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Abstract 
Roller compacted concrete is a zero-slump concrete, low water content, dense mix consisting of coarse aggregate, sand, 

cementitious materials, and water. By using conventional vibrators, it is very difficult to compact for larger thicknesses. 

There is a chance of getting honey combing and inconsistency with respect to laboratory values. To rectify this, roller 

compacted concrete technique is proposed by preparation of samples. In this an attempt is made to prepare M15 and 

M20 mixes at their optimum moisture content and tested for compressive and split tensile strengths for various time 

periods (i.e., 3days, 7days, 14 days and 28 days).  From these results, it is observed that higher strengths at early periods 

are obtained. When cylinders were tested, the compressive strength for M15 and M20 mixes at 28 days are 25Mpa and 

31Mpa respectively. Similarly, for M15 and M20 mixes at 28 days, the split tensile strengths are 1.7Mpa and 1.9Mpa 

respectively. Since high strengths are obtained in compression and tension, it can be used as base course and sub-base 

course for flexible and rigid pavements. 

Keywords: Roller compacted concrete, Compressive strength, Split tensile strength, Grade of concrete and water 

cement ratio 

 

Introduction 
Roller compacted concrete is a zero-slump concrete consisting of dense-graded aggregate and sand, cementations’ 

materials, and water. Because it contains a relatively small amount of water, it cannot be placed by the same methods 

used for conventional (slump) concrete. Roller compacted concrete has the same basic ingredient as conventional 

concrete: cement, water, and aggregates. The basic difference is that roller compacted concrete is a much drier mix with 

practically zero slumps. It is drier, and looks and feels like damp gravel. It does not require any forms, dowels, 

reinforcing steel & finishing. Also, the method of compaction is different than the conventional compacted concrete and 

it is compacted by vibratory or pneumatic-tired rollers. The objective of mix design is to produce a roller compacted 

concrete mix that has sufficient paste volume to coat the aggregates in the mix and to fill in the voids between them. 

Any of the basic roller compacted concrete proportioning methods like those based on concrete consistency testing, the 

solid suspension model, the optimal paste volume method, and soil compaction testing may be used for mix design. 

Roller-Compacted Concrete uses aggregate sizes often found in conventional concrete.  However, the blending of 

aggregates will be different than that done in case of conventional concrete. Crushed aggregates are preferable in roller 

compacted concrete mixes due to the sharp interlocking edges of the particles, which help to reduce segregation, 

provide higher strengths, and better aggregate interlock at joints and cracks. The use of roller compacted concrete for 

pavements at industrial facilities such as port and intermodal container terminals is particularly appropriate because of 

the ability to construct low-cost concrete pavements over large areas. Roller compacted concrete is also used in Bulk 

material storage, General cargo storage, Container terminals, Road / rail transfer facilities, Truck parks, Tank roads and 

parking, Sewage sludge stacking, Composting slabs and Pre-casting yards. 

Objective and scope 
To carryout soil compaction procedure for M15 and M20 grades for find out optimum moisture content. Casting of 

cubes and cylinders of M15 and M20 grades with 30% fly ash replacement to know compressive and split tensile 

strengths. 
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Materials and Methods 
Cement 
Ordinary Portland Cement of 53 Grade conforming to Bureau of Indian Standards (I.S. 12269: 1987) was used in the 

present investigation.  The cement was tested for various properties as per I.S. 4031: 1981. 

 

Test name Result 

Consistency 30% 

Specific gravity 3.12 

Setting time Initial 45 minutes 

 final 375 minutes 

 

Flyash 
Flyash used in this experimental work was obtained from National Thermal Power Corporation (NTPC), 

Visakhapatnam. Flyash is finely grained residue resulting from the combustion of ground or powdered coal. Mean 

particle size is about 0.1 to 0.2 µm and finer than cement and consist mainly of glassy spherical particles as well as 

residues of hematite and magnetite. The specific gravity, specific surface area and density of flyash are 2.84, 310 m
2
/kg 

and 1.4 kg/m
3
 respectively. 

Fine Aggregate 

Locally available river sand passing through 4.75 mm sieve and retained on 75 micron sieve were used.  

Coarse aggregate 

Crushed blue granite of coarse aggregate passing through 24mm sieve and retained on 20mm sieve were used.  

Water 

Potable water was used for the concrete.  The pH value was 7.25.  The same water was used for mixing and curing of 

concrete cubes and cylinder. 

Experimental Procedure 

Mix design 
Mix proportion of 1:2:4 and 1:1.5:3 were assumed on nominal basis for M15 and M20 grades respectively. 

Testing methodology 
Optimum moisture content by Modified Proctors test for both the grades (M15 and M20) of concrete, 2% of water (i.e. 

140ml for M15 and 110ml for M20) is added to its weight of mix proportion and mixed thoroughly in a basin. Empty 

weight of CBR mould (Height 17.5cm and Diameter 15cm) is taken. Now the mould is placed on proctor test apparatus 

and filled with the concrete in five layers. After placing of each layer, 56 blows were applied on mix with a free drop of 

4.89 kg rammer from a height of 450mm and then the top surface leveled by trowel. Now the weight of the mould with 

mix is determined. Density of sample is determined by the ratio of compacted mix weight by volume. By this dry 

density of sample is calculated. This procedure was repeated by increasing the water percentage by 2% up to 10%. A 

graph is drawn between the moisture content verses dry density. By this optimum moisture content (OMC) and 

maximum dry density are determined. Using this optimum moisture content cubes and cylinders are prepared. 

Slump cone test 
The cement and fine aggregate are mixed thoroughly until uniform color on a rigid and non absorbent surface. Then 

coarse aggregate is added and mixed it thoroughly and then water is added and mixed it until the concrete appeared to 

be homogenous. Slump cone mould is thoroughly cleaned and oil is applied inside of it. Now the mixed sample is 

placed in three layers. After placing of every layer in mould, 25 blows were applied on it by using tamping rod taking 

care to distribute the strokes evenly over the cross section. After complete filling of three layers, the top surface is 

leveled with trowel. Now slowly lift the slump cone mould vertically without disturbance of placed sample. Height of 

the sample specimen is noted. The difference between the initial and final height of the sample gives the slump value in 

mm.  
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Casting 
Cube moulds of 150mm in size were cast in conventional method to know the compressive strengths of grade of 

concrete. The cylindrical moulds of diameter 150mm X height 300mm were cast to know the split tensile strength test. 

These moulds were cleaned and applied oil inside surface.  Now the moulds were placed on vibration machine and 

filled with green concrete in five layers by giving vibration to each layer for a period of 2 minutes.  

Curing: 

The test specimens are stored in moist air for twenty four hours and then specimens are de-mould and submerged in 

clear fresh water for 28 days. 

Procedure (testing): 

Specimens are removed from water after curing, wiped out the excess water and the surface is dried. The specimens are 

placed in CTM and then tested for compressive strength as per IS: 516-1959 and the results were tabulated.  

Methodology and Experimental Investigation  
M15 Grade concrete cubes of 150mm were used to determine the compressive strength. In total 24 cubes were cast, 

among which 12 cubes were without flyash and the rest were with flyash as replacement of cement by 30%, and cured 

in water for a period of 28 days. The compressive strength was carried out after 3, 7, 14 and 28days. 

M15 Grade concrete cylinders of diameter 150mm X height 300mm of 48 numbers were cast to study compressive 

strength and split tensile strength. Out of 48 cylinders 24 numbers were without flyash and the remaining was with 

flyash. The cylinders of 24 numbers were divided in to 2 sets, as 12 in each set. 1
st
 set is for compressive strength test 

and the 2
nd

 set is for split tensile strength test. These specimens were tested under CTM as per IS 516: 1959 and 

strengths were calculated for 3, 7, 14 and 28 days, and the results were tabled. 

Similar procedure was carried out for the M20 grade concrete also and the results were tabled. 

Mix notation Shape of 

specimen 

3 day 

Strength in 

MPa 

7 day 

Strength in 

MPa 

14 day 

Strength in 

MPa 

28 day 

Strength in 

MPa 

M15 C Cube 15.22 22.44 25.11 30.88 

M15 C Cylinder 10.11 18.22 20.55 24.66 

M15 S Cylinder 1.10 1.20 1.50 1.60 

M15 FR30C Cube 14.55 22.88 25.66 31.44 

M15 FR30C Cylinder 12.33 18.77 21.88 25.56 

M15 FR30S Cylinder 1.10 1.30 1.50 1.70 

M20 C Cube 18.66 24.55 32.00 36.22 

M20 C Cylinder 15.22 20.11 24.99 29.33 

M20 S Cylinder 1.20 1.50 1.60 1.9 

M20 FR30C Cube 18.00 24.22 33.44 37.11 

M20 FR30C Cylinder 15.66 20.66 26.22 31.33 

M20 FR30S Cylinder 1.20 1.50 1.70 1.90 
 

 

 

 

 

 

 

 

 

 

 

 

 



Ganapati Naidu. P, B. Jagannadh Kumar, S.Adisesh, P.V.V.Satayanarayana /International Journal Of 

Computational Engineering Research / ISSN: 2250–3005 

 

IJCER | May-June 2012 | Vol. 2 | Issue No.3 |912-918                                     Page 915 
 

*
C: Compressive strength; S: Split tensile strength; FR30: Flyash replacement by 30% 
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Results and Inferences 
For M15 and M20 grade mixes, the maximum dry density was observed as 6% and 7% respectively by weight of their 

proportions and zero slump were noted. The figure 1 represents the same.  

The compressive strengths of concrete cubes of M15 and M20 grades of 30% replacement of cement by flyash was 

performed almost same strengths M15 and M20 grades of concrete mixes without any replacement of cement. 

The compressive strengths of roller compacted concrete cylinder specimens of M15 and M20 grades of 30% 

replacement of cement by flyash was performed almost same strengths M15 and M20 grades of roller compacted 

concrete mixes without any replacement of cement. 

The split tensile strengths of roller compacted concrete cylinders of M15 and M20 grades of 30% replacement of 

cement by flyash was performed almost equal strengths M15 and M20 grades of roller compacted concrete mixes 

without any replacement of cement. 

From the above investigations it was observed that the compressive strength of cube and cylinder specimens of M15 

and M20 grades with and without replacement of 30% flyash was showed same performance with a marginal 

difference. The same trend was observed in split tensile strength of cylindrical specimens also. This experimental 

results conclude that roller compacted concrete of M15 and M20 grades with 30% fly ash replacement can be used for 

both base and sub base course. Because flyash was an industrial waste by product and disposal of it is a great problem. 

 

REFERENCES 
1. Myle Nguyen James, Wonchang Choi and Taher, Abu-Lebdeh presented a paper on use of recycled aggregate and 

fly ash in concrete pavement 

2. L.Javier Malvar presented a paper on use of flyash in concrete pavements.  

 

3. M.C.Natarajan and Lenin das discusses about Concrete mix proportioning as per IS 10262:2009 – Comparison with 

IS 10262:1982 and ACI 211.1-91 

4. Synthesis of Current and Projected Concrete Highway Technology, David Whiting, et al, SHRP-C-345, Strategic 

Highway Research Program, National Research Council. 

5. ACI Committee 226. 1987a. Ground granulated blast furnace slag as a cementitious constituent in concrete ACI 

226.AR-87. Detroit: American Concrete Institute. 

6. Adams, T. H. 1988. Marketing of fly ash concrete. In MSU seminar: Fly ash applications to concrete (January), 

1.10, and 5.10. East Lansing: Michigan State University. 

7. Admixtures and ground slag for concrete. 1990. Transportation research circular no. 365 (December). Washington: 

Transportation Research Board, National Research Council. 

8. Davis, R. E., R. W. Carlson, J. W. Kelly, and A. G. Davis. 1937. Properties of cements and concretes containing fly 

ash. Proceedings, American Concrete Institute 33:577-612. 

9. Diamond, S. 1981. Effects of two Danish fly ashes on alkali contents of pore solutions of cement fly ash pastes. 

Cement and Concrete Research 11:383-94. 

10. Diamond, S. 1985. Very high strength cement-based materials: A perspective. Materials Research Society Symposia 

Proceedings 142:223-43. 



Ganapati Naidu. P, B. Jagannadh Kumar, S.Adisesh, P.V.V.Satayanarayana /International Journal Of 

Computational Engineering Research / ISSN: 2250–3005 

 

IJCER | May-June 2012 | Vol. 2 | Issue No.3 |912-918                                     Page 918 
 

11. Farbiarz, J., and R. L. Carrasquillo. 1986. Effectiveness of fly ash replacement in the reduction of damage due to 

alkali-aggregate reaction in concrete. Report no. FHWA/TX-87/15+450-1 (May). Texas State Department of 

Highways and Public Transportation. 

12. Halstead, W. J. 1986. Use of fly ash in concrete. NCHRP 127 (October). Washington: Transportation Research 

Board, National Research Council. 

13. Helmuth, R. 1987. Fly ash in cement and concrete. Skokie, III: Portland cements Association. 

14. Hines, D. 1985. Fly ash use in lean concrete base. Colorado Department of Highways final report. Report no. 

CDOH-SMB-R-85-13 (December). 

15. Hobbs, D. W. 1982. Influence of pulverized-fuel ash and granulated blast furnace slag upon expansion caused by 

the alkali-silica reaction. Magazine of Concrete Research 34:83-93. 

16. Idorn, G. M., and K. R. Henrisken. 1984. State of the art for fly ash uses in concrete. Cement and Concrete Research 

14 (4):463-70. 

17. Joshi, R. C., B. W. Langan, and M. A. Ward. 1987. Strength and durability of concrete with high proportions of fly 

ash and other mineral admixtures. In Durability of building materials. Vol. 4, 253-70. Amsterdam: Elsevier Science 

Publishers. 

18. Kohubu, M. 1969. Fly ash and fly ash cement. In Proceedings, Fifth international symposium on the chemistry of 

cement (1968). Part IV, 75-105. Tokyo: Cement Association of Japan. 

19. Lane, R. O., and J. F. Best. 1982. Properties of fly ash in Portland cement concrete. Concrete International. Design 

and Construction 4 (7):81-92. RILEM. 1988. Siliceous by-products for use in concrete. Final report: 73-SBC 

RILEM Committee. Materials and Structures 21 (121):69-80. 

20. Mehta, P. K. 1980. Performance test for sulfate resistance and alkali-silica reactivity of hydraulic cements. In 

ASTM STP 691: Durability of building materials and components, 336-45. 

21. Mehta, P. K. 1983. Pozzolanic and cementitious by-products as mineral admixtures for concrete: A practical review. 

In ACI special publication SP-79: The use of fly ash, silica fume, slag and other mineral by-products in concrete, 

ed. V. M. Malhotra, 1-46. Detroit: American Concrete Institute. 

22. Olek, J., P. J. Tikalsky, and R. L. Carrasquillo. 1986. Production of concrete containing fly ash for pavement 

applications. Research report 364-2 (May). Austin: University of Texas Center for Transportation Research 

23. Soroushian, P. 1990. Durability characteristics of fly ash concrete. In Recent advances in concrete technology 

seminar, MSU-CTS 4 (February), 6.1-6.18. East Lansing: Michigan State University. 

 


