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Abstract: Civilization is the part of human life, and 

technology which is advancing rapidly from centuries. Many 

efforts are made so far in developing of new construction 

materials. In the construction industry, concrete technology is 

plays a vital role. The usage of supplementarya cementitious 

materials, (SCM),such as Silica fume, Fly ash, Metakaolin, 

Hypo sludge, Rice husk ash etc. in concrete is a new 

innovative usage in the technology. The increasing amount of 

waste is a concerning reality that has across the sustainability 

issues of the environment. “The production of cement also 

reasons for the global warming by releasing carbon-dioxide in 

the environment. Therefore, formulation of concrete with 

different type of industrial waste can help in minimizing the 

environmental problems”.The utilization of pozzolanic 

materials like metakaolin (MK) in concrete is growing in 

construction industry all around the world to reduce the CO2. 

release into the environment and reduce energy consumption. 

In this review paper pervious concrete and different industrial 

waste materials are reviewed and recommendations are 

suggested at the outcome of the study. The reviewed approach 

for utilization of industrial waste in pervious concrete to 

provide a potential sustainable source. 

Key words: - Pervious concrete, industrial waste, 

supplementary cementations materials, (SCM), Cement 

replacement Metakaolin (MK), Environment” 

1. Introduction: 

Pervious”concrete is a special high porosity concrete used for 

flatwork applications that allows water from precipitation and 

other sources to pass through, thereby reducing the runoff 

from a site and recharging ground water levels. As cement 

industry is one of the most polluted industry, so for reducing 

the pollution and cost of concrete cement may be fully or 

partially replaced by waste materials like fly ash, rice husk 

ash, waste rubber tire, furnace slag, silica fume etc.” 

 

 

 

2. Critical literature review: 

The following are the previous research review based on 

pervious concrete with various industrial waste: -Fly ash, Rise 

husk ash(RHA), Slag aggregate and natural aggregate, Ground 

granulated blast furnace slag (GGBS), Silica fumes(SF), 

Rubber waste, Hypo sludge, Ceramic waste, and concrete with 

use of Metakaolin. 

 

2.1 Review based on pervious concrete: 

Ravindararajah et al. (2010) studied environmental friendly 

pervious concrete for sustainable construction by replacing 

Fly ash 0%, 20% and 50% of by weight of cement.”They 

carried out porosity, unit weight, compressive strength at 7 

and 28 days, weight loss on drying, free drying shrinkage and 

water permeability under constant head tests.”They concluded 

that the water permeability not significantly affected when 

50% fly ash replace by cement. They noticed the compressive 

strength at 28 days was 10,9, and 6 Mpa by replacing fly ash 

0%,20%, and, 50% by cement. [16] 

Husain et al. (2010) carried out research on pervious concrete 

by replacing Ground Granulated Blast Furnace Slag-GGBS 

(0%,15%,35%), and Fly ash (0%,25%,50%) of by weight of 

cement. They carried out compressive strength, flexural 

strength test at 7 and 28 days, and water permeability under 

constant head tests. They achieved 15.49Mpa and 13.55Mpa 

compressive strength by replacing 25% and 50% GGBS 

respectively. For fly ash 15% and 35% replacement they 

achieved 9.67Mpa and 8.67Mpa respectively. Permeability 

value for 10mm aggregate was 0.38cm/sec and for 10+20mm 

aggregate was 0.60cm/sec. Finally, they concluded that GGBS 

as supplementary cementitious material gave a good results 

regarding the strength properties and also said that greater the 

aggregate size the greater is the permeability but lower is the 

strength and vice-versa. [7] 

Akeke et al. (2013) finding out the properties of concrete by 

replacing cement with 10%, 20% and 25% Rice husk 

ash(RHA). After experiment they said that flexural strength 
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and split tensile strength are decreasing gradually with 

increase of Rice husk ash (RHA) percentage from 10% to 

25%. However, there was not any significant effect on 

compressive strength with the increase in Rice husk 

ash(RHA) content. [2] 

Ravindrarajah (2014)”experimented effect of supplementary 

cementitious materials(SCM) on the properties of pervious 

concrete with fixed porosity. They partially replaced Fly ash 

and silica fumes by cement and carried out compressive 

strength, stiffness and water permeability test. They 

considered four mixes with fly ash and silica fumes, by weight 

proportion:”(a) 100% cement; (b) 75% cement and 25% fly 

ash; (c) 92.6% cement and 7.4% silica fume; and (d) 84.2% 

cement, 8.2% fly ash and 7.6% silica fume. Test results 

indicated that the compressive strength increased by up to 

76% whereas the modulus of elasticity had drop as much as 

30%.”The water permeability was found to drop up to 42%. 

Highest strength of 22.5MPa was achieved for containing 

7.4% silica fume as cement replacement Finally concluded 

that the cement replacements with supplementary 

cementitious materials(SCM) had improved the compressive 

strength, reduced modulus of elasticity and decreased the 

water permeability of pervious concrete with fixed 

porosity.”[15] 

Patel et al. (2014)”investigated the properties of pervious 

concrete by replacing the cement content with 20% of fly ash 

and 10% of silica fume. He has used A/C ratio 4:1 and various 

W/C ratio 0.30, 0.35 and 0.40. He investigated that when W/C 

ratio is increased from 0.30 to 0.40 the compressive 

strength,”flexural strength and split tensile strength is 

increased, but permeability is decrease for both pervious 

concrete, which contain 20% fly ash and 10% silica fume. 

[13] 

Talsania et al. (2015) experimented on”effects of pervious 

concrete by partial replacement of cement with 10% and 30% 

of Rice husk ash (RHA). After experiment they concluded 

that compressive strength and flexural strength of pervious 

concrete increase up to 10% replacement of cement 

with“RHA. Beyond that compressive and flexural strength are 

starting to decrease. [17] 

 

Siddharth et al.”(2016) experimented on the innovative use 

of Hypo Sludge in pervious concrete by replacing 10% and 

20% of by weight of cement for 0.30, 0.35, and 0.40 W/C 

ratio. They carried out compressive and flexure strength test 

on 7,14, and 28 days.”They finally concluded that the 20% 

replacement of cement is with hypo sludge will give optimum 

compressive and flexure strength without effecting properties 

of fresh and hardened pervious concrete. [4] 

Krunal et al. (2016) experimented performance of pervious 

concrete incorporated with fly ash. The replacement for 

cement done by 0% and 20% of fly ash and water/cement 

ratio 0.30 and cement to coarse aggregate ratio was 1:4. They 

used varying size of coarse aggregate 6-10 mm and 10-20 mm 

coarse aggregate. They conducted compressive strength test 

on 7, and 28 days. They also done permeability, water 

absorption, void content and porosity test on pervious 

concrete. After experiment they concluded that the 

compressive strength was decreases with increase in size of 

coarse aggregate and achieved minimum compressive strength 

6.22 N/mm
2
 and maximum is 13.96 N/mm

2
 by replacing 20% 

fly ash. They also observed that void content and water 

permeability decreases with decrease in coarse aggregate 

which was 7% for void content and 17% for permeability 

coefficient respectively. [9] 

Pankaj et al. (2016) studied mix proportion of cementitious 

material in pervious concrete. They partially replaced Fly ash 

and GGBS by 10%, 20%, and30% by cement. They calculated 

proportion of cement, GGBS, fly ash, water, coarse aggregate 

and W/C ratio with the help of Indian standard code (IS: 

10262: 2009).”They finally said that which data obtained was 

very useful for further procedure related to the procedure of 

concreting. Then, they concluded that Fly ash and GGBS in 

the construction field of pervious concrete which will lead to 

reduce the cement consumption, environmental issue and 

environmental benefit.” [12] 

Admute et al. (2017) conducted experimental evaluation of 

characteristics of pervious concrete pavement by replacing Fly 

Ash 10%,20% and 30% of by weight of cement. They studied 

laboratory model which shows actual working of paving 

system. They also carried out comparative cost analysis of 

permeable pavement, normal concrete and pervious concrete. 

They carried out compressive strength test on 7 and 28 days 

and concluded that the 10% fly ash gives high compressive 

strength 18.18Mpa on 28 days of curing. They also said that 

by partially replacement of Fly ash in pervious concrete 

reduce overall cost of making of pervious concrete. [1] 

Divya et al. (2017) carried out investigation on pervious 

concrete pavement. They prepared pervious concrete mix by 

using aggregates, cement, polyvinyl alcohol (PVA) & silica 

fume, and zeolite as admixture. They used zeolite, silica 

fumes for replacing cement by 0% and 10%. They performed 

compressive and flexural strength test at 7 and 28 days. They 

observed that the compressive and flexure strength of 

decreased with the addition of 10% silica fume, and PVA 

solution of different proportions. They concluded that 

replacement of cement with 10% zeolite increase in 

compressive strength for 1:4 C:A ratio and flexural strength 

was increase very small. They said that pervious concrete can 

used at railway platforms which will help in reducing water 

accumulation on railway tracks and also absorbs co2 in air as 

it contains zeolite. [19] 

Hua Peng et al. (2018) studied mechanical and hydraulic 

behaviors of eco-friendly pervious concrete with fly ash(FA) 
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and blast furnace slag(BFS). They investigated compressive 

strength at 28 and 60 days, and also experimented hydraulic 

behaviors of pervious concrete to finding out the effect of 

replacement percentage of FA and BFS. They make six mix 

proportion sample of various percentage of FA and 

BFS.”They replaced 0,10%,15%,20% and 30% of FA and 

BFS by weight of cement. After experiment they concluded 

that FA increased the viscosity, while BFS was not able to 

change the rheology performance significantly and porosity 

and permeability coefficient both decreased with the using of 

FA and/or BFS in the pervious concrete. FA and BFS both 

decreased the compressive strength at 28 days, while FA 

and/or BFS could slightly increase the compressive strength at 

60 days. They said that FA plays a more significant role 

compared to BFS in the compressive strength.”[5] 

Hemalatha et al. (2018) carried out study on pervious 

concrete by using cost effective materials. The replacement 

for cement done by 8% to 25% of silica fumes and fly ash and 

also replace coarse aggregate by steel slag and rubber chips by 

2% to 30%. They conducted compressive, split and flexure 

strength test on 7, and 28 days. They achieved high split 

tensile strength of 1.89 N/mm
2
 and flexural strength of 4.53 

N/mm
2
 and compressive strength of 19.85N/mm

2
 at 

replacement of fly ash at 15% and steel slag at 4%. Addition 

of rubber chips increases the split tensile strength and rubber 

chips of 2% replacement gave the highest split tensile 

strength. Finally, they observed that the construction cost of 

pervious concrete mix was decreased by 27% as compared 

when super plastizers was used. [6] 

Lakshmireddygari et al. (2018) experimented strength 

characteristics of pervious concrete using mineral admixtures. 

They replacing silica fume (SF) 10%,20% and 30% of by 

weight of cement and metakaolin (MK) as mineral admixtures 

10%,20% and 30%. They used W/C ratio from 0.36 to 0.40 to 

study the effect on the performance of pervious 

concrete.”They carried out compressive strength test on 7 and 

28 days. Finally concluded that 20% replacement of SF and 

MK give 14.09Mpa and 8.95Mpa compressive strength 

respectively. Which was respectively 5.8 and 3.7 higher than 

the conventional pervious concrete. They observed that w/c 

ratio of 0.38 along with 1.5% dosage of superplasticizer was 

feasible. They also found 20% was optimum value in both the 

cases of SF and MK.”[10] 

2.2 Review based on Metakaolin (MK): 

Bhaskara et al. (2005)”investigated effect of metakaolin and 

fly ash on strength characteristics of concrete with partial 

replacement of Metakaolin and Fly ash in percentage of 0% 

replacement of Metakaolin and Fly ash, 15% replacement of 

Metakaolin to Cement, 30% replacement of Fly ash to Cement 

and 15% Metakaolin and 30% Fly ash replacement of cement 

were calculated. They concluded that the compressive 

strength was increased when cement is replaced by 

Metakaolin as well as fly ash for M40 grade of concrete. At 

15% replacement of cement with Metakaolin in addition to 

15% replacement of cement with Fly ash for M40 grade of 

concrete has yielded maximum strengths and use of 30% fly 

ash and 15% Metakaolin based mixtures are responsible for 

minor strength loss.”[3] 

Khatib et al. (2012) experimented”compressive strength, 

density and ultrasonic pulse velocity of mortar containing 

high volume of metakaolin (MK) as partial substitution of 

cement and up to 50% of MK was used to replace cement in 

increment of 10%.” He concluded that maximum strength of 

mortar occurs at 20% metakaolin.”Compressive strength starts 

to reduce when metakaolin goes beyond 30% metakaolin as 

cement replacement.”[8] 

P. Dinakar et al. (2013) investigated effect of metakaolin 

(MK)”on the mechanical and durability properties of high 

strength concrete for a constant water/binder ratio of 0.3. 

Metakaolin mixtures with cement replacement of 5%, 10% 

and 15% were designed for target strength and slump of 90 

N/mm
2
 and 100 ± 25 mm.”They observed that 10 % 

replacement was the optimum level in terms of compressive 

strength.”Beyond 10 % replacement l, the strength was 

decreased but remained higher than the control mixture. 

Compressive strength of 106 N/mm
2
 was”achieved at 10 % 

replacement.”Split tensile strength and elastic modulus values 

have also followed the same trend. In durability tests 

metakaolin concretes have exhibited high resistance compared 

to control and the resistance increases as the metakaolin 

percentage increases. They finally conclude that the local 

metakaolin has the potential to produce high strength and high 

performance concretes.”[14] 

Salim et al. (2015) carried out study of microstructure, 

hydration and nano-mechanical properties of concrete 

containing“metakaolin(MK). They studied concrete 

containing metakaolin at 0%, 5%, 10% and 15% by mass of 

cement and carried out test of sorptivity, compressive 

strength, and carbonation resistance at”two different water–

binder ratios. They used various analytical techniques such as 

MIP, XRD and nan indentation studies they carried out on 

cement paste samples (with and without 10% MK). They 

finally concluded that 10% of the Portland cement could be 

beneficially replaced”with the metakaolin to improve the 

sorptivity and carbonation resistance of concrete. [18] 

Megawati et al. (2016) carried out investigation on inclusion 

of nano metakaolin as additive in ultra-high performance 

concrete (UHPC),  and use mixes of nano metakaolined 

UHPC as an  range of 1%, 3%, 5%, 7%, 9% and 10% from 

cement weight. They find out effect of nano metakaolined 

UHPC in the forms of workability in fresh state, strength 

property and the morphology of the microstructure in the 

ultra-high performance concrete.”They finally concluded that 

the nano metakaolined UHPC mix contributed to a low 

workability effect due to its clay properties and ultrafine size 
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as compared to the OPC”and metakaolin and inclusion of 

nano-metakaolin in the ultra-high performance concrete 

shows similar compressive strength at early age. But then 

gradually increased at later ages as compared to the plain 

UHPC and metakaolined UHPC.“[11] 

Chemical properties are as shown in table 1. 

3. Conclusion:  

From the above literature reviews following conclusion can be 

made 

[1] It was observed that 20% cement replaced by 

Metakaolin(MK) gives 3.7 times higher compressive strength 

with A:C ratio 4:1 and found 0.38 W/C ratio was optimum. 

[10] 

[2] It was observed that 20% cement replaced by Silica 

fumes(SF) gives 5.8 times higher compressive strength with 

1.5% superplasticizer, A:C ratio 4:1 and found 0.38 W/C ratio 

was optimum. [10] 

[3] It was observed that 15% cement replaced by Fly ash 

and 4% coarse aggregates replace by steel slag gives high 

compressive strength. [6] 

[4] It was observed that 10% cement replaced by Silica 

fumes(SF) and 4% coarse aggregates replace by steel slag 

gives high flexure strength. [6] 

[5] Construction cost of pervious concrete mix was 

decreased by 27% by using of super plastizers are used. [6] 

[6] Compressive and Flexure strength was increased 

when 10% cement replaced by Zeolite for 1:4 A:C ratio. [19] 

[7] It was observed that W/C ratio 0.40 and 20% 

replacement of cement by Hypo sludge will give optimum 

compressive and flexure strength without effecting fresh and 

hardened properties of pervious concrete. [4] 

[8] It was observed that 10% cement replacement by Fly 

ash gives higher compressive strength then no replacement. 

[1] 
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Table:1 Chemical Properties 

Chemical 

properties 

Siddharth Talsani et 

al.(2016) 

Hua Peng et 

al.(2018) 

Rajeshvarsinh A. Jadeja et 

al.(2017) 

Rajeshvarsinh A. Jadeja et 

al.(2017) 

Hua Peng et al. 

(2018) 

Hypo Sludge 

% 

Fly Ash 

% 

GGBFS 

% 

Silica Fumes 

% 

Blast Furnace 

Slage (BFS) % 

SiO2 9.27 50.15 35.47 93 30.7 

Fe2O3 1.68 2.08 2.41 1 2.1 

Al2O3 1.45 30.51 14.27 1.40 9.8 

CaO 29.83 12.5 35.89 0.10 47.5 

MgO 4.28 0.088 8.06 1.50 3.8 

SO3  0.4 1.58 0.50 4.4 

K2O      

Na2O  1.32   1.07 

MnO   0.34   

Alkalis   0.20 2.50  

Loss of ignition 49.24 0.63 0.70 - 0.63 

Insoluble 

Residue 
  0.52   

 

The following table 2 shows the literature review papers based on cement replacement by waste and its comparison. 

Table: 2 Literature Review Papers based on Cement Replacement by Waste and its Comparison 

No. Author 

Cement 

replacement by 

waste 

% replace Test Result 

1 
R Sri Ravindrarajah 

(2010) 
Fly ash 0,20,50 

Compressive 

strength, Water 

permeability 

 

At 20% replacement of fly ash gives 

high strength 9 N/mm2 and water 

permeability not significantly affected 

when 50% fly ash. 

2 
Saeid Hesami et 

al(2013) 
Rice husk ash 0,2,4,6,8,10,12 

Compressive 

strength 

Flexural strength, 

Tensile strength, 

porosity, 

permeability 

Compressive, tensile and flexural 

strengths in concrete with 10% of RHA 

were found optimum. While its 

permeability 12% replacement was 

more suitable 

3 Husain et. al(2015) 
1.GGBS 

2.Fly ash 

1.GGBS 

(0,15,25,35) 

2.Fly ash 

(0,25,50) 

Compressive 

strength, flexural 

strength, 

Permeability test 

25% GGBS give 15.49N/mm2and 15% 

Fly ash give 9.67 N/mm2 compressive 

strength 

0% give highest of 4.82 N/mm2 Flexural 

strength 

with 10mm aggregate. 

 

Permeability: 

10mm aggregate give-0.38cm/sec and, 

10+20mm aggregate gives- 0.60cm/sec 

4 
Siddharth Talsania 

et al(2015) 

Rice Husk Ash 

(RHA) 
0,10,20 

Compressive 

Strength, Flexural 

Strength 

10% RHA increase compressive 10.98 

N/mm2 and flexural strength 3.05 

N/mm2 

https://www.sciencedirect.com/science/journal/09589465/37/supp/C
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5 Krunal(2016) 

Fly ash 

 

Coarse agg. size 

20% 

 

10-20mm 

6-10mm 

compressive 

strength, water 

permeability, water 

absorption, void 

content and 

porosity. 

At 20% replacement of fly ash for 6-

10mm aggregate gives13.96 N/mm2, and 

average density 2150 kg/m3 ,porosity is 

not affected by partial replacement of 

fly ash (93.5%,86.5%) 

void content percentage decreases with 

decrease in size of coarse aggregate. 

6 
Debamalya 

dey(2017) 

Fly-ash 

 

Demolition waste 

as replacement of 

agg. 

FA 30,50,70 

 

Demolition waste 

50,70,100 

Compression Test, 

 

At 30% replacement of fly ash gives 

high strength 18.3 N/mm2 and 50% 

demolition waste gives 14.11 N/mm2 

compressive strength 

 

7 
S. Koushik et 

al(2017) 

Zeolite, 

 

silica fumes 

 

Polyvinyl Alcohol 

[PVA] 

0,10 

 

0,10 

 

1.6,2 

Compressive, 

flexural strength 

10% zeolite with 1:4 cement:aggregate 

give 9.15N/mm2 compressive and 2.68 

N/mm2 Flexure strength 

8 
Jayeshkumar 

pitroda(2017) 
Hypo sludge 0,10,20 

Compressive 

strength 

Flexural strength 

20% hypo sludge increase compressive 

12.43 N/mm2 and flexural strength 3.42 

N/mm2 

9 
A. M. Admute et. 

al(2017) 
Fly ash 0,10,20,30 

Compressive 

strength 

 

10% fly ash gives high compressive 

strength 18.18 N/mm2 

10 
Lakshmireddygari 

et. al(2018) 

1.silica fume (SF) 

2.metakaolin 

(MK) as mineral 

admixtures 

SF- 10.20,30 

MK-10,20,30 

(w/c) ratio from 

0.36 to 0.40 

Compression Test 

20% of SF gives 14.09Mpa 

5.8 times higher than conventional PC 

 

20% of MK gives 8.95Mpa 3.7 times 

higher than conventional PC 

. 

11 
Hemalatha et 

al(2018) 

1.fly ash 

2.silica fume 

 

coarse aggregate 

by steel slag and 

rubber chips 

8 to 25 

 

 

 

2 to 30 

Compression Test, 

Split tensile 

strength, 

Flexural strength 

 

Replacement of fly ash at 15% and steel 

slag at 4% gives compressive strength of 

19.85 N/mm2 , high split tensile strength 

of 1.89N/mm2 and,flexural strength of 

4.53 N/mm2 and. 

12 
Hua Peng et al. 

(2018) 

Fly Ash 

 

Blast Furnace 

Slage (BFS) 

(Cement:FA:BFS) 

1. 100:0:0 

2. 70:0:30 

3. 70:10:20 

4. 70:15:15 

5. 70:20:10 

6. 70:30:0 

 

Rheology Test, 

Porosity, 

Water permeability, 

Compressive 

strength 

FA increased the viscosity, while BFS 

was not able to change the rheology 

performance 

significantly. 

 

The effective porosity and permeability 

coefficient both decreased with the 

incorporation of FA 

and/or BFS in the pervious concrete. 

 

FA and BFS both decreased the 

compressive strength at 28 d, while FA 

and/or BFS could slightly increase the 

compressive strength at 60 d. Compared 

to BFS, 

 

 

 

 


