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I. INTRODUCTION 
 
Concrete, one of the most widely used construction 
materials, has been subject to major research and 
development over the past century. Once thought to 
provide sound structural and durable performance 
with little else, concrete has now evolved into a 
material that is capable of being suitable for any 
environment it is subjected to. Today the word 
„concrete‟ forms only part of a more specialized 
term, i.e. „high performance concrete‟ implying the 
concrete’s function and or capability.  
 
Hence the required application of a particular 
concrete governs its design characteristics. The past 
fifty years has seen the introduction of concrete 
admixtures such as refined pozzolanic materials, 
super plasticizers, and other performance enhancing 
materials. Through the development of high strength 
concrete during the early sixties for use in offshore  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
oil platforms, the benefits of performance based 
concrete mix design was established. High strength 
concretes are now not only used for their strength 
capabilities but also for the enhanced durability 
characteristics they exhibit. It is for this reason they 
are classified under the broader term, high 
performance concrete (HPC) coined by Aitkin and 
Neville (1993). 
 
From these early developments the construction 
industry embraced the ideology for innovation within 
concrete mix design and its flexibility in delivering 
performance based concretes in an ever progressive 
construction industry.  
 
This is evident in the advancement of high 
performance concrete into some of the more 
superior concretes in use today. It is these types of 
superior concretes or supercenters that are of 
particular focus in this Thesis, specifically Reactive 
Powder Concrete (Reactive Powder Concrete). 

Abstract- The major component of this report aims to contribute new knowledge with respect to the 

understanding of the material behavior and other characteristics of Reactive Powder Concrete. Reactive 

Powder Concrete is a relatively new ultra high strength concrete with a wide range of capabilities. Currently 

it is used in high performance applications where impact resistance, high durability and or member size are 

governing factors in design. The relatively high cost, required production control, and lack of industry 

knowledge have generally precluded its widespread use in more common engineering applications. There 

are  many experimental study was undertaken encompassing the following the production and material 

behavior including a parallel study on the durability of Reactive Powder Concrete  in an aggressive 

environment  the static performance and other characteristics of  Reactive Powder Concrete  when utilized 

in beam elements. The improved mechanical properties of Reactive Powder Concrete make it an ideal 

candidate for slender structural elements where serviceability characteristics such as deformation and other 

behavior become increasingly important. Interestingly, there is scarce literature available on the free 

behavior and other characteristics of Reactive Powder Concrete elements.  
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II. AIMS 
 
The mains of this research are: Establish whether a 
Reactive Powder Concrete production rationale for 
onsite application of Reactive Powder Concrete with 
an inclined drum mixer capable of delivering similar 
characteristic strengths reported in the literature 
could be achieved. 
 
The central focus of this Thesis is an investigation 
into the material characteristics of Reactive Powder 
Concrete. The investigation covers areas including, 
production, characteristic strengths, durability, and 
overall beam element behavior subject to static and 
dynamic load.  
 
Accordingly, the structure of this Thesis reflects the 
individual outcomes of these areas investigated.  

 
III. MATERIAL PREPARATIONS OF 

REACTIVE POWDER CONCRETE 
 
Presents findings from an investigation into the 
production and material behavior of Reactive Powder 
Concrete A review of literature is presented 
highlighting the key aspects of Reactive Powder 
Concrete composition, mix design and production 
rationale.  
 
Further, a detailed account of an experimental 
programmer carried out to ascertain the effect of 
local materials and local production techniques on 
the characteristic strengths of Reactive Powder 
Concrete is presented. 
 
1. Composition: 
The performance of Reactive Powder Concrete is 
dependent on the careful selection of raw materials 
in combination with adequate proportioning and 
quality control throughout production. 
 
2. Binder Composition and Content: 
Generally Reactive Powder Concrete mixtures 
incorporate a combination of cement and silica fume 
to form the binding medium. 
 
3. Cement:  
Different types of cements have been used in 
Reactive Powder Concrete including general Portland 
(GP), low heat (LH), sulphate resisting (SR) and high 
early strength (HE). 

4. Silica Fume:  
Silica fume (SiO4), a by-product from the 
manufacture of zirconium (ZrSiO4), silicon and 
ferrosilicon alloys, is well known for its advanced 
pozzolanic properties and has been widely used in 
the development of many very high strength 
concretes. 
 
5. Mixing Procedure: 
 The mixing procedure was adopted through a 

trial and error process. Mixing of all dry 
ingredients 

 First addition of fluids –half super plasticizer with 
adequate water component.  

 Second addition of fluids – second half of super 
plasticizer with remaining water component.  

 Further water addition to ensure flow. At 
completion of mixing check flow, consistency 
should be of viscous nature. 

 
6. Testing: 
A Denison Compressive Testing machine (capacity – 
3000kN) was utilized for testing. 
 

IV. RESULTS 
 
The first series of experiments involved eight small 
Trial Mixes (BB01- BB04). As highlighted in Table, a 
total of sixteen Cubes and cylinders were tested with 
the main mechanical property under consideration 
being seven day compressive strength. 
 
1. Compressive Strength: 
Cylinders were removed from respective curing 
environments two hours before testing. Figure 2-6 
shows a comparison between seven day mean 
compressive strengths for the eight trial mixes used 
in this series. 
 
The seven day mean cube compressive strength was 
138 MPa while the mean equivalent cube 
compressive strength was 119 MPa. The mean 
compressive strength development of Trial Mix 10, 
illustrated in Figure 2-7(B), illustrated the highest 
initial strength gain compared to Trial Mixes 9 and 
11. The twenty-eight day mean compressive strength 
was 132 MPa and at 90 days was 146MPa.  
 
The cylinder failure modes were satisfactory as 
shown however; the cubes still exhibited variable 
results and inconsistent failure modes.  
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Figure presents a comparison between equivalent 
cube compressive strength development from
mixes BB043 and BB044; overall the results were 
variant with compressive strengths as high as 
120MPa at 28 days. Figure 5.3illustrates typical 
density observations throughout the testing period 
for Trial mix BB023.  
 
The reduction in density compared to normal 
strength concrete, typically between 2250 and 
2350kg/m3, is primarily due to (1) the elimination of 
course aggregate in the mix and the increase in 
cumulative air void content due to the viscous nature 
of the mix which entraps air during castin
the mean compressive strength development over a 
28 day period for Trial Mix 10 and 11.  
 

Fig 1. Hot water Curing Period 1-3 day 55 degree 
4-7 days 25 degree. 

  

Fig 2. Compressive Strength.
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mixes BB043 and BB044; overall the results were 
variant with compressive strengths as high as 
120MPa at 28 days. Figure 5.3illustrates typical 
density observations throughout the testing period 
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course aggregate in the mix and the increase in 
cumulative air void content due to the viscous nature 
of the mix which entraps air during casting. Displays 
the mean compressive strength development over a 

 
3 day 55 degree C 

 
Compressive Strength. 

Fig 3. Split Tensile strength.
 
 

Fig 4.  Flexural Strength v/s Steel Fiber.
 

V. CONCLUSION
 
Present research was carried out to determine the 
mechanical properties of concrete containing Steel 
fiber, Silica Fume and super plasticizer. The 
objectives of the study were to study the effect of 
partial replacement of Silica Fume and Steel fiber 
with additives as super plasticizers on compressive 
strength of concrete.  
 
Specimens were prepared keeping w/c ratio 0.4 and 
by varying percentages of Steel fiber, Silica Fume and 
super plasticizer. After curing, the specimens were 
tested after 18 and 28 days for getting the value of 
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compressive strength. The statistical analysis was 
applied on results of compressive strength test. All 
the results were found statistically significant. From 
the experimental investigations, it can be concluded 
that: In addition to cylinder compressive strength 
samples, cubes (100*100mm) were also used for 
produced from which three equivalent cubes. To 
ensure an accurate sample group was chosen the 
mean compressive strength was based. 
 
The seven day mean cube compressive strength of 
BB01, BB02, BB03 and BB04 Observed 28.18, 65.19, 
75.23 and 90.62 MPa while the mean equivalent cube 
compressive strength of BB01, BB02, BB03 and BB04 
observed 56.28,105.10,116.92 and 132.92.  
 
Significant variation was observed between the 
results, particularly in the equivalent cubes. Uneven 
stress distribution on the cube surface appeared to 
be the major cause of this variant compressive 
behavior.  
 
This was also reflected in the compressive strength 
development of the standard cured samples (curing 
condition 0-3Days at 55 degree C and 4-28 degree 
C) presented. Results of compressive strength test 
were statistically analyzed. There is linear relationship 
between compressive strength and Steel fiber with 
silica fumes all the results were found statistically 
significant.  
 
y = 4.934x + 35.20 (For 7 Days curing) y = 6.043x + 
66.54 (For 28 Days curing) Linear relationship X steel 
fiber content and Y is compressive strength  
 
From the split tensile strength test it was observed 
that Optimum strength gain is BB01, BB02, BB03 and 
BB04 is 3.18, 9.13, 10.04 and 11.86. By comparing the 
peaks of samples with standard reference database, 
it was also observed that the phase is increasing in 
sample BB03 and BB04 which results in increase in 
split tensile strength.  
 
Supplement with the results obtained from split 
tensile strength. Further From the Flexural Strength 
test it was observed that Optimum strength gain is 
BB01, BB02, BB03 and BB04 is 5.73, 15.27, 17.62 and 
18.71.  
 
By comparing the peaks of samples with standard 
reference database, it was also observed that the 
phase is increasing in sample BB03 and BB04 which 

results in increase in flexural strength. Supplement 
with the results obtained from flexural strength.  
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