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Abstract -.Permeable concrete is a type of concrete which allows water to pass through it’s pores which prevents stagnation of water on pavements made by this concrete. This type of concrete possesses lower strength compared to other types of concrete making it unsuitable to support heavy loads. Various materials and admixtures have been partially replaced with cement in differing proportions to it’s concrete mix design in an attempt to bring its compressive strength closer to that of conventional concrete. The purpose of this study is to highlight the changes in filtration rate, density and compressive strength of permeable concrete when it’s cement proportion is partially replaced with that of black cotton soil.
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1. INTRODUCTION 

Permeable concrete is generally used in locations which are prone to water stagnation as it easily  drains off all the water or any fluid poured on it’s surface. Conventional road pavements with poor or clogged drainage system can result in water to be stagnant on it’s surface since it’s porosity is too low for water to pass through. 
The current research  stands lacking since no significant breakthrough has been achieved in the pursuit of making the concrete as strong as conventional concrete of similar grade. Concrete is also a substance which is man-made and therefore does not blend well the environment.
This study is an effort to find balance between nature and infrastructure, helping people in areas prone to water logging to have a safer commute all the while minimizing the damage done to nature. 
The goal therefore is to use soil as an alternative to any other material used along with cement in permeable concrete. A comparative study was carried out and the results were evaluated to determine the behavior of permeable concrete and also to ascertain the practical applicability of the which were permeable in nature to find the optimum balance of several factors such as filtration rate, density and compressive strength of concrete.following study.
An intensive work was carried out casting and testing several concrete cubes cubes which were permeable in nature to find the optimum balanceof several factors such as filtration rate, density and compressive strength of concrete respectively..
Pervious concrete which is also known as the no-fines, porous, gap-graded, and permeable concrete and enhance porosity concrete has been found to be a reliable storm water management tool. Black cotton soils are inorganic clays of medium to high compressibility and form a major soil group in India. They are characterized by high shrinkage and swelling properties. The black cotton soils is very hard when dry, but loses its strength completely when in wet condition. It is rich in magnesium, potassium, calcium carbonate and lime but poor in nitrogen and phosphorus. . The primary aim is to highlight the changes in filtration rate density and compressive strength of permeable concrete when its cement proportion is partially replaced with that of black cotton soil.
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Fig no 1: Pervious concrete

2. OBJECTIVES 
· To study the basic materials which are used in pervious concrete.
· To study the tests performed on pervious concrete as well as the materials used in it.
· To use black cotton soil by replacing it with cement.
· To check the Engineering properties of pervious concrete with black cotton soil partially replaced. (Compressive test, etc.)
· To find out the mechanical properties of pervious concrete mixed with black cotton soil and to compare it with the normal pervious concrete.




3. MATERIALS AND TESTS
For current project work various materials like Coarse aggregate and black cotton soil are collected. We conducted various tests on the above mentioned materials in laboratory.

3.1 CEMENT
 cement OPC 43 procured from single source was used . Physical properties of which are tested in the laboratory and tabulated in Table 1.


	Properties
	Value Obtained
	IS-Code used

	Standard consistency of cement
	31%
	4031-4-1988

	Initial setting time
	30 min
	4031-5-1988

	Final setting time
	10 hrs
	4031-5-1988

	Specific gravity
	3.15 g/cc
	4031-11-1988


Table 1: Physical properties of cement

3.2 COARSE AGGREGATE

	Properties
	      Value obtained
	IS-Code

	Specific gravity
	                    2.72
	2386-3-1963

	Fineness modulus
	                     7.1
	383:1970

	Water absorption
	                    1.82%
	2386-3-1963


Coarse aggregate having nominal size 20 mm were used and different taste were performed and the result are tabulated as below.
Table 2: Physical properties of coarse aggregates


3.3 BLACK COTTON SOIL

 Good quality black cotton soil was used. The different tests for physical properties of black cotton soil are carried out in the laboratory and results aret tabulated. 

	          Properties
	      Value Obtained
	IS-Code

	Specific gravity
	                  2.62
	2720-3-1980

	Moisture content
	                   32%
	2720-2-1973

	Permeability
	 4.84 x 10-4 cm/sec
	2720-17-1986

	Dry density
	               1.31 g/cc
	2720-7-1980


          Table 3: Physical properties of black cotton soil
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Fig no 2: Black Cotton soil

4. EXPERIMENTAL WORK

We have made an attempt to design permiable concrete of grade M25. The mix design has been carried out by using IS-10262-2019 for the material detailsspecified.The investigation was done by taking Cement = 1.2Kg, Aggregates = 6.3Kg, Water = 0.6Kg
having different black cotton soil proportions by replacing cement with 5% 10% 15% 20% 25% 30% of Black cotton soil in concrete mix.
One set of test cubes comprised of 3 concrete cubes and a total of 14 sets of cubes were cast. An average value was derived based on the various tests performed on the cubes.
The first set of cubes were normal concrete cubes, the mix design consisting of cement and coarse aggregate of size 20mm. All the other sets of cubes consisted of cement, coarse aggregate (20mm) and black cotton soil in the following proportions – 5%, 10%, 15%, 20%, 25% and 30%. The total number of 42 cubs are casted. Casting and curing of cubes are done as per the standard procedure. After curing for 7 days and 28 days, we have performed compressive strength test, Density determination test, Filtration test, on concrete cubes.


	Sr.no
	Dimensions (mm)
	Soil replaced (%)
	No. Of cubes casted

	1
	150*150*150
	0%
	6

	2
	150*150*150
	5%
	6

	3
	150*150*150
	10%
	6

	4
	150*150*150
	15%
	6

	5
	150*150*150
	20%
	6

	6
	150*150*150
	25%
	6

	7
	150*150*150
	30%
	6


Table 4- The experimental work for M25






5. RESULTS

Samples were tested after 28days and all the data and results are given in charts. The test result obtained from Compressive strength test and filteration test for concrete are analyzed graphically.In this section , average compressive strength for  28 days of concrete have been compared between pervious concrete and concrete mixed with black cotton soil. Similarly, the procedure was carried out for density determination of concrete.

[image: ]5.1 COMPRESSIVE STRENGTH
Fig no 3: Compressive testing of cubes

Compressive Strength is defined as resistance of concrete to axial loading. Cubes were placed in Compressive Testing Machine (CTM),and load was applied. The readings were recorded upto final crack of the cube and compressive strength was calculated. The results of Compressive strength are shown in Table. Calculations: Compressive Strength =Maximum load/Cross Sectional Area =P/A.
 

	Sr .no
	Black cotton soil (%)
	 w/c ratio
	    28 days 
    (N/mm²)

	1.
	0%
	0.4
	10.56

	2.
	5%
	0.4
	10.41

	3.
	10%
	0.4
	9.84

	4.
	15%
	0.4
	         9.62

	5.
	20%
	0.4
	8.44

	6.
	25%
	0.4
	7.39

	7.
	30%
	0.4
	6.82



Table 5-Compressive strength of Concrete

Fig no 4: Graph showing variation of compressive strength at varying percentages of black cotton soil
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The compressive strength test was conducted on the cubes with varying black cotton soil content (0%, 5%, 10%, 15%, 20% ,25%, 30%). From the graph that shows the variation of compressive strength of concrete at varying percentage of black cotton soil, it was found that compressive strength of concrete decreases with an increase in black cotton soil.
5.2 FILTERATION TEST 
The test involving filtration was carried out by pouring water over the cubes and using a stop watch to detemine the time in which water filtered out of the cubes. The filtration rate was calculated in liters/min.
Table 6-Filteration rate of Concrete

	Sr .no
	Black cotton soil (%)
	    28 days 
Filteration rate(l/min)

	1.
	0%
	1.45

	2.
	5%
	1.42

	3.
	10%
	1.41

	4.
	15%
	1.63

	5.
	20%
	1.83

	6.
	25%
	1.93

	7.
	30%
	1.98



Fig no 5: Graph showing filteration rate with varying black cotton soil
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5.3 DENSITY DETERMINATION

After the concrete cubes had dried, it was weighed using a weighing machine and later it’s dimensions were noted. Using the formula for density calculation - mass/volume, the density of the cubes were determine.

Fig no 6: Graph showing Density of pervious concrete varying with black cotton soil
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6. CONCLUSIONS

As per the results of the study conducted, the findings of our research suggests that an increase in the proportion of black cotton soil shows significant increase in the rate of filtration. 
The nature of permeable concrete cubes enables it to have lower density as compared to conventional concrete cubes of the same grade and therefore will have less burdern on the underlying soil strata. 
The compressive test of the cubes showed a considerable decline in strength as compared to conventional concrete cubes of same grade and further decilne as more soil was added to the mix.
       For practical purposes it can be suggested that this type of concrete be used in areas where low compressive stresses are imposed on conrete and where a greater filtration rate is required.
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