of automation into concrete 
construction. An important improvement of health 
and safety is also achieved through elimination of 
handling of vibrators and a substantial reduction of 
environmental noise loading on and around a site. 
The composition of SCC mixes includes substantial 

proportions of finely-grained inorganic materials. This 
offers possibilities for utilization of waste products  
 
which have no practical applications and are costly to 
dispose of. 
These are very small and known as gel pores. 
Depending on the amount of excess water added 
during mixing, between 8 and 14% of its given volume 
is made up of voids of various sizes. Capillary pores 
are formed as water migrates to the surface of 
concrete during hardening. The moisture enters a 
concrete structure through capillary pores. During 
this action dissolved salts and acids are taken into the 
concrete and thus it reduces the alkalinity of 
concrete. When the pH value of concrete falls below 
9, the reinforcing steel can corrode, and can cause the 
concrete’s surface to crack and spall. The hot, humid, 
salt laden atmosphere and groundwater of the 
region’s coastline form the ideal environment for 
corrosion of steel reinforcement. 
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Figure 1.1 Failed concrete structures 
 
Whilst workability is essential for quality concrete 
construction, all other properties are adversely 
affected as they are linked to the porosity of the 
cement paste and the permeability of the concrete. 
The fundamental parameters which control the 
durability of concrete are: 
• Water cement ratio 
• The degree of compaction of the concrete in 
the structure 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.2 Application of Self - Compacting concrete 
in congested reinforcements 
 
NEED FOR THE PRESENT STUDY 
 
A proper design of Self - Compacting concrete 
requires considerably more fines content (less than 
0.1 mm) as compared to the traditional concrete. In 
structural concrete the cement content usually vary 
from 300-450 kg/m³. The vast availability of fly ash at 
low cost makes it an ideal powder for use in Self - 
Compacting concrete. In India, almost 75 million 
tonnes of flyash is produced per year, the disposal of 
which has become a serious environmental problem. 
Therefore the use of fly ash has to be popularized not 
only as supplementary cementitious materials but 
also as filler in Self - Compacting concrete. 
 
2 REVIEW OF LITERATURE 
 
2.1 GENERAL 
This chapter presents the literature reviewed on the 
self compacting concrete with fly ash content on 
various material properties of self compacting 
concrete and structural action on concrete structures. 
A brief review on the experimental studies of self 
compacting concrete structures is presented. They 

are then followed by the experimental investigation 
on the behaviour of beam, column and exterior beam 
column joints under earthquake type loading 
reported in the literature. 
 
2.2 LITERATURE REVIEW ON SELF COMPACTING 
CONCRETE 
Bouzoubaa and Lachemi (2001) stated that SCC has 
gained wide use for placement in congested 
reinforced concrete structures with difficult casting 
conditions. For such applications, the fresh concrete 
must possess high fluidity and good cohesiveness. 
The use of fine materials such as fly ash can ensure 
the required concrete properties. The initial results of 
an experimental program aimed at producing and 
evaluating SCC made with high volumes of fly ash are 
presented and discussed. The mechanical properties 
of hardened concrete such as compressive strength 
and drying shrinkage were also determined.  
The SCCs developed 28-day compressive strengths 
ranging from 26 to 48 MPa. The results show that an 
economical SCC could be successfully developed by 
incorporating high volumes of class F fly ash. They 
concluded that it is possible to design SCC 
incorporating high volumes of class F fly ash. The 
HVFA SCCs have a slump flow in the range of 500-700 
mm, a flow time ranging from 3 to 7 seconds, a 
segregation index ranging from 0.025 to 0.129 
ml/cm2. 
Youjun et al. (2002) in their paper presented the 
preparation technology of high strength SCC 
containing ultrapulverized fly ash (UPFA) and 
superplasticizer. After selecting the parameters of 
mix proportions, a SCC with good workability, high 
mechanical properties and high durability was 
developed. The experimental results indicate that the 
fresh mixture has low slump loss. The compressive 
strength of concrete reached 80 MPa and the 
concrete presents low permeability, good freeze-
thaw resistance and low drying shrinkage. They 
concluded that 
 
Bui et al. (2002) developed a simple apparatus and a 
rapid method for testing the segregation resistance of 
self-compacting concrete (SCC). Extensive test 
programs on SCC with differences in water–binder 
ratios, paste volumes, combinations between fine 
and coarse aggregates and different types as well as 
different contents of cements and mineral 
admixtures were carried out. The test results showed 
that the developed apparatus and method are useful 
in rapidly assessing the segregation resistance of SCC 
in both vertical and horizontal directions. 
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Hajime and Masahiro (2003) discussed about 
mechanism for achieving self - compactibility, factors 
of self - compactability in terms of test results, 
rational mix design method, new type of 
superplasticizer suitable for SCC and segregation-
inhibiting agent. They concluded that rational mix 
design method and an appropriate acceptance 
testing method at job site have both largely been 
established for SCC. 
 
Praveen and Kaushik (2004) carried out the studies on 
the microstructure of the interfacial transition zone 
(ITZ) in concrete that governs its mechanical 
properties and durability. The two basic differences in 
SCC and the conventional concrete are the relatively 
high water content in SCC and the presence of extra 
powdery material like fly ash. They investigated the 
ITZ in SCC vis-a-vis conventional concrete on the 
Scanning Electron Microscope based study. 
 
2.6 SUMMARY OF LITERATURE REVIEW 
 
Most of the research literature reviewed, 
concentrated on experimental study on the fresh 
properties of SCC. It is indicated in the literature that 
SCC should possess high flowability, high passing 
ability, high filling ability and high segregation 
stability. It is difficult to achieve both high flow ability 
and high segregation stability at the same time. 
Another difficulty is interlocking between the 
aggregate particles. To improve the cohesiveness and 
reduce particle interlocking actions it is good practice 
to increase powder content to SCC mixes. Fly ash has 
been found to improve the mechanical properties 
and durability of concrete when used as a cement 
replacement material. The literature on beam column 
joint region indicated the importance of anchorage 
through bond strength in the joint region and hence 
they are proposed to be investigated in the present 
study. 
 
3 MATERIAL PROPERTIES 
 
3.1 GENERAL 
The properties of the materials which were used in 
this study are presented in this chapter. The materials 
used were cement, fine aggregate, coarse aggregate, 
fly ash, superplasticizers, viscosity modifying agent 
and water. The properties of these ingredients were 
assessed and are given below. The various 
proportions of mix adopted for this study are 
discussed in this chapter. 

 
3.2 CEMENT 
3.2.1 General 
Ordinary Portland (Birla super) cement was chosen so 
that the influence of Tuticorin thermal power plant fly 
ash could be studied without any other intervention. 
The 53 grade ordinary portland cement was chosen 
because of its greater fineness which would have 
effective hydration and also secondary hydration. 
 
3.2.2 Properties of Cement 
 
The ordinary portland cement which conforms to IS 
12269 –1987 was used for making concrete. The 
physical properties of cement which was used for the 
experimental investigation are given in Table 3.1 and 
the chemical composition of the cement is given in 
Table 3.2 
 
3.2.3 Hydration of Cement 
 
The raw material used in the manufacture of Portland 
cement consists of lime, silica, alumina and iron 
oxide. These compounds interact with one another in 
the kiln to form a series of more complex products. 
The relative proportions of these compounds are 
responsible for influencing the various properties of 
cement. Four compounds are usually regarded as the 
major constituents of cement. They are tricalcium 
silicate, dicalcium silicate tricalcium aluminate and 
tetra calcium alumino ferrite. Anhydrous cement 
does not bind the fine and coarse aggregate. It 
acquires cohesive and adhesive property only when 
water is mixed with it. The chemical reaction that 
takes place between cement and water is referred as 
hydration of cement. The schematic representation 
of hydration process is shown in Figure 3.1. 
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Figure 3.2 Microstructural development in portland 
cement pastes 
 
3.3 FLYASH 
3.3.1 General 
 
Fly ash is one of the most extensively used by-product 
materials in the construction field resembling 
Portland cement. It is an inorganic, noncombustible, 
finely divided residue collected or precipitated from 
the exhaust gases of any industrial furnace. Most of 
the fly ash particles are solid spheres and some 
particles, called cenospheres, are hollow (Figure 3.5). 
Also present are plerospheres, which are spheres 
containing smaller spheres inside. 
 
3.4 AGGREGATE 
3.4.1 General 
 
Usually the aggregates occupy 70% to 80% of the 
volume of concrete and have an important influence 
on its properties. They are granular materials, derived 
generally from natural rock and sands. 
  
3.4.2 Sieve Analysis for Coarse Aggregate 
Sieve analysis for coarse aggregates was conducted as 
per IS 2386 – Part I. From the sieve analysis, fineness 
modulus of coarse aggregate was found out. The size 
of sieves used for analysis are 80 mm, 40 mm, 20 mm, 
10 mm, 4.75 mm, 2.36 mm, 1.18 mm, 600 microns, 
300 microns and 150 microns. The fineness modulus 
of coarse aggregate (12.5 mm) was found to be 7.48. 
 
3.4.3 Sieve Analysis for Fine Aggregate 
The Indian Standard sieves used for the analysis are 
4.75 mm, 2.36 mm, 1.18 mm, 600 microns, 300 
microns and 150 microns. The fine aggregate was 
sieved through the sieves. The weight of sample 
retained on each sieve was obtained and the 

cumulative percentage weight retained was found 
out. The fineness modulus of the fine aggregate was 
found to be 2.27 and the sand was conforming to 
grading Zone III of Table 4 of IS: 383-1970. 
 
3.4.4 Specific Gravity of Coarse and Fine Aggregate 
 
Specific gravity of aggregates were determined as per 
IS 2386 – Part III. The specific gravity of coarse 
aggregate and fine aggregate were determined to be 
2.81 and 2.66 respectively. 
 
3.4.5 Water Absorption of Coarse Aggregate and 
Fine Aggregates 
 
Water Absorption of aggregate was determined as 
per IS 2386 – Part III. Aggregate was washed 
thoroughly and immersed in water for 24 hrs. 
Aggregate was surface dried using cloth so as to bring 
the aggregate in saturated surface dry condition. 
1000 gram in case of coarse aggregate and 500 gram 
in case of fine aggregate were exactly weighed and 
kept in oven at 105 degree Celsius for 24 hours. Final 
weights of aggregates were measured. Water 
absorption was calculated as: 
 
Water absorption (% of dry weight) =[ (Wt of 
saturated surface dry sample - Wt of oven dried 
sample) / Wt of oven dried sample ] 100. 
 
Water absorption of coarse aggregate and fine 
aggregate were determined as 0.4 % and 2.0 % 
respectively. 
 
3.4.6 Proportioning of Coarse Aggregate and Fine 
Aggregate 
Fine aggregate and coarse aggregate (12.5 mm size) 
were proportioned to get a mixture of maximum 
density. The proportion of coarse aggregate and fine 
aggregate to give a maximum density was found to be 
67: 33. 
  
3.5 SUPERPLASTICIZERS 
3.5.1 General 
 
Superplasticizers (high-range water-reducers) are low 
molecular-weight, water-soluble polymers designed 
to achieve high amounts of water reduction (12-30%) 
in concrete mix in order to attain a desired slump. The 
use of superplastcizer in concrete is an important 
milestone in the advancement of concrete 
technology. Superplasticizers produce a 
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homogeneous, cohesive concrete generally without 
any tendency for segregation and bleeding.  
 
3.5.2 Nature of Superplasticizers 
 
Fly ash particles are very fine in nature and possess 
large surface area. Hence the particles of fly ash which 
have to be wetted increases the water demand, so 
that, in mixes with a low water/cement ratio, it is 
necessary to use a superplasticizer. Superplasticizers 
are water-soluble organic polymers which have to be 
synthesized, using a complex polymerization process 
to produce long molecules of high molecular mass.  
 
3.5.4 Dosage of Superplasticizers 
 
For increasing the workability of the mix, the normal 
dosage of superplasticizers is between 0.8 and 1.3 % 
of weight of cement. The dosage of superplasticizer 
influences the viscosity of the grout and hence the 
workability of concrete. The effectiveness of a given 
dosage of a superplasticizer depends on the water 
cement ratio of the mix.  
 
4 EXPERIMENTAL INVESTIGATION 
 
4.1 GENERAL 
 
Workability of concrete is the ease with which 
concrete can be compacted hundred percent having 
regard to mode of compaction and place of 
deposition. The workability of concrete depends 
upon many factors such as water content, mix 
proportions, size of aggregates, shape of aggregates, 
surface texture of aggregate, grading of aggregate 
and use of admixtures. The workability of different 
concrete mixes in terms of slump and compacting 
factor values are discussed in this section. 
 
4.2Slump Flow Test and T50 cm Test 
‘Slump flow test’ assess the horizontal free flow of 
Self Compacting Concrete in the absence of 
obstruction. It can be used as a routine quality control 
test. Concrete is filled in slump cone placed centrally 
on base plate. On lifting the slump cone the time 
required for the cone to flow up to 500 mm is 
observed in addition to maximum flow (slump flow) 
attained. It is reported that for concrete to be ‘Self 
Compacting Concrete’, it should have a flow of 650-
800 mm. The test set up for conducting slump flow 
test is shown in Figure 4.1. 
 
 

 
 
 
 
 
Figure 4.1 Slump flow test (Ref.20) 
 
4.3 V Funnel Test 
‘V funnel test’ helps in distinguishing changes in 
viscosity of self compacting concrete and also 
adjusting powder content and HRWR dosage of 
mixture. The time elapsed for concrete to flow out 
completely through the opening at the bottom when 
the trap door is opened 10 seconds after filling and 
the concrete is allowed to flow out under gravity is 
noted as V funnel time. For Self Compacting Concrete 
a flow time of 6-12 seconds (range of V funnel time) 
is considered appropriate. 
 
 
 
 
 
 
 
 
 
 
 
 Figure 4.2 V funnel test (Ref.20) 
 
4.4 L Box Test 
 
‘L box test’ assess the flow of concrete and passing 
ability of Self Compacting Concrete by determining its 
blocking ratio. The test consists of an L shaped 
chamber. Concrete is filled in vertical limb of L-box, 
and the gate is lifted and concrete is allowed to flow 
into lower limb through an obstruction. The height at 
rest of concrete at the ends of the horizontal limb is 
observed (H1&H2) and the blocking ratio (H2/H1) is 
calculated. Also the time to reach 200 and 400 mm 
marks are recorded. The test set up for conducting L 
box test is shown in Figure 4.3. 
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4.5 SPLIT TENSION 
4.5.1 General 
 
The Split tension test was conducted as per 

the procedure adopted by the National standard 
specifications of Brazil and is known now as "the 
Brazilian test" and the split tensile strength were 
found out for all specimens. Splitting tensile strength 
test is used to evaluate the shear resistance provided 
by concrete elements 

 
 

 
 
 
 
 
 
 
 
Figure 4.5 Splitting tensile stresses on concrete 
cylindrical specimens 
 
4.6 FLEXURAL STRENGTH 
 
4.6.1 General 
 
This test was carried out for determining the Flexural 
strength of concrete. The method of testing was done 
as per IS 516-1959. 

 

 

 

 

 

 

 

 

 

 
Figure 4.8 Pull - out test set up                   

 

 

 

 

 

 

 

 

 

 
Figure 4.13 Flexure test in RC beam 
AXIAL LOAD CARRYING CAPACITY OF COLUMN 
 
An experimental investigation on the load carrying 
capacity of reinforced normal concrete column and 
SCC column under concentric compressive load is 
presented. The primary objective is to examine and 
study the load carrying capacity relationship on small 
scale models of reinforced concrete columns. The 
columns were tested under a monotonically 
increasing concentric load. The lateral displacements 
at one fourth of height, mid height and three fourth 
of the height along the both axes were measured at 
each load increment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Typical testing arrangements for column 
 
BEAM - COLUMN JOINT 
General 
To study the seismic performance of self compacting 
concrete an exterior beam column joint of a 
multistorey reinforced concrete building falling under 
the seismic zone - III has been considered for the 
study. The experimental investigation was done in the 
exterior beam column joint with square confined 
reinforcement with two types of detailing namely (i) 
Normal detailing and (ii) seismic detailing. Normal 
concrete and self compacting concrete were used. 
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Reinforcement details of seismic detailed specimens                 
Loading set up 
 
5 RESULTS AND DISCUSSION 
 
• Following the testing procedures elaborated 
in the previous chapter, the fresh properties of Self 
Compacting Concrete (i.e.) Slump flow test, V funnel 
test, L box test and U box test are obtained on 
concrete with selected VMA and superplasticizer and 
their dosage . Mixes were prepared by varying fly ash 
content from 25% to 50% in steps of 5 % and the 
w/cm ratio as 0.30,0.35 and 0.40 and their 

combinations and the results are discussed in this 
chapter. The results of hardened properties are 
discussed in chapter 6and that of structural 
properties are discussed in chapter 7. 
• For obtaining hardened properties and 
structural properties 162 concrete cube specimens, 
114 concrete cylinder specimens, 114 concrete prism 
specimens, 114 concrete pull out specimens, 114 
concrete disc specimens, 16 reinforced concrete 
beam specimens, 16 reinforced concrete column 
specimens and 8 beam – column joint specimens 
were tested. The experimental results of 658 test 
specimens as shown in Table 5.1 are discussed in this 
section. The experimental results presented in this 
research include: 
• Performance of SCC with different 
combinations of VMA (CMC, bio polymer and Organic 
aqueous solution) and HRWR (Melamine sulfonate 
SP, Napthalene sulfonate SP, polycarboxylic ether SP) 
and comparison of the properties of normal concrete 
and Self compacting concrete with the above VMA 
and HRWR combination in the fresh and hardened 
state and suggestion of the VMA and HRWR 
combination and their dosage which is suitable for 
the production of economical high performance self 
compacting concrete 
• Variation in compressive strength of 
concrete with different percentages of fly ash in SCC 
mixes when compared with the normal concrete and 
the optimum replacement level of fly ash resulting in 
substantial reduction in cement content 
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Comparison of compressive strength of NC and SCC with varying fly ash content with w/cm ratio 0.30 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Compressive strength variation of SCC mixes with w/cm ratio 0.30 

 

 

 

 

 

 

 

  

 

 

 

 
 
 

Comparison of compressive strength of NC and SCC with varying fly ash content with w/cm 

ratio 0.35 
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Compressive strength of NC and 

SCC at 7 days with w/cm ratio 0.3, 

0.35 and 0.4 
 

Crack Patterns of Columns 
 
In conducting compression test on all the columns it 
was observed that the crack pattern in SCC columns 
and RCC columns formed are similar in nature. 
Initially, hair line cracks were formed at the first crack 
load, then the increment of load caused the cracks to 
expand further and then it propagated from one 
corner to the opposite corner. At ultimate load the 
width of the crack was increased to a greater extent 
The range at which first crack has occurred is found to 
be between 190kN – 277kN for SCC specimens. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Crack pattern in RCC column 
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