Performance of concrete casted with treated wastewater: A sustainable solution in construction industry
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Abstract
The main aim of this research is to know an effectiveness of sustainable construction techniques, needed to be implemented in construction industry. Particularly, those techniques that can be applied in medium/ major size construction projects. Due to the achievement of the sustainable system in many segments, the construction industry has adapted sustainable techniques to eliminate waste and increase long term profit. If we successfully adopt the sustainable practice in construction technology then it is very eco-friendly solution for construction industry.  In this research paper the effectiveness of the sustainable construction techniques is evaluated through the implementation of sustainable and simple approaches by studying performance of treated effluent on concrete. Experimental and analytical study were carried out to ascertain the effectiveness of sustainable practice, consequentially after conducting research treated effluent on concrete it observed that use of treated effluent on concrete are cost effective and sustainable solutions. 
Keywords: Treated effluent, sustainable solution, corrosion 

1. Introduction
The enduring problems of construction are well-known to everyone as low productivity, poor safety, inferior working conditions, and insufficient quality. A number of solutions or visions have been offered to relieve these problems in construction. Industrial development (i.e., prefabrication and modularization) has for a long time been viewed as one direction of progress. At present, reuse of water in construction is seen as a vital way to reduce fragmentation in construction, which is a major cause of present problems. The vision use of treated effluent on concrete construction, closely related with combined construction, is another solution promoted by researchers. 
Sustainable construction is a philosophy based on the concepts of sustainable methods or material optimization methods. It is about dealing and improving the construction process to cost-effectively deliver what the customer needs.  In construction projects, signiﬁcant uncertainty exists throughout the project. Meteorological conditions, soil conditions, owner changes, and the interaction between multiple operations can produce unique circumstances, which could be as critical as the planned activities and have a signiﬁcant impact on project cost.
a. The Sustainable Principles 
1. Recycle recuse waste from construction projects / sites
2. Precisely identify the recycled material / sustainable process to perform on material 
3. Make the remaining value adding steps flow without interruption by managing the interfaces between different steps 
5.  Make it robust and effective for other materials 
6.  Pursue perfection by continuous improvement

2. Literature Review
A comprehensive literature survey carried out to know performance of treated effluent in concrete and presented below
Vinut Kulkarni et al (2014)
This study carried out to treated domestic waste water operated in concrete preparation where there is a scarcity of fresh water. It deliberates physical properties of Materials and chemical properties of treated domestic waste water. At the age of 14 days peripheral increase in compressive strength is observed in case of mix M1 but in case of mix M2 compressive strength remains same as that of 7days. And at 28 days curing age decrease in compressive strength was observed. compressive strength decreases due to the use of treated domestic waste water for mixing and curing. 
Ehsan Nasseral shariati et al (2021)
Concrete is one of the important construction materials which is responsible for a vast number of emissions. Using recycled materials and gray water can considerably subsidize to the sustainability aspect of concrete production. Thus, conclusion a proper replacement for fresh water in the production of concrete is significant. The custom of industrial wastewater in its place of water in concrete is considered in this paper. In this study, 450 concrete samples are shaped with diverse amounts of wastewater. The results presented that the usage of industrial wastewater does not significantly change the main characteristics of concrete. 
Shrilatha1, Rohtih et al (2017) 
Concrete is the most widely used construction material in the world, making it one of the largest water consuming industries. Roughly 150 liters of water is required per cu. m. of concrete mixture starved of considering other applications of water at the concrete industry. In M20 concrete mix the potable water was substituted with the PTWW in different dilution ratios of 20%, 40% and 100%. The compressive strength consequence obtained from treated effluent showed an increase in 10.68% for 28 days associated to fresh water. From this study, it is supposed that the recommended recycle of waste water in plain concrete works will indirectly conserve the scarce water resources of the study area, as the regular water causes would be concentrated on supply of intake and other potable water usage . 
 Micheal M. Farouk M (2020)  
The water consumption keeps on increasing due to the huge increase in the overall human population. This increasing consumption presents the vital need for providing alternative solutions at which can preserve the increase in water use. Therefore, the reuse of wastewater is considered the best option in order to reduce or provide alternative use of water in multiple applications. The consistency of concrete has a minimal effect when using the treated wastewater in the concrete mixture. This indicated that treated wastewater could be quite useful in terms of accomplishing required properties and results of compressive strength in the design of concrete mixtures. 
Ramkar A.P., Ansari U.S. (2016) 
This study deals with the effect of different type of treated waste water on properties of strength of concrete such as compressive strength, tensile strength and flexural strength with respect to Potable water. The tests conducted are initial and final setting time on cement, Compressive strength, tensile strength and flexural strength on concrete which is compared with the mix of M30 of potable water. The results indicate that the initial and final setting time of cement was same as that of Potable water and STWW but decreased for PTWW, for compressive strength it was increased in STWW and domestic waste water at longer duration, for tensile and flexural strength tests was same results so, there was no any improvement in tensile and flexural strength by using STWW. 
Mr. Manjunatha.M. et al (2017) 
As a sustainable method this project is conducted to study the possibility of reuse of treated waste water in concrete, concrete is the most widely used construction material in the world. Production of Portland cement used in concrete produces 2.5 billion tones of carbon dioxide and other greenhouse gases worldwide. Concrete in prepared for M-20 grade concrete with SNF super plasticizer for both preserved waste water and portable water and cured for a age of 7 day,14 days and 28 days. Compressive strength, durability properties and microscopic study both concrete prepared with treated waste water and portable water is studied. 
Mr. S.P. Kale et al (2021)
 In this paper Studied that, Water is a serious environmental issue and water supplies and water quality are becoming more limited worldwide. The study deals with the consequence of different type of treated waste water on properties of strength of concrete such as compressive strength, tensile strength, flexural strength and workability with respect to potable water. n that use of concrete mix of M30 the potable waste water was replaced with treated waste water. The impurities present in the water are reacting differently with different constituent of cement. All impurities may not have adverse effects on the properties of concrete. Some impurities react such that, net result may be harmless or improve concrete properties.
· Summary of Literature Review
After carried out a literature from various researcher it is found that sustainable technology is a huge scope in construction industry and hence proper technology is need to developed/study. Water is a main material in concrete and as far as potable water is concern sources of potable water is lower nowadays and hence research in terms of reuse of water is initiated in this research paper.  
3. Methodology
Wastewater or treated effluent is used in concrete mix to get the required strength so that the natural resources are limited and used more proficiently and the environment is protected. Considerable research has been carried out on the use of treated sewage effluent in concrete. The main concern of using sewage effluent is not only cost effective but also to get the substitute for the potable water, which can indirectly protect the natural resource. To effectively study the improvement in the mechanical properties of the concrete, procedures and method must be wisely chosen. The criteria to access the mechanical properties are based on the activities to plan and preparation, which carried out before the testing of concrete.
These activities are: 
1) Aggregate and cement testing 
2) Sieve analysis
3) Mix Design 
4) Water testing 
5) Concrete Mixing and curing.
The objective of the present work is to compare the compressive strength of concrete for M20 grade and M25 grade by using the different qualities of water such a tap water and Wastewater   (Treated and Untreated) which are available on diverse construction sites and are directly being used for making concrete, also identification of civil works where these water can be used without flexible structural strength parameters. 
A.  Procedure Adopted 
The whole process of this study is to collect water samples, carried out laboratory test over the water sample and cement, Sand and aggregate, analyze the test result and finally come to conclusion. 
1) Determining the laboratory properties of all water samples i.e. Potable, Treated and Untreated
2) Determining the laboratory properties of ingredients used in concrete. 
3) Casting of conventional concrete 3 cube, 2 cylinder and 2 beams as per design mix .
4) Casting of concrete using treated water and untreated water from WTP with 9 cube , 9 cylinder and  respectively .
5) Let the cube cylinder and beam for curing 
6) After 3, 7 & 14 days comportment compressive strength test, flexural strength test and split tensile test on cubes, beams and cylinder respectively.
7) Determining the compressive strength, flexural strength, tensile strength results of concrete and compare conventional, treated and untreated
3.2.2 Material Used 
Cement:  The cement used was Pozzolona Portland cement (PPC) grade 53 and confirming to IS 1489-1991. Initial and final setting time of cement was 158 min and 345 min, respectively. Pozzolona Portland cement is obtained by grinding fly ash with Portland cement clinker, no material other than gypsum (natural or chemical) or water or both, shall be added. 
Table. No 1: Chemical composition of constituents in PPC cement
	Sr.No
	         Constituents
	PPC Cement (%)

	1
	SiO2
	23.5

	2
	Al2O3
	12.9

	3
	Fe2O3
	2.04

	4
	CaO
	47.0

	5
	MgO
	1.74

	6
	Loss of ignition
	1.05

	7
	Chloride
	0.01


                                       
Aggregate: Aggregates are the significant constitutes in concrete. They give body to the concrete, reduce shrinkage and effect reduced. One of the most important factors for producing workable concrete is a good gradation of aggregates. Respectable grading implies that a sample fraction of aggregates in required proportion such that the sample contains minimum voids. Samples of a well graded aggregate containing minimum voids require minimum paste to fill up the voids in the aggregates. Minimum paste means less quantity of cement and less water, which are further mean increased economy, higher strength, lower shrinkage and greater durability.
I. Fine Aggregate :   Those segments from 4.75 mm to 150 micron are termed as fine aggregate. The river sand is wash and screen, to abolish harmful materials and over size particles. Good Quality crushed sand is used as a fine aggregate.
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                                                         Figure 1: Crushed Sand 

II. Coarse Aggregate : The material whose particles are of size as retained on IS Sieve 4.75 mm is termed as coarse aggregate. Coarse aggregate were used are of grade 10 mm and 20 mm 
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                                                        Figure 2: Coarse Aggregate 
Plasticizer :  Plasticizer is used for well workability of concrete. During the trial mix the workability was create to be very less so the plasticizer was used. The plasticizer used was Mapefluid R 122 which was added to concrete mix as 0.8% of weight of cement. This plasticizer only gives better workability and does not surge strength or any other properties of concrete.
Water : Water is also one of the most important elements of concrete. As the strength, workability is depending on water, the quantity and quality of water is required to be taken very carefully. Two types of water are used potable and sewage (Treated and untreated) for the experiment.
Potable water: Potable water, also known as consumable water, comes from surface and ground sources and is treated to levels that that meet state and federal standards for consumption. Water from natural sources is treated for microorganisms, bacteria, toxic chemicals, viruses and faecal matter.
Sewage water:  Sewage water is wastewater from people living in community. It is the water released from household after use for various purposes like washing dishes, laundry, and flushing the toilet, thus the name wastewater.
                          
                                                  Figure 3: Types of sewage water
Grey water : Grey water is the wastewater from washing either from bathing, dishes and laundry.
Black water :  Black water is the wastewater from toilets. 
Collection of wastewater:   In the experiment the waste water which is used is collected from the water treatment plant which is at the college premises. The term "sewage treatment plant" (STP) (or "sewage treatment works" in some countries) is nowadays often replaced with the term wastewater treatment plant (WWTP). Strictly speaking, the latter is a broader term that can also refer to industrial wastewater. The terms "water recycling center" or "water reclamation plants" are also in use.
Purpose: The overall aim of treating sewage is to produce an effluent that can be discharged to the environment while causing as little water pollution as possible, or to produce an effluent that can be reused in a useful manner. This is achieved by removing contaminants from the sewage. It is a form of waste management.
With regards to biological treatment of sewage, the treatment objectives can include various degrees of the following: transform dissolved and particulate biodegradable components (especially organic matter) into acceptable end products, transform and remove nutrients (nitrogen and phosphorus), remove or inactivate pathogenic organisms, and remove specific trace organic constituents (micropollutants).
Collection: Sewerage (or sewage system) is the infrastructure that conveys sewage or surface runoff (stormwater, meltwater, rainwater) using sewers. It encompasses components such as receiving drains, manholes, pumping stations, storm overflows, and screening chambers of the combined sewer or sanitary sewer. Sewerage ends at the entry to a sewage treatment plant or at the point of discharge into the environment. It is the system of pipes, chambers, manholes, etc. that conveys the sewage or storm water.
Treatment Process: Sewage treatment plant consists of two chambers (i.e. Inlet and outlet). The inlet chamber fills with the Plant (Raisin plants) which helps in treatment of water. These plants are specially brought from Akola. These plants help to remove some impurities from water which is more harmful or which reduce toxic materials and impurities from sewage water and try to make water chemical free.
In this dissertation we make the use of those plants for water treatment and from that it is observed this plant plays an important role in treatment of water. The water obtain after getting treated with raisin plants can be used for the construction. One of the best thing which we observed is that the water get naturally treated without the help of other units which are used generally for different process of water treatment. The water obtain after treating naturally is get transfer to second chamber for the further use. That water is treated water which is csustainable  and  which can be used.
[image: C:\Users\komal\Desktop\0123.jpg]
Figure 4: Raisin Plants

B. Laboratory Test on Waste Water: 
 Determination of PH:  The term “pH” refers to the measurement of hydrogen ion activity in the solution. Determination of pH plays an important role in the wastewater treatment process. Extreme levels, presence of particulate matters, accumulation of toxic chemicals and increasing alkalinity levels are common problems in wastewater.  “pH” stands for the Latin terms pondus hydrogenii (quantity of hydrogen) or potentia hydrogenii (power of hydrogen).
pH by pH strips :
I. Take a waste water sample in the test tube.
II. Make sure your strips test the range you need.
III. Read the box to determine how long to leave the strips in. Some test strips only need to be left in the test liquid for about a second, while others need about 20 seconds to produce a reading.
IV. Dip one of the end of the test strip in the substance you want to test.
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                                             Figure 5: pH strips
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                                                                    Figure 6: pH Scale 
pH by Digital pH meter :
I. Place an electrode in the buffer with pH value of 7 and begin reading.
II. Press the “measure” or calibrate button to begin reading the pH once your electrode is placed in the buffer, allow the pH reading to stabilize before letting it sit for approximately 1-2 minutes.
III.   Set the pH. Once you have a stable reading, set the pH meter to the value of the buffer’s pH by pressing the measure button a second time.
IV.   Rinse your electrode with distilled water.
V. Place your electrode for appropriate buffer for your sample and begin reading.
VI. Set the pH a second time. Once your reading has stabilized, set the pH meter to the value of the buffer’s pH by pressing the measure button.
VII. Rinse your electrode.
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                            Figure 7: pH meter
Determination of Total solid and suspended solids. 
     1) Total Solid: 
       Test procedure 
I. Take the weight of empty crucible (W1).
II. Take 20 ml of your sample.
III. Place that sample in drying oven on 105⁰ to 103⁰ temperature for 2 hr. 
IV. Take the weight of crucible after evaporating (W2).

Total solid = (Weight of crucible after   - Empty weight of crucible) x 1000/ Volume of sample 
                          Evaporating     
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Figure 8: Empty Crucible                                                        Figure 9: Crucible after drying
Suspended solids: 
Test procedure 
I. Take 20 ml of sample 
II. Take the weight of filter paper before passing sample through it (W1).
III. Filter that sample through filter paper.
IV. Take the weight of that filter paper before placing it in drying oven.
V. Place that filter paper in drying oven.
VI. After getting it dry remove it from drying oven and weight it again (W2).
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Figure 10:Filter paper after passing sample           Figure 11: Filter paper after oven drying
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Figure 13: Drying Oven
Alkalinity Test 
Test Procedure 		
I. Take 100 ml of water sample.
II. Take 2 ml of Hcl.
III. Add 2 to 3 drops of phynopthelyne indicator to the water sample.
IV. Then titrate it with Hcl until it turns colorless.
V. Mark the readings.
Acidity Test 
Test Procedure 
I. Take 100 ml sample.
II. Add 2 to 3 drops of orange indicator.
III. Add 2 to 3 drops of Phenolphthalein indicator 
IV. Take 1000 ml distill water add 8 mg NaOH.
V. Titrate the sample with the above titrant.


Methyl orange Acidity = ml of NaOH titrant used x N x 50 x 1000/ Volume of sample 


Phenolphthalein or Total Acididty = ml of NaOH titrant used x N x 50 x 1000 / Volume of sample 



Test on Chloride content
           Test Procedure 
I. Take 0.05 gm of Kr2CO4 and put it in 100 ml of distilled water and rest it for 12 hr in Brown bottle.
II. Take 0.039 mg of AgNo3 for 100 ml distilled water.
III. Take 50 ml of water sample.
IV. In 50 ml sample add 1 ml Kr2CO4 and titrate till it get pink yellow colour.
Chloride Content = (A – B) X N X 35450 / ml of sample


NaCl = Chloride content X 1.65 



C. Laboratory Tests on Material 
                For mix design calculations we required certain data of materials like specific gravity, sieve analysis and water absorption. For which we had conducted the different tests on material which are described below. 
TEST ON CEMENT: 
1. Fineness Test: 
The fineness of cement has an important bearing on the rate of hydration and hence on the rate of gain of strength and also on 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 cements are ground to different fineness. Fineness of cement is tested by sieving
2.  By Sieving:- 
Weight correctly 100 grams of cement and take it on a standard IS Sieve 90 microns. Break down the air-set lumps in the sample with fingers. Continuously sieve the sample giving circular and vertical motion for a period of 15 minutes. Mechanical sieving devices may also be used. Weight the residue left on the sieve. This weight shall not exceed 10 for ordinary cement. Sieve test is rarely used.
Table No 2: Fineness of cement
	Sr.No
	Weight of sample Retained on sieve
	Weight of  sample Retained on sieve
	% of weight Retained

	1
	100
	7
	7%

	2
	100
	8
	8%

	3
	100
	6
	6%



Average retained weight = (7+8+6)/3 = 7% 
          After the experiment, our group was able to determine the fineness of the cement by sieve method. Based on our results, we have observed that sieving process should be done properly and carefully. In our data, the average fineness of the cement is 93% which means it passed the standard because it is clearly not less than 90%. Other sources of errors could come from careless while sieving and wrong calculation.

3. Standard Consistency Test : 
For finding out initial setting time, Final setting time and soundness of cement, and strength of cement, and strength of parameter known as standard consistency has to be used. It is pertinent at this stage to describe the procedure of conducting standard consistency test. The standard consistency of a cement paste is defined as that consistency which will permit a vicat plunger having 10mm diameter and 50 mm length to penetrate to a depth of 33-35 mm from the top of the mould. The apparatus is called Vicat Apparatus. This apparatus is used to find out the percentage of water required to produce a cement paste of standard consistency. The standard consistency of the cement paste is some time called normal consistency (CPNC).
Table No.3.5 standard consistency
	Sr.No
	Water added for different trials in percentage
	Penetration of plunger from bottom in mm

	1
	25%
	33

	2
	28%
	15

	3
	32%
	7



Standard Consistency in percentage = Total water for standard consistency × 100/400
                                                          = 128 × 100/400
                                                          =   32%
This experiment tells us the amount of water content at which we can obtain the maximum strength of cement. The achieved standard consistency is coming with range of water (26% to 33%). So, the standard consistency of cement paste is 32%. Moreover the temperature and humidity value were not in the specified range. This test also gives us information that how much amount of water is enough to prepare a paste of cement before using it at the site at the time of construction. 
4.  Setting Time Test 
 The initial setting time is the time elapsed between the moment 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 moment the water is added to the cement, and the time when the paste has completely lost its plasticity and has attained sufficient firmness to resist certain definite pressure. In actual construction dealing with cement paste, mortar or concrete certain time is required for mixing, transporting, placing, compacting and finishing. During this time cement paste, mortar or concrete should be in plastic condition. The time internal for which the cement products remain in plastic condition is known as initial setting time. Normally a minimum of 30 minutes is given for the mixing and handling operations. Before commencing setting time test, do the consistency test to obtain the water required to give the paste normal consistency (p). The constituents and fineness of cement is maintained in such a way that the concrete remains in plastic condition for certain minimum time. Once the concrete is placed in the final position, compacted and finished, it should lose its plasticity in the earliest possible time so that it is least vulnerable to damages from external destructive agencies. This time should not be more than 10 hours which is often referred to as final setting time. 
Initial setting time = t2-t1 
Final setting time = t3-t1
                   Where,
                      t1 = Time at which water is first added to cement 
                      t2 = Time when needle fails to penetrate 5 mm to 7 mm from bottom of the mould
                      t3 = Time when the needle makes an impression but the attachment fails to do so
                                         Min Initial Setting time for PPC cement is 30 min and Min Final setting Time for PPC cement is 600 min as per IS: 1489,P-1 
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                                                                     Figure 14: Vicat Apparatus
                                             Table No. 3: Observation table for setting time
	Sr. No
	         Sample No
	                  Result 

	1
	Weight of sample
	 400

	2
	Water added in (ml)
	160

	3
	Time when water added
	11.50 PM

	4
	Time of initial set
	2.28 PM

	5
	Time of final set
	5.30 PM

	6
	Initial set in min(4-5)
	158 min

	7
	Final set in min (5-3)
	345 min





D. Tests on Aggregate 
Specific Gravity test 
Test Procedure
1) Determine and record the weight of the empty csustainable  and dry pycnometer(W1)
2) Place dry sand sample in the pycnometer. Determine and record the weight of the pycnometer containing the dry sand (W2)
3) Add water to fill about half to the three-fourth of the pycnometer, soak the sample for 10 minutes.
4) Apply a partial vacuum to contents for 10 minutes, to remove the entrapped air.
5) Stop the vacuum and remove the vacuum line from the pycnometer.
6) Fill the pycnometer with distilled (water to the mark), csustainable  the exterior surface of the pycnometer with a csustainable , dry cloth. Determine the weight of the pycnometer and contents (W3). 
7) Empty the pycnometer and csustainable  it. Then fill it with distilled water only (to the mark). Csustainable  the exterior surface of the pycnometer with a csustainable , dry cloth. Determine the weight of the pycnometer and distilled water (W4). 
8) Empty the pycnometer and csustainable  it. 
9) Calculate the specific gravity of the sand using the following formula:
          Specific Gravity, Gs = (w2-w1)/(w4-w1)-(w3-w2)

[image: C:\Users\komal\Desktop\download.jpg]
                                                              Figure 15: Pycnometer
Sieve analysis test 
 Test procedure
Take a representative dry sample of sand that weights about 1000 g. (this is normally used for sand samples the greatest particle size of which is 4.75) 
1) Determine the mass of sample accurately, W1 (g).
2) Prepare a stack of sieves. Sieves having larger opening sizes ( i.e. lower number ) are placed above the ones having smaller opening sizes ( i.e. higher number ). The very last sieve is 150 micron and a pan is placed under it to collect the portion of sand passing 150 micron sieve. Here is a full set of sieves. 
3) Make sure sieves are csustainable , if many sand particles are stuck in the openings try to poke them out using brush.
4) Weight all sieves and the pan separately.
5) Pour the sand from step 3 into the stack of sieves from the top and place the cover, put the stack in the sieve shaker and fix the clamps, adjust the time on 10 to 15 minutes and get shaker going.
Stop the sieve shaker and measure the mass of each sieve + retained sand.
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                                                     Figure 16: Sieve Analysis

3.2.6 Mix Design 
 Concrete fix design is a step-by-step procedure to work out the various proportions of the elements which go to make concrete. There are various methods of mix design available. These methods can only give recommendation to the site engineer to work out the various parameters of concrete mix & it may or may not be necessary to make minor adjustments afterward. However, it is very essential for the site engineer to get the feel of concrete material & concrete by continuous check on workability, cohesiveness, finished surface, strength & durability parameter. It is only then that the engineer acquires the art of designing concrete mixes. 
 It is tough to design the concrete mixes in our country as the materials available from time to time at site are not consistent in quality. Therefore, a observant eye and skills of the engineer designing the concrete mix plays an important role. The various properties of a concrete-mix like compressive strength, flexural strength and split tensile strength are to be calculated and compared. The method we used is popularly known as ‘AMBUJA METHOD’. This method has been adopted on several sites in and around Mumbai and has give technically and economically good results. The study carried on the basis of these following adjectives: 
1) To determine the mechanical properties of wastewater mix concrete .
2) T o determine the results of compression, flexural and split tensile strength for wastewater mix over the plain traditional mix.
3) To develop cost saving concrete.
4) To develop feasible waste management of wastewater.
In this method, for various concrete specifications, various tables from IS 456 were referred. The concrete was designed and tested for different types of water. Three specimen for each cubes, cylinder and beams where casted for different proportion of water. The specimens were casted in batches for portable, treated wastewater and untreated wastewater. The aim is to increase the quality of concrete using sewage water. The compressive, flexural and split tensile strength is calculated for specimen for 3 days , 7 days and 14 days. Design mix for M25 grade of concrete was presented by replacing the type of water during mix. For calculating the various strength and properties of concrete tests were performed on the specimen viz., cube of size 150×150mm, beams of length 500mm and cross section of 100mm, and cylinder of diameter 150mm of length . 
Ambuja Concrete Mix Design 
Concrete mix design is the course of finding right proportions of cement, sand and aggregates for concrete to achieve target strength in structure. So, concrete mix design can be stated as Concrete Mix = Cement: Sand: Aggregates. The ambuja concrete mix design involves various steps, calculations and laboratory testing to find right mix proportions. This process is usually adopted for structures which require higher grades of concrete such as M25 and above and large construction projects where quantity of concrete ingesting is huge.
 Reimbursements of ambuja concrete mix design is that it provides the right proportions of materials, thus making the concrete construction economical in achieving required strength of structural members. As the quantity of concrete required for large constructions are huge, economy in quantity of materials such as materials such as cement makes the project construction economical.
Concrete mix design :  Mix design for M25 
1) Grade of designation = M25 
2) Type of cement = Pozzolona Portland Cement 
3) Max nominal size of aggregate = 20 mm
4) Minimum cement content =  300 kg/m3
5) Water-cement Ratio =  0.50
6) Standard deviation = 4 N/mm2
7) Crushed sand = Zone 1
8) Exposure Condition = Moderate 
9) Target mean strength = 31.6 N/mm2
After various calculations and corrections of oversize, specific gravity the final quantity of materials are calculated as 
1) Cement                     =   394.32 kg/m3
2) Water content           =   177 lit 
3) Fine Aggregate         =   769.88 kg/m3 
4) Coarse Aggregate     =    495.88 kg/m3 
By using this quantity of material a mix design of concrete is prepared. This mix design helps in achieving a desire workability, strength and durability for concrete work. For making the mix more workable admixture is also used.
E. Tests For Properties on Concrete Specimen 
Compressive Strength Test 
               Compressive strength of concrete is a measure of its ability to resist load, which tends to crush it. Most common test on hardened concrete is compressive strength test. It is because the test is easy to perform. Furthermore, many desirable characteristic of concrete are qualitatively related to its strength and the compressive strength of concrete in structural design. The compressive strength gives a good and clear indication that how the strength is affected with the used of treated and untreated sewage water. 
              From the result it is observed that the addition of untreated waste water has a little effect on the compressive strength. It is observed that the use of treated wastewater increases the compressive strength of concrete when the untreated waste water is used then reduction in compressive strength is observed. The decrease in compressive strength is observed when the untreated wastewater or direct sewage water get used. The use of untreated wastewater undergoes absorption in concrete, when the untreated water is use during mix the concrete absorb more percent of water as compare to treated waste water. Due to absorption of more water the concrete form by using untreated wastewater is of poor quality and does not give good strength. 
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Figure 17: Compressive testing machine
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                                       Figure 18: Cube break after compression test
The Compressive strength of concrete can be calculated using the following formula 
Compressive strength = (Load in N / Area in mm2) = ….N/mm2              
Split Tensile Strength Test 
 The concrete is very weak in tension due to its brittle nature and is not expected to resist the direct tension. The concrete develops cracks when subjected to tensile forces, it is necessary to determine the tensile strength of concrete to determine the load at which the concrete members may crack. Tensile strength of concrete is a measure of its ability to resist force, which stretch or bend it. Unlike steel, the concrete is sufficient in strength only in one direction. Nevertheless it is an important property in many applications.
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Figure 19: Cylinder Cracked during split tensile strength test
It is noted that with the use of untreated wastewater the split tensile strength decreases. The result shows that the split tensile strength increases with the use of treated waste water and gives similar results to that of potable water. The test was performed on CTM. The fig shows the setup for the split tensile strength test on CTM. The task of this test was  performed to find the increase and differences of strength of concrete according to the use of different water.
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Figure 20: Cylinder arrangement in split tensile test
The indirect tensile strength of concrete is calculated using the following formula:
                                                                                      
Where, 
             Fct = Indirect tensile strength of concrete 
              P = Maximum load applied to the specimen in N
              L = Length of specimen in mm
              D = Diameter of the specimen in mm
Flexural Strength Test  
Flexural strength of concrete is a measure of its ability to resist bending. Flexural strength can be expressed in terms of “modulus of rupture”. Concrete specimens for the flexural strength were cross sectional area of 100mm width and 500mm of length with the concrete. The task of this test was performed to find the flexural strength of the beam, and to compare its differences. Types of loading are Third point loading and center point loading. Center point loading is when the entire load is applied at the center span as shown in fig.no.3.21. The maximum stress is present only at the center of the beam. Third point loading is the when half the load is applied at each third of span length. Maximum stress is present over the center 1/3 portion of beam as shown in fig.no.3.22. We have applied loading in this manner. Use of three point loading is preferred for determining flexural strength of concrete in IS 516.2021. 
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Figure 21: Center-point loading
It is observed that flexural strength decreases with the use of untreated wastewater concrete and it gets maximum when the treated wastewater and potable water get used
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Figure 22: Third-point loading
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Figure 23: Flexural strength Test Apparatus
The load shall be applied at through two similar rollers mounted at the third point of the supporting span that is, spaced at 20 or 13.3 cm center to center. The flexural strength test was conducted in the strength of material laboratory. The concrete specimens were cured for 3, 7 and 14 days
The flexural strength of concrete van be calculated using the following formula  

Where,  
             Fact = Flexural strength of concrete (Mpa) 
                 P = Maximum load applied to the specimen in N 
                L = Supported length of the specimen in mm
                B = Width of the specimen in mm 
                D = Diameter of the specimen in mm 
4. Results and Discussion

This research focuses on the experimental results obtain from compressive test, split tensile test, flexural test and the analysis of the test results. This research is also deals with the experimental results obtain from Ph test, Alkalinity test, acidity test and chloride content of different types of water. The experimental tests were carried out to obtain the mechanical properties of untreated wastewater concrete, treated wastewater concrete and the potable concrete. The comparisons of mechanical properties like compressive, strength split tensile strength and the flexural strength is carried out. Effect of corrosion due to wastewater is also studied. Observation for 3, 7 and 14 days curing period ware recorded and presented in the form of tables and graphs
A. Test Results for The Different Types of Water 
pH test result 
pH test of potable water, treated wastewater and untreated wastewater
pH test by pH strips 
                                              Table. No. 4: pH test by pH strips 
	Types Of Water
	pH Value

	
	1
	2
	3

	Potable water
	7 
	7.5
	7

	Treated wastewater
	7
	6.5
	7.5

	Untreated wastewater
	6
	6
	6.5


                                      
                           
                 



pH test by digital pH meter 
                                 Table. No. 5: pH by digital pH meter           
	Types Of Water
	pH Value

	
	1
	2
	3

	Potable water
	7 
	7.5
	7

	Treated wastewater
	7
	6.5
	7.5

	Untreated wastewater
	6
	6
	6.5


                                      
                           
                 
                                          


Suspended solid test 
Suspended solid test on potable water, treated wastewater and untreated wastewater
Suspended solid test on potable water
Suspended solid test on Treated wastewater
Table. No. 6: Suspended solid test on potable water
	Potable Water
	Value (mg/lit)

	
	1
	2
	3

	Total Solid
	1170
	1103
	1166

	Suspended Solid
	420
	450
	480

	Dissolve solid
	750
	653
	686



	 Table.No.4.40 Suspended solid test on treated wastewater
	Treated wastewater

	Value (mg/lit)

	
	1
	2
	3

	Total Solid
	61000
	50200
	56800

	Suspended Solid
	12000
	15000
	11500

	Dissolve solid
	49000
	35200
	45300









Suspended solid test on Untreated wastewater  
Table. No. 7: Suspended solid test on treated wastewater
	Untreated wastewater

	Value (mg/lit)

	
	1
	2
	3

	Total Solid
	75500
	93200
	75000

	Suspended Solid
	16500
	18000
	17500

	Dissolve solid
	69000
	75200
	57500








Alkalinity Test 
Alkalinity test for potable water
Table. No. 8: Burette reading of yellow to pink colour
	Sr. No
	Yellow to Pink

	
	Initial
	Final
	Difference

	1.
	7
	8
	1

	2.
	9
	10
	1

	3.
	7.5
	8
	0.5



Phenopthelyne (P) :  Diff X 0.02 X 50 X 100 / 100 
Total Alkalinity (T) : Diff X 0.02 X 50 X 1000 / 100
Table No 9: Alkalinity
	Sr.No
	Hydroxide Alkalinity
	Carbonate Alkalinity 
	Bicarbonate Concentration Caco3 (mg/lit)

	1.
	0
	4
	171

	2.
	0
	5
	165

	3.
	0
	7
	173



Alkalinity test for Treated wastewater 
Table No 10: Burette reading of pink to white colour
	Sr. No
	Pink to white

	
	Initial
	Final
	Difference

	1.
	7
	8
	1

	2.
	9
	10
	1

	3.
	7.5
	8
	0.5



Table No 11: Burette reading of yellow to pink colour
	Sr. No
	Yellow to Pink 

	
	Initial
	Final
	Difference

	1.
	8
	21.5
	13.5

	2.
	7
	18.5
	11.5

	3.
	8.5
	19
	10.5



Phenopthelyne (P) :  Diff X 0.02 X 50 X 100 / 100 
Total Alkalinity (T) : Diff X 0.02 X 50 X 1000 / 100
Table No 12: Alkalinity
	Sr. No
	Hydroxide Alkalinity
	Carbonate Alkalinity 
	Bicarbonate Concentration Caco3(mg/lit)

	1.
	0
	2
	133

	2.
	0
	2
	113

	3.
	0
	1
	104


Alkalinity test for Untreated wastewater 
Table No 13: Burette reading of pink to white colour
	Sr. No
	Pink to white

	
	Initial
	Final
	Difference

	1.
	13
	15
	2

	2.
	14.75
	17
	2.5

	3.
	12.5
	16
	3.5



Table No 14: Burette reading of yellow to pink colour
	Sr. No
	Yellow to Pink 

	
	Initial
	Final
	Difference

	1.
	11
	28.5
	17.5

	2.
	12.5
	29.5
	17

	3.
	11
	29
	18


                 
Phenopthelyne (P) :  Diff X 0.02 X 50 X 100 / 100 
Total Alkalinity (T) : Diff X 0.02 X 50 X 1000 / 100
Table No 15: Alkalinity
	Sr.No
	Hydroxide Alkalinity
	Carbonate Alkalinity 
	Bicarbonate Concentration Caco3 (mg/lit)

	1.
	0
	4
	171

	2.
	0
	5
	165

	3.
	0
	7
	173



B. Test Results for The Ingredients of Concrete 
Specific gravity test result 
Specific gravity of fine aggregate 
                                 Table No 16: Specific gravity of Fine aggregate
	Type of material
	Fine Aggregate

	Sample
	1
	2
	3

	Wt of Container 
	0.654
	0.654
	0.654

	Wt of Container + Solid 

	0.939
	0.875
	0.940

	Wt of material + water + solid
	1.699
	1.648
	1.685

	Wt of Container + Water 
	1.523
	1.523
	1.523

	Specific gravity of material
	2.415
	2.302
	2.306










Specific gravity of coarse aggregate (10mm) 
                                 Table No 17 Specific gravity of Coarse aggregate (10mm)
	Type of material
	                             Coarse Aggregate 


	Sample
	1
	2
	3

	Wt of Container 
	0.654
	0.654
	0.654

	Wt of Container + Solid 

	1.197
	1.141
	1.189

	Wt of material + water + solid
	1.869
	1.831
	1.860

	Wt of Container + Water 
	1.523
	1.523
	1.523

	Specific gravity of material

	2.756
	2.702
	2.702


	Average specific gravity of coarse agg. 10
	                   2.72












Specific Gravity of coarse aggregate (20mm) 
      Table No 18 Specific gravity of coarse aggregate (20mm)
	Type of material
	   Coarse Aggregate

	Sample
	1
	2
	3

	Wt of Container 
	0.654
	0.654
	0.654

	Wt of Container + Solid 

	1.134
	1.310
	1.235

	Wt of material + water + solid
	1.825
	1.917
	1.853

	Wt of Container + Water 
	1.523
	1.523
	1.523

	Specific gravity of material
	2.696
	2.503
	2.314

	Average specific gravity of coarse agg. 20
	                   2.72







C. Sieve Analysis Test Result 
Sieve analysis of fine aggregate
Table No 19: Sieve analysis of fine aggregate
	Total Weight of Fine Aggregate = 2000 gm

	Sieve Analysis
	Fine Aggregate

	
IS Sieve Size
	
Wt retained (gm)
	
Wt retained (%)
	
Cumulative Wt.Retained (%)
	
% passing

	10mm

	0

	0

	0

	
100

	4.75mm
	87
	8.7
	4.37
	95.63

	2.36mm
	889
	88.9
	49.09
	50.91

	1.18mm
	586
	58.6
	78.57
	21.43

	600µ
	147
	14.7
	85.96
	14.04

	300µ
	125
	12.5
	92.25
	7.75

	150µ
	82
	8.2
	96.37
	3.63

	Pan
	72
	7.2
	100
	0.6

	
	1988
	198.2
	Fineness modulus
	4.04



Sieve analysis of coarse aggregate (10mm) 
Table No 20: Sieve analysis of Coarse aggregate (10mm)
	Total Weight of Fine Aggregate = 5000 gm

	Sieve Analysis
	Fine Aggregate

	IS Sieve Size
	Wt retained (gm)
	Wt retained (%)
	Cumulative Wt.Retained (%)

	% passing

	20mm

	
982
	
19.6
	
19.6
	
80

	12.5mm
	0
	0
	19.6
	80.36

	10mm
	3498
	70
	89.6
	10

	4.75mm
	475
	94
	99
	1

	600µ
	0
	0
	99
	1

	300µ
	0
	0
	99
	1

	150µ
	0
	0
	99
	1

	Pan
	4
	0.1
	99.1
	

	
	4956
	99.1
	Fineness Modulus
	6.2


Sieve analysis of coarse aggregate (20mm)  
Table No 21 Sieve analysis of coarse aggregate (20mm)
	                           Total Weight of Fine Aggregate = 5000 gm

	Sieve Analysis
	Fine Aggregate

	IS Sieve Size

	Wt retained (gm)
	Wt retained (%)
	Cumulative Wt.Retained (%)
	% passing

	20mm

	
982
	19.6

	
19.6
	
80

	12.5mm
	0
	0
	19.6
	80.36

	10mm
	3498
	70
	89.6
	10

	4.75mm
	475
	94
	99
	1

	600µ
	0
	0
	99
	1

	300µ
	0
	0
	99
	1

	150µ
	0
	0
	99
	1

	Pan
	4
	0.1
	99.1
	

	
	4956
	99.1
	Fineness Modulus
	6.2
















D. Test Performed on Concrete
        Compressive strength, Flexural strength and split tensile strength test results for M25 concrete. 
For Conventional Concrete mix M25
Test results obtain for compressive strength, flexural strength and split tensile strength 
Compressive strength for conventional mix M25
Table No 22: Compressive strength for conventional mix M20
	Grade of concrete
	M25

	Days of curing
	7 days
	14 days
	28 days

	Strength in Mpa
	20.69
	29.55
	35.89


    

Figure 24: Compressive strength for conventional mix M25
From the above figure it can be seen that the conventional concrete has achieved satisfying results according to days of curing i.e. at 7 days period of curing the concrete has achieved about 60% results, at 14 days curing about 80% and at 28 days achieved 100% 
Flexural strength for conventional mix M25 
Table No. 23: Flexural strength for conventional mix M25
	Grade of concrete
	M25

	Days of curing
	7 days
	14 days
	28 days

	Strength in Mpa
	7.24
	9.72
	12.24




Figure 24: Flexural strength for conventional mix M25

From the figure, it can be seen that the flexural strength for the M25 mix of 7,14 & 28 days curing shows good gain in strength. 

 Split tensile strength for conventional mix M25 
Table No 24 Split tensile strength for conventional mix M25
	Grade of concrete
	M25

	Days of curing
	7 days
	14 days
	28 days

	Strength in Mpa
	1.186
	1.79
	1.98




Figure 25: Split tensile strength for conventional mix M25
From the above figure it can be seen that the split tensile strength for 7, 14 & 28 days shows satisfying results. 
F. Treated wastewater added concrete mix M25 
              Treated sewage wastewater is used in concrete with replace to potable water in concrete and from the tests results obtained for compressive strength, flexural strength and split tensile strength.
Compressive strength for treated wastewater added concrete.
Table No 25 Compressive strength for Treated wastewater concrete
	Grade of concrete
	M25

	Days of curing
	7 days
	14 days
	28 days

	Strength in Mpa
	20.325
	22.246
	35.42




Figure 26: Compressive strength for treated wastewater mix M25
From the fig above plotted graph for the variation of compressive strength of concrete using treated wastewater shows similar results to that of conventional mix .
Flexural strength for treated wastewater added concrete 
Table No 26: Flexural strength for Treated wastewater concrete
	Grade of concrete
	M25

	Days of curing
	7 days
	14 days
	28 days

	Strength in Mpa
	7.79
	10.15
	12.9




Figure 27: Flexural strength for treated wastewater mix M25
From the fig above plotted graph for the variation for the flexural strength of concrete for mix proportion of M25 using treated wastewater. The strength of conventional concrete is similar to the treated wastewater concrete but if we increase the curing days or time of curing then we get the more strength than the conventional concrete. So we conclude that use of treated wastewater is preferable over the potable water.
Split tensile strength for the treated wastewater added concrete
Table No 27: Split tensile strength for Treated wastewater concrete
	Grade of concrete
	M25

	Days of curing
	7 days
	14 days
	28 days

	Strength in Mpa
	1.60
	1.82
	2.12




Figure 28: Split tensile strength for treated wastewater mix M25
From the fig above plotted graph for the variation of split tensile strength test of treated wastewater added concrete mix M25. The strength of conventional concrete and treated wastewater added concrete is similar and gives good strength. So we conclude that the use of treated wastewater concrete in place of potable is preferred.
G. Untreated wastewater added concrete mix M25 
Treated sewage wastewater is used in concrete with replace to potable water in concrete and from the tests results obtained for compressive strength, flexural strength and split tensile strength.
Compressive strength for untreated wastewater added concrete.
Table No 28: Compressive strength for Untreated wastewater concrete
	Grade of concrete
	M25

	Days of curing
	7 days
	14 days
	28 days

	Strength in Mpa
	12.164
	13.593
	14.047


 

Figure 29: Compressive strength for untreated wastewater mix M25
From the fig above plotted graph for the variation of compressive strength of concrete using treated wastewater shows that the results are drop as compared to treated wastewater and conventional.
Flexural strength for untreated wastewater added concrete 
Table No 29 Flexural strength for Untreated wastewater concrete
	Grade of concrete
	M25

	Days of curing
	7 days
	14 days
	28 days

	Strength in Mpa
	6.45
	8.35
	10.23




Figure 30: Flexural strength for untreated wastewater mix M25
From the fig above plotted graph for the variation for the flexural strength of concrete for mix proportion of M25 using treated wastewater. The strength of conventional concrete is not similar to the Untreated wastewater concrete. The results of strength for untreated wastewater concrete decreases as compared to treated wastewater concrete. So we conclude that the untreated wastewater should not be used in concrete. 
Split tensile strength for the untreated wastewater added concrete
Table No 30 Split tensile strength for untreated wastewater concrete
	Grade of concrete
	M25

	Days of curing
	7 days
	14 days
	28 days

	Strength in Mpa
	0.977
	1.209
	1.42




Figure 31: Split tensile strength for untreated wastewater mix M25
From the fig above plotted graph for the variation of split tensile strength test of treated wastewater added concrete mix M25. The strength of conventional concrete and treated wastewater added concrete is similar and gives good strength. So, we conclude that the use of treated wastewater concrete in place of potable is preferred.
H. Variation in the optimum percentage of potable concrete, treated wastewater concrete and untreated wastewater concrete.
Treated wastewater concrete and Conventional Concrete 
Compressive strength at optimum percentage
Table No 31: Compressive strength of optimum percentage
	M25
	Treated wastewater concrete
	Untreated wastewater concrete
	Conventional
Concrete

	Compressive strength (Mpa) 28 days
	35.42
	14.047
	35.89




                             Figure 32: Compressive strength at optimum percentage
Bar graph from the figure above shows the variation in compressive strength for the type of water used in concrete mix. Here treated waste water and conventional mix gives comparatively same results but the untreated wastewater mix gives less strength. Treated waste water concrete mix satisfied the target strength but the untreated wastewater concrete mix cannot satisfy the target strength.
Flexural strength at optimum percentage
Table No 32:Flexural strength of optimum percentage
	M25
	Treated wastewater concrete
	Untreated wastewater concrete
	Conventional
Concrete

	Flexural strength (Mpa) 28 days
	12.9
	10.23
	12.24


                       

Figure 33: Flexural strength at optimum percentage
Bar graph from the figure above shows variation in flexural strength for the different types of water used in concrete mix. Here treated wastewater shows comparatively good strength than that of conventional concrete and untreated wastewater. The strength for treated wastewater concrete and conventional concrete satisfying the target strength.
Split tensile strength at optimum percentage 
Table No 33 Split tensile strength of optimum percentage
	M25
	Treated wastewater concrete
	Untreated wastewater concrete
	Conventional
Concrete

	Split tensile strength (Mpa) 28 days
	2.12
	1.42
	1.98


                        

Figure 34: Split tensile strength at optimum percentage
From the fig above split tensile strength for treated wastewater shows highest results than untreated wastewater and Conventional concrete.
I. Effect of corrosion on reinforced bars 
 Corrosion of reinforced bars is the most important part of the concrete structure. The type of water used affects the corrosion property of reinforced bars. As the properties are concrete important during replacement of water in such a way the effect of corrosion is also important. In this research to understand that effect of corrosion we performed an small test in our laboratory by using different diameter of bars in different types of water.We use 10mm, 12mm and 16mm bar for the test and also the bar of diameter 16mm which is coated is also used. 
Procedure :
1) Collect the different diameter of bars which we were used in our regular construction work.
2) Take 3 samples of each bar 
3) Dip that bar separately in different type of water i.e. Potable water, Treated wastewater and Untreated wastewater.
4) Wt the water properly before imbedded the bar in it and after removal of bar 
5) From that wt calculate the results obtain.
We performed this test for the duration of 24 hour: From this test we observed that the corrosion of bar in untreated wastewater is more as compared to treated and treated wastewater is more than the potable. But if we use the coated bar in construction then the treated water affects less and the corrosion due to treated wastewater is similar to the potable one.nThere are some figures which shows the corrosion effect due to due of different types of water as follows: 
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                                        Figure 35: Effect of corrosion on reinforced bars 
[image: C:\Users\komal\Desktop\IMG_20220411_130503.jpg]
                                       Figure 36: Effect of corrosion on reinforced bars 
The Above figures shows the effect of corrosion due to use of different types of water.
5. CONCLUSION

This research focus on implementing a sustainable practice in construction technology, such as performance of Treated Effluent on Concrete. Based on this sustainable practice used in this research following conclusion is presented.
1. From the experimental results, it can be concluded that use of treated wastewater shows the highest compressive strength like predictable strength. The flexural strength, split tensile strength is initiate to have highest value for treated wastewater. If we increase curing days then the strength increases than conventional flexural strength.
2.  Treated wastewater in concrete mix proved to be very useful to solve environmental problem. Therefore, it is suggested to re-use the unsurprisingly treated sewage wastewater in concrete to move towards sustainable development in construction industry with proper care of the corrosion effect due to treated wastewater is more than the potable water.
3. Consequentially, sustainable practice in construction industry shows the potential for achieving economy with serviceability in long term effect.
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