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Abstract— the aim of this investigation is to evaluate the 

feasibility and rise the strength of the concrete by utilizing the 

rice mill effluent as 100% replacement for potable water. 

India is second largest rice producing country in this world. 

Rice is the substantial food for all 65% of the population in 

India. Paddy in its raw from cannot be consumed human 

beings. So it undergoes basic rice milling process in this pre 

cleaning is the first step here water is utilized for cleaning the 

raw materials. This waste water can be utilized for the 

construction field may reduce the water scarcity problem. 

Nowadays utilization of industrial waste has encouraged in 

the construction field. The replacement of potable water by 

rice mill effluent provides higher strength and durability to 

the concrete. The mix proportion is developed for M30 grade 

of concrete. The hardened  properties of concrete like 

compressive strength, split tensile strength and flexural 

strength are performed The test results are nearly equal  to 

that of the conventional concrete. 

Key words: Effluent from the Rice Mills, Cement Concrete 

Replacing Potable Water 

I. INTRODUCTION 

Sustainable development and environmental impact due to 

increasing demand for nature resources has become a major 

issue in the field of civil engineering. Protecting the natural 

resources for the future generation for their sustainable is now 

the major need. The work of an engineer is to find solution 

for the major areas of interest for all engineers. 3R’s is the 

basic principle. Reduce, Reuse and Recycle is involved 

widely. Concrete is well known heterogeneous mix of 

cement, water and aggregates. The drastic environmental 

changes mainly due to rapid industrialization have developed 

as major challenges over the world. It is very much necessary 

to growing awareness of the fact that clean environment is 

necessary for smooth living and better health of human 

beings. Primary milling of rice is the most important activity 

in food grains. These grains are grown and used in almost all 

part of India. Due to industrialization and global competing 

market trends, it has emerged major industrial activity in 

small medium sector to cater the need of increasing 

population. It is estimated that the 80% of world population 

uses rice as major source of calories. The growth of the 

world’s population, increasing urbanization, rising standards 

of living and fast development in technology have all 

contributed to an increase in both the amount and variety of 

waste generated by the industrial, domestic and other 

activities. Waste water coming from different industrial 

operations contains high concentration of organic and 

Inorganic substances causing significant polluting 

phenomena. Rice is the stable diet in India, is produced from 

processing paddy in various ways. Parboiled process is 

practiced in different methods. A significant amount of water 

is consumed in soaking of wastewater generated from 

soaking operation. In most of the rice mills in India this 

effluent is discharged into surrounding water bodies without 

any treatment. The continuous discharge of this effluent into 

the environment has become an environmental discharge of 

this effluent into the environmental has become an 

environmental concern.  Paddy soak water acidic in nature 

and it contains high level of soluble salts and nutritious such 

as N (98 mg/l), P (91 mg/l) and K (98 mg/l).  Paddy soak 

water contained high level of COD. Nutrition composition; 

available nitrogen, potassium and phosphorus of treated dig 

estate were significantly different from water treaded 

digestive. Anaerobic composting is suitable for liquid waste 

with solid waste as one of the eco-friendly waste management 

to have clean environment. India is the second biggest rice 

producing country in the world. The processing capacity of 

rice mill varies from 50 tons per day. It is observed that 

volume of water required is 1.0 to 1.50L per kg of paddy 

processed. The source of wastewater generated is 0.40 to 0.52 

per kg of paddy processed. The wastewater discharged daily 

is about 30 cubic meters. The effluent discharge from rice 

mill does not contain toxic compounds or pathogenic 

bacteria. The effluent available from the rice mill may be used 

for the construction purposes. Water scarcity is also a main 

problem during summer. So the construction industries facing 

a lot of struggles in summer. This effluent after checking its 

properties it may be used for construction purposes. So, an 

attempt is made to utilize the rice mill effluent for 

construction purposes. 

A. Salient Features of the Project 

1) The effluent from the rice mills in many district of 

TamilNadu, India is currently being wasted through 

direct discharge into land and waterways. 

2) With proper water quality control, this rice mill effluent 

can be also being considered as a potential water 

resource for construction purposes. 

3) An attempt has been made to develop a method to reuse 

waste water from rice mills for making concrete. 

4) The waste effluent from the rice mills in and around 

district is collected and the various basic characteristics 

of the effluent are analyzed. 

5) The properties tests of concrete prepared by using rice 

mill effluent are studied. 

6) The mechanical properties tests were carried to 

determine the feasibility of rice mill effluent for 

concrete. 

7) The results were compared against the tests conducted on 

control specimens which are prepared using potable 

water. 

8) The results showed that rice mill effluent for the 

preparation of concrete was studied. 
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9) To minimize these problems this waste can be used for 

construction purposes without affecting the surrounding 

environment.  

B. Objective 

 Reduces the amount of potable water used for the 

construction. 

 Reduces the water bill 

 Reduces the cost through industrial symbiosis (by 

product reuse, sharing management of utilities, sharing 

ancillary services). 

II. EXPERIMENTAL INVESTIGATION 

A. Testing of Cement 

1) Specific Gravity of Cement 

A clean and dry Le Chatelier flask or specific gravity bottle 

with stopper is weighed (W1). Place the cement sample up to 

half of the flask (50) and weight with stopper (W2). Then add 

kerosene to the cement in the flask till it is about half full. 

Mix thoroughly with glass rod to remove the entrapped air 

continue stirring and add more kerosene till it is flask with 

graduated mark. Then dry the outside and weigh (W3). Then 

empty the flask clean it and refill with clean kerosene flask 

with graduated mark wipe outside and weigh (W4). The limit 

of the specific gravity of cement as per the load is 3.15g/cc. 

Specific gravity = 
(W2−W1)

(W2−W1)(W3−W4)X0.79
 

W1= weight of empty flask 

W2= weight of flask+ cement 

W3= weight of flask + cement + kerosene 

0.79= specific gravity of kerosene 

2) Fineness of Cement 

The fineness of cement has an important bearing on the rate 

of hydration and hence on the rate of gain of strength and also 

the rate of evolution of heat finer cement offers a greater 

surface area for hydration and hence faster the development 

of strength. The fineness of grinding has increased over the 

years. But now it has got nearly stabilized. Different cement 

is ground to different fineness. The disadvantage of fine 

grinding is that it is susceptible to air sets and clearly 

deterioration. 

3) Setting Time Test 

Take 500 gram of cement sample and mix it with 0.85 times 

the water that is required to produce cement paste of standard 

consistency (0.85 P). The paste shall be gauged and filled into 

the Vicat mould in specified manner within 3-5 minutes. Start 

the stop watch immediately the moment water is added to the 

cement. Lower the needle gently and bring it in contact with 

the surface of the test block and quickly release. Allow it to 

penetrate into the test block. In the beginning, the needle will 

completely pierce through the test block. But after sometime 

when the paste starts losing its plasticity, the needle may 

penetrate only to a depth of 33-35 mm from the top. The 

period elapsing between the time when water is added to the 

cement and the time at which the needle penetrates the test 

block to a depth equal to 33-35 mm from the top is taken as 

initial setting time. Replace the needle of the Vicat apparatus 

by a circular attachment. The cement shall be considered as 

finally set when, upon lowering the attachment gently cover 

the surface of the test block, the Centre needle makes an 

impression, while the circular cutting edge of the attachment 

fails to do so. The initial setting time is regarded as the time 

elapsed between the moments that the water is added to the 

cement, to the time that the paste starts losing its plasticity. 

The final setting time is the time elapsed between the 

moments the water is added to the cement. 

B. Testing of Fine Aggregate 

1) Specific gravity of fine aggregate 

Take about 1 kg of fine aggregate sample and place them in 

the pycnometer containing approximately two inches of 

water. Screw the cap down into the proper position by lining 

up the mark on the pycnometer top. Then entirely fill the 

pycnometer by adding additional water through the hole in 

the pycnometer top. Hold one finger over the hole in the top 

and gently roll and shake the pycnometer to remove any 

trapped air in the sample. 

Specific Gravity of fine aggregate =     
𝑠

𝑝+𝑠−𝑤
 

Where, 

S = Weight in grams of aggregate in a saturated-

surface-dry condition. 

P = Weight in grams of the pycnometer filled with 

water. 

W = Weight in grams of the pycnometer containing 

that sample and sufficient water to fill the remaining space in 

the pycnometer. 

C. Chemical Characteristics 

1) Determination of Ph. 

 The protective cover of the pH meter is removed and pH 

meter is turned on by the switch.  

 Calibrate the pH meter with at least two standard buffer 

solutions among of pH 4, 7 and 9.  

 Rinse the pH meter thoroughly with deionized distilled 

water and carefully wipe with a tissue paper.  

 Dip the pH meter in the sample solution, and swirl the 

solution and wait up to one minute for steady reading. 

The reading is taken after the indicated value remains 

constant for about a minute. 

2) Environmental Significance 

 Lower value of pH (4) will produce sour taste and higher 

value of pH (8.5) will produce a bitter taste. 

 Higher values of pH hasten the scale formation in water 

heating apparatus and also reduce the germicidal 

potential of chlorine. High pH induces the formation of 

trihalomethanes, which are causing cancer in human 

beings. 

 PH below 6.5 starts corrosion in pipes. According to BIS 

water for domestic consumption should have a pH value 

between (6 to8.5). 

3) Determination of chlorides 

a) Procedure 

 Take 20 ml of the sample in a conical flask. 

 Add 2 to 3 drops of Potassium Chromate indicator to get 

light yellow color. 

 Titrate the sample against Silver Nitrate solution until the 

color changes to brick red. 

 The same procedure is repeated until consistent values 

are obtained.  
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4) Environmental Significance 

 Determining chlorides in natural waters are useful in the 

selection of water supplies for human use. 

 Chloride determination is used to determine the type of 

desalting apparatus to be used. 

 Chloride determination is used to control pumping of 

ground water locations where intrusion of sea water is a 

problem. 

5) Determination of hardness 

a) Procedure 

 Take 20 ml of sample and boil it for a few minutes to 

remove carbonates and bicarbonates in a conical flask. 

 Add 2ml of ammonia buffer solution. 

 Add Erichrome Black-T indicator followed by buffer 

solution and the solution becomes wine red in color. 

 Titrate the above solution against EDTA solution taken 

in burette. 

 The end point is the appearance of the blue color. 

6) Environmental Significance   

 Hardness does not pose a serious health risk and is not 

regulated. In fact, calcium and magnesium in drinking 

water can help ensure to get the average daily 

requirement for these minerals in our diet. 

 However, hard water can be a nuisance due to the mineral 

buildup on plumbing fixtures and poor soap and 

detergent performance. 

 It often causes aesthetic problems, such as an alkali taste 

to the water that makes coffee taste bitter. 

 The presence of hardness will cause greater soap 

consumption, scaling of boilers, causing corrosion and 

incrustation of pipes, making food tasteless, formation of 

kidney stones etc.., 

7) Determination of sulphate 

a) Procedure 

 Measure 50ml of sample in a beaker. 

 Add 10 ml of 2N HCL to it. 

 Boil the contents while boiling, add 30 ml of Bacl2 

solution and filter precipitate is filtered through filter 

paper. 

 Burn the paper at 800 C after transferring to silica 

crucible. 

 Heat the filter paper until getting dry. 

 Silica crucible is cooled and weighed. 

Amount of sample =  

𝑀𝑔 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒𝑥𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 
𝐵𝑎𝑆𝑂4

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
 

8) Environmental Significance 

 Excess sodium and magnesium sulphate cause cathartic 

action. 

 In anaerobic decomposition of waste water, sulphates are 

reduced to hydrogen sulphide causing obnoxious odors 

and promote corrosion of sewers. 

D. Mechanical Properties 

1) Compressive strength 

The compressive strength of concrete is one of the most 

important and useful properties of concrete. It is generally 

determined by testing cubes of size 150 x 150 x 150 mm that 

was done in the lab. In this test, the cubes are subjected to 

compressive force in a compression testing machine and the 

ultimate load at which the failure occurs is noted. Then the 

compressive stress is ultimate load by area exposed to load 

and stress value is obtained in N/mm2. 

2) Split Tensile Strength 

This test is carried out in a cylindrical specimen of 150 mm 

diameter and 300 mm length. The cylindrical specimen is 

placed horizontally between the loading surface of a 

compression-testing machine and the load is applied until 

failure of cylinder occurs along the vertical diameter. The 

split tensile strength is given by the formula 2P/ (ΠDL) and 

the stress value is obtained in N/mm2. 

Where, 

P is the ultimate load at which the cylinder fails. 

D and L are the diameter and length of the cylinder.  

3) Flexural Tensile Strength 

After the split tensile test another common test performed for 

determination of tensile strength is the flexural test. The test 

could be performed in accordance with as per BS 1881: Part 

118:1983. A simple plain concrete beam is loaded at one-

third span points. Normal standard size of specimen is 

150x150x150 mm may also be used. Span of the beam is three 

times its depth. The equal loads are applied at the distance of 

one third from the beam supports. It includes equal reaction 

same as the loading at both of the supports. Loading on the 

beam is increased in such a manner that rate of increases in 

stress in the bottom fiber lies within the range of 0.02 MPa& 

0.10 MPa. The standard formula for flexural tensile strength 

test is, 

fbt=   
pl

bd²
 

Where, 

P = Load applied to the specimen in N 

I = length of the specimen 

b = Breadth of the specimen in mm 

d = depth of the specimen in mm 

S. No Parameters Permissible Limits 

1 pH 6-8.0 

2 Chlorides (mg/l) 500 

3 Hardness (mg/l) 600 

4 Sulphate (mg/l) 1000 

Table 1: BS Recommendation 

III. TEST RESULTS 

S. 

No 
Parameters 

Potable 

Water 

Rice Mill 

Effluent 

1 Ph 7.3 S7.1 

2 Chlorides(mg/l) 374.88 475 

3 Hardness(mg/l) 480 455 

4 Sulphate (mg/l) 345.56 393.92 

Table 2: Properties of potable water and rice mill effluent 

IV. TEST RESULTS AND EVALUATION 

A. Workability of Concrete (Slump) 

The slump test result is a measure of the behavior of 

compacted inverted cone of concrete under the action of 

gravity. It measures the consistency or the wetness of 

concrete. In a collapse slump will generally mean that the mix 

is too wet or that it is a high workability mix, for which slump 

test is not appropriate. In ta shear slump the top portion of the 

concrete shears off and slips sideways. If the shear slump 

persists, as may the case with harsh mixes, this is an 

indication of lack of cohesion of the mix. In a true slump the 
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concrete simply subsides, keeping more or less to shape. This 

is the only slump which is used in various tests. Mixes of stiff 

consistence have a zero slump, so that in the rather dry range 

no variation can be detected between mixes of different 

workability. The workability of fresh concrete is one of the 

most important and useful properties of concrete. The slump 

values of concrete with 0.45 w/c ratio were determined for 

both the potable water and the rice mill effluent are given 

below. 

Design 

Strength 

(N/mm2) 

Water 

(liter) 

OPC 

(kg) 

Coarse 

Aggregate 

(kg) 

Fine 

Aggregate 

(kg) 

30 191.6 425 1140 661 

Table 3: Mix design 

S. 

No 

Grade of 

Concrete 

Water/ 

Cement 

Ratio 

Slump 

Value 

(mm) 

Type of 

Water 

1 M30 0.45 100 
Potable 

water 

2 M30 0.45 75 
Rice mill 

effluent 

Table 4: Slump value 

B. Mechanical Properties of Concrete 

1) Compressive strength of M30 grade concrete for potable 

water 

Size of cube = 150 X 150 X 150 mm 

Compressive strength = P / A (N/mm2) 

Where, 

P = load applied in KN 

A = area in mm2 

Specimen 

No 
Degs 

Strength of Concrete 

at 7 days (N/mm2) 

1 C1 18.77 

2 C2 18.95 

3 C3 19.30 

4 C4 19.77 

5 C5 16.00 

Table 5: Compressive strength of M30 grade concrete for 

Potable water 

Specimen 

No 
Degs 

Strength of concrete at 

28 days (N/mm2) 

1 C6 28.66 

2 C7 29.15 

3 C8 30.55 

4 C9 33.5 

5 C10 31.7 

Table 6: Compressive strength of M30 grade concrete for 

potable water 

Specimen  

No 
Degs 

Strength of concrete  

(N/mm²) 7 days 

1 A3C1 17.21 

2 A3C2 17.01 

3 A3C3 19.38 

4 A3C4 20.40 

5 A3C5 19.18 

Table 7: Compressive strength of M30 grade concrete for 

rice mill effluent 

Specimen 

No 
Degs 

Strength of Concrete at 

28 days (N/mm2) 

1 A3C6 27.66 

2 A3C7 27.11 

3 A3C8 31.155 

4 A3C9 33.75 

5 A3C10 31.00 

Table 8: Compressive strength of M30 grade concrete for 

rice mill effluent 

C. Comparative Study on Potable Water and Rice Mill 

Effluent on its Compressive Strength 

No of 

 days 

Potable water 

MPa 

Rice mill 

effluent MPa 

7 18.558 18.63 

28 30.172 30.21 

Table 9: Compressive strength of M30 grade concrete 

 
Fig. 1: Shows the comparative study on compressive 

strength of concrete made with potable water and rice mill 

effluent for 7 days and 28 days strength 

D. Split Tensile Strength Test 

1) Split tensile strength of M30 grade concrete for potable 

water 

Size of cylinder = 150 X 300 mm 

Split tensile strength = (2*Load) / (π *Length*Diameter) 

(N/mm2) 

Where, 

P= load applied in KN 

L= length of the specimen in mm (300 mm) 

D= diameter of cylinder in mm (150 mm) 

Specimen 

No 
Degs 

Strength of concrete at 

7 days (N/mm2) 

1 S1 2.12 

2 S2 2.40 

3 S3 2.43 

4 S4 2.31 

5 S5 2.451 

Table 10: Split tensile strength of M30 grade concrete for   

potable water 

Specimen 

No 
Degs 

Strength of concrete at 

28 days(N/mm²) 

1 S6 4.13 

2 S7 4.32 

3 S8 4.25 

4 S9 4.56 

5 S10 4.38 

Table 11: Split tensile strength of M30 grade concrete for 

potable water 
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Specimen 

No 
Degs 

Strength of concrete at 

7 days (N/mm2) 

1 A3S1 2.12 

2 A3S2 1.98 

3 A3S3 1.8 

4 A3S4 2.41 

5 A3S5 2.33 

Table 12: Split tensile strength of M30 grade concrete for 

rice mill effluent 

Specimen  

No 
Degs 

Strength of concrete at 

28 days (N/mm2) 

1 A3S6 4.38 

2 A3S7 4.24 

3 A3S8 4.10 

4 A3S9 4.53 

5 A3S10 4.58 

Table 13: Split tensile strength of M30grade concrete for 

rice mill effluent 

2) Comparative Study on Potable Water and Rice Mill 

Effluent on Its Split Tensile Strength 

No of days Potable water MPa Rice mill effluent 

7 2.34 2.38 

28 4.32 4.36 

Table 14: Split tensile strength of M30 grade concrete 

 
Fig. 2: shows the comparative study on split tensile strength 

of concrete made with potable water and rice mill effluent 

for 7 days and 28 days strength. 

E. Flexural Strength Test 

1) Flexural strength of M30 grade concrete for potable 

water 

Size of cylinder = 150 X 150 X 750 mm 

Flexural strength = PL / bd2 

Where, 

P= load applied in KN 

L= length of the specimen in mm (750 mm) 

b = width of the specimen 

d = depth of the specimen 

Specimen 

No 
Degs 

Strength of concrete at 

7 days (N/mm2) 

1 F1 2.63 

2 F2 2.72 

3 F3 2.69 

4 F4 2.72 

5 F5 2.70 

Table 15: Flexural strength of M30 grade concrete for 

potable water 

Specimen 

No 
Degs 

Strength of concrete 

at28 days (N/mm²) 

1 F6 4.96 

2 F7 4.58 

3 F8 4.90 

4 F9 4.78 

5 F10 4.85 

Table 16: Flexural strength of M30 grade concrete for 

potable water 

Specimen 

No 
Degs 

Strength of concrete at 

7 days (N/mm2) 

1 A3F1 2.58 

2 A3F2 2.52 

3 A3F3 2.36 

4 A3F4 2.48 

5 A3F5 2.60 

Table 17: Flexural strength of M30 grade concrete for rice 

mill effluent 

Specimen  

No 
Degs 

Strength of concrete 

at 28 days (N/mm2) 

1 A3F6 4.56 

2 A3F7 4.58 

3 A3F8 4.53 

4 A3F9 4.60 

5 A3F10 4.66 

Table 18: Flexural strength of M30grade concrete for rice 

mill effluent 

2) Comparative Study on Potable Water and Rice Mill 

Effluent on its Flexural Tensile Strength 

No of days Potable water MPa Rice mill effluent 

7 2.692 2.628 

28 4.760 4.680 

Table 19: Flexural tensile strength of M30 grade concrete 

 
Fig. 3:  shows the comparative study on flexural strength of 

concrete made with potable water and rice mill effluent for 7 

days and 28 days strength. 

V. RESULT AND DISCUSSION 

A. Mechanical Properties 

1) The compressive strength of the rice mill effluent is 

slightly more than (30.21) the controlled specimen 

(30.172) using potable water at 28 days strength. 

2) The split tensile strength of rice mill effluent is equal 

(4.36) to the controlled specimen prepared using potable 

water (4.32) at 28 days strength. 
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3) The flexural strength of the rice mill effluent is less 5% 

than the potable water at 28 days strength, which is more 

or less equal to the controlled specimen using potable 

water.  

VI. CONCLUSION 

The properties of rice mill waste water are studied. From the 

above study the performance of the concrete is found to be 

good. The analysis of the study reveals that the replacement 

of rice mill waste water provides the additional 

environmental and technical benefits for all related industries. 

Further the cost of the concrete reduces due to the 100% 

replacement of rice mill effluent. At the same time it reduces 

the water scarcity problem in constructions. This alternative 

assures the high strength and workability concrete is possible 

at cheaper cost. The compressive strength and split tensile 

strength of the concrete is 2.1% increases than the potable 

water but there is no variation in the split tensile strength. The 

results of the mechanical properties and durability properties 

of the rice mill effluent shows that it can be used for the 

construction purposes in the time of water scarcity. 
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