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ABSTRACT 

To utilize the textile sludge as cement replacement material in making the paver blocks. The 

effect of addition of fly ash and silica fume in the sludge based paver blocks has also 

investigated. To develop a suitable technology for conversion of the textile sludge into Eco-

friendly and useful construction materials. Paver blocks were cast with sludge as cement 

replacement material at zero, 10, 20, 30 and 40 percent for the concrete grade M50. Fly ash at 10, 

20, 30 and 40 percent and silica fume at 2.5 and 5 percent were also added for the above all the 

combinations of the paver blocks.Based on the 28 day compressive strength the paver block mix 

combinations which attained a minimum compressive strength of 30 N/mm
2 

and 40 N/mm
2
 were 

identified and cost were compared with the conventional  paver blocks using M30 and M40 

grade concrete respectively. The paver block with 30 percent sludge as cement replacement 

material and the paver blocks combination S10F40 (10 percent sludge  and 40 percent fly ash) 

have attained a compressive strength more than 30 N/mm
2
 and the percentage savings in cost 

was found to be 22.00 percentage  and 36.65 percentage respectively. 

Key words: Textile sludge, Fly ash, Silica fume. 

INTRODUCTION: 

                        

Environmental pollution has become an international problem which has occupied the priority to 

be managed and controlled. One of the important way to control environmental pollution is 

waste management. If we use the industrial waste in more innovative and cost effective way then 

we can contribute in reducing the negative impacts of these industrial wastes on environment.  

                The textile industry is one of the oldest and largest sectors in India. At present it is 

amongst the top foreign exchange earning industries for India. Management of chemical sludge 

in the textile industry has now become a major issue due to its enormous volume, undesired and 

hazardous characteristics. Although some of the sludge is disposed in an engineering landfill, 

much of the sludge is openly dumped, which leads to soil, surface water and ground water 

contamination. In textile industries, all the three types of wastes i.e., liquid, solids and gaseous 

are generated and the liquid effluent is essentially a mixture of dissolved, colloidal and 

suspended materials. The solid waste usually comprises of fiber or yarn or scared from spinning 

unit, waste fabric, packaging materials and sludge from effluent treatment plants. The gaseous 

waste is generally produced by volatile reactants/by products and the gases from boilers. The 

reduction of Green house gas emissions is one of the most serious issues all over the world. The 

Carbon dioxide emitted from the worldwide production of ordinary Portland cement corresponds 

to approximately 7% of the total Greenhouse gas emissions into the atmosphere.  Hence there is 

a demand on by-product which can partially replace the cement. So if we are able to use the 

textile sludge in place of cement then we can successively obtain a material to replace the 

cement, which is eco friendly and cost effective. 

         The sludge produced in textile industries is classified as hazardous, as per category No.12 

of earlier hazardous waste, 1989 rules of our country. The recent amended rules of January 2000 



International Journal of Emerging trends in Engineering and Development                                                             

Issue 2, Vol.4 (May 2012)                                                                                                             ISSN 2249-6149 
 

 Page 510 
 

also classify the sludge as hazardous. This sludge creates more negative impacts in many ways as 

far as the correct disposal techniques are not adopted. 

          There is a growing need to find alternative solutions for the sludge management.   In the 

present study, it is proposed to study the effect of addition of textile sludge in paver blocks.  It is 

also proposed to study the effect of inclusion of mineral admixtures like fly ash and silica fume 

in the above sludge based paver blocks. 

          The textile units are scattered all over India; out of 21076 units, Tamil Nadu alone has 

5285 units. The textile industry involving processing or converting raw material into finished 

cloth has various operations. Textile processing consumes enormous quantity of water and 

chemicals for various operations like washing, dyeing etc. Low efficiency of chemical operations 

and spillage of chemicals cause a significant pollution hazard and make the treatment of 

discharged wastewater a complex problem. But in this process, a significant amount of effluent is 

generated which needs to be treated and during the process of treatment significant amount of 

sludge is generated.  

            Tirupur (Tamil Nadu state, India) is well known for its hosiery and knitwear industries. 

Its annual exports of these items are worth over US$550 million (Thomson et al., 1999). 

According to records of the Tamilnadu Pollution Control Board (TNPCB), there are 830 units 

engaged in textile industry processes in Tirupur. These industries have established eight common 

effluent treatment plants (CETPs) and several Effluent Treatment plants (ETPs) for treatment of 

their liquid effluents.  Sludge is generated during the treatment process as a result of chemical 

coagulation (by the addition of Aluminum or iron or magnesium salts and lime), flocculation and 

liquid/solid separation. About 200 tons/day of textile sludge are generated in Tirupur. 

 

MATERIALS AND METHOD:  

 

The ingredients used for this investigation were cement, fine aggregates, coarse aggregates, 

water, sludge, fly ash and silica fume. 

CEMENT: 

The minimum grade of cement to be used IS 15658: 2006 in paver blocks is ordinary Portland 

cement of grade 33. However due to unavailability of OPC 33 grade cement; in this study the 

OPC 43 grade has been used. For OPC 43 grade Cement 

COARSE AGGREGATES: 

Coarse aggregates shall comply with the requirements of IS 383. As far as possible 

crushed/semi-crushed aggregates shall be used. For ensuring adequate durability, the aggregate 

used for production of blocks shall be sound and free of soft or honeycombed particles. The 

nominal maximum size of coarse aggregates used in production of paver blocks shall be 12mm. 

FINE AGGREGATES:
 

Fine aggregates shall conform to the requirements of IS 383. Both river/quarry sand and stone 

dust meeting the requirements can be used. 

WATER: 

The Water used for mixing concrete should be portable drinking water having pH value lies 

between  6 to 8 and the water is free from organic matter and the solid contents should be within 

the permissible limits as per IS 456-2000 and conforming to 3025-1964. 

PIGMENTS: 

Synthetic or natural pigments may be used in concrete mix to obtain paver blocks with desired 

shades of colours. Pigments quantity is to be restricted to a minimum of    9 percent by weight of 
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cement content. The pigment should be finer than the cement (Fineness value between 2-15 

m
2
/kg). 

TEXTILE SLUDGE: 

The Textile sludge was obtained from TamilNadu Cooperative Textiles processing mills Ltd., in 

erode (11.19
o
 North latitude and 77.47

o
 East longitude), Tamilnadu state, India. The sludge was 

collected from the sludge drying beds and land filling areas by random sampling method. The 

sludge had a roughly 30 % moisture content. The sample of the sludge will be dried at a 

temperature of 105
o
 c until the net weight will be constant. The dried sample will be then ground 

in a ball mill for 30 min to reduce to size of large and uneven particle into powder form and then 

directly used.  

MINERAL ADMIXTURES: 

Admixture may be defined as the materials other than the basic ingredients of concrete i.e. 

Cement, aggregate and water added to the concrete mix immediately before and during the 

mixing process to modify one or more specific properties of concrete in fresh and hardened state. 

The use of admixture should offer improvement in the properties of concrete by adjusting the 

proportions of cement and aggregates. However it should not affect adversely any property of 

concrete. 

FLY ASH: 

Fly ash the most widely used supplementary cementitious material in concrete is a byproduct of 

the combustion of pulverized coal in electric power generating plants. Upon ignition in the 

furnace, most of the volatile matter and carbon in the coal are burned off. During combustion, the 

coal's mineral impurities (such as clay, feldspar, quartz and shale) fuse in suspension and are 

carried away from the combustion chamber by the exhaust gases the process, the fused material 

cools and solidifies into spherical glassy particle called fly ash. The fly ash is then collected from 

the exhaust gases by electrostatic precipitators or bag filters. Fly ash is a finely divided power 

resembling Portland cement. The particle sizes in fly ash vary from less than 1 micrometer to 

more than 100micrometer with the typical particle size measuring less than 20 micrometer. 

Only 10% to 30% of the particles by mass are larger than 45micrometer. Fly ash is non 

combusted by product of coal fired power plants. Our country is currently producing the Fly ash 

approximately at the rate of the 95 -100 million tons per year from 70 thermal power stations. 

Source:  Class F Type fly ash obtained from Ennore thermal power plant, Chennai. Considering 

IS: 3812-part I-2003 the mineral admixture is to be in dry powder form. 

SILICA FUME: 

Silica fume, also referred to as micro silica or condensed silica fume, is a byproduct material that 

is used as a pozzolana. This byproduct is a result of the reduction of high-purity quartz with coal 

in an electric arc furnace in the manufacture of silicon of ferrosilicon alloy. Silica fume rises as 

an oxidized vapor from the 2000 C furnaces. When it cools it condenses and is collected in huge 

cloth bags. The condensed silica fume is then processed to remove impurities and to control 

particle size. 

Condensed silica fume is essentially silicon dioxide (usually more than 85 %) in no crystalline 

form. Since it is an airborne material like fly ash, if has a spherical shape. It is extremely fine 

with particle less than 1 micrometer in diameter and with an average diameter of 0.1 micrometer, 

about 100times finer than cement and fly ash. 

Condensed silica fume has a surface area of  20000 m
2
/kg. The relative density of silica fume is 

generally in the range of 2.20 to 2.5. Portland cement has a relative density of about 3.15. The 

bulk density of silica fume varies from 130 to 430 kg/m
3
.Silica fume is sold in powder form but 
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is more commonly available in liquid. Silica fume is used in amounts between 5% and 10% by 

mass of the total cementitious material. 

METHODOLOGY: 

Paver blocks were cast using rectangular and I section moulds.  For the rectangular blocks the 

designed M50 mix  was used with various combinations of sludge, fly ash and silica fume as 

cement replacement materials as specified in Tables of various combinations from A to G.  For 

the commercial I-section the design mix proportion was used with combination of sludge as 

cement replacement material as specified in combination H. 

CASTING OF RECTANGULAR SPECIMENS: 

Moulds of size 200mm × 120mm × 80mm were used for the preparation of the rectangular test 

specimens. First the materials required like cement, fine aggregate, coarse aggregate, fly ash, 

silica fume and pigments are taken in the required designed amount and mixed together by 

adding required water. Then the mixture was placed into the mould in three layers. Each layer 

was compacted well by tamping bars. Finally trowel was used to give a smooth finish to the top 

surface of mould. The specimen were demolded after 24 hours and cured.  Figures shown below 

are the moulds, the materials used and Paver blocks. 

CASTING OF COMMERCIAL I – SECTION SPECIMENS: 

The commercial blocks were prepared by a hydraulic compression machine which was used in 

industry to produce the paver blocks. First the materials required like cement, fine aggregate, 

coarse aggregate, fly ash, silica fume and pigments were taken in the required designed amount 

and mixed together by adding required water. Then the mixture was placed into the mould in 

three layers and the top thin layer was added required percentage of coloured pigments for 

customer choice. The hydraulic compressive load was applied on the mould. The specimen were 

demoulded and cured.  Figure 5.4 shows the I-section Paver blocks. .          

 

RESULTS AND DISCUSSIONS: 

It was found that the compressive strength at 7 days and 28 days decreased when the percentage 

of sludge was increased from 0 to 40%. IS 15658:2006 recommends a minimum strength of 30 

MPa for the paver blocks to use in Building premises and public gardens/parks. Hence from the 

test results obtained, for combinations with sludge up to 30% satisfied the above requirements. 

It was observed that the compressive strength decreased with the addition of fly ash in the 

mixes with 10% sludge. Further it was concluded that all the combinations were satisfied the 

minimum strength requirements of 30 MPa as per IS 15658: 2006. 

It was observed that the compressive strength decreased with the addition of fly ash in the 

mixes with 20% sludge. Further it was concluded that the compressive strength of mix 

combination S20 F10 only has achieved the minimum strength requirement of paver block.  

           It was observed that the compressive strength decreased with the addition of fly ash in the 

mixes with 30% sludge. Further it was concluded that all the combinations have not achieved the 

minimum requirement of compressive strength and it cannot be used for paver blocks as per IS 

15658: 2006 

It was observed that the compressive strength decreased with the addition of fly ash in the 

mixes with 40% sludge. Further it was concluded that all the combinations were not satisfied the 

minimum strength requirements of 30 MPa as per IS 15658: 2006.  

It was observed that the compressive strength decreased with the addition of sludge in the 

mixes with 2.5 % silica fume. Further it was concluded that all the 28 day compressive strength 

of S2.5 S40 combination only has not achieved the minimum requirement as per IS 15658: 2006.                
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It was observed that the compressive strength decreased with the addition of sludge in the 

mixes with 5 % silica fume. Further it was concluded that all the combinations has achieved the 

minimum requirement of strength as per IS 15658: 2006. 

Flexural strength results 

S.No Mix combination Breaking 

Load (KN) 

Flexural  Strength 

(Mpa) 

1.  S0 48 14.06 

2.  S10 24 7.03 

3.  S20 13 3.81 

4.  S30 7 2.05 

5.  S40 4 1.17 

6.  S10F10 21 6.15 

7.  S10F20 18 5.27 

8.  S10F30 13 3.81 

9.  S10F40 10 2.93 

10.  S20F10 13 3.81 

11.  S20F20 9 2.64 

12.  S20F30 6 1.76 

13.  S20F40 3 0.88 

14.  S30F10 5 1.46 

15.  S30F20 3 0.88 

16.  S30F30 2 0.59 

17.  S30F40 1 0.29 

18.  S40F10 2 0.59 

19.  S40F20 1 0.29 

20.  S40F30 1 0.29 

21.  S40F40 1 0.29 

22.  SF2.5S10 21 6.15 

23.  SF2.5S20 16 4.69 

24.  SF2.5S30 8 2.34 

25.  SF2.5S40 4 1.17 

26.  SF5S10 24 7.03 

27.  SF5S20 19 5.57 

28.  SF5S30 15 4.39 

29.  SF5S40 5 1.46 

30.  I-S 0 30 8.79 

31.  I-S 10 24 7.03 

32.  I-S 20 22 6.44 

33.  I-S 30 20 5.86 

     Note: S-Sludge; F-Fly ash; SF-Silica fume 

 

In paver blocks it was found that the compressive strength was at 7 days and 28 days 

decreased when the percentage of sludge was increased from 0 to 30% in commercial mix. IS 
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15658:2006 recommends a minimum strength 30 MPa for the paver blocks to use in Building 

premises and public gardens/parks. Hence from the test results obtained, for combinations with 

sludge up to 30% satisfied the above requirements.  

 

FLEXURAL STRENGTH  

The variation of flexural strength at 28 days and breaking load of the paver blocks are 

shown below. The minimum breaking load for residential pathways and public pedestrian paths 

is 2 KN as per code IS 15658: 2006. Mix combinations S30F40, S40F20, S40F30 and S40F40 

have not satisfied the minimum requirement and it cannot be used for paver blocks. 

Cost Analysis: 

The cost analysis plays an important role in deciding the economic design. Cement is the 

main ingredient of concrete and it is costlier also and its availability becomes rare nowadays. 

Hence the costlier thing is to be replaced, so it’s necessary to make cost analysis. Material 

required and their cost for providing per m
3  

concrete for M50,M40 and M30 grades are shown in 

Table below. 

Material quantities 

S.N

o 

Material Rate 

/Kg 

QuantityRequired(Kg/ m
3
) Amount(Rs.) 

M50 M40 M30 M50 M40 M30 

1 Cement 5.0 550 510.5 464.09 2750 2553 2320 

2 FineAggregates 0.39 634.79 491.47 600.92 248 192 234 

3 Coarse 

Aggregates 

0.41 1056.22 1135.71 1062.27 433 466 436 

4 Fly Ash  (cement 

replacement) 

0.70 -- -- -- -- -- -- 

5 Silica 

fume(cement 

replacement) 

1100 -- -- -- -- -- -- 

Total Amount of  concrete  per m
3  

in Rupees 3431 3210 2990 

 

The rectangular shaped Paver blocks cost comparison with M40. It was observed that the 

combinations S10F10 and S10F20 gave 12.3% and 21.58% of cost reduction respectively.   

Cost compared with M40 paver blocks 

S.No Specimen Sludge Cement Fly Ash Cost 

saved 

(Rs) 

Cost Saved 

(%) 

Kg Rs Kg/m
3
 Rs Kg/ m

3
 Rs 

1 S10 F10 55 -- 440 2200 55 38.5 314 12.3 

2 S10 F20 55 -- 385 1925 110 77.0 551 21.58 

Total Amount of  concrete per m
3  

in Rupees as per M40 Rs.3210/- 

Combination  S10 F10 Rs.2896/- 

Combination  S10 F20 Rs.2659/- 
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The cost comparison of rectangular shaped Paver blocks with M30 paver blocks. It was 

observed that the combinations of S20, S30, S10F30, S10F40 and S20F10 were gave 5.17%, 

17.03%, 23.90%, 34.09% and 15.37% of cost reduction respectively. 

                                                    

Cost compared with M30 paver blocks 

S No Specimen Sludge Cement Fly Ash Cost 

saved 

(Rs) 

Cost Saved 

(%) 

Kg Rs Kg/m
3
 Rs Kg/ m

3
 Rs 

1 S20 110 -- 440 2200 -- -- 120 5.17 

2 S30 165 -- 385 1925 -- -- 395 17.03 

3 S10F30 55 -- 330 1650 165 115.5 554.5 23.90 

4 S10F40 55 -- 275 1375 220 154.0 791 34.09 

5 S20F10 110 -- 385 1925 55 38.5 356.5 15.37 

 

CONCLUSIONS: 

 

Based on the test results and analysis, the following conclusions were made. 

1.The combinations obtained by replacing cement by sludge up to 30% gave compressive 

strength more than 30MPa and water absorption less than 6%. 

2.The combinations obtained by replacing cement with 10% of sludge and     fly ash from 10 to 

40 percentages gave compressive strength above 30MPa and water absorption below 6%. 

3.The combinations obtained by replacing cement with 20% of sludge and 10% fly ash gave a 

compressive strength above 30MPa and the water absorption  below 6%.  Other combinations 

gave compressive strength below 30 MPa due to increase in sludge content. They cannot be used 

as blocks because minimum strength required for the paver blocks is 30MPa. 

4.The combination S10F10 and S10F20 attained compressive strength more than 40 N/mm
2
 and 

water absorption less than 6% and they can be used for paver blocks subjected to medium traffic 

category such as city streets, low volume roads, utility cuts on arterial roads, etc., 

5.It is recommended that the samples having compressive strength more than 30Mpa and water 

absorption less than 6% can be used for paver blocks subjected to non traffic and light traffic 

categories such as building premises, public garden, domestic drives, embankment slopes 

shopping complexes, car parks, etc., 

6.It was also observed that the paver blocks with various percentages of sludge and silica fume 

have attained more than 30 N/mm
2
 except the mix SF2.5S40 and found there was no savings in 

cost when silica fume was added.  

7.Based on the flexural strength and breaking load results, it was found that all the combinations 

were satisfied the codal requirements except the combinations S30F40, S40F20, S40F30 and 

S40F40. 

Total Amount of  concrete per m
3  

in Rupees as per M30 Rs.2990/- 

Combination  S20 Rs.2870/- 

Combination  S30 Rs.2595/- 

Combination  S10F30 Rs.2435.5/- 

Combination  S10F40 Rs.2199/- 

Combination  S20F10 Rs.2633.5/- 
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