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Abstract 

Paver block construction in roads is versatile, attractive and aesthetical, cost 

effect and requires lesser maintenance cost. The main objective of this 

present work is to replace the natural river sand with manufactured sand with   

an incremental increase of 10% and to find out the optimum replacement 

level in respect of strength and durability properties of paver blocks for M30, 

M40 and M50 Grades of concrete. The availability of natural sand is 

depleting due to increase in developmental activities across the world 

particularly  in India. In the current work manufactured sand is used as an 

alternative sand material in place of natural river sand and accordingly paver 

blocks were prepared with M-sand with an incremental increase of 10% to 

100% replacement. The paver blocks so prepared was tested for its strength 

and durability property and discussed in detailed and reported. The use of M-

sand in concrete paver blocks reduces the environmental degradation such as 

depletion of water table. Hence in this research work an attempt was made to 

put forward an idea of using the M-sand in commercial products like paver 

blocks. This will be beneficial to ecological and environmental for 

sustainable developments towards greener world. 

 

Keywords: Compressive strength, Durability, Paver blocks, Super 

Plasticizer, and Workability. 

Journal of Green Engineering, Vol. 10_10,7905-7916.  

 © 2020 Alpha Publishers. All rights reserved 



 

 
 

 

7906 S.S Saravanan et al   

 

                 1 Introduction 

The production of concrete is increasing enormously  due to rapid 

industrialization and urbanization, which involves developments of power 

plants, ports and harbors and urban housing projects etc. In India, 

traditionally conventional river sand is used for manufacturing of concrete. 

Now the availability of natural river sand is lesser due depleting the sources 

in river beds and many states in India stopped the mining of sand from  the 

river beds. In view of the above it is very vital for use of alternative sand 

material for construction activities and for also in production of concrete. In 

the current study manufactured sand produced in Vertical shaft Impact (VSI) 

crushers used the size between 4.75mm to 0.075mm.The M- sand produced 

in VSI crushers are having lesser fines and micro fines due washing  of the 

produced M-Sand in the plant during its production. The natural river sand 

was replaced with M-Sand in production of concrete paver blocks of various 

concrete   grades,  M30, M40 and M50 to  a tune of 0.00% to 100.00% with 

an incremental increase of 10%. The tests for compressive strength and water 

absorption test has been conducted for strength and durability properties of 

concrete. These days paver blocks were used extensively used for 

construction of roads with lesser traffic, walking paths, near petrol bunks 

were heavy, medium and low loaded vehicles are moving. The Current study 

investigating the strength and durability properties of concrete paver blocks 

made of M30, M40 and M50 grade concretes. The cost of M-sand concrete 

paver blocks are less compared to conventional sand concrete paver blocks 

due to lesser cost of M-sand. In this paper discussed in detailed about 

literature review, materials and methods used for testing of concrete, 

characteristics of paver blocks, results and discussions made in the present 

work. 

               2 Literature Review 

Many investigators worked in the areas of manufacturing concrete paver 

blocks with used and, Plastic waste, Glass waste etc.  Shanmugavalli 

et.al.(2017)  studied  the reuse of plastic waste with quarry dust as fine 

aggregates in paver blocks and  results were revealed  that the compressive 

strength is lesser than the natural sand concrete paver blocks.  It can be used 

only  for low traffic area such as gardens, pedestrian paths, and cycle track 

etc[1] , Bhimaji Dashrath Kernawade et al.(2017) was experimentally  

investigated the properties such as water absorption test, tensile strength, 

,compressive strength, flexural strength and abrasion resistance of concrete 

paver blocks with fibers and reported that the abrasion resistance and water 

absorption was decreased with increase in cement content for given water 

cement ratio. However  strength increased with increase in fiber content and  

induced lesser abrasion of concrete paver blocks [2]. Concrete with glass 

waste replacement to fine aggregate by 15%, 30% and up to 45% showed 

improvements in compressive strength , and reduction in the flexural strength   
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for concrete paver blocks. However workability increases with increase in 

glass waste was reported for paver blocks by Koli Nishikant et.al (2016) [3].  

Nor Baizura flamid et al.(2019) carried out studies on compressive 

strength and workability on paver blocks with quarry dust as fine aggregates 

as replacements to natural river sand and reported that up to 50% 

replacement  the compressive strength and workability was  improved 

beyond which the strength and workability decreases[4]. Design mix for 

concrete paver blocks was  investigated and reported  that the better control 

on quality of materials used in the manufacture of concrete paver blocks 

results more strength by Raman et al. (2017)[5]. Pragna.G.,and 

P.M.S.S.Kumar (2017) experimentally  investigated the strength of  concrete 

paver blocks  by using fly ash, Glass fibers, and GGBS and reported that for 

addition of 0.40% glass fibres an increase in compressive strength  by 7.5% 

and water absorption by 20.46%  for 28 days concrete paver blocks 

compared to natural sand concrete paver blocks . However there was an 

increase in compressive strength  by 11.09%, 15.50% by  flexural strength,   

and 8.99% by water absorption for concrete paver blocks with 0.4% glass 

fibers and 30% replacements of cement with GGBS compared  to 

conventional sand concrete paver blocks [6] . The water absorption of 

concrete paver blocks with up to 20%  of  Used Foundry Sand (UFS) was  

more than the conventional sand concrete paver blocks.  Beyond 20% 

replacement of UFS, the water absorption was increasing at higher rate. The 

compressive strength of concrete paver blocks with 30% UFS was reported 

increase in compressive strength, beyond which it was decreasing.  However 

split tensile strength and flexural strength were reduced for 10% and above 

UFS replacement reported by Salim.P.M., B.S.R.K. Prasad (2019)[7]. 

 

3 Materials and Methods Used in the Work 
 
3.1 Cement 
 

The binding material used in this present work for preparation of concrete 

for Concrete paver block is Ordinary Portland cement of Grade 53 (OPC53) 

confirmed to IS 12269[8].The physical properties of cement were tested and 

reported [9] in Table1.  
 
3.2 Aggregates 
 

The aggregates used in the present study are coarse and fine aggregates. 

The maximum sizes of coarse aggregate used are 12mm which should 

passing through 12 mm sieve and retained in 100 mm sieve for the 

preparation of concrete for paver blocks. These aggregates shall be naturally  
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occurred crushed boulders and confirming to IS 383-1970[10].The fine 

aggregates used are Natural River sand and  manufactured sand which is 

crushed in VSI crushers. The M-sand crushed in VSI crushers will give 

smooth surfaced cubical and well graded sand. The porosity, permeability 

and water absorption of aggregates influences the resistance of a concrete 

freezing and thawing,  its chemical stability resistance to abrasion and bond 

between the aggregates and cement paste. The physical properties of both 

coarse and fine aggregates were tested [9] and  presented in Table 2. 

 

 

3.3 Water 
 

Water shall be clean, free from organic and deleterious matter and shall 

meet the requirements of IS 456-2000[11]. The water fit for drinking is used 

for preparation of good concrete. The tested values were presented in Table 

3.  
 
3.4 Admixtures 
 

Naphthalene sulphonate based super plasticizer is used for good 

workability and for improvement of strength. The Admixtures used in this 

present work is in conformity to IS 9103-1999 [12]. 

 

 
Table1.The physical properties of cement 

 

Sl no Properties Values As per code 

1. Specific  gravity 3.15 3.10 .- 3.15 

2. Standard consistency 31% 30.-35 

3. Initial setting time 33 30 (.Min.) 

4. Final setting time 385 600 (Max.) 

5. 

Compressive strength 

7  days 

28  days 

43.50MPa 

57.50MPa 

43 MPa 

53 MPa 

6. Fineness m2 / kg 270.80 225 

7 Soundness (mm) 1.00 10 
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Table  2.  Physical properties of coarse and fine aggregates 

 

Sl no Properties 
Coarse 

aggregates 

Fine aggregates 

M-sand 
Natural sand 

1. Specific  gravity 2.70 2.45 2.60 

2. Bulk density 1510 1556 1460 

3. Water Absorption (%) 0.45 1.00 1.15 

4. Moisture content 0.85 1.15 1.10 

5. 
Fineness particles Less  

than  0.075 mm(%) 
- 5.30 4.14 

6. Fineness modules 6.72 3.54 3.44 

7 Impact value 12.50 - - 

8 Crushing strength 13.50 13.80  

9 Sieve analysis - Zone-II Zone -II 

 

Table 3 Test results on water 

Sl no Properties Values As per code 

1 pH Value 7.00 Not less than 6.00 

2 Dissolved Solids(organic),  mg/lit 10 Nottoexceed200 

3 
Dissolved Solids 

(in-organic ), mg/lit 
1084 Not to exceed 3000 

4 Suspended solids mg / lit 30 Not to exceed 2000 

 

5 
Chlorides as Cl mg / lit 

 

36 

Not to exceed 2000for 

PC and 500 for RCC 

6 Sulphates as SO4, mg / lit 64 400 

7 Alkalinity as CaCo3, mg / lit 52 250 
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3.5 Pigments 
 

The pigments shall be used only on wearing and top surface of the paver 

blocks. The quantity of pigments used is limited to 10% of weight of cement 

used in the wearing coarse layer. The pigments used are in no way improves 

the strength and will  induce good appearance of the paver blocks used. It is 

only coloring agent for paver blocks and should not contain   any matters 

decremented to concrete. 

 
4 Characteristics of Paver Blocks 
 

The interlocking paver blocks should confirm to IS 15658-2006 [13]
 
and 

the blocks should be tested as per code. It should  qualify the limits specified 

in the code. The surface of the paver blocks should be anti skid, anti glare 

and should facilitate easy drainage of surface runoff. The construction of 

paver blocks should be in accordance with IRC SP 63-2018 [14].  

 
4.1 Grades of Concrete Used for Paver Blocks 
 

The paver blocks for roads used are M30 for non- traffic, M40 for 

medium and M50 for heavy traffic roads as per IS 15658-2006. The 

thickness of paver blocks prepared in this work as per code are 50mm for  

M30, 80 mm for M40 and 100 mm for M50 grade concrete paver blocks. The 

paver blocks were prepared at zero slumps in all grades of concrete. The 

quality of concrete blocks will depends on the different parameters such as 

compaction, vibration machine, water content, quality of aggregates as well 

as  gradation of aggregates, crushing strength of aggregates, work man ship 

and level of supervision. 

 
5 Test Methods for Strength and Durability of Paver Block 

 
5.1 Compressive Strength 
 

The concrete mix proportioning for all Grades of concrete paver blocks 

was done in accordance with IS 10262-2009 [15]. Compressive strength test 

on concrete paver blocks were tested on compression testing machine of 

capacity 200T and the apparent compressive strength results calculated with 

IS 15658-2006. The compressive Testing machine used for testing concrete 

paver blocks and mortars requirements should be in accordance with IS 

14858-2000
 
[16]

 
. The compression test carried out at 28 days compressive 

strength. The apparatus equipped with two steel ball bearing blocks for 

holding the specimen. These steel bearing blocks should have minimum 

hardness of 60 and thickness of 25 mm. The specimen should be rigidly  
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fitted and the top through which the load is transmitted to the specimen shall 

be spherically seated. Then the compressive strength of the specimen is 

calculated by dividing the maximum compressive load by the plan area of the 

specimen. The plane area of the specimen is calculated as per IS 15658-

2006.The test is conducted for the specimens and the average value 

calculated and reported in this work in MPa. The compressive strength of 

concrete paver blocks were tested as per the code and reported in Figure1 to 

Figure3. Figure1 shows the compressive strength of concrete paver block for 

M30 Grade concrete with 50mm thick and the results shows concrete with 

manufactured sand shows better strength than the concrete with natural sand,. 

Figure 2 shows the compressive strength of concrete paver blocks for M40 

Grade concrete with 80mm thick, the results shows concrete with 

manufactured sand shows better strength than the concrete with natural sand. 

Similarly Figure 3 shows the compressive strength of concrete paver blocks 

for M50 Grade concrete with 100mm thick and the results shows concrete 

with manufactured sand shows better strength than the concrete with natural 

sand.. The results are discussed in detail under results and discussion. 

  

 

 
 
 

 

 

Figure1.  Compressive Strength of Concrete paver blocks for M30 Grade 
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Figure2.  Compressive Strength of Concrete paver blocks for M40 Grade 

 

 
 

Figure3.  Compressive Strength of Concrete paver blocks for M50 Grade 
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5.2 Durability tests 
 

Water absorption test was  conducted for all the Grades of concrete paver 

block specimens and the following are the test method used in the present 

current work and results are reported in terms of percentage. 

 

5.2.1 Water Absorption Test 
 

The main apparatus used in this test is a weighing balance which is 

having sensitive within 0.50% of the mass of the specimen tested. The paver 

blocks  are selected for testing as per the IS 15658-2006. Consider three 

paver blocks for each mix grade per test and the average water absorption 

value is arrived.  Initially specimen is completely immersed in water tank for 

24 hours and then the specimen is removed from water tank. and is allowed 

to drain for 1 minute .The  visible water is removed or wiped off  from the 

sample with damp cloth. The specimen is  weighed immediately and the 

weight   noted as Ww .  Afterwards saturated specimen is  dried  in a room at 

1070 C for not less than 24 hours. The dried weight of each specimen is  Wd 

, The percent of water absorption is  calculated as 

                          
     

  
 X 100 % 

The average water absorption values of three samples shows the water 

absorption values for the particular grade of concrete. The experiment values 

for the concretes of Grades M30, M40 and M50 8   are presented in figure 4 

and results were discussed in detailed. 

 
 

 

 
Figure 4 Water  absorption VS Mix Proportion 
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6 Results and Discussions 
 

The compressive strength of concrete paver block of  M30 Grade  for 28 

days with 70% and  100%  M-Sand is 10.25%  and 8.80% more than the 

conventional sand concrete. The compressive strength of concrete paver 

block with 70% and 100% for M40 Grade is 10.56% and 10.56 % 

respectively more than the conventional sand concrete. Similarly for M50 

Grade concrete paver block  with M-sand of 70% and 100% is the 

compressive strength is 10.45% and 10.00%   respectively more than the 

conventional sand concrete. Aforesaid results reveal that ,the compressive 

strength of M-Sand concrete is more than that of conventional sand concrete.  

The water absorption test result of M30 Grade concrete paver block at 28 

days for 100% M-Sand for is  16.13%   lesser than the conventional sand 

concrete paver block. For M40 Grade concrete paver block with 100% the 

water absorption value is 15.79% lesser  than the conventional sand concrete. 

Along similar lines,  water absorption  of M50 Grade concrete paver block 

with 100% M-sand yields  18.52% lesser than the conventional sand concrete 

paver block.  

Aforesaid results reports that the water absorption of M-Sand concrete is 

lesser than that of conventional sand concrete. The concrete with less water 

absorption value would definitely provide higher strength for concrete paver 

block. Aforesaid results reveal that the concrete paver blocks of all grades 

have better strength and durability compared to conventional sand concrete 

blocks. 

 

7 Conclusions 
 

The paver blocks of M30, M40 and M50 Grade concrete with M sand of 

different percentage replacement reports following results, 

 

 The compression strength of concrete paver block  with M-Sand 

replacement increases up to70%, beyond 70% replacement of M sand 

compressive strength decreases. However, compressive strength values  

are more than that of conventional sand concrete paver blocks at 28 days. 

 The water absorption test  reported that the water absorption values are 

decreasing with     increase in M-Sand content in the concrete. 

 An optimum replacement value of 70% M-Sand recommended for 

manufacturing the paver blocks by considering compressive strength of 

concrete at 28 days. 

 However,   compressive strength of concrete with complete replacement 

of M-Sand also proved more strength than the conventional sand 

concrete paver blocks. 

 The study reveals that M-Sand can be effectively utilized by replacing 

natural sand in  manufacturing of concrete paver blocks, which could be  
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extensively used  in parks, cycle tracks, roadways, runways  and petrol 

bunks where the light, medium and heavily loaded traffic in place. 
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