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ABSTRACT 

The importance of pervious pavement concrete in reducing urban 

stormwater runoff and improving water quality is growing. Water and air can 

easily percolate through it that reduces the chances of inundation. The pervious 

concrete contains coarse aggregate including recycled coarse aggregate, the role of 

super plasticizer which enhance the compressive strength by reducing the water. 

One percent superplasticizer can reduce the water up to 20%. Concrete can sustain 

high strength in compression due to its voids; 10-25 percent of voids stand as its 

exceptional characteristics in good compression strength and overall performance.  

Pervious concrete is also known as porous concrete, permeable concrete, 

no-fines concrete, and porous pavement. The pervious pavement of M15 & M20 

grade of concrete will contain course aggregate, cement, water, fly ash and 

superplasticizer. Fly ash will replace the cement by 10%, 20%, 30%, 40% and 50%. 

The replacement of cement by fly ash will result in an economic structure and it 

will reduce the CO2 emissions which will result as a sustainable environment, 

whereas the superplasticizer will be added as 0.7% and 0.8%. For the M15 grade of 

concrete, the maximum compressive strength was 24.9 Mpa with a 40% 

replacement of cement by fly ash and for M20 grade of concrete it was 27.8 Mpa 

with a replacement of 30% cement by fly ash. The samples were kept for curing to 

enhance the strength of concrete was at room temperature. 

Keywords: Pervious pavement, compressive strength, admixture, infiltration 

rate and Superplasticizer   
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中文摘要 

 

透水路面混凝土在減少城市雨水徑流和改善水質方面的重要性日益增加。

水和空氣可以很容易地滲透通過它，從而減少淹沒的機會。透水混凝土含有

粗骨料，包括再生粗骨料，超增塑劑的作用是通過減少水分來提高抗壓強度。 

1%的減水劑最多可以減少 20%的水分。混凝土由於其空隙可以承受高強度的

壓縮； 10-25% 的空隙代表其在良好的抗壓強度和整體性能方面的卓越特性。 

透水混凝土也稱為多孔混凝土、透水混凝土、無粉混凝土和多孔路面。 

M15 和 M20 級混凝土的透水路面將包含粗骨料、水泥、水、粉煤灰和減水

劑。粉煤灰將取代水泥 10%、20%、30%、40% 和 50%。用粉煤灰替代水泥將

形成經濟結構，並減少二氧化碳排放，從而形成可持續的環境，而超塑化劑

的添加量為 0.7% 和 0.8%。對於 M15 級混凝土，用粉煤灰替代 40% 的水

泥時，最大抗壓強度為 24.9 Mpa，而對於 M20 級混凝土，用粉煤灰替代 

30% 水泥時，最大抗壓強度為 27.8 Mpa。樣品在室溫下保持固化以增強混

凝土的強度。 

 

關鍵詞：透水路面、抗壓強度、外加劑、滲透率和高效減水劑 
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1. Chapter-1 Preface 

1.1 Introduction: 

The Pervious concrete pavement (PCP) is considered as one of the most 

effective pavements, with the ability to handle critical environmental and natural 

disasters while also promoting green, sustainable growth. Porous concrete is 

instrumental in recharging groundwater and lowering stormwater runoff by 

capturing stormwater and seeping into the ground, which can make the pavement 

highly efficient in resisting potholes because potholes are produced as a result of 

persistent water incursion via existing surface fractures. Rapid water and stormwater 

drainage through the linked gaps of PCP pavements decreases rainy weather spray 

while improving skid resistance and visibility of the pavement surface. According 

to the United States Environmental Protection Agency (EPA) stormwater rules, one 

of the Best Management Practices (BMPs) proposed by the EPA—and outstanding 

companies and geotechnical engineers at some point in the United States for the 

administration of stormwater drainage on a federal and surrounding basis—is the 

use of pervious concrete (M. Sonebi et al.). This pavement science encourages more 

environmentally sustainable land use by minimizing the need for detention dams, 

swales, and one-of-a-kind storm water treatment devices. As a result, previous 

concrete has the potential to lower standard mission prices on a first-cost basis. 

Pervious asphalt and pervious concrete are both used to make pervious pavement. 
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Both substances resemble traditional asphalt and concrete, but they have additional 

air pockets that allow water to pass through the pavement into a reservoir base of 

overwhelmed aggregate and infiltrate into the ground (Kevern & Schaefer, 2012). 

Impenetrable structures, such as pavements and buildings, can also block moisture 

from recharging the earth, lowering the runoff charge and groundwater recharge. It 

can also increase the rate of rainwater volume runoff and top waft fees from the 

catchment. During cycles of heavy rainfall, gradually rising tight areas in urban 

catchments can also cause flooding. 

Potential and accelerated flood water flooding will also produce 

substantial decreases in water level downstream, where storm water retention 

systems are correctly working. Cities currently house almost half of the world's 

population. As a result of the closely closed floor spaces, they are grappling with 

these environmental problems. A water sustainable urban drainage (WSUD) scheme 

in Australia is equivalent to a SUDS system in Europe and a low impact construction 

(LID) system in the U.S. and Japan. Many of these programs include built-in land 

and water administration, as well as built-in city water management. Low impact 

implementation (LID) aims to reduce the harmful impacts of urban storm water 

runoff while also defining high-quality integrated water-cycled management 

solutions. Rainwater filters into voids in the concrete and an adjacent rock reservoir, 

where it can be quickly deposited and infiltrated into the surrounding materials. 
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While previous pavement designs varied, they all had one thing in common: a floor 

pavement layer with an underlying reservoir layer. Depending on the flooring shape, 

P.P. can be described as porous or permeable pavement, and it can be monolithic or 

modular. 

 

1.2 Objective of the research: 

Primary goal of this thesis is to determine the mechanical properties of 

permeable concrete, including compressive strength by M15 and M20 grade of 

concrete with the combined effects of fly ash, recycled aggregate and 

superplasticizer as well as to perform pervious pavement concrete (PPC) that are 

applicable for a wide range of functions such as commercial, residential, and 

industrial for light-duty and much less useful, even though PPC can be useful. 

The following general applications of the previous pavement systems are: 

(1) Breakdown lane 

(2) Commercial driveway 

(3) Residential driveway paving 

(4) Parking areas: car parking, bike parking, heavy-duty vehicle parking 

(5)  Running track 

(6) Irrigation of the land  
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2. Chapter-2 Literature Review 

2.1 Previous study about the pervious concrete: 

Because of its excellent herbal properties, this paper has expanded the use 

of permeable pavement concrete as an asphalt cloth in low-volume pavements 

programs. This paper explores the other adequate beauty and functional 

improvements to permeable well-constructed studies and activities. Mechanical, 

hydrological, and reliability audits of permeable cement produced a one-of-a-kind 

test. A link has been established between the permeable cement lifestyle cycle value 

research and a be consciousness (Chandrappa & Biligiri, 2016). According to this 

article, a possible asphalt with great penetrability is permeable cement. The purpose 

of this research is to assess the mechanical and physical qualities of permeable 

cement, such as thickness, consistency, porosity, and penetrability. To expedite the 

execution of these characteristics, the Taguchi trial system was used. The connection 

between properties that are influenced by coarse total size. To achieve the 

fundamental requirements for permeable cement, a trade-off between quality and 

porousness must be addressed (Joshaghani et al., 2015). Property concerns are a 

major concern in this paper, as we will be tempted to use a large number of herbal 

assets to produce materials such as concrete. One of the sustainability issues we want 

to address effectively is the depletion of herbal sources. As a result, the use and 

disposal of these wastes could limit the use of herbal sources while also helping to 
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meet environmental demands. The gift paper provides a short history of recycled 

mixture concrete made from the recycled mixture. It summarizes and thoroughly 

analyses a number of the most exciting research findings in the field of material 

components over the last few years (Behera et al., 2014)   

The mechanical properties and sturdiness parameters of lightweight 

mixtures are investigated in this article. The effect of different concretes on 

compressive strength, bulk density, workability, dynamic modulus of elasticity, 

mass loss, fuel permeability, chloride diffusion coefficient, and general porosity 

when compared to regular weight concrete (made without foam waste).The density 

reduction is compensated for by an increase in overall porosity between the 

lightweight concrete. The adverse effects of the cementitious medium are reducing 

the durability of concrete. Lightweight concrete's compressive strength ranges from 

8 to 16 MPa, and it meets ten to fifteen criteria for dynamic modulus of elasticity 

(Ben Fraj et al., 2010). The experiment reported in this study was carried out using 

a variety of concrete mixtures, including sand substitution aggregate, gravel 

substitution aggregate, and a blend of both aggregates (sand and gravel). In the 

concrete compositions, the water/cement meaning connection was stable. The results 

reveal that the mechanical qualities of concrete specimens generated from discarded 

marble aggregates exceed the standards for concrete manufacture. As a result, 
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substituting natural aggregates with waste marble aggregates accounts for up to 75% 

of any concrete resistance value system (Hebhoub et al., 2011). 

This paper is the preservation of natural resources, as well as the recycling 

and reutilization of construction rubble, is suggested as an interesting avenue for 

monetary growth. This research looks into the possibility of using weighed-down 

brick as a coarse and high-quality mixture in new concrete. In place of herbal sand 

and coarse aggregates, crushed brick aggregate is used. The flexural and 

compressive strengths of concrete prepared with natural aggregates were similar to 

those of concrete prepared with synthetic aggregates up to ninety days of age. All of 

the following parameters were calculated: water absorption, porosity, shrinkage, and 

permeability. The results could suggest that it is possible to render concrete with 

firmed bricks (coarse and satisfactory) with properties comparable to natural 

aggregates concrete if the proportion of recycled aggregates is limited to 25% for 

coarse 50% for fine aggregates (Debieb & Kenai, 2008). Various data in their article 

imply that rubber debris from scrap tires helps minimize dry shrinkage of cement 

mortars due to their sensitive properties. The addition of rubber powder to cement 

concrete improves its frost resistance greatly. Coarse rubber particles (three to four 

millimeters in diameter) on the other hand, provide little to no high-quality final 

product. The right quantity of rubber in concrete minimizes porousness, while too 

much rubber might be hazardous (Zhang et al., 2006). 
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2.2 The ratio of the Recycle material: 

Despite the fact that many fabric recycling schemes are recommended, the 

genuine administration of construction and demolition (C&D) waste recycling 

substances is restricted to a few types of solid wastes. When considering recyclable 

materials, three significant factors must be considered: (i) economy, (ii) 

compatibility with other materials, and (iii) fabric properties (Fujikake et al., 2003) 

et al., 2003). Recycling construction and demolition (C&D) waste is only financially 

viable when the recycled product is competitive with natural assets in terms of 

material value and volume. In areas where raw materials and landfilling sites are 

scarce, recycled materials will be more competitive ((Tam & Tam, 2006).  Utilizing 

recycled mixture is a critical step toward long-term development in the concrete 

industry and building management in the West. Recycled mixture (R.A.) is a viable 

alternative to herbal aggregate that aids in environmental restoration. The variability 

of the mixture properties is one of the critical parameters influencing the use of 

recycled combinations. The quality of the recycled mixture is influenced by the best 

substances being gathered and delivered to recycling plants. As a result, due to 

modern barriers to recycling plants, manufacturing of recycled combinations at a 

desirable fee and best is difficult to achieve. Customers are concerned about the 

consistency of manufacturing and the variability in combination properties due to 

these issues. The primary goal of the current lookup challenge is to examine the 
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variability of mixture houses, and the impact on concrete produced with 50 percent 

recycled mixture has been investigated.  

 

2.3 Ordinary Portland cement replaced by fly ash: 

The objective of sustainable development and environmental management 

marketing have put pressure on all businesses, including building, to use elegant 

environmental protection approaches (Tam & Tam, 2006). Building with natural 

resources is no longer considered environmentally friendly. The disposal alternative 

hierarchy divides environmental impacts into six stages, from low to high: eliminate, 

reuse, recycle, manure, incinerate, and the landfill. The "3Rs" are the three most 

popular waste disposal strategies: reuse, recycle, and reduction. Coordination 

between all parties engaged in the design and building process is essential for 

eliminating on-site production waste. Recycling, as one method of waste reduction, 

has three advantages (Edwards et al., 1999): it reduces the demand for new 

resources, reduces transportation and manufacturing electricity costs, and uses waste 

that would otherwise be disposed of in landfills. Construction and demolition (C&D) 

waste, which includes collapsed concrete (foundations, slabs, columns, boards, and 

so on), bricks and masonry, plants, and unique supplies such as drywall, glass, 

insulation, roofing, metal, pipe, mortar, and soil, accounts for a significant portion 

of overall waste. 
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The use of cement concrete (PCC), which is used in Portland, has many 

benefits and improves average total concrete performance in the smooth and 

complex states. The inclusion of fly ash in concrete enhances the working ability of 

plastic cement and the electricity and solidity of hardened cement. In addition, fly 

ash is economical to use. The volume of Portland concrete can be reduced further 

when fly ash is added into concrete. Pervious concrete should therefore be taken into 

account. Since "non-fine" aggregates exist, the compressive energy of the previous 

concrete mix can be increased by a small portion of the best particles. Exceptional 

particles are directly related to the strength of paste and mortar. They were increasing 

the strength of the cement mix by providing an older, thicker layer of spherical 

ground aggregates (Schaefer et al., 2009). 

 

2.4 Compressive strength development of pervious concrete: 

The (natural mix substitution of fresh concrete) and unbound are the two 

most common methods of recycled concrete debris (road base, trench, etc.). Despite 

the fact that unbound usage accounts for the vast majority of volumes more than 

90%, recent publications have shown optimal concrete qualities with up to 30% 

combination choice of new concrete mix designs (Coventry, 1999; Hendriks and 

Pietersen, 2000; Masters, 2001). A recent National CP Tech Centre document titled 

Mix Design Development for Pervious Concrete in Cold Weather Climates 



 

10 
 

(Schaefer et al. 2006) provides an overview of the on handwriting involving the 

upgrade components, fabric properties, floor attributes, and pervious pavement 

strategy, development, maintenance, and herbal problems for PCPC. The study's 

major goal was to develop a pervious concrete that could endure freeze-thaw cycles 

while retaining outstanding friendly and permeability for pavement applications. 

The typical pervious concrete mix form used in the United States includes concrete, 

single-sized coarse whole (i.e., between 25mm and 100mm), and water to solidify 

share varying from 0.27 to 0.43. The compressive first-rate of pervious stable ranges 

from 5 to 20 MPa, with a void proportion ranging from 14 to 31 percent and a 

porousness ranging from 0.025 to 0.6 cm/sec. 

The benefits of pervious concrete include improved slip resistance by 

expelling water that creates sprinkles and splashes at precipitation events, reduced 

commotion, reducing warmness islands in major city parks, protecting organic 

neighborhood structures, and limiting the rate at times. Surface coarse pervious 

stable asphalt frameworks have been planned for use in Europe and Japan. 

The ISU inquiry involved looking at the chemicals used in previous 

concrete, the ordinary share and specimen processing, the resulting fine and 

penetrability, and the results of freeze-thaw cycling. Several full sizes were tested, 

as well as limestone aggregates and flow run rock. There is a target spectrum of void 

percentage anywhere between 15% and 19% in the determination, in which the great 
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and porousness are sufficient for the anticipated purpose. The ensuing freeze-thaw 

experiments proved that a potent mixture is possible. Compaction was becoming 

more uniform in the top 150mm, according to tests from a Sioux City, Iowa website, 

with low compaction creating excessive voids and low first-class in the base layer.  
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3. Chapter-3 Experimentals of pervious concrete 

pavement 

3.1 Materials and Methods: 

3.1.1 Recycled materials: 

Of all particular industries, the improvement company is the most 

significant user of all-natural (such as gravel, sand, clay, and lime) and produced and 

synthetic materials. There has been some unplanned, unregulated, and haphazard 

mining of mineral sources such as limestone, clay, iron ore, bauxite, coal, and so on 

over the last 50 years or so. Furthermore, the expansion of factories is constantly 

dumping vast amounts of wastes and byproducts such as fly ash from thermal energy 

plant industries, blast furnace slag from the iron industry, pink mud from the 

aluminum industry, etc. In addition, a large amount of municipal waste is created 

every day in every Indian city and around the world. Every day, the Indian city of 

Delhi produces approximately 650 heaps of garbage. By 2025, this area could 

produce an additional 1,800 tons. 

In most cases, the waste areas are located miles outside of town. Such 

waste disposal is a Herculean task that necessitates a landfill site as well as diesel 

for transportation. When garbage tends to collect and landfill sites become less 

available and viable, it is essential to recycle and use it as a building material more 
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often than not in order to achieve sustainable development goals (SDG). 

Infrastructure construction makes use of the first-rate extent of material which can 

moreover be recycled materials. 

 

3.1.2 Ordinary Portland Cement: 

Ordinary Portland cement is a widely used cement of all types. The 

ordinary Portland cement is not recommended to be used, and the location of 

construction where the soil contains sulfates because the OPC cement is not resistant 

to sulfur attack. Ordinary Portland cement is extremely resistant to cracking and 

shrinking. OPC's initial setup time is longer than PPC's because OPC is finer than 

PPC. The OPC cement cannot be employed on a big basis. It has a greater heat of 

hydration than PPC, which can induce structural cracking. It has a greater 

permeability and might reduce the structure's durability. 
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The general extents of its four dominant artificial compounds and the 

degree of fineness of the clinker grinding vary in kind in ordinary Portland 

concrete (OPC). 

Table 3-1: Compounds constitute OPC: 
 

 

Name of bogue compound Chemical formula Abbreviation 

Di-calcium silicate Ca2.Sio2 C2S 

Tri-calcium silicate Ca3.SiO5 C3S 

Tri-calcium aluminate Ca3Al2O6 C3A 

Tetra calcium aluminate ferrite Ca4Al2Fe2O10 C4AF 

       Figure 3.1: Ordinary Portland Cement 
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3.2 Aggregates: 

3.2.1 Fresh Coarse aggregates: 

The coarse aggregates were initially viewed as a true filter for concrete to 

reduce the amount of cement required. However, the type of mixture used for 

concreting has a significant impact on the plastic and hardened kingdom residences 

of concrete. They can shape up to 80% of the concrete mix, making their homes 

essential to the properties of concrete. The coarse aggregate is divided into four 

wonderful categories: heavyweight, average weight, lightweight, and ultra-

lightweight coarse aggregate. However, we mainly used normal-weight concrete 

particles and lightweight coarse aggregate. Specific types of mixtures are entirely 

for professional uses, such as nuclear radiation shielding provided by heavyweight 

concrete and lightweight concrete used for thermal insulation. 

• Classification of the coarse aggregate: 

The preference used for the production of top-notch concrete is to be provided with 

a coarse combination in at least two dimension groups. 

• The term "coarse aggregate" refers to material larger than 4.75mm in size. 

However, a few properties are managed by the combination but are lacking 

in the parent rock: particle size, floor texture, and absorption. Every one of these 

structures has an impact on the concrete, whether it is new or solidified. It used to 
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be thought that whole could also show up as inadmissible on some tests, but this is 

no longer the case when used in concrete. 

                                                               

3.2.2 Properties of the aggregate: 
 

By selecting various aggregate sizes and types and various aggregate-to-

cement proportions, a wide range of cement can be delivered financially to meet a 

variety of needs. 

 

3.3 Fly ash: 

It is the waste fabric extracted from the gases emitted by coal-fired 

furnaces, typically from thermal power plants, that is referred to as fly ash, and in 

                 Figure 3.2: Coarse Aggregate 



 

17 
 

other words, the mineral residue that is left behind after the combustion of coal is 

referred to as fly ash. Vegetation collects these fly ashes with the help of a robust 

Electro Static Precipitator (ESP).                                            

Fly ashes are micro-sized particles made up primarily of alumina, silica, and 

iron. Fly ash particles are typically spherical, making it easier for them to combine 

and flow, allowing them to form an appropriate connection. The fly ash generated 

contains minerals of both amorphous and crystalline nature. Its composition varies 

depending on the type of coal used in the burning process; however, it is non-plastic 

silt. Fly ash from a thermal energy plant must be collected for this study. ASTM 

C618 specifies two types of fly ash for use in concrete: 1) Class F, which is typically 

derived from the combustion of anthracite or bituminous coal, and 2) Class C, which 

is typically derived from the combustion of lignite or sub-bituminous coal. ASTM 

                                                Figure 3.3: Fly ash 
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C618 also specifies the physical, chemical, and mechanical properties of these two 

types of fly ash.  

Class F fly ash is pozzolanic, meaning it has little or no cementing rate. 

Class C fly ash has self-cementing as well as pozzolanic properties. As a result, in 

our investigation, we will use classification C fly ash to provide more excellent 

stability and binding property to the soil. The essential constituents in fly ash are 

silica and alumina, up to 85 percent, and the specific constituent is 30 percent. In the 

below, table number 3.2 the constituents of fly ash has been described with their 

optimum percentage. 

 

Table 3-2: Constituents of fly ash: 
 

 

Constituents of fly ash 

(% mass) 

Values 

Silica (SiO2) 60-62 

Alumina (Al2O3) 19-25 

Ferric oxide (Fe2O3) 6-8.12 

Calcium oxide (CaO) 1.5-2.9 

Magnesium oxide (MgO) 0.1-0.82 

Titanium oxide (TiO2) 0.24 

Free lime content 0.75 
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Fly ash has the potential to increase the workability of concrete greatly. 

For the Ghatghar dam project in Maharashtra, India, techniques for substituting 

partial cement with high-volume fly ash have recently been developed. 

The spherical shape of fly ash particles will increase cement workability 

while reducing water demand. Fly ash supporters say that replacing Portland cement 

with fly ash decreases the greenhouse gas "footprint" of concrete since the 

processing of one ton of Portland cement produces roughly one ton of CO2, while 

fly ash produces no CO2. The processing of new fly ash, i.e., coal combustion, 

releases about 20 to 30 tons of CO2 per ton of fly ash. 

 

3.4 The advantages and disadvantages of fly ash used in pervious 
concrete pavement: 
 

 3.4.1 Advantages: 
 

 The use of Fly Ash is environmentally friendly as waste material from 

industries because it reduces the amount of Portland cement (a significant 

contributor of CO2) required in concrete. 

 Fly ash in the concrete mix is efficiently replaced by cement, resulting in 

significant savings in concrete material prices. 

 Fly ash contains tiny particles that make the concrete dense and reduce its 

permeability. It can increase the compressive strength of the pervious. 
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 It also aids in the reduction of hydration heat. The pozzolanic reaction 

between lime and fly ash generates significantly less heat, preventing thermal 

cracking. 

 Concrete made from fly ash is resistant to acid and sulfate attacks. 

 

 3.4.2 Disadvantages: 
 

 The quality of fly ash can have an impact on the strength and durability of 

cement concrete. 

 Poor quality fly ash can increase the permeability of the concrete and cause 

structural damage. 

 In concrete, there is a greater need for air-entraining admixtures. 

 The rate of gain of strength in concrete gets slow. 

3.5 Mix design and proportions of concrete: 
 

Concrete mix design is the process of determining the proper proportions 

of cement, fly ash, admixture, water, and coarse aggregates for concrete to achieve 

the desired strength in structures. As a result, the concrete mix design can be stated 

as Concrete Mix = Cement: Aggregates of M15 (1:4) and M20 (1:3) grade of 

concrete. Furthermore, superplasticizer (polynaphtalene sulfonates) will be added as 

0.7% and 0.8% of cement weight, 1% superplasticizer can reduce the water up to 



 

21 
 

20% so more than 20% reduction in water may reduce the overall strength of 

structure.  

 

3.5.1 Compressive strength of the standard concrete: 
 

There are numerous tests that can be applied to concrete, the most 

important of which provides information about all of the characteristics of concrete. 

This test is known as the test of compressive strength. We can tell if Concreting was 

done correctly or not by this single test. Several factors influence concrete 

compressive strength, including cement fineness, water-cement ratio (w/c), cement 

strength, concrete content quality, and quality control during the production process. 

As a consequence, compressive pressure can be calculated on a cube or a cylinder. 

Various standards codes are prescribed for a concrete cylinder or concrete cube as 

the standard specimen for the test. 

This concrete is poured into the mold and ideally tempered at 25 blows at 

three distinct equivalent layers to stop voids. The molds are discarded after 24 hours, 

and the test specimen is put in room temperature water to heal. The top surfaces of 

these specimens should be even and smooth. This is achieved by adding cement 

paste to a specimen's entire surface. 
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After seven days or 28 days of curing, these specimens are tested for 

compressive strength using a compressive strength testing machine. Loads must be 

applied at a constant rate of 140kg/cm2 per minute until the specimen fails. The 

compressive strength of concrete is given by the load at the failure being uniformly 

distributed across the surface area of the specimen. 

 

3.5.1.1 Preparation of cylinder specimens: 
The ingredient amount and proportion for making the cylinder specimens 

are the same as using concrete in the field. 

 

Figure 3.4: Standard compressive strength cylinder 
mold 
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3.5.1.2 Mixing of the ingredient: 
 

 In the laboratory, mix the concrete by hand or with a concrete mixture 

machine. 

 To start the machine, the main power switch should be turned on, and then red 

power button should be on to start the machine. 

 With the help of a handle/driver, the machine's drum can be rotated 360 

degrees. 

 Each activity has a different degree of rotation. 

 To load the drum with materials, it should be kept at 60 degrees. 

 When mixing, the drum should be kept at 90 degrees, and when unloading, it 

should be kept at 45 degrees. 

 

                 Figure 3.5: Concrete Mixture Machine 
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3.5.1.3 A sampling of the concrete cylinder: 

 Clean the cylinder and apply the grease to the inside surface of the cylinder. 

 Fill the cylinder with concrete in three equal layers. 

 Using a tamping rod with a bullet-pointed end, compact every layer with no 

less than 25 strokes per layer. 

 Ensure that the pinnacle ground is leveled and that you have a trowel handy. 

 

3.5.1.4 Curing of the concrete cylinder: 
Curing is one of the essential phenomena of concrete, which compensate 

for the evaporation loss. At the very beginning of the curing, the bogue compounds 

of concrete start reacting with water, and it results in preventing the structure from 

strength loss. It means curing is not because cement required more water for its 

          Figure 3.6: Cylinder mold with concrete 
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hydration. However, to compensate for the evaporation losses of sand, aggregate, 

absorb water, interlayer water, capillary water, and pores water. Therefore, this water 

does not contribute to the hydration of cement. The only water that can remove easily 

from the concrete is structural water or chemically bonded water, and this water 

contributes to the hydration of cement. During curing, the temperature should be 

between 24-30 degrees Celsius. The humidity should be 90%. For this research the 

water curing has been done to perform the compressive strength of concrete 

cylinders. 

The curing can be done in two ways: 

1. Water curing 

2. Steam curing 

Note: Steam curing is a superior method of concrete for any for any concrete having 

water-cement ratio 0.3 to 0.7 concerning water.  

3.5.1.5 Procedure for testing compressive strength: 

 After the specified curing time, remove the specimens from the water and 

wipe away any excess water from the surface. 

 Take the specimen's dimensions to the nearest. 

 Clean the compressive strength testing machine on is bearing floor. 

 Place the specimen in the compressive strength testing machine so that the 

load is evenly distributed across the cylinder. 
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 Place the specimen in the center of the machine's base plate. 

 Gently rotate the movable component with your hand until it touches the upper 

and lower floors of the specimen. 

 Apply the load steadily and continuously, excluding shock, at a rate of 

140kg/cm2/minute until the specimen fails. 

 Recorded the most load and be aware of any individual factors influencing the 

type of failure. 

 

3.5.1.6 Note: 
At each age, a minimum of three specimens must be examined. If the 

strength of any specimen varies by more than 15% of the average strength, the results 

of such specimens must be rejected. The most common of these specimens provide 

concrete's crushing or compressive strength. Concrete's compressive strength 

gradually increases with age. The table below compares the compressive strength of 

concrete at extraordinary long times to the strength at 28 days after casting. 
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Table 3-3: Compressive strength of concrete (M15 & M20) at 
various ages: 

Age 

(day) 

Compressive Strength (%) 

xN/m2 

1 10-15 

3 45-50 

7 65-70 

14 85-90 

28 0.7 of yN/m2  

(Ultimate Strength) 

 

3.5.2 Compressive strength of pervious concrete: 
 

Pervious concrete combinations increase compressive strength range from 

3.5Mpa to 28Mpa in the laboratory, which is fantastic for a wide range of 

applications. Typical values are in the range of 17Mpa. The properties and aggregate 

of special materials, as well as placement techniques and environmental 

prerequisites, will dictate the actual in-place strength, just as they do with any 

concrete. However, there is currently no ASTM check standard for the compressive 

strength of previous concrete. The compressive strength of standard concrete at 

different ages has been described in the table number 3.3. If the concrete will have 

sufficient curing then concrete will have certain compressive strength as mentioned 

above in the table.  
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Figure 3.7: Concrete cylinders for compressive strength test 

 

Because testing variability is substantial when using multiple draft test 

techniques, compressive strength is not suggested as some acceptance criteria. 

Rather, a target void content (between 15% and 25%) as assessed by ASTM C 1688: 

Standard test technique for density and void content of freshly mixed prior concrete 

is suggested for quality assurance and approval. 
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Figure 3.8: Universal Testing Machine 

 

3.5.2.1 Density and porosity:      
Pervious concrete density is determined by the residences and proportions 

of the materials used and the compressive techniques used in positioning. Area 

densities ranging from 1650 kg/m3 to 2200 kg/m3 are standard within the range of 

lightweight concrete. A 125mm thick pavement with 20% voids will be able to retain 

25 mm of a sustained rainstorm in its voids, which covers the vast majority of rainfall 

activities in the United States. 

 

3.6 permeability of pervious concrete: 
 

The permeability of pervious concrete was once decided the usage of 

constant head permeability set up figure 3.9. Water used to be allowed to go with 
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the flow through the coarse combination sample via a linked standpipe which affords 

the water head. Before beginning the float dimension, the samples had been put 

higher and decrease porous plates. Then the test started the water to flow through 

the sample until the water in the standpipe reached a given steady state. The 

permeability of the coarse aggregate was once evaluated from the expression given 

below. 

 

 

K= qL/Ath 

Where k = coefficient t of permeability in cm/sec 

 

Figure 3.9: Constant head permeability test apparatus 
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q = Discharge in cm3/sec 

L = Length of specimen in cm 

A = Cross-sectional area of specimen in cm2  

t = time for discharge in seconds 

h1 & h2= It is proportional to the vertical distance between the steady funnel head 

degree and the reservoir spill level in size L, in cm of water. 

The previous concrete issue's permeability is no longer a vital format 

criterion. Consider a pervious concrete paving device that sits on top of real drainage 

soil. The fashion designer must ensure that the permeability is sufficient to 

accommodate any rain falling on the pervious concrete surface. However, the charge 

through the subgrade could be more stringent. 

 

3.6.1 Storage capacity of the pervious concrete: 
 

A pervious concrete device's storage manageable is typically configured 

for complex rainfall events that are determined by the use of nearby specifications. 

The total amount of rain is significant, but the infiltration charge of the soil should 

also be considered. The pervious concrete pavement (PCP), the functionality of any 

sub-base used, and the amount of water that exits the unit by penetrating the 

underlying soil were all entirely stored. If the previous concrete has 15% exceptional 

porosity, every 25mm of pavement depth will save 4mm of rain. A 100mm thick 
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pavement with 15% high-quality porosity on the pinnacle of impenetrable clay, for 

example, may tend to hold up to 16mm of rain before leading to more rainfall runoff. 

The bub base is another essential storage furnishing. Porosity can be reduced in a 

typical mixture of sub-base and excessive exceptional material (about 20 percent). 

The high float intensity resulting from water running downslope often washes out 

subgrade products, undermining the pavement. 

 

3.6.2 Improvement of the compressive strength of previous concrete: 
 

 The primary goal of our project is to use recycled and waste materials to 

improve the strength properties of pervious concrete (Huang et al., 2010). 

 The previous concrete enhancement's compressive strength can be carried    

out by- 

(a) Inclusion of a certain number of fine aggregates 

(b) Inclusion of a certain amount of cementitious materials 

(c) Uses a unique mixture, such as coarse aggregate in small and medium sizes. 

(d) Uses a low water-cement ratio, and so on. 

 Of the methods listed above, we preferred the addition of a limited variety of 

high-quality aggregates and the addition of cementitious substances such as 

fly ash and recycled coarse aggregates. 

 Pervious concrete compressive strength is inversely proportional to its 

permeability. When compressive strength increases, permeability decreases 

and vice versa. 
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 The essential function of pervious concrete is permeability. We no longer 

want to ignore the impact of permeability by improving the power. 

 Theoretically, it is stated that the compressive strength traits would be 

strengthened if the fine mixture contains 5-10% coarse aggregates.  
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4. Chapter-4 Results and discussion  
 

Outline: 
 

This section includes the results of the compressive strength evaluation as 

well as the permeability coefficients. It presents the data in a graphical format to 

make the connection between results even easier to understand. Furthermore, this 

section discusses and examines several possible causes that might have affected the 

result. 

 

4.1 Expected results from the experiment: 
 

The incorporation of fly ash and superplasticizer in the concrete mixture 

improved, and both the substitution of cement and the fine aggregate combination 

had an impact on the mechanical properties of concrete. Following are the standard 

evaluation findings as a result of replacing cement with fly ash and adding 

superplasticizer additionally and reclaimed materials with coarse aggregate. Using 

fly ash in concrete as a replacement for concrete or as a high-quality blend can 

improve the workability of the concrete; when fly ash with superplasticizer is present 

in the concrete mixture, the cement placement period increases. Fly ash concrete has 

lower compressive strength than conventional concrete at an early age; however, it 

achieves greater extreme compressive strength than traditional concrete. 
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4.2 Results 

4.2.1 Compressive strength of the concrete: 

All concrete blended with waste materials fly ash have greater 

compressive strength than the standard mixture. Total 12 numbers of concrete 

cylinders were prepared; two of the concrete blends were made entirely of typical 

ordinary Portland cement (no-fly ash content). The remaining 10 concrete samples 

were generated using fly ash material and superplasticizer as a fractional 

replacement to cement, such as 10%, 20%, 30%, 40% and 50%. According to the 

ingredient ratio, the volume of water, coarse concrete, and asphalt substituted by fly 

ash for the whole blend. Due to an angular shape of coarse aggregate having 20-

40mm diameter, the interlocking property of concrete increases and it induce the 

high compressive strength in the structure. Having water-cement ration in between 

30-50% play an essential role to increase the compressive strength, more than 50% 

of water-cement ratio in pervious concrete tends to high shrinkage and cracking. In 

the table numbers 4.1 and 4.2 the compressive strength of concrete has been 

performed after adding fly ash as a replacement of cement up to 50% and recycled 

coarse aggregate as a replacement of fresh coarse aggregate. For M15 grade of 

cncrete, 0.7% of superplasticizer has been used as a reduction of 15% water. For 

M20 grade of concrete, 0.8% of superplasticizer has been used as a reduction of 17% 

water.  
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Table 4-1:  The mixed ratio of constituent for M15 grade of 
concrete(C:C.A) = 1:4.0: 

Substituti

on ratio 

of fly ash 

(%) 

Coarse 

aggrega

te (kg) 

Recycled 

coarse 

aggregate(

kg) 

Ceme

nt 

(kg) 

Water 

ceme

nt 

ratio 

Fly ash 

(kg) 

Superplas

ticizer 

(%) 

28-

days 

Compr

es sive 

strengt

h 

(Mpa) 

0 6.000 6.000 3.000 0.40 0 0 17.2 

10 6.000 6.000 2.700 0.25 0.300 0.7 19.3 

20 6.000 6.000 2.400 0.25 0.600 0.7 21.8 

30 6.000 6.000 2.100 0.25 0.900 0.7 23.1 

40 6.000 6.000 1.800 0.25 1.200 0.7 24.9 

50 6.000 6.000 1.500 0.25 1.500 0.7 21.8 
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According to the above table and figures 4.1 and 4.1, the maximum 

compressive strength of the concrete is 24.9Mpa as the fly ash content is 40% and 

having 50% recycled coarse aggregate. 
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                   Figure 4.1: Compressive strength Vs fly ash 1
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Table 4-2: The mixed ratio of constituent for M20 grade of 
concrete(C:C.A) = 1:4.0: 
 

             

 

 

Substituti

on ratio of 

fly ash 

(%) 

Coarse 

aggrega

te (kg) 

Recycled 

coarse 

aggregate

(kg) 

Cement 

(kg) 

Water 

ceme

nt 

ratio 

Fly ash 

(kg) 

Super 

plasti

cizer 

(%) 

28-

days 

Compr

es sive 

strengt

h 

(Mpa) 

0 4.350 4.350 2.900 0.40 0 0 20.3 

10 4.350 4.350 2.610 0.23 0.290 0.8 22.9 

20 4.350 4.350 2.320 0.23 0.580 0.8 24.8 

30 4.350 4.350 2.030 0.23 0.870 0.8 27.8 

40 4.350 4.350 1.740 0.23 1.160 0.8 24.9 

50 4.350 4.350 1.450 0.23 1.450 0.8 21.2 
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According to the above table and figures 4.2 and 4.2, the maximum 

compressive strength of the concrete is 27.8Mpa as the fly ash content is 30% and 

having 50% recycled coarse aggregate. 
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                     Figure 4.2: compressive strength Vs. fly ash 2
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According to table and figures 4.1 and 4.2,  the concrete mix with 30% fly 

ash alternative of cement had the highest compressive strength among all fly ash 

mixtures at all ages. It is also obvious that when the proportion of fly ash in a 

concrete mix increases over 25%, the compressive strength drops.  

However, at 40% substitution, the compressive strength was lower than it 

is now; the compressive strength of pervious concrete would increase with the 

addition of fly ash due to the pozzolanic reactivity of the fly ash and the fineness of 

the particles, which extended the microstructure of the hardened concrete due to 

packing and filling impact. In this mixed concrete, 30% fly ash is found to be a 

pleasant cement substitution ratio—ordinary concrete. Since fly ash has reactivity 
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                  Figure 4.3: Compressive strength Vs. fly ash 3
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with Ca(OH)2 which is the product obtained by the hydration of cement clinker C3S 

(Tricalcium Silicate) and C2S (Dicalcium Silicate). Ultimately purposeful addition 

of fly ash in high quantity will reduce the quantity of binding gel which is obtained 

by reaction of fly ash and Ca(OH)2 in presence of moisture. 

 

4.3 Effects of Superplasticizer on pervious concrete:  
 

Table number 4.1 and 4.2 represent the result of effects. An aggregate size 

of 20-40mm coarse aggregate were used for the experiment, to examine the effects 

of super plasticizers upon the strength and water permeability of permeable concrete. 

The mixed ratio uses an aggregate of the diameter 20-40mm. When in M15 grade of 

concrete, 0.7% super plasticizer was mixed with 40% fly ash as a replacement of 

cement, the strength achieved was higher in comparison with the other super 

plasticizer ratio. In M20 grade of concrete mixed with 0.8% super plasticizer with 

30% of fly ash as a replacement of cement, the strength achieved was higher. Using 

a super plasticizer up to 0.7% to 0.8% can achieve significant effects.  
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4.4 Permeability of the fresh and recycled coarse aggregate: 
 

Permeability is a pervious concrete property that requires water to flow 

into it. In general, we can calculate permeability using two methods: steady head and 

falling head permeability tests. In our assignment work, we performed a constant 

head permeability test, and the results are adequate for previous concrete. We used 

a mold with dimensions of 30cm in height and 15cm in diameter to calculate the 

permeability of pervious concrete, as below in table 4.3. Permeability tests are 

performed after 28 days from preparation for standard pervious concrete (0 percent 

fines), pervious concrete with 50 percent reclaimed coarse aggregates, and pervious 

concrete with 30 percent fly ash as a cement substitute. As per the highest strength 

out of both grades the permeable test of  M20 grades of concrete having constituents 

of fly ash has been performed with the help of permeable apparatus and the average 

of all has been taken out.   

Calculation for the Coefficient of permeability (K) of first readings: 

Discharge (Q) = 1000cm3 

Time (t) = 58.4sec 

Length (L) = 30cm 

Head difference (H) = 120cm 

Cross-sectional area = πr2 = Π(15)2 = 176cm2 

Coefficient of permeability (K) = ql/Ath 
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                                                     = 1000*30/176*58.4*120 

                                                     = 30000/1233408 

                                                 K = 0.024cm/sec 

                                                           

Table 4-3: Coefficient of permeability (K) of Recycled coarse 
aggregate and fresh coarse aggregate: 

Discharge 

(Q) 

(cm3) 

Time 

(t) (sec) 

Lengt

h 

(L) 

(cm) 

Head 

difference 

(H) 

(cm) 

Cross-

section 

Area 

(A) 

(Cm2) 

 

Coefficient 

of 

permeability 

(K) 

(cm/sec) 

1000 58.4 30 120 176 0.024 

1000 56.9 30 120 176 0.024 

1000 56.2 30 120 176 0.025 

1000 58.8 30 120 176 0.024 

1000 57.9 30 120 176 0.024 

 

The coefficient of permeability for standard pervious concrete with 50% 

recycled coarse aggregates and 0.8% superplasticizer is 0.024 cm/sec. The regular 

and recycled coarse aggregates are responsible for the highest permeability values. 

As long as the pours of concrete fill with fines, the permeability will get reduce due 

to less voids so the selection of more fines will result as a low permeability. 
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Chapter-5 Conclusion and scope for the future work 
 

Pervious pavements can play a significant role in the efficient management 

of storm water. They have the possibility of transforming a common source of 

rainwater runoff into an effective management exercise for collecting, preserving, 

and infiltrating storm water into the natural environment. 

This pavement requires water to flow through it, preventing heavy 

rainwater from washing over and off of it. Water instead percolates into or between 

the material elements. More rainwater is retained in the soils or water storage 

structures, resulting in less surface erosion and sediment washing downstream. 

Reduced storm water discharges have been achieved, as have 

improvements to water quality, including lower dissolved solids and a reduction in 

chemical pollution. Although they can be a helpful tool, their design and 

construction must consider structural and hydrological problems to ensure that they 

have competitively priced solutions over the diagram's existence. 

• Fly ash is one of the deposits formed during the coal-burning process. About 

40% of this fly ash is used in several manufacturing uses, while the remainder is 

discarded. The use of fly ash in concrete as an alternative to cement or a suitable 

combination increases concrete workability while improving long-term compressive 

strength. The following is the outcome: Owing to the fineness and spherical structure 
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of the particles, the consideration of fly ash has increased the overall consistency of 

concrete regardless of the replacement level for the whole mixture.  

• The coarse aggregate dimension, water to cement ratio, and mixture to cement 

ratio all play an essential role in the compressive strength of pervious concrete. 

• The most compressive strength of pervious concrete paving of M20 was 

achieved using 30% fly ash as a cement replacement and 40% for M15. 

• The most compressive resistance was achieved using a 50 percent recycled 

coarse mixture as an alternative fresh coarse mixture. 

• The inclusion of fines and the selection of cementitious materials will reduce 

the coefficient permeability (k) of pervious concrete. 

• As a result, it is assumed that adding 30% fly ash and 0.7% superplasticizer 

in M15 grade of concrete and 40% fly ash and 0.8% superplasticizer in M20 grade 

of concrete and 50% recycled coarse aggregate in both grade to pervious concrete 

would meet all of the compressive strength and permeability requirements of the 

pervious concrete pavement. 

In the future,  superplastic will have the most percentage in terms of water 

reducing agent and strength enhancement. Also for the less strength required 

concrete structure fly ash will results in maximum replacements of cement which 

will result in a removal of CO2 emission and it will make a sustainable environment. 
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Furthermore, the plastic waste will be used together with fly ash and superplasticizer 

to gain maximum compressive strength.  
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