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Abstract-Concrete is strong in compression but weak in tension and brittle extra. As immediately cracks start to 

appear because of where the concrete is, though., which causes a host of health problems. Waste tea ash can be 

utilized effectively as an alternative option for cement replacement in concrete. The consequences of PWTA insertion 

on concrete houses are discussed in this paper. PWTA is used in different percentages mix in manufacturing of paver 

blocks.M35 grade of paver block is designed and tested. The results of the Strength properties of PWTA in paver 

block is provided in this observation.  

Introduction- In this experimental study crushed stone, sand, Cement, PWTA and water is used. Crushed Stone is a by-product 

from stone crushing sites. To replace the amount of cement PWTA is used. Paver Blocks prepared with a percentage variation 

of PWTA as 0%, 10%, 20%, 30%, 40%, 50%, and 60% in Mix grade M35. This        article discusses a recent study on the 

characteristics of concrete pavement blocks made from PWTA that have been contaminated with common building. For 

laboratory-prepared samples, the parameters of density, compressive strength, water absorption value, flexural strength, split 

tensile strength, initial and final setting time and workability is tested. The findings demonstrate that it is feasible to use. The 

specifications could be changed, it is suggested, to enable a wider use of PWTA with foreign materials. 

Materials and methodology- Composite cement with a specific gravity of 3.25 is used in the present study. Natural 

river sand with a fineness modulus of 2.77 and a specific gravity of 2.58, respectively, is used as fine aggregate. 

Crushed stone with specific gravity 2.83 and maximum size aggregate 5mm, respectively is used as coarse aggregate. 

PWTA is a by-product obtained from tea factories. PWTA is oven dried at 105 0C for 24 hours. The PWTA has a 

specific gravity of 2.05 with maximum particle size of 300 mm. The chemical analysis showed that the main oxides 

of PWTA are silicon oxide (SiO2), potassium dioxide (K2O), calcium oxide (CaO), iron oxide (Fe2O3) which 

comprised 49.82 %, 4.04 %,43.74 %, and 1.30 %, respectively. 
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Preparation of test specimens-The paver blocks are prepared in laboratory to study the strength properties of PWTA 

in paver blocks as partial replacement of cement. The paver blocks prepared as mix design of M35 grade concrete 

mix design. The PWTA is used in proportion mix of 0%,10%,20%,30%,40%,50% and 60% respectively by weight 

of cement with required amount of water. Brick shape mould of size 200x100x60mm is used to make M35 grade of 

paver block. Mix proportion of specimens is given in table no.2. 

Properties of PWTA is given in table no.1 below: 

                                                   Table No.1 Properties of PWTA used 

 

S. No.   Properties PWTA 

1 Maximum size particle 300µm 

2 Specific Gravity 2.05 

3 CaO 49.82 

4 SiO2 43.74 

5 SO3 0.32 

6 MgO 0.11 

7 P2O5 0.92 

8 Al2O3 0.46 

9 Fe2O3 1.30 

10 K2O 4.04 

11 LOI 12.40 

 

Mix Proportion of Specimens- 

                          Table No.2 Mix Proportion of Materials used  

S. No. MIX ID WATER 

(Kg/m3) 

CEMENT 

(Kg/m3) 

 

PWTA  

(Kg/m3) 

 

SAND 

(Kg/m3) 

 

CRUSHED     

STONE 

(Kg/m3) 

1 M0 0.469 1.174 0 1.587 1.174 

2 M10 0.493 1.057 0.117 0.587 1.174 

3 M20 0.540 0.9392 0.2348 0.587 1.174 

4 M30 0.563 0.8218 0.3522 0.587 1.174 

5 M40 0.622 0.7044 0.4696 0.587 1.174 

6 M50 0.657 0.587 0.587 0.587 1.174 

7 M60 0.704 0.4696 0.7044 0.587 1.174 
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 Tests and Results- 

Compressive Strength Test: Compressive strength of the paver blocks is tested after 7 and 28 days in this study. 

Compressive strength of paver blocks is determined with the help of universal testing machine in the laboratory. The 

load applied gradually on paver blocks to identify the failure load of Paver blocks. The compressive strength is 

calculated by using formula given below: 

                                                                  σ C = P/A 

where, σ C is   compressive strength in N/mm2.P is the failure load of paver block in N, and A is the area of applied 

load. The compressive strength obtained after 7 and 28 days is given below in table no.3 and graph is plotted as graph 

no.1. 

 

                                                       Figure no.1 Compressive strength testing 

                       Table No. 3 Compressive strength test results of M35 grade Paver Blocks 

S. No. MIX ID Compressive Strength of M35 grade in N/mm2 

 7 days 28 Days 

1 M0 24.79 37.76 

2 M10 18.24 30.32 

3 M20 17.36 28.90 

4 M30 15.59 26.96 

5 M40 14.4 25.1 

6 M50 13.68 23.48 

7 M60 12.97 21.87 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                             © 2022 IJCRT | Volume 10, Issue 12 December 2022 | ISSN: 2320-2882 

IJCRT2212225 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org C166 
 

 
 

                                Graph no. 1 Mix vs Compressive strength of paver blocks 

 

 

Flexural strength Test: Flexural strength of the paver blocks is tested after 7 and 28 days in this study. The block 

sample was placed in the flexural beam apparatus and subjected to a 3-point loading with a clear span of 170 mm. 

The load was applied to the paving block sample through a steel rod until failure of the sample. The flexural strength 

of each sample was determined using formula give below. of Paver blocks. The compressive strength is calculated 

by using formula given below:                

                                                σ f = 1.5 PL/(bd2) 

 where, σ f   the flexural strength (N/mm2), P is the failure load of the sample (N), L is the span length (mm); and b 

and d are the width and depth of the sample (mm), respectively. The flexural strength test results is given below in 

table no.4 and graph is plotted as graph no.2.  

 

                             Table No.4 Flexural strength Results of M35 grade Paver blocks    
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S. No MIX ID Flexural Strength in N/mm2 

 7 Days 28 Days 

1 M0 1.98 5.66 

2 M10 1.64 4.54 

3 M20 1.38 4.04 

4 M30 1.24 3.50 

5 M40 1.15 3.26 

6 M50 1.09 3.0 

7 M60 1.03 2.62 

http://www.ijcrt.org/


www.ijcrt.org                                                             © 2022 IJCRT | Volume 10, Issue 12 December 2022 | ISSN: 2320-2882 

IJCRT2212225 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org C167 
 

 

 

Graph no. 2 Mix vs Flexural strength of paver blocks 

 

Split Tensile Strength: The split tensile strength is used to determined the tensile strength of concrete. Concrete is 

brittle in nature and it is weak in tension and causes cracks. It becomes necessary to perform tensile strength  test in 

concrete. A method of determining the tensile strength of concrete using a cylinder which splits across the vertical 

diameter. It is an indirect method of testing tensile strength of concrete. Apparatus used Testing machine, Plate or 

supplementary Bearing Bar, Bearing strips, Cylinder specimen, Tamping rod. The Split Tensile Strength is calculated 

as follows: 

                           T = 2P ÷ πDL 

Where, T is the splitting tensile strength (N/mm2), P is the maximum load on the specimen (N) .D is the diameter of 

the specimen (mm),L is the length of the specimen(mm).Th split tensile strength results is given below in table no.5 

and graph is plotted as graph no.3. 

 

            Table No. 5 Split Tensile Strength Results of M35 Grade Paver Block 

 

S. No. MIX ID Split tensile Strength in N/mm2 

 7 Days 28Days 

1 M0 3.50 5.3 

2 M10 2.6 4.3 

3 M20 2.4 4.0 

4 M30 2.2 3.8 

5 M40 2.0 3.5 

6 M50 1.93 3.3 

7 M60 1.84 3.0 
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Graph no. 3 Mix vs Split tensile strength of paver blocks 

 

Water absorption: The water absorption of Paver Blocks is determined at 28days. The test is conducted as per 

IS:15658. For the water absorption test the specimens immersed in the water for 24 hours. After 24 hours the blocks 

taken out and wiped off with cloth and weight of the specimen in wet condition were recorded as W2. After the 

saturation the specimen   are dried in a ventilated oven at 105 0C for not less than 24 hours. The dry weight of each 

specimen W1 is recorded in kg. Table no.6 contains 5% of water absorption of paver blocks and graph is plotted as 

graph no.4. 

The percentage of water absorption was calculated as: 

                                    Water absorption (%) = (W2 – W1)/W1 x 100  

                         Table No.6 Water absorption of Paver block of M35 grade with % of PWTA 
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S. No. Mix ID 28days % of water 

1 M0 6.0 

2 M10 6.3 

3 M20 6.7 

4 M30 7.01 

5 M40 8.165 

6 M50 9.135 

7 M60 10.11 
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                                         Graph no. 4 Water absorption of paver blocks 

Density: The density of M35 Grade paving blocks is determined by applying the sample into a drying oven at 1050C 

for 24h and then cooled at 25+ 2 0C for 5h. Afterward, the samples are weighted. Density  is calculated by dividing 

the weight by the volume of the sample. Density results of M35 grade paver blocks with PWTA is given below in the 

table no.7. 

                                    Table No. 7 Density of Paver Blocks 

S. No. Mix ID Density (kg/m3) 

1 M0 2446 

3 M10 2410 

5 M20 2395 

7 M30 2334 

9 M40 2281 

11 M50 2240 

13 M60 2212 

Workability: The workability of the paving blocks depends on the amount of water added into the mix to prevent 

the block sag after the removal of the molds. Workability is defined as water to cement ratio (w/c) the amount of water 

required so that the concrete mix should not bleed or segregate. W/C of M35 grade is given below: 

Table No.8 Workability of M35 Grade Paver Blocks 

S. No. MIX ID Water/binder ratio 

1 M0 0.4 

3 M10 0.42 

5 M20 0.46 
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7 M30 0.50 

9 M40 0.53 

11 M50 0.56 

13 M60 6.0 

Initial Setting Time: Initial setting time is the time when paste starts hardening. Final setting time is the time when 

paste gets sufficiently hard and does not allow any penetration. Initial and final setting time both are calculated with    

the help of Vicats Apparatus. The vicat square needle penetrates a depth of 33- 35mm from the top (5 to 7mm) from 

the bottom of the mould of the Vicat Apparatus. The device which is used to find the initial setting time of cement is 

called as Vicats Apparatus. It has a square needle of 1mm size and 50mm length and a mould, which is 40mm n height 

and 80mm in diameter. 

The initial and final setting time observed   are 30-35minutes and 2-4 hours respectively. 

 

Carbon emissions: The present study estimated the CO2 emissions of Paver block mixture containing PWTA as a 

cement replacement. Estimation of CO2 emissions is carried out based on per cubic meter of concrete, which has been 

commonly used by previous researchers to estimate the CO2 emissions of concrete [10–12]. The CO2 emission factors 

of the mixture components (water, cement, PWTA, sand and crushed stone) is based on previous research works and 

databases [11,13]. The CO2 emissions is calculated by using formula given below:   

 For concrete with Hand Mixing: 

                                EF = WC x EFc + Wca x EFca + Wfa x EFfa 

Where, WC is weight of cement per 1 m3 of concrete (kg)  

WCa is Weight of coarse aggregate per 1 m3 of concrete (kg)  

Wfa is Weight of fine aggregate per 1 m3 of concrete (kg)  

 EFc is Emission factor-cement (kg-CO2/t-cement)  

EFca Emission factor-coarse aggregate production (kg-CO2/t-aggregate)  

EFfa Emission factor-fine aggregate (kg-CO2/t-fine aggregate) 

Replacing cement with PWTA can reduce CO2 emissions, and it depends on the amount of PWTA used. It is observed 

that total CO2 emissions for whole project for M35 grade Paver blocks prepared with PWTA generated is 75.312 

kg/m 3. 

Conclusion: The present study utilized PWTA as a replacement for cement to produce paving blocks. The results 

showed that the porous surfaces of PWTA increased the water to binder ratio of paving block with increasing the 

PWTA content as a cement replacement. The density of the PWTA paving blocks decreased as the percentage of 

cement replacement increased because the PWTA has a lower density than that of the cement. Increased PWTA 

content decreased the paving block quality in terms of compressive strength, flexural strength, split tensile strength  

The results of compressive strength and water absorption showed that the replacement of cement with up to 30%. 

PWTA as a replacement for cement in paving blocks could help in decreasing CO2 emissions from cement production 
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and allow the production of a more sustainable and low-cost paving block. Workability is increasing as w/c ratio is 

increasing with PWTA. Initial and final setting time is   30-35 minutes and 2-4 hours recorded.  
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