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Abstract: Concrete Paver block is used for a wide variety of street and other building applications. Infrastructural development is 

at its peak throughout the world and is a symbol of growth for any country. Today, despite the scarcity of raw ingredients, concrete 

use is steadily increasing throughout the world. Since cement is the main concrete component, it has a greater environmental impact 

on global warming, as 10% of total carbon emissions are related to the cement industry. Portland cement produces significant 

amounts of carbon dioxide (CO2), which causes global warming and is therefore a greenhouse gas. It has thus become important to 

reduce the use of cement and to find suitable waste material that can be used to partly substitute cement and enhance concrete 

characteristics. There is a solution named "Green concrete" to some degree nowadays Green concrete may be identified with the 

material as a partial or full replacement of cement or as fine or coarse aggregates. Green concrete can adopt methodologies of 

removal, reuse, and recycling, or any two similar methods. The aim of the paper is to discuss the use of green material in construction 

as a solution to two environmental problems-one, the disposal of large amounts of fly ash, the thermal power plant by-product, 

causing environmental degradation by large settlement areas and two, a high percentage of CO2 emissions from cement factories 

into the atmosphere. This research continues to investigate the behaviour of these sustainable paver blocks of M50 grade concrete 

under environmental temperatures. Replacing up to 5%, 10%, 15%, 20% and 25% of fly ash and GGBS hybrid mixture each by 

weight of cement makes one designs namely A1 to A5 and Replacing 25% and 50% of fly ash by weight of fine aggregate and 

makes second design B1 and B2.The study of compressive strength (CS) and water absorption test  done in this study to get the 

idea of sustainable paver block and M50 grade control mix concrete paver block is also casted to compare the results and at last rate 

analysis is conducted to ensure the feasibility of paver block. 
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1. Introduction: 

Concrete is the world's most widely produced commodity for building. The high compressive strength and versatility in 

concrete forms allows it the most widely used building tool as it can be placed and molded in many designs. Concrete has the 

ability to combine and shape structural elements with steel or recently carbon or glass fiber reinforcements. In contrast, its 

adaptability and comparative strength in comparison to other building materials earned concrete its chosen characteristics. A 

pollution free and environmentally friendly future can only be accomplished through the use of green concrete in the building 

industry. Green concrete is generated through the efficient use of waste produced in the concrete industries and it is one of the 

innovative topics that reduces environmental impact by reducing CO2 emissions. By using natural resources as advancement of 

concrete technology, the load of pollutants on the environment can be reduced. Natural resource costs are increasing day by day, 

leading to alternative ways such as material recycling etc. 

Cement concrete pavement blocks are solid precast concrete products. The product is produced in different sizes and 

shapes. Rectangular, round blond and square. In rural area internal street road construction is under progress, flexible & rigid 

roads are constructed in combination according to need. Generally flexible payments are constructed outside the village 

boundary. However the rigid payments are laid inside the village portion. The cost of rigid paving is shown to be very high 

when compared with flexible payments. The Concrete block pavement (CBP) was first used as a substitute for baked clay wall 

paths in the Netherlands in the early 1950s. Because of increasing bitumen paving rates, the CBP gained popularity as well as 

the more desirable design of CBP, lowered construction costs and easy maintenance. Many industrial solid waste has properties 

that fit concrete; the most famous are blast furnace slag, fly ash and silica fumes that are currently used as supplemental cement 

materials (SCM) in concrete and are common in today's concrete industry, which have been shown to strengthen and grow the 

fresh and hardened properties of the concrete made., potential exists to increase the reuse of solid waste by investigating the 

possibility of using other solid industrial waste for concrete manufacturing. 

2. EXPERIMENTAL MATERIALS 

The materials utilized during the present research are as follows 

2.1 Cement 

The broadly and most generally utilized cement in all types of construction works is Ordinary Portland Cement (OPC). The cement 

of OPC 53 was used for all concrete mixtures according to IS: 12269-1987.Whereas the water is included in the Portland cement, 

chemical reactions happen between the cement and water and thus coming about within the energy release and the cement paste 

event which is mindful for making hardened substance. This process of response happens between cement and water is named as 

the hydration process and the help of the energy during this process is named as the heat of hydration. For the research work, the 

Ordinary Portland Cement of 53-grade use. Figure 1 and Table 1 shows properties of cement which procured from local market, 

Ankleshwar, Gujarat. 
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Table 1 Cement physical characteristics 

Property Values for Cement IS:12269:1987 

Initial setting time 35 min 30 minutes min 

Final setting time 178 min 600 minutes max 

Specific Gravity 3.15 3.10-3.15 

 

2.2 Coarse aggregate 20mm 

The primary ingredients of the concrete are coarse aggregates that provide 70-75 percent of the bulk in the compounds of concrete. 

When mixed with cement and water, it is glued and the whole strong matrix is therefore linked in the course of a strong mass called 

concrete. Coarse aggregates are filler materials of larger sizes under construction. They are categorized according to the sizes of 

aggregated particles, as the name indicates. The coarse aggregate surface is less than fine aggregates. coarse aggregates are used in 

concrete, ballast on railway paths, etc. The locally available gross total size of 20 mm is used, graded as per IS 383:1970. Figure 1 

and Table 2 shows properties of 20mm graded coarse aggregate which procured from local market, Sevaliya, Gujarat. 

Table 2 coarse aggregate physical characteristics 

properties Values 

Source Sevaliya, Gujarat 

Fineness modulus 6.94 

Specific gravity 2.81 

 

2.3 Fine aggregate 

As per IS 383:1970 an aggregate which is retain on IS 4.75mm sieve is called fine aggregate. The sand is yellow coloured, white 

off, and rounded. Due to normal supply, building sand costs are zero, but transport costs are higher. Processing without the use of 

Blast materials or of Crushing machines is simple on standard machines. Sand has no radiation or concrete stones or other organic 

materials. Sand is used for reverse filling, mortaring and concrete, road paving and plasters, reinforced ready-mix concrete, 

construction blocks and building blocks of masonry. Figure 1 and Table 3 shows the properties of fine aggregate which procured 

from the local market, Bodeli, Gujarat. 

 

Table 3 fine aggregate physical characteristics 

properties Value 

Source Bodeli, Gujarat 

Fineness modulus 3.15 

 

2.4 Fly ash  
Fly ash (Class C) is the foremost broadly utilized material in this world The utilize of fly ash as concrete admixture not as it expanded 

specialized focal points to the Properties of concrete but moreover contributes to environmental pollution control. Since the 

significant commitment to environmental pollution and the tall consumption of characteristic resources like limestone etc. One of 

the down to earth arrangements to economize cement is to cement replaced with supplementary cementitious materials like fly ash. 

Major utilization of fly ash is a partial replacement, manufacturing of cement, blocks, bricks, wasteland development, and pavement 

construction. Figure 1 and Table 4 shows properties of fly ash which procured from, Vadodara, Gujarat. 

 

Table 4 chemical and physical properties of fly ash 

 

Chemical properties Values (%) Physical properties Values 

SiO2 52.34% Specific Gravity 2.07 

Al2O3 13.9% Fineness (m²/kg) 290 
Fe2O3 8.6% Bulk density (kg/m3) 1100-1200 
CaO 15.1% Colour (Visual observation) Dark Grey 
MgO 6.68%   

SO3 4.26%   

Free-CaO 0.15%   
 

 

 

2.5 GGBS 

GGBS will be collected by squeezing molten iron slag from the blast furnace, which is then dried up to a slight powder. GBS is 

produced in the furnace. The ground-granulated slag of a burning furnace is rich in CSH (calcium silicate hydrates), which increases 

the intensity and toughness of the concrete and its appearance. Figure 1 and Table 5 shows properties of GGBS which procured 

from, surat, Gujarat. 
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Table 5 chemical and physical properties of ggbs 

 

Chemical properties Values (%) Physical properties Values 

SiO2 31.23% Specific Gravity 2.91 

Al2O3 1.88% Fineness (m²/kg) 381 
Fe2O3 17.16%   
CaO 38.66%   
MgO 7.80%   

 

2.6 Superplasticizer 

SikaPlast1000 ES is ideal for high-end water reducing concrete admixture cum plasticizing in order to encourage accelerated 

hardness and obtain free floating concrete for precast applications particularly. Figure 1 and Table 6 shows properties of 

Superplasticizer which procured from, Surat, Gujarat. 

Table 6 typical properties of superplasticizer 

Typical properties 

Relative Density ~1.03 kg/l at 30°C 

pH Value ≥ 6 

Appearance / Colour Hazy white to yellowish liquid 

 

2.7. Water 

Water is a universally adopted key ingredient liquid for all types of work.in this research potable water is utilized for casting and 

curing purposes respectively. When water is mixed with cement it forms a paste that binds all aggregate together. The role of water 

within the concrete is most critical because of the water-cement ratio (w/c proportion). In this research w/c ratio is 0.33 taken out. 

Figure 1 Shows experimental materials used in this research are shown in below. 

2.8 Shape and Size of Paver Block 

Following Fig 1 and Table 7 show the typical properties of the Rubber Mould for Paver Block. 

Table 7 typical properties of rubber mould for paver block 

Product type Rubber Mould 

Height 80 mm 

Length 250 mm 

Width 125 mm 
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Fig 1 various experimental materials used in research 

 

3 Mix Proportion 

 All the mixes prepared are corresponds to M50 grade. For the design of mix IS: 10262-2009 & IS: 15658:2006 recommendations 

are adopted. 

The mix proportion of Industrial Waste concrete paver block is not as same as conventional concrete paver block. There are no 

exact codal provisions for preparation for mix design. This research depends on trial and error so the mix proportion is based on 

the literature review and guideline given by IS: 10262-2009. For all mix proportions, the water-cement ratio (w/c ratio) 0.34 is 

adopted for all mix proportions. Supplementary cementitious material in the form of fly ash, GGBS are added in a proportion of 

by weight of cement were designed at single water cement ratio (w/c ratio) is 0.34. The Design mix nomenclature are shown in 

Table 8 and Design mix properties for 1m3 concrete mix shown in Table 9. 

Table 8 design mix proportion 

A0 Control Mix Concrete Paver Block Design for M50 

A1 5% FlyAsh and 5% GGBS Hybrid Mix Replacement to Cement in Concrete Paver Block Mixes 

A2 10% FlyAsh and 10% GGBS Hybrid Mix Replacement to Cement in Concrete Paver Block Mixes 

A3 15% FlyAsh and 15% GGBS Hybrid Mix Replacement to Cement in Concrete Paver Block Mixes 

A4 20% FlyAsh and 20% GGBS Hybrid Mix Replacement to Cement in Concrete Paver Block Mixes 

A5 25% FlyAsh and 25% GGBS Hybrid Mix Replacement to Cement in Concrete Paver Block Mixes 

B1 25% FlyAsh Replacement to Fine Aggregate in Concrete Paver Block Mixes 

B2 50% FlyAsh Replacement to Fine Aggregate in Concrete Paver Block Mixes 
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Table 9 mix design proportion 

Concrete 

Mix for 

paver 

Block 

Design mix for concrete (Kg) 

Cement Fine 

Aggregate 

Coarse 

Aggregate 

Water 

(Ltr.) 

Flyash GGBS Superplastizer 

(ltr.) 

A0 426 124.02 255.6 29.8 0 0 0.84 

A1 76.68 124.02 255.6 29.8 38.34 38.34 0.84 

A2 68.16 124.02 255.6 29.8 34.08 34.08 0.84 

A3 59.64 124.02 255.6 29.8 29.82 29.82 0.84 

A4 51.12 124.02 255.6 29.8 25.56 25.56 0.84 

A5 42.6 124.02 255.6 29.8 21.3 21.3 0.84 

B1 85.2 93.01 255.6 29.8 77.51 - 0.84 

B2 85.2 62.013 255.6 29.8 62.013 - 0.84 

 

 

4. EXPERIMENTAL METHODOLOGY 

The test examination carried out on Industrial waste by replacement of cement with fly ash, GGBS at different extents by weight 

of cement and replacement of fine aggregate with fly ash at different extent by weight of fine aggregate. For all mixes, w/c ratio is 

0.33. Industrial waste concrete paver block contains cement, fine aggregate, coarse aggregate 20mm, superplasticizer, fly ash and 

GGBS. Determination of compression test Four paver mould cast and for Water absorption test three mould paver cast tests were 

cast on mould size 250x125x80 mm for each concrete mix with partial replacement of cement and fine aggregate by fly ash and 

GGBS for compression test and Water absorption test. 

4.1 Compressive strength test 

For compressive strength test, water absorption and flexural strength test paver block of dimensions 250x125x80 mm were casted. 

The samples were cured in water at 7 and 28 days. For determining the compressive strength samples were tested in compressive 

testing machine using universal testing machine. The compression tests are carried out according to IS: 15658:2006. Four cubes 

have been tested for each category and their average value has been reported. Fig.2 shows Compressive strength test. 

Compressive Strength (N/mm2) = P / Δ ……… (1) 

Where, P =Failure load of specimen (N) 

 Δ = Area of specimen (mm2) 

 

 

Fig 2 compressive strength test 

4.2 Water absorption test 

Standard measure concrete blocks ought to be completely submerged in clean water at room temperature for 24 hours. water 

absorption tests are conducted as per IS: 15658:2006. Fig.3 shows cube curing in curing ponds. 
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Water absorption = (W1-W2) / W2 X 100…… (2) 

Where, W1=Wet mass unit (kg) 

W2=Dry mass of unit in (kg) 

 

 

Fig 3 water absorption test process 

 

5. EXPERIMENTAL RESULTS AND DISCUSSION 

The following table 10 and Figure 4 appears Compressive strength force against deformation at 7 days and 28 days and following 

table 11 and Figure 5 shows water absorption in percentage at 28 days which are as follows. 

5.1 Compressive strength test 

The following table 10 and Figure 4 and appears Compressive strength force against deformation at 7 days and 28 days and 

following table 11 and Figure 5 shows water absorption in percentage at 28 days which are as follows. 

Table 10 compressive strength at 7 days and 28 days 

Concrete paver block mixes Compressive strength (N/mm2) 

7 Days 28 Days 

A0 38.61 48.65 

A1 40.53 56.58 

A2 42.51 57.55 

A3 47.69 63.86 

A4 50.43 66.16 

A5 40.26 45.21 

B1 44.6 55.26 

B2 44.3 47.68 
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Figure 4 compressive strength results for m50 concrete paver block mixes: control mix concrete paver block and concrete with 

replacement of cement and fine aggregate with fly ash and ggbs in different proportions at 7 days and 28 days 

Table 10 appears Compressive strength at 7 Days and 28 Days for different Industrial waste mixes. A0 represent 65.55 N/mm2 at 

28 days. A4 is made with 20% Fly ash and 20% GGBS shows 66.16 N/mm2 at 28 days. B1 is made with 25% Fly ash and 75% Fine 

aggregate shows 55.26 N/mm2 at 28 days. It shows the rate of Industrial Waste is to increase the compressive strength of an increase 

in this experiment.  

5.2 Water absorption test results 

Following table 11 appears the results of percentage water content submerged in cubes for the water absorption test done on 

concrete cubes at 28 days for M50 grade control mix concrete paver block and concrete with replacement with Fly ash & GGBS 

in several proportions. 

Table 11 water absorption test results for m50 concrete mixes with inclusion of fly ash and ggbs in different proportions at 28 

days. 

Concrete Paver Block Mixes %Water Absorption loss in weight at 28 Days 

A0 3.56 

A1 3.49 

A2 3.42 

A3 3.30 

A4 3.12 

A5 2.95 

B1 3.29 

B2 3.37 
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Figure 5. percentage water absorbed for m50 concrete mixes: conventional concrete and concrete with substitution of fly ash and 

ggbs in several proportions 

From above Figure 5, it is observed that for Industrial waste concrete paver block mix percentage water absorbed was decreases 

with an increase in Fly ash and GGBS in concrete paver block. The least water absorption ratio is observed at A5 which is 2.95%. 

6. COST COMPARISON 

Following table 12 shows the Material cost per kg as per current market rates for different concrete mixes. 

Table 12 material cost per kg 

Material Rupees (₹) per kg 

Cement 6.40₹ 

Fine Aggregate 0.45₹ 

Coarse Aggregate 0.55₹ 

Fly ash 0.50₹ 

GGBS 1.20₹ 

Superplastizer (Kg) 2.50₹ 

 

Following Table 13 and Fig 6 shows total Cost of Each Paver Block with Replacement of Fly ash and GGBS in Different 

Proportions. 

Table 13 total cost of each paver block with replacement of concrete mix with fly ash and ggbs in different proportions 

Concrete Design Mixes Final Cost per Paver Block 

A0 14.03₹ 

A1 13.33₹ 

A2 12.65₹ 

A3 11.97₹ 

A4 11.28₹ 

A5 10.59₹ 

B1 14.43₹ 

B2 14.84₹ 
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Figure 6 total cost of each concrete paver block for m50 concrete mixes 

7. Conclusion 

Replacing cement and fine aggregates with the industrial waste resulted in the fulfilment of all the criteria required for concrete 

used in the paver blocks along with making the environment green and sustainable by using out the waste from the industries. An 

improvement in the compressive strength of the concrete was noted along with a decrease in the total cost due to a substantial 

reduction in the cost of raw materials Because of the use of green waste. The following are the technical results obtained by the 

laboratory experiments carried out on the concrete paver block made with the industrial waste so we concluded that : 

1. The (20:20)% replacement of the cement by Flyash:GGBS gives the highest compressive strength which was recorded to 

be 66.16 N/mm2 at 28 days for A4 test specimen which was 35.99 % higher than the normal concrete paver block. 

2. The compressive strength of Flyash:GGBS based concrete paver block was recorded to decrease with further increase in 

percentage of industrial waste material which was recorded to be a decrease of more than 7% in the compressive strength 

for the A5 test specimen. 

3. The compressive strength of Flyash:FA based concrete paver block with 25% Flyash replaced to fine aggregate in concrete 

paver block gives a higher compressive strength which was recorded to be 55.26 N/mm2 at 28 days for B1 test specimen 

which was found out to be 13.59 % higher than the normal concrete Paver block. 

4. Fly ash: FA-based concrete paver block compression strength was registered for decrease as the percentage of industrial 

waste material for the B2 test specimen was further increased. This reduction may be due mainly to the physical features 

of fly ash, which repels water during the mixing and traps air on. the weak linkages between concrete pulps and fly ash 

particles. 

5. This increase can be due to the higher values of void ratio and porosity of fly ash particles as compared to the sand. The 

presence of entrapped air on the surface of fly ash particles creates voids in the concrete matrix resulting in higher water 

absorption. 

6. Abrasion resistance of paver block at 28 days was found to generally increase as compared to conventional mix. The 

maximum increase in abrasion resistance was recorded to be 49% more than the conventional design A0 whereas the 

minimum abrasion resistance was obtained to be 5% less than the conventional design. Both increase and decrease were 

recorded to be within the limits specified in IS 15658:2006. 

7. From the above results, A4 design was found out to be optimum as per our tests and experimentations. The Cost of this 

specimen A4 was calculated to be 19.60% less than the conventional paver block when the cement is replaced by the 

industrial waste. 
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