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ABSTRACT:

Concrete is the mostly used material in various types of 
construction, from the flooring of a hut to a multi sto-
ried high rise structure from pathway to an airport run-
way, from an underground tunnel and deep  sea platform 
to high-rise chimneys and TV Towers. In the last millen-
nium concrete has demanding requirements both in terms 
of technical performance and economy while greatly 
varying from architectural masterpieces to the simplest of 
utilities. It is the most widely used construction materials. 
It is difficult to point out another material of construction 
which is as versatile as concrete.High strength concrete is 
used extensively throughout the world like in the oil, gas, 
nuclear and power industries are among the major uses. 
The application of such concrete is increasing day by day 
due to their superior structural performance, environmen-
tal friendliness and energy conserving implications. Min-
eral admixtures like Metakaolin and Condensed Silica 
fume is the pozzolanic material which is mainly derived 
from a clay mineral “kaolinite” and glass  since it is cal-
cined at higher temperatures it’s named as “metakaolin”. 
A further advantage of pozzolan mortars is their lower en-
vironmental impact, when compared to cement mortars, 
due to lower energy consumption during production and 
CO2 absorption by carbonation.The tests conducted for 
these Ultra high strength fibrous triple blended concrete 
(CSF & MK) are with the addition of Silica fume and 
Metakaolin, along with fibrous material, the compressive 
strength of concrete at the age of 7 days and 28 days  with 
various proportions of the mix. Split tensile test will be 
observed that with the addition of Silica fume and Me-
takaolin, along with fibrous material of concrete at the age 
of 7 days and 28 days with various proportions of the mix 
and finally it has been observed Flexural test of concrete 
with addition of Silica fume and Metakaolin, along with 
fibrous material of concrete at the age of 28 days will be 
observed.

Keywords:

Metakaolin, Condensed Silica fume, Fibrous Material, 
M-60, M-80, Mix Design: IS-10262-2009.
 
1. INTRODUCTION:

Concrete is the mostly used material in various types of 
construction, from the flooring of a hut to a multi sto-
ried high rise structure from pathway to an airport run-
way, from an underground tunnel and deep  sea platform 
to high-rise chimneys and TV Towers. In the last millen-
nium concrete has demanding requirements both in terms 
of technical performance and economy while greatly 
varying from architectural masterpieces to the simplest of 
utilities. It is the most widely used construction materials. 
It is difficult to point out another material of construc-
tion which is as versatile as concrete.Concrete is one of 
the versatile heterogeneous materials, civil engineering 
has ever known. With the advent of concrete civil engi-
neering has touched highest peak of technology. Concrete 
is a material with which any shape can be cast and with 
equal strength or rather more strength than the conven-
tional building stones. It is the material of choice where 
strength, performance, durability, impermeability, fire 
resistance and abrasion resistance are required.Cement 
concrete is one of the seemingly simple but actually com-
plex materials. The properties of concrete mainly depend 
on the constituents used in concrete making. The main 
important material used in making concrete are cement 
,sand, crushed stone and water .Even though the manufac-
turer guarantees the quality of cement it is difficult to pro-
duce a fault proof concrete. It is because of the fact that 
the building material is concrete and not only cement. The 
properties of sand, crushed stone and water, if not used as 
specified, cause considerable trouble in concrete.
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In addition to these, workmanship, quality control and 
methods of placing also play the leading role on the prop-
erties of concrete.Compressive strength of concrete comes 
primarily from the hydration of alite and belite in Portland 
cement to form C-S-H. Alite hydrates rapidly to form C 
S H and is responsible for early strength gain; belite has a 
slower hydration rate and is responsible for the long term 
strength improvements. 

Alite: 2Ca3SiO5 + 6H2O → 3CaO•2SiO2•3H2O + 
3Ca(OH)2
Belite: 2C2S + 4H2O = C3S2H3 + CH

When alite and belite hydrate they produce a by product, 
calcium hydroxide (CH), which crystallizes around the 
aggregate to create a weak zone called the interfacial tran-
sition zone (ITZ) [2]. The ITZ is where concrete paste has 
a higher porosity and lower strength than the surround-
ing paste and allows the greatest penetration of harmful 
containments.

2. FIBRE REINFORCED CONCRETE:

Fibre Reinforced Concrete is a concrete composed of 
normal setting hydraulic cements, fine or fine and coarse 
aggregates and discontinuous discrete fibre with differ-
ent proportions, different length and different gauges as 
parameters.Concrete is an artificial material in which the 
arrangements both fine and coarse aggregate are bonded 
together by the cement when mixed with water. The con-
crete has become so popular and indispensable because 
of its inherent characteristics and advantages either when 
green or hardened. The use of reinforcement in concrete 
brought a revolution in application of concrete. Concrete 
has unlimited opportunities for innovative application, 
design and construction techniques. 

Its great versatility and relative economy in filling wide 
range of needs has made it a very competitive building 
material When the loads imposed on concrete approach 
that for failure, cracks will propagate, sometimes rap-
idly, fibres in concrete provide a means of arresting the 
crack growth. Reinforcing steel bars in concrete have, the 
same beneficial effect because they act as long continu-
ous fibres. Short discontinuous fibres have the advantage 
however of being uniform. If the modulus of elasticity 
of the fibre is high with respect to the modulus of elas-
ticity of the concrete or mortar binder, the fibres help to 
carry the load, thereby increasing the tensile strength of 
the material.Increases in the length, diameter ratio of the 
fibres usually augment the flexural strength and toughness 
of the concrete. The values of this aspect ratio is usually 
restricted to between 100 and 200 since fibres which are 
too long tend to “ball” in the mix and create workability 
problems.

As a rule, fibres are generally randomly distributed in the 
concrete; however, processing the concrete so that the fi-
bres become aligned in the direction of applied stress will 
result in even greater tensile or flexural strengths.

3.POZZOLANIC ADMIXTURES IN CON-
CRETE:

Pozzolonas are either naturally occurring or available as 
waste materials. They mainly contain silica, which comes 
reactive in the presence of free lime available in cement 
when pozzolanic admixtures are mixed with cement. The 
reactivity varies depending upon the type of pozzolana, 
its chemical composition and its fineness. In develop-
ing countries like India, pozzolanic materials are mainly 
available as industrial waste by-products, flyash, silica 
fume, stone dust, blast furnace slag, rice husk ash, etc., 
are some of industrial wastes and metacem is a quality 
controlled reactive pozzolona, made from purified kaolin 
which possess pozzolanic properties. 
            
Extensive reaserch work has been carried on the use of 
pozzolanas in construction materials. Out of the above 
pozzolonas admixtures fly ash can be considered as the 
one, which is abundantly available. Fly ash concrete pos-
sesses certain desirable and enhanced properties com-
pared to ordinary plane concrete. Metakaolin made from 
purified kaolin is not industrial waste product, can be rec-
ommended to be used along with cement to derive cer-
tain enhanced properties for concrete in special situations.
In the present investigation an attempt has been made 
to study the properties of concrete such as workability, 
compressive strength, split tensile strength and flexural 
strength of fibrous concrete composite with addition of 
various proportion of condensed silica fume and metaka-
olin as partial replacement by weight of cement to arrive 
at optimum properties.       

4. EXPERIMENTAL INVESTIGATION:

The scope of present investigation is to study strength 
properties on plain concrete, concrete with replacement 
of varying percentages of metakaolin and silica fume 
along with steel fibres in different total percentages of 
0%, 0.5%, 0.75%, 1.0%, 1.25%, and 1.5% for M60 & 
M80 concrete mix.

4.1.MATERIAL PROPERTIES AND EX-
PERIMENTAL WORK
4.1.1 CEMENT:

Locally available Ordinary Portland Cement of 53 grade 
of ULTRATECH Cement brand confirming to ISI stan-
dards has been procured and following tests have been 
carried out according to (22) shown.

Table 1: Physical properties of OPC 53 grade 
ultratech brand cement:

4.1.2 METAKAOLIN:

The Metakaolin is obtained from the 20 Microns limit-
ed Company at Vadodara in Gujarat by the brand name 
Metacem 85 C. The specific gravity of Metakaolin is 2.5. 
The Metakaolin is in conformity with the general require-
ment of pozzolana( 1,15,19,23).  The Physical and chemi-
cal results are tabulated.

Table 2: Physical properties of Metakaolin 
given by the distributer:

Table 3: Chemical composition of Met kaolin 
given by the distributer:

4.1.2 SILICA FUME AND ITS SOURCES:

Silica fume is very fine pozzolanic material composed of 
amorphous silica produced by electric arc furnaces as a 
byproduct of the production of elemental silica or ferro-
silicon alloys. High-purity Quartz is heated to 2000oc 
with coal, coke or wood chips as fuel and an electric arc 
introduced to separate out the material. As the quartz is 
reduced it releases silicon oxide vapour. This mixes with 
oxygen in the upper parts of the furnace where it oxidizes 
and condenses into micro spheres of amorphous silicon 
dioxide. The fumes are drawn out of the furnace through a 
precollector and a cyclone, which remove the larger coarse 
particles of unburnt wood or carbon, and then blown into 
a series of special filter bags.

Silica fume is, when collected, an ultra fine powder have 
the following basic properties:

1.Atleast 85% SiO2 content.

2.Mean particle size between 0.1 and 0.2 micron.

3.Minimum specific surface of 15,000 m2/kg.

4.Spherical particle shape

5.The powder is normally grey in color but this can vary 
according to the source.

Table 3: Particle size analysis of silica fume 
given by distributer:

Table 4: Basic properties of silica fume given 
by distributer:
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by distributer:

S.No Property Test Value Requirements as per 
IS: 12269 - 1987

1 Fineness of  cement 4.52 10% (should not be
more than)

2 Specific gravity 2.99 3.15

3 Normal consistency 33% -

Setting time

Initial setting time 40 minutes 30 minutes (should not
be less than)

Final setting time 6 hours 600 minutes (should
not be greater than)

Compressive strength at

3 days 34 N/mm2 27 N/mm2 (min)

7 days 44.8 N/mm2 37 N/mm2 (min)

28 days 59 N/mm2 53 N/mm2 (min)

4

5

Specific Gravity: 2.54 D10 particle size <2.0um
Physical Form: Powder D50  particle size <4.5um
Color: Off-White D90  particle size <25um
Brightness: 80-82 Hunter L Bulk Density (lbs/ft3): 20-25
BET: surface area 15 m2/gram Bulk Density (g/cm3): 0.4

SiO2 51-53% CaO <0.20%
AlO3 42-44% MgO <0.10%

Fe2 O3 <2.20% Na2O <0.05%
TiO2 <3.0% K2O <0.40%
SO4 <0.5% L.O.I. <0.50%

Li2O5                       <0.2%
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5. MIXING OF CONCRETE:

Initially the ingredients of concrete viz., coarse aggregate, 
fine aggregate, cement, condensed silica fume and Me-
takaolin were mixed to which the water and Superplasti-
cizer were added and thoroughly mixed. Water was mea-
sured exactly. Then it is applied to the dry mix and it was 
thoroughly mixed until a mixture of uniform color and 
consistency was achieved which is then ready for casting. 
Prior to casting of specimens, Workability is measured in 
accordance [9, 17] and is determined by slump test and 
compaction factor test. Superplasticizer SP 430 supplied 
by Fosroc Ltd.

Table 5: Workability of concrete M60 with 
blended admixtures:

Table 6: Workability of concrete M80 with 
blended admixtures:

Table 7: Workability of blended concrete M60 
with % steel fibers:
 

Table 8: Workability of blended concrete M80 
with % steel fibers:

6. TEST SETUP AND TESTING:

The cube specimens cured as explained above are tested 
as per standard procedure I.S. 516 (14), after removal 
from curing tank and allowed to dry under shade. The 
cube specimens are tested for

•Compressive strength test
•Split tensile strength test
•Flexural strength test

6.1 COMPRESSIVE STRENGTH:

 
Fig 1: Compression Strength on cube

The results of compressive strength of M60 concrete is 
tested after 7 days & 28 days curing  The results of com-
pressive strength of M80 concrete is tested after 28 days 
curing .

Graph 1: Compressive strength of triple 
blended concrete mix (M80) at 28 days curing 
period for different %CSF with different % 
MK and 1.5% steel fibers

\

Graph 2: Compressive strength of triple 
blended concrete mix (M80) at 28 days cur-
ing period for different %MK with different 
%CSF and 1.5% steel fibers:

 
6.2 SPLIT TENSILE STRENGTH :

 
Fig 2: Split Tensile Strength on Concrete Cylinder

The results of split tensile strength of M60 concrete is 
tested after 7 days & 28 days curing  The results of com-
pressive strength of M80 concrete is tested after 28 days

Graph 3: Split Tensile strength of triple blend-
ed concrete mix (M80) at 28 days curing pe-
riod for different %CSF with different % MK 
and 1.5% steel fibers:

Graph 4: Split Tensile strength of triple blend-
ed concrete mix (M80) at 28 days curing pe-
riod for different %MK with different %CSF 
and 1.5% steel fibers:

 

6.3 FLEXURAL STRENGTH:

 
Fig 3: Flexure Test on beams

The results of flexural strength of M60 concrete is tested 
after 7 days & 28 days curing  The results of compressive 
strength of M80 concrete is tested after 28 days curing 

Compact
ion

Factor
1 0 0 0 1 0.89
2 10 5 0.5 1.5 0.86
3 10 5 1 1.5 0.83
4 10 5 1.5 1.5 0.81
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CSF
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Compact
ion

Factor
1 0 0 0 2 0.91
2 10 5 0.5 3 0.87
3 10 5 1 3 0.84
4 10 5 1.5 3 0.81
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The results of flexural strength of M60 concrete is tested 
after 7 days & 28 days curing  The results of compressive 
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Graph 5: Flexural strength of triple blended 
concrete mix (M80) at 28 days curing period 
for different %CSF with different % MK and 
1.5% steel fibers:

 

Graph 6: Flexural strength of triple blended 
concrete mix (M80) at 28 days curing period 
for different %MK with different %CSF and 
1.5% steel fibers:
 

CONCLUSIONS:

1.An effective and efficient triple blended concrete mix 
can be prepared with the addition of condensed silica 
fume and Metakaolin to OPC. This triple blended mix 
is not only cost effective also it renders the concrete to 
achieve several beneficial properties.

2.When the mineral admixtures like silica fume or Me-
takaolin are added at higher percentages to cement, the 
workability of concrete is getting reduced. There is a need 
to add superplasticizer dosage to maintain constant me-
dium workability.

3. In the case of triple blended concrete 10% CSF & 5% 
MK gives highest strength without fibre  reinforcement.

4.As the total percent of fibre is increased the compres-
sive strength is also increasing.

The highest compressive strength for fibre mixes is ob-
tained with 10% CSF & 5% MK and 1.5% steel fibre. 

5.Split tensile strength is more in the case of triple blend-
ed concrete. Highest tensile strength is obtained with 10% 
CSF and 5% MK.

6.Highest tensile strength is obtained with 10% CSF 5% 
MK and 1.5% total steel fibres.

7.Flexural strengths are also higher for triple blended con-
cretes with various combinations, these values are further 
increased with addition of fibres.

8.Without fibres for a combination of 10% CSF and 5% 
MK the flexural strength is higher than the reference. For 
other combinations the increase is in between.

9. The highest flexural strength with 10% CSF 5% MK 
and 1.5% fibre is high by nearly 163.97% than that of 
reference mix.

10.On the basis of the present experimental study it is 
finally concluded that optimum concrete mixes can be 
obtained by carrying out triple blending with Condensed 
silica fume and Metakaolin. These mixes posses not only 
higher strength but also many other beneficial properties 
like better durability, better crack resistance, low permea-
bility, cost effectiveness etc. Triple blended concrete mixes 
are quite suitable for high performance concrete(HPC).

SUGGESTIONS FOR FUTURE WORK:

1.Further work may be continued with triple blended con-
crete mixes using other type of mineral admixtures.

2.Work may be carried out on long term properties. Test-
ing of prototype elements may be conducted to assess the 
flexural properties like deflections, rotations, ductility, 
crack formation etc.
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Graph 5: Flexural strength of triple blended 
concrete mix (M80) at 28 days curing period 
for different %CSF with different % MK and 
1.5% steel fibers:

 

Graph 6: Flexural strength of triple blended 
concrete mix (M80) at 28 days curing period 
for different %MK with different %CSF and 
1.5% steel fibers:
 

CONCLUSIONS:
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silica fume and Metakaolin. These mixes posses not only 
higher strength but also many other beneficial properties 
like better durability, better crack resistance, low permea-
bility, cost effectiveness etc. Triple blended concrete mixes 
are quite suitable for high performance concrete(HPC).

SUGGESTIONS FOR FUTURE WORK:

1.Further work may be continued with triple blended con-
crete mixes using other type of mineral admixtures.

2.Work may be carried out on long term properties. Test-
ing of prototype elements may be conducted to assess the 
flexural properties like deflections, rotations, ductility, 
crack formation etc.
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