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Abstract— The primary aim of this study is to investigate
the strength properties and flexural behaviour of beam, of
M40 grade self-compacting concrete made with fly ash,
GGBFS and a mixture of both in different proportions and
compare its values with M40 grade conventional concrete.
Conventional concrete is designed by using IS: 10262-2009
and SCC is designed using Modified Nan Su method. For
this purpose cement is replaced by weight in three different
proportions of 10%, 20% and 30% by fly ash and GGBFS
respectively. Also 20 % of cement was replaced by fly ash
and GGBFS in different proportions such as 70%:30%,
60%:40% and 50%:50%. The characteristics of SCC like
passing ability, flow ability and resistance to segregation
have been checked using slump flow, L box test and V
funnel test as per EFNARC guidelines. Specimens are tested
for compressive strength, flexural strength, splitting tensile
strength.
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I. INTRODUCTION

SCC is a type of concrete which does not need any external
vibration for its placing and compaction. It is capable to
flow, completely filling the corners of the formwork and
archive complete compaction, even in congested
reinforcements. Initially developed to counter the increasing
shortage of skilful labour.

When compared with conventional concrete, SCC
can only be produced by the use of mineral and chemical
admixtures. The key part in successfully making SCC is to
properly understand the role of its various constituents and
their effect on the properties (Fresh and hardened
properties). Fresh properties are obtained by correctly
adjusting the materials of SCC.SCC must have high
workability, high flow, good segregation resistance and
good passing ability to flow through the congested
reinforcements without any blocking.

Self compacting concrete was first proposed in
1986 in Japan by professor okamura, but professor ozawa in
Japan in 1988 at university of Tokyo was first to develop the
prototype. SCC was developed to improve the durability of
the concrete structures. From that time several researches
have been done on SCC and it has been used in many
structures in Japan. Investigations have been carried out to
establish a rational mix design method and methods of
testing self-compatibility so as to make it a standard
concrete

Il. MATERIAL USED

A. Cement:

Cement used in this project is Ultra-Tech cement 53 Grade
ordinary Portland cement meeting the requirements of

1IS12269. The cement content for obtaining a self-
compacting concrete is between 380-600 Kg/m®. Cement
content less than 380 kg/m*® might decrease the durability
requirements, whereas for the cement content greater than
600 kg/m® might raise shrinkage. Cement content lesser
than 380 kg/m® can also be employed with the addition of
finer mineral admixtures such as GGBFS, fly ash, silica
fume, RHA etc.

B. Fine Aggregate (FA):

All locally available natural river sand can be used for
obtaining SCC. Both rounded and crushed sand can be used.
Fine aggregate content is very important for the rheology of
SCC. The amount fine aggregate is more than the coarse
aggregate content in SCC. The amount of fines in SCC has
an important effect on the mix proportions. More amount of
water and super plasticizer is requires for fine sand but
requires less filler than coarse sand.

C. Coarse Aggregate (CA):

Coarse aggregate used to obtaining SCC should be round
and well graded. It should be clean and free from clay
seams. The smaller size and rounded aggregate improves the
workability of concrete. The aggregate size should be 20mm
and less than 20mm. In selecting a coarse aggregate
gradation is an important factor, where especially small
dimensional elements are used and where the reinforcements
are highly congested. The coarse aggregate size in
conventional concrete is based on the construction type,
usually the maximum coarse aggregate size utilized in
making SCC ranges between 20 mm and 10 mm.

D. Water:

In the making of SCC portable water should be used. In case
of SCC the expression water to binder ratio is utilized
instead of water to cement ratio because of the addition of
additives. That means water content in SCC is in proportion
to total binders (cement and additives). In SCC it has intense
effect on both the properties. To increase the workability
property (filling ability) if only water is added then the
concrete is much prone to segregation. Due to this, it was
difficult to develop SCC until several suitable super
plasticizers were made.

E. Mineral Admixtures:

— Flyash

— Ground granulated blast furnace slag (GGBFS)
F. Chemical admixtures:

In this study Conplast SP 430 super plasticizer of Fosroc
chemicals was used. It complies with BS: 5075 part 3 and
1S: 9103-1999. 1t’s a brown colour liquid quickly dispersible
in water and it is sulphonated naphthalene based polymers.
It can be used with all kinds of cement apart from high
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alumina cements and cement replacing admixtures such as
Fly ash, GGBFS and micro silica. It also combines
properties of workability retention and water reduction.

I11. MIX DESIGN

Mix design is carried out by using Indian standard codes i.e.,
IS 456-2000, & IS 10262-2009. In my dissertation work |
am using M40 grade conventional concrete & the mix
details are as follows.

Cement | N e | Water
aggregate | aggregate
Quantly | 450 | 64830 | 1169.85 | 180
(kg/m’)
Proportions 1 1.44 2.6 0.4

Table 1: Mix Design
The mix design of Self Compacting concrete was
done using Modified Nan Su Method and the mix details are
as follows.

strength for 28 days. The cubes are tested in compressive
testing machine, the results are shown below.

B. Compressive Strength Test Results

Average strength in N/mm?
MIX 1D 7 days 28 days
CC M40 31.50 43.13
Ccscc 33.10 4411
M1 31.03 41.75
M2 32.55 44.35
M3 29.18 40.91
M4 33.39 44.80
M5 35.86 47.89
M6 32.79 43.16
M7 32.95 4451
M8 33.97 46.03
M9 36.41 48.87

Table 5: Compressive Strength Test Results

Coarse Fine 50
Cement | aggrega | aggre | S.P Wat
er S0
te gate
Quantity 190. a0
560 7634 | 850.3 | 8.4
(kg/mg) 96 1 7 DAYS
Proportion |4 136 | 152 | %" | 034 28 0a1s
Table 2: Mix Design 10
IV. EXPERIMENTAL SETUP ! 0 €0 M1 MZ M3 M4 M5 ME M7 ME M9
- hA0 500
Specimen Specimen size Num_ber of Fig. 1: Compressive Strength Test Results
name specimens 1) Cylinders:
Cube 150 mm x 150 mm 66 The split tensile strength testing was done for 28 days in
X 150 mm order to find the strength of cylinder, the results are shown
Cylinders 150 mm diameter 33 below.
;)n(;j 300 mlrgohelght C. Split Tensile Strength Test Results
. mm x mm X - 3
Prisms 500 mm 33 MIX ID Average strength in N/mm
Table 3: Experimental Set 28 days
able 3: Experimental Setup CC M40 711
V. RESULTS AND DI ION CC Sce 4.18
. SULTS SCUSSIO M1 356
A. Fresh properties of SCC M2 4.22
V- M3 3.10
mix | SEUMP | 15qg L FUNNEL | 12 M4 4.30
FLOW BOX MIN M5 261
1D mm (sec) TEST TEST .
( ) (Sec) (SEC M6 418
CC M7 4.32
scC 685 45 0.9 10.5 13.2 M8 467
M1 700 3.6 0.93 9.4 12 M9 4.83
M2 708 3.2 0.95 8.5 10.8 Table 6: Split Tensile Strength Test Results
M3 715 3 0.96 8 10.2 . .
M4 | 690 22 | 092 10 12,5 Split tensile strength
M5 705 3.8 0.94 9.4 12 6
M6 710 3.4 0.95 8.8 11.6 i i
M7 705 3.7 0.93 9 11.5 3
M8 700 4 0.91 9.5 12.3 i i H 28 days
M9 695 4.3 0.88 10.2 12.8 0
Table 4: Fresh Properties of SCC S22 :2:2=:2¢%
1) Cubes: g S

The specimen of the concrete is tested for 7 days & 28 days
in order to determine the initial strength for 7 days and final

Fig. 2: Split Tensile Strength Test Results
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1) Prisms:
The Flexural strength testing was done for 28 days in order
to find the strength of Prisms, the results are shown below

D. Flexural Strength Test Results:

MIX ID Average strength in N/mm?
28 days

CC M40 5.36

CCScCC 5.40
M1 5.28
M2 5.86
M3 4.83
M4 5.69
M5 6.08
M6 5.43
M7 5.94
M8 6.24
M9 6.47

Table 7: Flexural Strength Test Results

Flexural strength

1 m 28 days

[T S R N < I « ]
|

Ccscc
M1
M2
M3
M4
M5
M6
M7
M8
M9

CC M40

Fig. 3: Flexural Strength Test Results

VI. DISCUSSION

— Conventional concrete (CC) of M40 grade is designed
as per IS code - 10262:2009 and a compressive strength
of 43.13 N/mm? is attained at 28 days.

— SCC of M40 grade was designed without mineral
admixture and it had compressive strength of 44.11
N/mm? which is 2.27% more than the CC of M40
grade.

— The slump flow of SCC without mineral admixtures
was 685 mm which was least of all mixes.

— SCC containing 20% Fly ash obtained maximum
compressive strength, split tensile strength and flexural
strength.

— SCC containing 20% GGBFS obtained maximum
compressive strength, split tensile strength and flexural
strength.

— M9 SCC mix obtained maximum compressive strength,
split tensile strength and flexural strength.

VII. CONCLUSION

The following conclusions were made based on
experimental study on conventional concrete and SCC of
M40 grade using mineral admixtures like fly ash and
Ground Granulated Blast Furnace Slag.

1) Among all additive percentages of Fly ash, M2 mix
SCC with 20% cement replaced with fly ash shows
the maximum compressive strength, split tensile
strength and flexural strength.

2) Among all additive percentages of GGBFS, M5
mix SCC with 20% cement replaced with GGBFS

shows the maximum compressive strength, split
tensile strength and flexural strength.

3) Among all additive percentages of blended with fly
ash and GGBFS, M9 mix SCC produce with
50%:50% addition achieved maximum
compressive strength, split tensile strength and
flexural strength.

4) Compared to the conventional M40 grade concrete
the M9 mix SCC beam carried more load.
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