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Abstract— India is a developing country and we can observe 

that there is rapid growth of the infrastructure due to which 

the earth surface is covered by buildings, roads etc. Because 

of that the groundwater is depleting. This can be recharged if 

the precipitated water is allowed to substrata of the soil, this 

can be done by using Pervious concrete. Pervious concrete is 

a special type of concrete that has high infiltration rates. It 

allows water to pass through it directly and reduces the runoff 

on the site. It is having more merits than demerits when 

compared with normal concrete. Hence the introduction to 

Pervious Concrete Pavements in place of normal pavements 

came into existence to collect the rain water from the surface. 

The aim at this project is to study the performance of pervious 

concrete using sewage sludge Ash (waste product) as 

replacement to cement along with different gradations of 

coarse aggregates. 
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I. INTRODUCTION 

Pervious concrete is gaining lots of attention to construction 

industry. Pervious concrete is typically designing with high 

void content (15-25%). There are no fine aggregates in 

pervious concrete. Pervious concrete is a composite material 

consisting of coarse aggregate, Portland cement, and water. 

Pervious Concrete is different from conventional concrete. 

Pervious concrete mixture generally cannot be used in high 

density highways due to low strength but, can be used in sub-

ways, walk-ways, parking lots where strength requirements 

are low. In the present scenario of roads, we face a lot of 

pavement failures. The reason is that water, which is the main 

enemy to the pavement which causes ravelling, potholes etc. 

These are caused due to poor drainage system as a result 

water gets stagnant on the road, after a long period of time 

these waters which gets percolated into the pavements 

through cracks on the road causes pavement failures. So, to 

eradicate these problems and recharge the ground water, 

roads must be designed in such a way that the water must be 

allowed to infiltrate through the pavement. This can be 

achieved by using Pervious Concrete 

II. LITERATURE REVIEW 

1) K. Rajasekhar [1] 

In this paper they used Conplast SP430 based on Sulphonated 

Naphthalene Formaldehyde which is brown liquid instantly 

dispersible in water. ConplastSP430 acts as high-water 

reducer and reductions are made up to 25% without loss of 

workability. They found that the void ratio were high, density 

was 30% decreases in pervious concrete compared with 

conventional concrete. The percentage decrease in 

compressive strength in pervious concrete is 50 to 75% 

compared with conventional concrete. The decrease in the 

percentage of split tensile strength in pervious concrete is 45 

to 50% compared with conventional concrete 

2) B. Mahesh [2] 

In this paper they compared properties of pervious concrete 

with the normal concrete. This study also focused on the 

balance between permeability, strength properties and the 

various mechanical properties, stress–strain characteristics 

and infiltration characteristics of concrete. The stresses of 

different thickness of pervious and normal concrete slab were 

analyzed using KENPAVE software. Based on the results, it 

indicates that such pervious concrete pavements can be used 

in parking lots, sidewalks etc. 

3) M.S. Joshi [3] 

In this paper they used dry sludge as an additive in 

construction material like concrete and cement brick. They 

found that addition of sludge reduces compressive strength of 

concrete, with addition of 14% sludge in proportion to the 

amount of concrete which resulted in 10 % decrease in 

strength. In which for 6% maximum strength is achieved, 

making it suitable for light reinforced concrete in small scale. 

Thus, compressive strength of brick is calculated and 

compared with the standard 1:4 proportion cement brick. This 

study proves that Domestic sewage sludge can be 

successfully used in casting of concrete blocks in minor 

amount as a partial replacement to sand. 

4) Hari Sai Priyanka [4] 

In this paper the low paste content mixtures are found to have 

approximately 25% lower compressive energy absorption as 

compared to high paste content mixtures of the same strength. 

This is partly a result of lower strain levels in the low paste 

content mixtures as explained in a previous section. Cubes, 

cylinders of M30 grade normal concrete and high strength 

pervious concrete were tested. Though the strength of high 

strength pervious concrete is lesser than normal concrete, but 

water absorption is more for high strength pervious concrete 

(on addition of admixtures) than normal concrete. So, it is 

used for roadway pavement material.  

5) A.R. Shanthakumar 

We referred this text book for designing the pervious 

concrete. We could refer to the graph and mix design given 

in it for 20mm aggregate. 
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III. OBJECTIVES  

 To study the variation of strength in pervious concrete. 

 To evaluate the property of pervious concrete using 

sewage sludge ash. 

 To determine the strength and infiltration rate of 

Pervious concrete having different mix proportion with 

different sizes of coarse aggregate. 

IV. EXPERIMENTAL TEST 

A. Cement 

Ordinary Portland cement of 43 grade confirming to IS: 8112 

1989 was used in the project. The tests were performed as per 

the IS code and the results obtained are compiled in Table1.  

TESTS 

Requirements 

as Per 

IS: 8112-89 

RESULTS 

Specific Gravity 3.15 3.09 

Normal Consistency 26 to 33 % 30.6 % 

Initial Setting-

Time(min) 
30 min 

35* 

minutes. 

Final setting time(max) 600 min 450 min 

Soundness by Le-

Chateliers method(max) 
10 mm 9.1 mm 

Table 1: Properties of Cement 

*Laboratory Temperature = 270C +/- 20 

B. Water 

Potable water was used for preparing samples. As the water 

has to free from any impurities for desirable result.  

C. Coarse Aggregates 

The coarse aggregate used were crushed granite according to 

IS:383. The flakiness index and elongation index were well 

maintained below 15%. The results obtained were tabulated 

in Table 2 

TESTS STANDARD VALUE RESULTS 

Specific Gravity 2.93 2.85 

Impact Test 30% 17.14% 

Crushing Test 35% 22.80% 

Table 2: Results of Test on Aggregates 

*Based on 3 trials on each test. 

 

D. Sewage Sludge Ash  

For our project we used Sewage Sludge Ash (SSA), generally 

from treatment plant we can get Sewage Sludge. For our 

project we used sludge from nearby Domestic water 

treatment plant of a school located in Bangalore. This Sewage 

sludge had to be converted into Sewage Sludge Ash. To 

convert it in to SSA it had to heated in an oven to a 

temperature approximately 650°C (1200°F) to 980°C 

(1800°F) in the incinerator combustion zone. If the 

temperature is above 900°C (1650°F) it can result into 

formation of clinkers, which end up in the ash stream. To 

reduce the slagging of sludge during incineration lime can be 

added to it. 

E. pH Test  

pH test was conducted for SSA to check the alkalinity and it 

was found that alkalinity of SSA was between 6.5 to 8.0. 

TRIALS pH VALUE PERMISSIBLE LIMIT 

1. 7.65 

6.0 to 12 2. 6.89 

3. 7.09 

Table 3: Experimental Results of Ph 

F. Infiltration Rate 

For the measurement of the infiltration rate the instrument 

suggested by the ASTM C 1701 was setup. The falling head 

method was used to measure the infiltration rate. The time 

required for 1L of water to pass through the cube was noted. 

10 mm and 15 mm water heads were adopted for measuring 

infiltration rate. 

Infiltration value is calculated using the equation is as 

follows:  

I = KM/D2t………………. inch/hr.* 

Where, K = 126870 inches* 

t = time in seconds. 

D = Diameter of Infiltration Ring in inches*. 

M = Mass of Water in lb.* 

*The units used in this report for infiltration are given in both 

SI and MKS units 

G. Photos of the Process 

 
Fig. 1: Hand Mixing 

 
Fig. 2: Casted Cubes 
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Fig. 3: Compression Test 

 
Fig. 4: Infiltration Test 

H. Mix Proportions 

Three mix proportions were made using two different sizes of 

coarse aggregate. The size of coarse aggregate used was 

passing 20mm, retaining on 12.5mm and Passing 40mm, 

retaining on 25mm. The portion of cement was replaced with 

6% of SSA by weight.  

1) Mix Design 

 Mix design for 3:1 aggregate/cement ratio for coarse 

aggregate passing 20mm and retaining on 12.5mm 

 Design of no fines concrete mix for cube strength of 20 

N/mm2 

 Maximum size of coarse aggregate = 20mm 

 Type of coarse aggregate   = Uniform 

gravel of size between 20mm to 12.5mm 

 Cement = Ordinary Portland cement 43 grade 

 Bulk density of cement = 1542 kg/m3 

 Bulk density of coarse aggregate =  1520 kg/m3 

2) Design  

 Average cube strength at 28 days = 20/0.75 = 26.67 

N/mm2 

 Optimum w/c ratio = 0.35 (by weight) 

 A/C ratio by volume = 3 corresponding density of 

concrete = 2050 kg/m3 

 A/C ratio by weight = 3 x 1520/1542 = 2.95 

3) Proportions  

Cement : Coarse aggregate : Water   

1 :  2.95   : 0.35  

4) Quantities per m3 of concrete 

 Cement   = 1 x 2050/4.3 = 476.74 kg 

 Coarse aggregate  = 2.95 x 2050/4.3 = 1406.39 kg 

 Water = 0.35 x 2050/4.3 = 166.86 kg 

 Sewage sludge ash = 6 x 476.74/100 = 28.60 kg (6% by 

weight of cement) 

In the similar manner it was designed for 3:1, 6:1, 8:1 a/c ratio 

of aggregate size below 20mm and 40mm. 

I. Quantities Used 

Size of 

Aggregates 

Numb

er of 

Cubes 

Casted 

Ratio 

A/C 

Cement 

in Kg 

Coarse 

Aggre-

gate 

in kg 

Sewag

e 

Sludg

e Ash 

in kg 

Pass 20mm 

& retain on 

12.5mm 

9 3: 1 17.12 54.68 1.09 

9 6: 1 9.78 62.49 0.63 

9 8: 1 7.62 64.8 0.49 

Pass 40mm 

& retain on 

25mm 

9 3: 1 17.12 54.68 1.09 

9 6: 1 9.78 62.49 0.63 

9 8: 1 7.62 64.8 0.49 

Table 4: Quantities Used 

J. Casting of Specimens 

 After the initial testing of cement and aggregates, the 

concrete cubes were casted.  

 Hand mixing was done. 

 Pervious concrete specimens were prepared using 150 

mm x 150mm x 150mm cube molds. The specimens cast 

were de-molded after 24 hours and kept in normal curing 

for the required age as 7, 14 and 28 days. 

 In total 60 cubes were casted and 54 cubes were tested 

i.e. an extra 6 cubes for wastage or damage purposes. 

 We casted cylindrical molds and while demolding it was 

not stiff and broke into pieces. The reason behind it may 

be the weaker tensile strength, it was not hardened. 

V. RESULTS 

A. Compressive Test 

The test was conducted based on IS 516:1959. The test was 

conducted on compressive testing machine, the readings were 

individually noted for 7th, 14th and 28th day and a bar graph 

was plotted for A/C ratios. 

 Compressive strength of concrete cubes of 

aggregates passing 20mm and retaining on 12.5mm  
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Fig. 5: Compressive Strength of Concrete Cubes of 

Aggregates 20mm – 12.5mm 

 From above figure we can infer that compressive 

strength of 3:1 ratio is having good compressive strength 

on 7th, 14th and 28th day compared to other ratios. 

 The strength of 3:1 ratio is about 18.85 KN/m2 whereas 

for 8:1 is about 5.4KN/m2 on 28 day because 8:1 ratio is 

having higher void ratio. 

 The permeability of 8:1 is very high which allows water 

to pass through it easily but lacks compressive strength. 

 According to code the 7th day strength should be more 

but it has not reached the strength due SSA present in it. 

Compressive strength of concrete cubes of aggregates passing 

40mm and retaining on 25mm  

 
Fig. 6: Compressive Strength of Concrete Cubes of 

Aggregate 40mm – 25mm 

 From above figure we can infer that compressive 

strength of 3:1 ratio is having good compressive strength 

and higher than 3:1 of 20mm downsize aggregate.  

 The strength of 3:1 ratio is about 21.97 KN/m2 whereas 

for 8:1 is about 5.07KN/m2 on 28 day. 

 The strength of 8:1 is very less than 3:1 of 40mm 

downsize aggregate and also less than 8:1 of 20mm 

downsize aggregate. 

B. Infiltration Rate 

It is the rate at which the water enters the concrete cube 

Table 5: Infiltration rate of concrete cube of aggregates 

passing 20mm and retaining on 12.5mm 

Aggregate / 

Cement ratio 

Time 

sec 

Infiltration 

inch/hr mm/sec 

3 : 1 107 834 5.88 

6 : 1 95 940 6.63 

8 : 1 83 1076 7.59 

Fig 7: Infiltration rate of concrete cube of aggregates 

passing 20mm and retaining on 12.5mm 

 
 Infiltration rate and compressive strength are inversely 

proportional to each other. 

 It is observed that 8:1 ratio is having infiltration rate than 

other ratios. 

 3:1 ratio is having less infiltration rate than 8:1 but 

having higher compressive strength than other ratios. 

 We can adopt 6:1 which is having sufficient compressive 

strength and infiltration rate. 

 If infiltration rate is high the time taken is less. 

Aggregate/ 

Cement ratio 

Time Infiltration 

sec inch/hr mm/sec 

3 : 1 76 1175 8.29 

6 : 1 69 1294 9.12 

8 : 1 46 1941 13.69 

Table 6: Infiltration Rate of Concrete Cube of Aggregates 

Passing 40mm and Retaining on 25mm 

 
Fig 8: Infiltration rate of concrete cube of aggregates 

passing 40mm and retaining on 25mm 

 From above figure we can infer that 8:1 ratio is having 

high infiltration rate than other ratios. 

 3:1 ratio is having less infiltration rate than 8:1 but 

having higher compressive strength than other ratios. 

 We can infer that 8:1 ratio of 40mm size aggregate is 

having higher infiltration rate than 8:1 ratio of 20mm size 

aggregate 

 If infiltration rate is high the time taken is less. 
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 All the infiltration rate of 40mm downsize aggregate is 

having higher infiltration rate than 20mm downsize 

aggregate. 

VI. CONCLUSIONS 

From the study and experimental investigations, we can infer 

that 

 As strength increases infiltration decreases, this implies 

that strength is indirectly proportion to infiltration. 

 Strength of 3:1 of 40mm downsize aggregate is more 

than 3:1 of 20mm down size aggregate. 

 Infiltration of 8:1 of 40mm size of aggregate is greater 

than 8:1 of 20mm size of aggregate. 

 Highest infiltration rate is obtained in 8:1 of 40 mm size 

of aggregate. 

 Compressive strength is inversely proportional to 

Infiltration rate, due to which if compressive strength 

increases infiltration rate decreases 

 Friction is more on pervious concrete than other material 

roads. 
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