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Abstract 

In present status quo, number of researcher are working on waste materials as potential supplement for any of the 

constituent of concrete to cope with sustainable development. As, the ingredients which constitute the body and give 

strength to concrete are natural available limited material and has to deplete one day. Thus, there is desperately need of 

alternate that may replace the limited natural resources. In this regard, this study focuses the rice husk ash (waste stuff) as 

partial replacement of cement and its possible impact on strength of concrete. In addition, this research work also this 

research work is conducted to investigate the effect of water-cement ratio on the strength of concrete at 10% partially 

replacement of Rice husk ash (RHA) by the weight of cement. RHA is a mineral admixture obtained by burning husk at 

certain temperature. Since as per pervious researches, the physical and chemical properties of RHA are very reactive 

Pozzolans and possess binding properties so can be used as cement supplement. Therefore, for laboratory experimental 

work, total 144 cubical and 72 cylindrical. In this research, number of concrete specimens were cast and tested at 1:2:4 

mix ratio with various w/c ratios i.e. 0.45, 0.50 and 0.60. Further, at each specified water-cement ratio, two mechanical 

properties (compressive and splitting tensile strength) were determined in Universal Testing Machine (UTM). These 

physical properties of concrete were investigated at 7, 14, 28 and 56 days curing period. The experimental results show 

that the compressive strength gets increased up to 14.51% and tensile splitting test strength increased up to 10.71% at the 

w/c ratio of 0.45. The workability of plain fresh concrete at all w/c ratios is slightly greater than the workability of concrete 

blended with 10% RHA. Thus, RHA improves the properties of concrete when used in specific amount. As a result, it can 

reduce the overall cost of construction and it will reduce the adverse environmental effect. 

Keywords: RHA; W/C Ratio; Strength of Concrete; Environmental Pollution.  

 

1. Introduction 

Conventional materials of construction like cement, sand and granite are highly pre-requisites in construction 

industry, of which concrete is the basic and widely used cementitious material in civil engineered structures. Since 

concrete is far more in need and is amply consumed industrially material world-wide, its versatile nature, inevitable 

dependence and economic feasibility to quench the requirements has placed it as the top most building material [1-3]. 

With the development around the globe, the use, production and the environmental hazardous in making of cement 

industrially has surpassed an alarming limits which, if other alternative and environmental friendly materials are not 

made in practice, would be greatly detrimental to the environment, and the living beings as a result; because cement 

manufacturing contributes over 5% of global CO2 emissions which with more dependence would augment [4]. With the 
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increasing growth in population and the rising demand of concrete in infrastructure, the natural sources of cement 

production are being eroded and henceforth, its alternatives are the need of time to save the natural resources for the 

next generations to come. Besides the environmental hazardous of cement manufacturing, agricultural as well as 

industrial wastes have acutely stimulated the waste and pollution troubles. The various alternative waste disposal 

materials and by-products like fly ash, rice husk ash, bottom ash, sugar bagasse ash, crumb rubber, brick aggregates etc. 

are the only viable and available sources to substitute, and their apt and suitable use would ward away the eco-system 

deterioration altogether with preservability of sources of cement production. As this waste is available in great 

abundance with no commercial value and very meagre cost of transportation. Their use can enhances practical and 

economic benefits in construction industry and can be an easy way forward to waste management. Apart from other 

alternatives which utilize waste, thus conserving natural resources and safeguarding the essence of life- environment, 

the rice husk ash is widely used as cement replacement in concrete because it has pozzolanic properties which enhance 

the strength of concrete [1]. This research focuses on the use of rice husk ash (waste stuff) in concrete to replace cement 

partially. 

Around 600 million tons of rice paddy are being produced each year throughout the world which generate about 120 

million tons of rice husk. Every ton of rice paddy produces about 0.20 tons of husk and on combustion of every ton of 

husk produces about 0.18 to 0.20 tons of ash [4, 5]. According to the research which was conducted in Niger State 

reveals that rice grains were generated about 96,660 tons in year 2000 [6]. Utilization of rice is around 500.5 million 

tons in the world currently, estimated in 2014/15 [7, 8]. Most of the husk, produced from the processing of sifting rice, 

is either burnt or dumped as a waste. But for preparation of RHA, it follows three step process; collection of rice husk, 

controlled or uncontrolled burning of husk and then grinding of burnt husk as shown in Figure 1. According to the study 

of Houston, D. F. (1972); RHA produced by burning rice husk at  600-700 0C temperatures for 2 hours contains 90-95% 

of SiO2, 1-3% of K2O and <5% unburned carbon [9].   

RHA is used in the production of high-performance and high-durable concrete which has been presented in various 

research papers [10-11]. The report present in 2009, shows that the maximum compressive strength was obtained by 

using 10% RHA as replacement of cement and when this amount of RHA surpassed 10% then compressive strength 

decreased significantly [12].  In the manufacturing of cheap concrete, RHA is used as a silica fume (cement) replacement 

materials as well as an admixture [13]. The chemical analysis report as conducted by [14] shows that RHA is chemically 

same as OPC.  

Ologunagba et al. conducted the research work on mechanical properties of concrete by using RHA at various 

percentages of 0% -20% by the weight of cement. In this experimental work, the concrete cubes were made of 1:2:4 

concrete mix ratio at water-cement ratio of 0.44 and cured at 7, 14, 21 and 28 days. It was observed that the compressive 

strength measured 24 N/mm2 at 28 days by using 10% RHA in concrete as a partial replacement of cement [15]. 

 The study which was conducted by Mehta, P.K. (1992) depicts that RHA is a highly porous and lightweight materials 

and also, it contains a very high external surface area about 50-1000 m2/g. RHA contains highly cellular form which is 

used with cement that enhance stability and workability, and reduce the heat evolution and plastic shrinkage [9].  RHA 

is an excellent insulator and it possess an active pozzolana which has several applications in the cement and concrete 

industry. RHA is obtained by open field burning method which is used for improving workability, strength and durability 

of concrete [16]. The silica present in the ash which undergoes structural transformations when temperature changes 

during combustion. Amorphous silica formed between 550 0C- 800 0C and crystalline silica formed at more than 8000C 

temperatures [17-18]. RHA is also an agricultural waste which is produced 20-30% of rice annually that found in mostly 

rice producing countries [19]. This waste is disposed-off material, which is found to become a natural pozzolana. 

Pozzolans are the materials containing reactive silica and/or Aluminum [20].  RHA, when mixed with lime in powdered 

form in the presence of water, it sets and hardens like cement [21]. The RHA is considered as waste product and has no 

useful application in most of the regions, so it is usually dumped in the open fields which cause environmental pollution. 

Mostly, now a days, the efforts are being made to reduce the environmental pollution by using suitable by products as 

supplementary cementing material [22]. Thus, the rice husk ash is rich in cementitious mineral that can be used in 

concrete manufacturing.  

Ashwini et al. presented the report on the compressive strength of concrete by using RHA at various percentages of 

0% - 40% by the weight of cement. In this research work, the concrete specimens were prepared and cured at 3, 7 and 

28 days. It was concluded that the compressive strength of concrete was increased 12% at 28 days by using 20% RHA 

in concrete as a partial replacement of cement [23]. 

Akhter conducted the experimental study on characterstatics strength of concrete blended with RHA of various 

percentages of 0% - 20% by weight of cement. In this research work, the concrete specimens were made and cured at 7 

and 28 days. It was noted that the compressive strength of concrete was increased 15.74% at 28 days by using 10% RHA 

in concrete as a partial replacement of cement [24].    
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The source of rice husk ash determine important role in the variation characteristics of cementitious material [25]. 

The report was presented in 2004, shows that particle size of RHA is finer than OPC, which improves the properties of 

concrete [26]. The quality and strength desired in concrete is fundamentally related to its compressive strength [27]. 

This study is carried out by using of RHA in concrete, it was further established that the size of RHA is 25 micron and 

it plays important role as a filler in cement. RHA used in concrete as a partially replacement of OPC can decrease the 

emission of greenhouse gasses to a great extent and also reduce the environmental pollution [28].  Further, the emission 

of CO2 into the atmosphere produces environmental pollution during the process of clinker or limestone. For this reason, 

other supplementary cementing materials are used at the place of limestone-based clinker to minimize the use of Portland 

cement [29]. The RHA, therefore, can be used as a construction material to solve the problem of waste management 

which improves the environmental protection, sustainability and the economic value of rice husk ash [30]. Moreover, 

rice husk is a supplementary material which can be used as fine aggregate in mixing mortar [31]. 

 
Figure 1. Steps for obtaining RHA 

Overall, the aim of this research is to investigate the effect of RHA on mechanical properties of concrete at different 

water-cement ratios and: 

 To know the effect of 10% partial replacement of RHA with cement on compressive and splitting tensile strength 

of concrete. 

 To analysis and establish the correlation between RHA and strength (compressive and splitting tensile) at various 

water-cement ratios.  

2. Materials and Methods 

In this research work, methodology adopted to check the physical properties (workability, compressive and splitting 

tensile strength) of concrete at partial replacement of cement with RHA. For this reason, two types of concrete standard 

specimens (cubes, 4’’ × 4’’ × 4’’  and cylinders, 4’’  diameter and 8’’  height) were cast in structural concrete and 

laboratory of QUCEST Larkana. Total 144 concrete cylinders and 72 cubes were cast at 1:2:4 mix ratio with various 

w/c ratios i.e 0.45, 0.50 and 0.60. Further, at each w/c ratio total 24 cubes and 48 cylinders were cast as given in Table 

1. Both types of specimens are cured at 7, 14, 28 and 56 days curing period. Three specimens at each W/C ratio and 

curing age are cast and tested for compressive and splitting tensile strength of concrete in Universal Testing Machine 

(UTM). Finally, the average of all three specimens at specific w/c ratio is taken as ultimate result of particular test. 

Table 1. Quantity of specimen 

 

 

 

 

 

 

 

Specimens Curing Ages Water-cement ratio Plain Concrete 10% RHA 

Cylinders for Cylindrical 

compressive strength 

7 days  3+3+3 3+3+3 

14 days 0.45+0.50+0.60 3+3+3 3+3+3 

28 days  3+3+3 3+3+3 

56 days  3+3+3 3+3+3 

Total  36 36 

Cylinders for Splitting 

tensile strength 

7 days  3+3+3 3+3+3 

14 days  3+3+3 3+3+3 

28 days 0.45+0.50+0.60 3+3+3 3+3+3 

56 days  3+3+3 3+3+3 

Total  36 36 

Cubes for Cubical 

Compressive strength 

7 days  3+3+3 3+3+3 

14 days 0.45+0.50+0.60 3+3+3 3+3+3 

28 days  3+3+3 3+3+3 

56 days  3+3+3 3+3+3 

Total  36 36 
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Locally available materials in the vicinity of Larkana city are used in this research. Ordinary Portland cement (OPC) 

with brand name Lucky cement is used. While fine (natural hill sand) and coarse (artificially crushed) aggregate are 

used after necessary preliminary tests which are tabulated in table 2. Husk of rice is obtained from waste dumps of husk 

in rice fields nearby areas. This husk was freely available and considered as waste or by-product of rice by the rice paddy 

formers. Further, collected husk is then burnt in closed combustion chamber at around 600-850 
0C temperature to 

produce rice husk ash. Produced ash is left for 24 hours for cooling and then collected husk is sieved through #30 sieve 

for removing any unwanted materials. Moreover, processed RHA is batched by weight and used as cement replacement 

in concrete. 

Table 2. Properties of fine and coarse aggregates 

Sr. No. Properties Fine Aggregates Coarse Aggregates 

01 Fineness Modulus 2.11 -- 

02 Specific Gravity 2.65 2.63 

03 Water absorption 1.8% 1.4% 

04 Bulk density (compacted) 118.78lb/ft3 98.77lb/ft3 

3. Results and Discussion 

3.1. Workability Test 

Slump cone testing method based on ASTM C 143 is followed for assessing the workability of fresh concrete. The 

experimental results show that the workability of concrete blended with 10% RHA at 0.45, 0.50 and 0.60 w/c ratio is 

less than the workability of plain concrete with same w/c ratios as shown in Figure 2. Further, workability increases 

with increasing water cement ratio in both plain as well as blended concrete. Therefore, results of flow of concrete gets 

maximum at 0.60 w/c ratio which is 55% and 34% in plain and concrete with 10% RHA respectively as compared to 

0.45 w/c ratio.  

  

 

Figure 2. Slump loss values at 1:2:4 mix ratio with various W/C ratio 

3.2. Compressive Strength 

The compressive strength conducted on Universal Testing Machine (UTM) by following the ASTM C39 standard 

testing procedure. Two types of specimens i.e. cube and cylinder were tested. For each w/c ratio and curing age three 

cubes and three cylinders were cast and tested. The average values of all specimens at particular w/c ratio and curing 

age are shown in Table 3, 4, 5, 6, 7 and 8 , Figure 3,4,5,6, 7 and 8. In all graphs, plain concrete specimens are compared 

with concrete blended with 10% RHA with various w/c ratios. The experimental reports show that the compressive 

strength of plain and blended concrete gets increase with curing ages i.e. maximum of 36.4 MPa and 41.68 MPa at 56 

days and minimum of 23.6 MPa and 24.54 MPa at 7 days respectively, at 0.45w/c ratio. Generally, as water content in 

concrete is increased the strength tends to decrease but with enhanced curing age it increases in plain as well as concrete 

with 10% RHA. Maximum compressive strength is recorded at 0.45 w/c ratio and 56 days curing period and minimum 

at 0.60 w/c ratio and 7 days curing age. It is, further, observed that the cubical compressive strength gets maximum at 

14.51% and cylindrical compressive strength increase at 12% at 0.45 w/c ratio as compare to normal concrete. 
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Table 3. Cubical Compressive Strength of mix ratio 1:2:4 at 0.45 W/C ratio 

Curing days Mix ratio W/C ratio 
Average Compressive 

Strength(Plain) N/mm2 

Average Compressive Strength 

(10%RHA) N/mm2 

Age increase or 

decrease % 

7 days 1:2:4 0.45 23.6 24.54 3.98 

14days 1:2:4 0.45 25.3 27.35 8.10 

28days 1:2:4 0.45 30.2 33.25 10.09 

56days 1:2:4 0.45 36.4 41.68 14.51 

 

Figure 3. Cubical compressive strength of concrete at 1:2:4 mix ratio with 0.45 W/C ratio 

Table 4. Cubical Compressive Strength of mix ratio 1:2:4 at 0.50 W/C ratio 

Curing days Mix ratio w/c ratio 
Average Compressive 

Strength(Plain) N/mm2 

Average Compressive 

Strength(10%RHA) N/mm2 

Age increase or 

decrease % 

7 days 1:2:4 0.50 20.3 21 3.45 

14days 1:2:4 0.50 23.7 25.5 7.59 

28 days 1:2:4 0.50 27.58 30.2 9.49 

56days 1:2:4 0.50 31.62 35.86 13.41 

 

Figure 4. Cubical compressive strength of concrete at 1:2:4 mix ratio with 0.50 W/C ratio 
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Table 5. Cubical Compressive Strength of mix ratio 1:2:4 at 0.60 W/C ratio 

Curing days Mix ratio w/c ratio 
Average Compressive 

Strength(Plain) N/mm2 

Average Compressive 

Strength(10%RHA) N/mm2 

Age increase or 

decrease % 

7 days 1:2:4 0.60 19.8 20.4 3.03 

14days 1:2:4 0.60 22.4 23.86 6.52 

28 days 1:2:4 0.60 26.8 29.10 8.58 

56days 1:2:4 0.60 29.9 33.5 12.04 

  

 

Figure 5. Cubical compressive strength of concrete at 1:2:4 mix ratio with 0.60 W/C ratio 

Table 6. Cylindrical Compressive Strength at 1:2:4 mix ratio with 0.45 W/C ratio 

Curing days Mix ratio w/c ratio 
Average Compressive 

Strength(Plain) N/mm2 

Average Compressive 

Strength(10%RHA) N/mm2 

Age increase or 

decrease % 

7 days 1:2:4 0.45 16.4 16.89 2.98 

14days 1:2:4 0.45 20.64 22.085 7.00 

28 days 1:2:4 0.45 25.9 28.23 8.99 

56days 1:2:4 0.45 30.5 34.16 12 

 

Figure 6. Cylindrical compressive strength of concrete at 1:2:4 mix ratio with 0.45 W/C ratio 

Table 7. Cylindrical Compressive Strength at 1:2:4 mix ratio with 0.50 W/C ratio 

Curing days Mix ratio w/c ratio 
Average Compressive 

Strength(Plain) N/mm2 

Average Compressive 

Strength(10%RHA) N/mm2 

Age increase or 

decrease % 

7 days 1:2:4 0.50 14.27 14.69 2.94 

14days 1:2:4 0.50 18.39 19.66 6.91 

28 days 1:2:4 0.50 20.67 22.44 8.56 

56days 1:2:4 0.50 23.92 26.68 11.54 
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Figure 7. Cylindrical compressive strength of concrete at 1:2:4 mix ratio with 0.50 W/C ratio 

Table 8. Cylindrical Compressive Strength at 1:2:4 mix ratio with 0.60 W/C ratio 

Curing days Mix ratio w/c ratio 
Average Compressive 

Strength(Plain)N/mm2 

Average Compressive 

Strength(10%RHA) N/mm2 

% age increase or 

decrease 

7 days 1:2:4 0.60 13.64 13.95 2.27 

14days 1:2:4 0.60 15.78 16.81 6.53 

28 days 1:2:4 0.60 18.2 19.53 7.31 

56days 1:2:4 0.60 20.83 23.04 10.61 

 

Figure 8. Cylindrical compressive strength of concrete at 1:2:4 mix ratio with 0.60 W/C ratio 

3.3. Splitting Tensile Strength of Concrete  

Splitting tensile strength testing procedure of ASTM C496 is followed for evaluating the tensile behaviour of 

concrete. In this research, total 72 cylinders of plain and concrete with 10% RHA were caste and tested in UTM. 

Similarly that of compressive strength, this test is also evaluated at 0.45, 0.50 and 0.60 w/c ratios and 7, 14, 28 and 56 

days curing period. Overall, experimental results show that the splitting tensile strength of plain and blended concrete 

gets maximum of 4.65 MPa and 4.2 MPa respectively at 0.45 w/c ratio and 56 days curing age. 

Moreover, splitting tensile strength decreased gradually with increasing w/c ratio; maximum at 0.45 and minimum 

at 0.60 as shown in Figure 9, 10, 11 and Table 9, 10, 11. This value of concrete with 10% RHA is 10.71% greater than 

plain concrete at 0.45 w/c ratio and curing age of 56 days. Lower early strength may be due evaporation of less heat of 

hydration due to presence of calcium silicate and this at latter stage caused gain in strength with prolonged curing age.  

Table 9. Tensile Strength at 1:2:4 mix ratio with 0.45 W/C ratio 

Curing days Mix ratio w/c ratio 
Average Tensile 

Strength(Plain)N/mm2 

Average Tensile 

Strength(10%RHA) N/mm2 

% age increase or 

decrease 

7 days 1:2:4 0.45 2.8 2.91 3.93 

14days 1:2:4 0.45 3.21 3.4 5.91 

28 days 1:2:4 0.45 3.64 3.96 8.79 

56days 1:2:4 0.45 4.20 4.65 10.71 
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Figure 9. Splitting Tensile strength of concrete at 1:2:4 mix ratio with 0.45 W/C ratio 

Table 10. Tensile Strength at 1:2:4 mix ratio with 0.50 W/C ratio 

Curing days Mix ratio w/c ratio 
Average Tensile 

Strength(Plain)N/mm2 

Average Tensile 

Strength(10%RHA) N/mm2 

% age increase or 

decrease 

7 days 1:2:4 0.50 2.2 2.28 3.64 

14days 1:2:4 0.50 2.63 2.78 5.70 

28 days 1:2:4 0.50 3.16 3.42 8.23 

56days 1:2:4 0.50 3.86 4.26 10.36 

 

Figure 10. Splitting Tensile strength of concrete at 1:2:4 mix ratio with 0.50 W/C ratio 

Table 11. Tensile Strength at 1:2:4 mix ratio with 0.60 W/C ratio 

Curing days Mix ratio w/c ratio 
Average Tensile 

Strength(Plain) N/mm2 

Average Tensile 

Strength(10%RHA) N/mm2 

% age increase or 

decrease 

7 days 1:2:4 0.60 1.59 1.64 3.15 

14days 1:2:4 0.60 1.95 2.05 5.13 

28 days 1:2:4 0.60 2.8 3.024 8.00 

56days 1:2:4 0.60 3.2 3.52 10.00 
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Figure 11. Splitting Tensile strength of concrete at 1:2:4 mix ratio with 0.45 W/C ratio 

4. Conclusions 

This study conducted on mechanical properties of concrete by utilizing the RHA as partial replacement of cement; 

concludes that: 

 The cubical compressive strength of concrete with 10% RHA gets increased to14.51% as compared to normal 

concrete at 56 days curing time with 0.45 w/c ratio. 

 The cylindrical compressive strength of concrete with 10% RHA gets increased to 12% as compared to normal 

concrete at 56 days curing time with 0.45 w/c ratio. 

 The splitting tensile strength of concrete with 10% RHA gets increased to 10.71% as compared to normal concrete 

at 56 days curing time with 0.45 w/c ratio. 

 Concrete with 10% RHA can gives better results at longer curing time and can economically be used in 

construction industry. 

 Various other researches are possible by adding admixtures for high workability and strength with different 

proportions of RHA. 
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