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Abstract 

Newly developed cementitious material, Reactive Powder Concrete (RPC), firstly developed 
by Richard and Cheyrezy in 1990‟s at Bouygues Laboratory,and is recognized as a 
revolutionary material that provides a combination of ultrahigh strength and excellent 

durability. RPC is a composite mixture of cement, silica fume, natural sand, quartz powder 
and steel fibres.On the other hand, Generation of Industrial Waste and its disposal is the 

biggest problem all over the Globe. However, the use of waste in concrete can be a good 
scope. Locally available industrial waste (Rajkot, Gujarat) used in the study is used foundry 
sand. Also another waste material used in the study is Fly ash.In this paper, the effect of 

combination of the two industrial by-product i.e. Fly ash and Used Foundry Sand on the Split 
Tensile Strength of Reactive Powder Concrete is presented. The results shows that Cement 

can be replaced by fly ash upto 15% along with the replacement of natural sand by foundry 
sand up to 20% gives considerable strength along with economy. 
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Introduction: 

„Reactive powder concrete‟ (RPC) is the generic name for a class of cementitious composite 
materials developed by the technical division of Bouygues Laboratory, S.A. France in the 

early 1990s and the world‟s first RPC structure, the Sherbrooke Bridge in Canada, was 
constructed in July 1997. It is characterized by extremely good physical properties, 
particularly strength and ductility. Reactive powder concrete (RPC) is a developing 

composite material that will allow the concrete industry to optimize material use, generate 
economic benefits, and build structures that are strong, durable, and sensitive to environment.  

Since Reactive Powder Concrete (RPC) first appeared on the world research stage in 1994, it 
has received considerable attention. The original development of RPC came from the 

Scientific Division of Bouygues, France. Since then further development of the material has 
continued throughout the world (for example Australia, Canada, Japan, Korea and the United 
States of America) at a frenetic pace. Superior mechanical properties and durability 

characteristics promise that the material will have a wide and significant impact on the 
concrete industry. 

To date, the greater part of research into RPC has focused on what the material is and its 
properties, micromechanical analysis, potential applications and preliminary work into the 

structural behavior. However in India investigations in RPC, using locally sources and 
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materials, developing composition, mechanical properties and durability parameter are still in 
their infancy. This information is required to assist with the increased use of RPC in practice 

and to further develop analytical techniques and design standards.  

Reactive Powder Concretes (RPCs) are ultra-high strength cementitious materials composed 

of very fine powders with a maximum particle size of approximately 800µm. In addition to 
the absence of the traditional coarse aggregates used to produce normal and high strength 

concrete, RPCs are characterized by very high silica fume content and very low water-cement 
(w/c) ratios (Cheyrezy et al, 1995). The low w/c ratios are achieved through the use of new 
generation super plasticizers in large doses, typically in excess of 20L per cubic meter of 

concrete. The large dose of super plasticizer is required to achieve a workable mix.  

A typical RPC has a compressive strength in excess of 150MPa, flexural strength of between 
20 and 50MPa and Young's modulus of elasticity in the range of 45 - 65GPa. With the 
inclusion of steel fibers to overcome the brittleness of the cementitious matrix, RPCs exhibit 

superior ductility to even high performance concretes. Hence RPCs are o ften referred to as 
ultra-high performance concretes (UHPCs). They also have an extremely low porosity 
resulting in an extremely durable material. Due to the fineness of the constituent materials 

and the workability of the mix, RPC can take any shape required with a high quality surface 
finish. 

 
The cement content of the RPC mixes ranged from 800 kg/m3 to 1000 kg/m3.The optimum 
contents for silica fume and quartz are in the ranges of 15-25% and 30-40% of the cement 

weight, respectively.It will be more convenient to evaluate the compressive strength of RPC 
based on its 56 days age rather than the 28 days used for conventional concrete.Curing 

regime plays a dominant role in determining the strength of RPC.When circular steel fibers 
are used then the increment in the compressive strength is 10 to 15% of the compressive 
strength obtained without steel fibers.Strength is decrease as the percentage of Fly Ash 

increase, but it is negligible as compared to other benefit. Test results indicate that, 
compressive strength of RPC increased considerably after steam and autoclaving compared to 

the standard curing 
 

In this paper, the split tensile strength of reactive powder concrete containing various 

proportions of fly ash and used foundry sand are tested and presented. 

Experimental program 

Materials Used 

The cement used in the present work wasOrdinary Portland cement of 53 grade. The river 

sand with the particle size ranging from 150 to 600 µm was used as fine aggregates. Silica 
fume having properties as shown in Table 1 was used in the study. Corrugated M S Steel 
fibre crimp type of 12.5 mm in length and 0.5mm diameter were used.Low calcium, Class F 

fly ash obtained from the Wanakbori Thermal Power Station, Gujarat, India, was used as the 
filler material.The foundry sand having properties as shown in Table 2, was used in the 
study.The super plasticizer having properties as shown in Table 3 was used in the study. 
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Table 1 Properties of Silica fume  

Sr. No. Properties Units Results Obtained Protocol 

1. Silica as SIO₂ % 92.80 ASTM C-114 

2. Alumina as AL₂O₃ % 0.60 ASTM C-114 

3. Iron as Fe₂O₃ % 0.30 ASTM C-114 

4. Magnesium as MgO % 0.60 ASTM C-114 

5. 
Total Alkalis as 

(Na₂O+0.658K₂O) 
% 1.17 ASTM C-114 

6. Sulphur Trioxide as SO₃ % Less Than 0.10 ASTM C-114 

7. pH of 20% Soln. -- 8.83 By pH meter 

 

 Table 2 Properties of Foundry Sand  

Specific Gravity 2.45 gm/ml 

Bulk Relative Density 1760 kg/m³ 

Moisture 0.46 % by wt. 

Clay Lumps 30.19 % by wt. 

 

Table 3 Properties of PCE based Super Plasticizer (Glenium 51) 

Sr. No. Properties Units Specification Limit 

1. Specific Gravity g/cm³ 1.10 ± 0.03 

2. Chloride % by mass ≤ 0.10 

3. pH -- 7.0 ± 1 

4. Alkali % by mass ≤ 4 

Mix Proportion 

The mix proportion of reactive powder concrete was taken based on Literature review and the 
various pilot study performed. The quantities of various ingredients for 1m3 volume are given 

in Table 4. Various mixes designated as shown in Table 5 were prepared by adding different 
dosage combination of Fly ash and Used foundry sand. 

Table 4 Mix proportion of Reactive Powder Concrete  for 1 m
3  

 

Cement 

(kg) 

Silica Fume 

(kg) 

Natural Sand 

(kg) 

Steel Fiber 

(kg) 

Super Plasticizer 

(kg) 

Water 

(kg) 

951 220 1051 157 11.75 294 

 



© 2017 IJEDR | Volume 5, Issue 2 | ISSN: 2321-9939 

IJEDR1702047 International Journal of Engineering Development and Research (www.ijedr.org) 278 

 

Table 5 Mix Designations of Reactive Powder Concrete  

Groups  
Mix 

Designation 

Fly ash dosage 

% of Cement weight 

Foundry sand dosage 

% of Natural sand 

Normal RPC RPC 0 0 

Group A 

RPC 1 

5 

0 

RPC 2 10 

RPC 3 20 

RPC 4 30 

Group B 

RPC 5 

10 

0 

RPC 6 10 

RPC 7 20 

RPC 8 30 

Group C 

RPC 9 

15 

0 

RPC 10 10 

RPC 11 20 

RPC 12 30 

Group D 

RPC 13 

20 

0 

RPC 14 10 

RPC 15 20 

RPC 16 30 

Tests 

According to IS:5816-1999, the split tensile strength was measured by casting cylinders of 
size 100×200mm and testing them at 28 days for various proportions as shown in Table 5. 

Results 

Split Tensile Strength  
The split tensile strengthresults for 28 days of the reactive powder concretefor percentage 
replacement of cement by fly ash and percentage replacement of natural sand by used 

foundry sand in various subsequently varying proportion are shown below.  

` 

Figure 1S plit Tensile Strength Result of Normal RPC andGroup A 
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` 

Figure 2 S plit Tensile Strength Result of Normal RPC and Group B 

 

 

Figure 3 S plit Tensile Strength Result of Normal RPC and Group C 
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` 

Figure 4S plit Tensile Strength Result of Normal RPC andGroup D 

Conclusions 

The effect of replacement of cement and natural sand by fly ash and used foundry sand in 
various proportions is presented on the split tensilestrengthof reactive powder concrete is 
presented. The following are the broad conclusions made from the above test results:  

1. For Group A, the 5% replacement of Cement by Fly ash showed that the Split Tensile 
Strength decreases by 8.5%. However the strength increases by 5.7% and 7.4% on 

replacement of natural sand by used foundry sand by 10% and 20% respectively.  
2. For Group B, the 10% replacement of cement by Fly ash showed that the Split Tensile 

Strength decreases by 18.1%, however the decrease in strength is negligible as 
compared to economy.Similar results was concluded for other mixes.  

3. The replacement of natural sand by used foundry sand showed the increase in 

strengthfor 10% and 20% replacement in each group, however the strength decrease 
for 30% replacement. This is due to decrease in pore space of the concrete.  

4. For Group C and Group D, it was noted that as the quantities of fly ash and foundry 
sand was increasing, the water requirement was also increasing. As a result the mix 
was not formed for RPC 12, RPC 15 and RPC 16. 

From the above results, it could be concluded that on increasing the fly ash content, strength 

decreases but in parallel if we increase the content of foundry sand, then upto some extent 
(i.e. 20% replacement of natural sand), the split tensilestrength increases and at the same time 

water demand also increases. Also beyond 20% replacement, thestrength decreases. So, for 
RPC, fly ash can be used as a replacement of cement by 15% and foundry sand can be used 
as a percentage replacement of natural sand by 20% for same w/b ratio  

References 

1. Shamsad Ahmad. Ahmed Zubair and Mohammed Maslehuddin, “Research Article: 

Effect of the Key Mixture Parameters on Shrinkage of Reactive Powder Concrete”, 

Hindawi Publishing Corporation, The Scientific World Journal, 2014, Article ID 

426921, 8 pages. 

7.5

5.11
5.46

0 0
0

1

2

3

4

5

6

7

8

RPC 0 RPC 13 RPC 14 RPC 15 RPC 16

S
p

li
t 

T
e
n

si
le

 s
tr

e
n

g
th

 N
/m

m
2

Mix Proportion

28 days



© 2017 IJEDR | Volume 5, Issue 2 | ISSN: 2321-9939 

IJEDR1702047 International Journal of Engineering Development and Research (www.ijedr.org) 281 

 

2. Mehmet Canbaz, “The effect of high temperature on reactive powder concrete”, 

Construction and Building Materials, 2014, 70, 508–513. 

3. Mr. Anjan kumar M U, Dr. Asha Udaya Rao and Dr. Narayana Sabhahit, “Reactive 

Powder Concrete Properties with Cement Replacement Using Waste Material”, 

International Journal of Scientific & Engineering Research, ISSN 2229-5518, 2013, 4, 

Issue 5. 

4. Saeed Ahmari, Xin Ren, Vahab Toufigh, Lianyang Zhang, Production of 

geopolymeric binder from blended waste concrete powder and fly ash, Construction 

and Building Materials, 2012, 35, 718–729. 

5. Khatib.J.M, Baig.B, Menadi.B, Kenai.S, “Waste foundry sand usage in concrete”, 

INVACO2, Morocco-Rabat, 2011, 23-25. 

6. K. M. Ng, C. M. Tam and V. W. Y. Tam, “Studying the production process and 

mechanical properties of reactive powder concrete: a Hong Kong study”, Magazine of 

Concrete Research, 2010, 62, Issue 9, 647–654. 

7. J. M. Khatib, S. Baig, A Bougara and C Booth, “Foundry sand utilization in concrete 

production”, Second International Conference on Sustainable Construction Materials 

and Technologies, ISBN 978-1-4507-1490-7, 2009, 28-30. 

8. M K Maroliya, “An Investigation on Reactive Powder Concrete containing Steel 

Fibers and Fly- Ash”, International Journal of Emerging Technology and Advanced 

Engineering, ISSN 2250-2459, 2009, Volume 2, Issue 9. 

9. Kumbhar P. D. and Usharani S. Sangar, “Experimental study of mechanical properties 

of concrete blended with used foundry sand”, Global Journal Engineering and 

Applied Sciences, ISSN 2249-2631, 2009, 122-126. 

10. Halit Yazici, Mert Yucel Yardimci, Serdar Aydın, Anıl S. Karabulut, “Mechanical 

properties of reactive powder concrete containing mineral admixtures under different 

curing regimes”, Construction and Building Materials, 2009, 23, Issue 3, 1223–1231. 

11. Huseyin Yigister, Serdar Aydın, Halit Yazici, Mert Yucel Yardimci, Mechanical 

performance of low cement reactive powder concrete (LCRPC), Composites: Part B 

43, 2009, 2907–2914. 

12. Assem Abdelalim, Mohamed Ramadan, Tarek Bahaa and Wael Halawa, 

“Performance of reactive powder concrete produced using local materials”, HBRC 

Journal, 2008, 4, Issue 3. 

13. Yin-Wen Chan, Shu-Hsien Chu, “Effect of silica fume on steel fiber bond 

characteristics in reactive  powder concrete”, Cement and Concrete Research, 2004, 

34,1167–1172. 


