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Introduction 

There are numerous types of concrete available, 
made by differing the proportions of the main 
ingredients. There are various methods available to 
make concrete that is by substituting the cement 
with other cementitious material or by adding some 
aggregates, the finished product can be customized 
to its application with varying strength, density, or 
chemical and thermal resistance properties Today 
the way research work going on in the concrete 
sometimes we can merely say concrete as a 
“Concrete” Reactive Powder Concrete is the basic 
example of this as in that there is no Coarse 
Aggregate present in the concrete. Similarly, there 
are range of materials can be used as the cement in 
concrete which are Asphalt, fly ash and silica fume. 
They are sometimes added as mineral admixtures 
either pre-blended with the cement or directly as a 
concrete component or become a part of the binder 
for the aggregate.  

In this work my main concentration will be on Ultra 
High-Performance Concrete and Reactive Powder 
Concrete is one of that kind of UHPC. As more high 
rises are being built, the demand for the high 
strength concrete with Compressive strength over 

100N/mm2 has been increasing year by year demand 
for materials with much higher strength will be far 
larger in the future. The use of supplementary 
cementitious materials and additives designed to 
enhance the properties of concrete has grown 
significantly. The primary focus of this development 
has been on the achievement of greater compressive 
strength. 

Reactive Powder Concrete 

RPC is a new era of concrete it is a high strength 
durable concrete, made from a special combination 
of constituent cementitious materials. The constitute 
materials of reactive powder concrete includes 
cement (ordinary Portland cement), fine sand, silica 
fume, quartz powder, and high tensile steel fibres so 
there will be completely elimination of the coarse 
aggregate. This type of concrete has enhanced 
mechanical and durability properties. This concrete 
has a very high compressive strength of 200 Mpa 
which can be improved further by introducing steel 
fibres up to 800MPa. This new family of concrete has 
improved ductile behaviour with a flexural strength 
of 25MPa to 40MPa. 
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The reason behind the positive performances of the 
RPC are its packing density, improved microstructure 
properties and highly discontinuous pore structure. It 
is mainly suitable in pre-stressed and pre-fabricated 
structures. Many researchers around the world have 
developed Reactive Powder Concretes that could be 
classified, as Ultra-High-Performance Concrete 
(UHPC). This technology of producing RPC is covered 
in one of many patents in the range of UHPC known 
as “Ductal”. This material has the capacity to take the 
high load, deform and support the flexural and 
tensile load, even after initial cracking. 
Characterization of materials used in RPC has 
progressed to such an extent that the use of RPC in 
full-scale structures is distinctively visible on the 
horizon. Research and observations to date indicate 
that RPC has the potential to expand its usage in 
new forms that have been considered impossible 
until recently. 

Experimental Setup 

In this investigation, each variable included was 
studied separately to finalize the Mix Design. Mix 
proportion is the optimum dosage decided by 
performing a pilot study with considering a different 
dosage of different materials, by taking reviews of 
literature and by considering mix proportion of 
different institutes. Before starting the work some 
well-known mix design has been for the reference.  

The most fundamental factor in high strength 
concrete is the cement paste. Without high quality 
binder, the production of high strength concrete is 
impossible. For that commercially available OPC 
cement is used. Apart from that Silica fume, fine 
sand, Kaoline, has been used to make RPC. Super 
Plasticizer has been incorporated to control the 
Water to Binder ratio. 

Mixing Procedure 

While producing the RPC it should not be produced 
as per normal mixing procedure that is conventional 
procedure used for other type of concrete Great care 
has to be taken while producing the RPC. In many 
case this procedure is not being followed which lead 
to the less accuracy in the research work. The 
following Mix procedure is based on previous study. 

1. Drying of mixing powders (including cement, 
quartz sand, crushed quartz and silica fume) for 
about 1 min at a constant speed of 1800 r/min. 

2. Addition of half volume of water containing half 
amount of SP. 

3. Mixing for about 3 min with a speed of about 
285 r/ min. 

4. The addition of the remaining water and SP. 

5. Mixing for about 8 min at a constant speed of 
1800 r/min.  

When the RPC mix is ready, it is poured into the 
required moulds which have been sprayed with 
mould oil to reduce the friction at the interface 
between the moulds and RPC mix. The RPC mix is 
compacted using a vibrating table and hand tamping 
using a tamping rod. After 24-hour time, they were 
demoulded and they are placed in the oven for the 
accelerated curing which follows by normal curing 
before performing strength tests. 

Casting & Curing 

In this work two type of curing conditions has been 
selected for work First is Normal Curing and Second 
is Accelerated Curing.  

Normal Curing  

Normal Curing is carried out as per IS 456:2000 and 
IS 516:1959. The procedure is as described in the 
code that is moulded specimens are keep in the 
atmospheric condition for one day after that all the 
specimen has to be de moulded and put in the water 
tank filled with water which is not infected with any 
impurities. 

Accelerated Curing  

Accelerated Curing has been carried out as per IS 
9013:1978. It is used to get early high compressive 
strength in concrete. This method is also used to find 
out 28 day’s compressive strength of concrete in 2 
Days. For casting, for each trail 9 cubes of size 70.6 x 
70.6 x 70.6 mm and 9 Cylinders of size 80 mm 
Diameter x 160 mm Height has been used. Out of 9 
Cube and Cylinder, 6 cube and cylinder have been 
used for 7 & 28 days testing under normal curing 
condition while 3 cube and cylinder have been used 
for Accelerated curing. 
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Table 1: Mix Proportion of RPC 

BATCH ID. CEMENT FINE 
SAND 

SILICA 
FUME KAOLINE STEEL 

FIBER 
W/b 
ratio 

S.P 

%W/w 

R1-0.7FS 1 0.7 0.3 0.6 0.31 0.2 0.4 

R2-0.75FS 1 0.75 0.3 0.6 0.31 0.2 0.4 

R3-0.8FS 1 0.8 0.3 0.6 0.31 0.2 0.4 

R4-0.25SF 1 0.7 0.25 0.6 0.31 0.2 0.4 

R5-0.2SF 1 0.7 0.2 0.6 0.31 0.2 0.4 

R6-0.35SF 1 0.7 0.35 0.6 0.31 0.2 0.4 

R7-0.5KL 1 0.7 0.3 0.5 0.31 0.2 0.4 

R8-0.55KL 1 0.7 0.3 0.55 0.31 0.2 0.4 

R9-0.65KL 1 0.7 0.3 0.65 0.31 0.2 0.4 

R10-0.28FI 1 0.7 0.3 0.6 0.28 0.2 0.4 

R11-0.3FI 1 0.7 0.3 0.6 0.3 0.2 0.4 

 

Test Results and Evaluation 

Flow Table Test 

From the Table 2 it is identical that increasing fine 
sand content flow is decreasing. While increasing 
content of Silica fume and Kaoline there is increase in 
the flow. Increasing or Decreasing content of steel 
fiber didn’t show any much increase or decrease in 
the results of flow. 

Table 2: Result of Flow Test 

BATCH ID FLOW IN MM 

R1-0.7FS 135 

R2-0.75FS 131 

R3-0.8FS 128 

R4-0.25SF 131 

R5-0.2SF 129 

R6-0.35SF 138 

R7-0.5KL 132 

R8-0.55KL 135 

R9-0.65KL 140 

R10-0.28FI 135 

R11-0.3FI 135 

 
Water Absorption Test 

Table 3 is showing the results of Water Absorption 
from that it is seen that by increasing fine sand and 
kaoline content water absorption ratio is getting 
increase. While increasing silica fume content this 
ratio is getting decreased. While increasing or 
decreasing Fibre content is not showing any change 
in the water absorption. 
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Table 3: Result of Water Absorption Test. 

BATCH ID WATER ABSORPTION (%) 

R1-0.7FS 0.21 

R2-0.75FS 0.23 

R3-0.8FS 0.28 

 R4-0.25SF 0.29 

R5-0.2SF 0.31 

R6-0.35SF 0.22 

R7-0.5KL 0.26 

R8-0.55KL 0.34 

R9-0.65KL 0.36 

R10-0.28FI 0.21 

R11-0.3FI 0.21 

 
Compressive Strength Test 
 
Normal Curing Condition 
 
Table 4: Results of Compressive Strength Test under 
normal curing. 

BATCH ID 7 DAY 
(Mpa) 

28 DAY 
(Mpa) 

R1-0.7FS 84.93 130.44 

R2-0.75FS 76.23 119.37 

R3-0.8FS 68.54 103.99 

R4-0.25SF 75.28 113.35 

R5-0.2SF 63.53 99.64 

R6-0.35SF 89.94 138.76 

R7-0.5KL 78.59 119.37 

R8-0.55KL 82.59 124.38 

R9-0.65KL 84.93 135.78 

R10-0.28FI 81.92 122.54 

R11-0.3FI 84.93 130.44 

 

From the above table 4, it is seen that by increasing 
fine sand under normal curing compressive strength 
is decreasing while increasing silica fume and kaoline 
compressive strength is getting increase. Maximum 
compressive strength has been given by mix R6-0.35 
SF which is 138.76 Mpa. So we can say that we it is 
advisable to keep the kaoline content limiting to the 
0.6 only. 

Accelerated Curing Condition 

Table 5: Result of Compressive Strength test under 
accelerated curing. 

BATCH ID Ra (Mpa) R28 (Mpa) 

R1-0.7FS 89.27 154.5 

R2-0.75FS 81.59 141.89 

R3-0.8FS 72.55 127.08 

R4-0.25SF 79.24 138.05 

R5-0.2SF 68.27 120.06 

R6-0.35SF 93.96 162.18 

R7-0.5KL 81.92 142.44 

R8-0.55KL 83.93 145.73 

R9-0.65KL 97.97 168.76 

R10-0.28FI 88.61 153.41 

R11-0.3FI 88.94 153.95 
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From the table 5 it is seen that maximum 
compressive strength is getting from mix R9-0.65KL 
which is 168.76 Mpa under accelerated curing. 
Comparing Fine sand contents, we are getting 
decrease in the compressive strength with increase in 
fine sand. While increasing Silica fume and Kaoline 
Content we are getting more compressive strength. 
Increasing or decreasing steel fibers does not show 
any more changes in compressive strength. 

If we compare Table 5 and table 6 that is comparison 
between Normal Curing and Accelerated curing it is 
seen that under accelerated curing strength is about 
25% more compare to Normal curing. 

Conclusion 

1) From the flow test results we can say that by for 
the same amount of w/b ratio there is decrement in 
the flow as we increase the content of the Fine Sand. 
While for Silica fume and Kaoline when we decrease 
the content it shows decrease in flow. So we can say 
that value of Flow is inversely proportion to the fine 
sand while it is directly proportional to the Silica 
Fume and Kaoline. 

2)  From the water absorption results we can say that 
by increasing fine sand and kaoline water absorption 
is also increasing while decreasing kaoline water 
absorption is also decreasing. Silica fume gives better 
results in this case as increasing content we can see 
decrease in water absorptions. 

3) Results of Compressive Strength suggested that 
from all the mix batch maximizing content of Silica 
fume (R6-0.35SF) it gives highest Compressive 
Strength. For the maximum content of the 
Kaoline(R9-0.65KL) the strength is about 1.05 times 
less than the maximum strength. 

4) Individual Replacements suggested that fine sand 
content is not much helping in increasing the 
strength while increasing finer particle of kaoline and 
silica fume gives increase in the compressive 
strength. 

5) Accelerated curing condition is giving maximum 
strength in case of maximum kaoline mix (R9-
0.65KL). Strength value of maximum kaoline 
content(R9) versus maximum Silica fume content(R6) 
gives ratio of about 1.04. 

6) Comparing Accelerated curing with normal curing 
it is giving about 20-25% increase in the 
Compressive strength of the mix. 
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