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Abstract— Nowadays construction industry is focussing on 

various wastes from other industries to use them as substitutes 

for construction materials which will reduce their initial cost. 

Waste disposal from thermal power plants and ceramic 

industries are increasing day by day and creating lot of 

environmental pollution due to lack of utilising them. Due to 

pozzolonic nature of these materials they can be used in 

construction industry as substitute to cement. The present 

experimental investigation examines the possibility of 

replacing cement with ceramic waste obtained from tiles 

industry and pond ash from thermal power plants in concrete 

mix design. The optimum replacement percentage of ceramic 

waste in cement was already know as 15% from past 

literatures and now experimental work is carried out by 

varying remaining percentage of  cement with pond ash (5%, 

10%, and 15%) in concrete mix. The optimum replacement 

percentage of pond ash will be obtained. 
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I. INTRODUCTION 

Transportation engineering involves planning, design, 

construction, maintenance and operation of transportation 

facilities. All these aspects should be safe, economic and eco 

friendly. Based on economic and eco-friendly concept 

researchers are trying to make industrial and thermal waste to 

be transferred to construction industry for their usage thereby 

reducing environmental pollution and cost benefitting 

construction industry. One of the major sources of pollution 

in the modern world of industrialization and urbanization is 

the generation of large quantities of Coal Combustion 

Residue (CCR) from the combustion of coal in thermal power 

plants. CCRs include fly ash, bottom ash and pond ash. When 

pulverized coal is burnt to generate heat, the residue collected 

from different rows of electrostatic precipitators in dry form 

contains 80% fly ash. It is an important resource for 

production of Portland Pozzolans Cement, a replacement of 

ordinary Portland cement. 20% of residue of burnt coal, 

collected in the water-impounded hopper below the boilers is 

called bottom ash. It is generally used for fills, embankments 

and road construction. Pond ash is a mixture of bottom ash 

and fly ash as available in ash ponds. It is a resource material 

for manufacturing clay ash bricks, filling material for area 

development, construction of embankments etc. Rigid 

pavement are constructed from cement concrete or reinforced 

concrete slabs, they have many advantages such as durable 

and can with stand heavy loads but Initial cost of construction 

is very high in rigid pavements when compared to other 

pavements as cement is the primary ingredient in them, to 

overcome this problem we can replace cement in concrete 

with pozzolonic materials.  

II. LITERATURE REVIEW 

A.Sofi, et al., (2015) [1] investigated flexural behavior by 

incorporating pond ash in cement and concrete mix with fiber 

reinforcement. Beams with 10%, 20% and 30% Pond ash 

were casted and 0.5%, 1% and 2% by volume of concrete 

steel fiber were incorporated in the mix and analyzed from 

results that if Pond ash content increased for a given steel 

fiber content in the beams, ultimate load increased and 

similarly for a given pond ash content in beams, when steel 

fiber increased ultimate load increases. 

Dhiraj kumar Lal et al., (2019) [2] studied bottom 

ash usage as replacement for fine aggregate and cement in 

cement motor. Properties of motor such as compressive, 

flexural strengths, bulk density, and workability were found 

out. Physical properties of motor incorporated with pond ash 

were analyzed based on x-ray fluorescence; x-ray diffraction 

etc, which gave results after analysis that gain in flexural 

strength, observed was due to bonding between pond ash 

particles and cement up to 20% replacement. 

Ch.Devi et al., (2015) [3] studied various properties 

of concrete by using ceramic dust powder as partial 

replacement for cement. Replacement is done starting from 

5% and up till 30% to both M40 and M30 grades of concrete. 

In both grades increase in compressive and tensile strength 

observed till 15% and then decreased. 

Aditya et al., (2016) [4] investigated partial 

replacement of cement with vitrified polish waste and in 

addition fiber is added. Mix design of M40 grade is taken and 

Cement is replaced starting with 5% VPW and 0.1% Recron-

3s fiber is added till optimum values are attained .Optimum 

dosage of fiber to optimum VPW is 3% i.e. (15% VPW+ 3% 

R.P.F) mix gave optimal values. incorporated solid waste 

material i.e. ceramic waste powder (CWP) as partial 

replacement for cement.CWP is replaced both in self 

compacting concrete (SCC) and conventional concrete (CV) 

in varying percentages such as 10, 20, 30 and 40% in CV and 

28 and 57% in SCC and concluded that for M25 mix in CV 

the optimum replacement level was 30% while for M50 of 

CV it is 20% For SCC mixtures, 28% replacement is used. 

Amr S. El-Dieb et al., (2018) [5] incorporated solid 

waste material i.e. ceramic waste powder(CWP) as partial 

replacement for cement.CWP is replaced both in self 

compacting concrete(SCC) and conventional concrete(CV) 

in varying percentages such as 10,20,30 and 40% in CV and 

28 and 57% in SCC and concluded that for M25 mix in CV 

the optimum replacement level was 30% while for M50 of 

CV it is 20% For SCC mixtures, 28% replacement is used. 

Deepankar Kumar et al., (2017) [6] investigated the 

feasibility of waste marble powder as partial replacement of 

sand and cement amalgam. Marble powder exhibited no 

function in hydration process; moreover, it acts as a filler. 
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Optimal replacement was noticed with 10% sand and 10% 

cement amalgam by 20% marble powder. 

Ali Khodabakhshian et al., (2018) [7] Analyzed 

results on mechanical properties carried on 16 concrete mixes 

containing  Marble waste powder (MWP) and silica fume 

(SF) as partial replacement of ordinary Portland cement 

(OPC). OPC was partially replaced at different ratios of SF 

(0%, 2.5%, 5%, 10%) and MWP (0%, 5%, 10%, 

20%).Mechanical properties of concrete with marble waste 

powder tend to decline for cement replacement ratios of more 

than 10%. Regarding the use of silica fume, they concluded 

that it improves the mechanical performance of concrete with 

marble waste powder by offsetting the decline of its 

properties relative to the control concrete. 

Lim Jay Sern et al., (2019) [8] Studied setting 

behavior, mechanical properties and drying shrinkage of 

ternary blended concrete containing granite quarry dust and 

processed steel slag aggregate. In binder phase, ordinary 

Portland cement (OPC), ground granulated blast-furnace slag 

(GGBS) and pulverized fly ash (PFA) were used. Electric arc 

furnace slag (EAFS) is used as replacement for coarse 

aggregate. Ternary blended GGBS-PFA concrete with 

superior medium to long term mechanical strength and 

dimensional stability can be produced with the use of EAFS 

as natural coarse aggregate replacement at 20% to 80% by 

volume of total coarse aggregate. 

Kamel Mohamed Rahla et al., (2019) [9] 

investigated the environmental, economic and functional 

performances of binary blended concretes containing Fly Ash 

(FA), Ground Granulated Blast-Furnace slag (GGBFS) and 

Silica Fume (SF) at different OPC substitution percentages 

the optimum replacement ratio was found to be: 40% for 

GGBFS, 5% for SF, and 20% for FA, which means that 

exceeding that substitution ratio will probably lead to a binary 

blended concrete with a lower sustainability level. 

Ali Abdulhussein Shubbar et al., (2018) [10] Done 

research to develop new cementations material by blending 

Ordinary Portland Cement (OPC), Ground Granulated Blast 

Furnace Slag (GGBS) and High Calcium Fly Ash (HCFA) 

i.e. (35% OPC + 35% GGBS + 30% HCFA). Compressive 

strength and electrical resistivity tests were evaluated. The 

compressive strength on concrete is obtained as 30.5mpa after 

56days which concluded that 96% is the strength when 

compared the mix with conventional concrete value i.e. 

32.1mpa. 

Prabhat Vashistha et al., (2019) [11] Studied various 

literatures on lime sludge enhancement in construction 

materials and many conclusions were made. Compressive 

strength of concrete and mortars remains same up to 30% 

replacement of cement. In replacement of fine aggregate no 

change is found out till 30%. Lime sludge and fly ash 

utilization in mortar and concrete resulted in better strength 

properties as compared to concrete with lime sludge only. 

Lime sludge can be utilized up to 20% in bricks and 40% in 

ceramic production. 

Fatemeh Soltanzadeh et al., (2017) [12] studied 

potentiality of waste seashell to be used as additives in 

production of blended cement. Cements with binary blends of 

ordinary Portland cement (OPC) and seashell powder (up to 

30% by mass) as well as ternary blends of OPC, seashell 

powder (up to 7% by mass) and natural pozzolans (up to 30% 

by mass) were developed. Binary blends of sea shell powder 

showed compressive strength close to OPC and using powder 

of waste seashell for developing blended cements reduced the 

cost of production.  

Brabha Hari Nagaratnam et al., (2018) [13] 

investigated the feasibility of utilizing palm oil fuel ash 

(POFA) and fly ash (FA) as an Ordinary Portland Cement 

(OPC) replacement in self-compacting concretes 

(SCC).Compressive strength results are obtained in between 

25-63mpa and tensile strength results were obtained in 

between 2.44-5.51mpa. SCC mixtures containing POFA, FA 

and hybrid blended aggregates, could indeed be used to 

produce highly workable, uniform SCC mixes that meets all 

strength characteristics. 

III. OBJECTIVES OF THE STUDY 

 To study the properties of Ceramic waste and Pond ash 

as effective cementations replacement materials in 

ordinary Portland cement. 

 To determine the optimum percentage of Pond ash in 

cement keeping 15% ceramic waste constant in the 

concrete pavement. 

 Evaluating the values of compressive, flexural & tensile 

characteristics of concrete replaced with optimal amount 

of Ceramic waste and Pond ash with conventional 

concrete. 

 Comparing the change in strength characters with 

conventional concrete and obtaining the optimal 

percentage of pond ash in cement replacement. 

IV. METHODOLOGY 

The experimental work is done by following methodology, 

literatures related to thesis were collected and results were 

analysed. Material collection was done and preliminary 

testing of materials was performed. Mix design based on M30 

grade of concrete for conventional mix was done and trail 

mixes were casted for fixing water cement ratio. As optimum 

percentage replacement of ceramic waste in cement is fixed 

as 15% from literature studies replacement is done with it, in 

addition experimental work is carried out by replacing 

remaining percentage of cement with pond ash (5%, 10% and 

15%) to get the optimum replacement value. Specimens were 

casted to obtain compressive, flexural & tensile strength and 

results were analysed. 
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Fig. 1: Methodology 

V. MATERIAL INVESTIGATION 

 Cement:  

Ordinary Portland cement of 53 grade confining to IS: 12269-

2013 is used in the experimental investigation Table.1 shows 

the properties of cement tested according to IS: 4031-1988 

TEST RESULT RANGE 

Specific Gravity 3.10 3.0-3.20 

% Fineness 2% residue<10% 

Normal Consistency 31% 27-33% by wt. 

Initial Setting Time 45min should be>30min 

Final Setting Time 240min should be<10hrs 

Soundness 5mm Should be<10mm 

Table 1: Properties of Cement 

 Fine Aggregate:  

The fine aggregate used in this experimental investigation is 

river sand bought from Nagavali river region confining to IS: 

383-1987 [21] specifications ,the sample is sieved to remove 

deleterious and oversized particles and tested for its 

properties according to IS: 2386-1963 and the results are 

displayed in Table. 2 

TEST RESULT RANGE 

Specific Gravity 2.70 2.5-3.0 

Sieve analysis Zone - III N.A 

Fineness modulus 2.4 2.2-2.6 

Water absorption 0.80% 0.1-2% 

Table 2: Properties of Fine Aggregate 

 Coarse Aggregate:  

In this investigation crushed stone aggregate of sizes 20mm 

and 10mm are used which are in accordance with IS: 383-

1987 . Specific gravity for both fractions attained same, 

flakiness and elongation index attained for sample is < 15% 

and tested for properties according to IS: 2386-1963 and the 

results are displayed in Table. 3 

TEST RESULT RANGE 

Specific Gravity 2.50 2.5-3.0 

Crushing value 19.5% Should be<30% 

Impact value 23.6% Should be<35% 

Flakiness index 8.420% Should be<15% 

Elongation  index 14.28% should be<15% 

Water absorption 0.20% 0-2% 

Table 3: Properties of Coarse Aggregate 

 Ceramic Waste: 

Ceramic waste is generated from tiles industry, for this 

investigation ceramic waste is collected from R.A.K 

Ceramics, samalkot, East Godavari district, Andhra Pradesh, 

India. Specific gravity of ceramic waste was found out to be 

2.46 and attained a fineness of 98% when passed through 90 

micron sieve. Properties were tested and tabulated under 

Table.4 

TEST RESULT RANGE 

Specific Gravity 2.45 N.A 

% Fineness for 90 µsieve 2% residue<10% 

Table 4: Properties of ceramic waste used 

 Pond ash: 

Combustion of coal produces a large amount of fly ash. Fly 

ash is the byproduct of thermal power station which requires 

a large area suitable method for its disposal. Fly ash is 

collected by mechanical or electrostatic precipitators from the 

flue gases of power plant whereas; bottom ash is collected 

from the bottom of the boilers. When these two types of ash, 

mixed together, are transported in the form of slurry and 

stored, the deposit is called pond ash. Pond ash for the present 

work is collected from “HINDUJA POWER PLANT” which 

uses coal for 500mw power Production. It disposes bottom 

ash and fly ash mixed with water which is from 

APPIKONDA BEACH to ponds. Properties of Pond ash are 

shown in Table 5 

TEST RESULT RANGE 

Specific Gravity 2.235 N.A 

% Fineness for 90micron 

sieve 
3% residue<10% 

Table 5: Properties of Pond ash 

 Chemical admixture:                     

Because of the fineness of cement particles they form clumps 

when water is added to concrete, this process traps 

considerable amount of water in mixing stage and reduces 

workability to counter this problem and to attain good 

workability with low water/cement ratio chemical admixtures 

are used. Five distinct classes of admixtures were there in 

those super plasticizers is one. Super plasticizers, also known 

as plasticizers or high-range water reducers (HRWR), reduce 

water content by 12 to 30 percent and can be added to 

concrete with a low-to-normal slump and water-cement ratio 

to make high-slump flowing concrete. Flowing concrete is a 

highly fluid but workable concrete that can be placed with 

little or no vibration or compaction. The effect of super 

plasticizers lasts only 30 to 60 minutes, depending on the 

brand and dosage rate, and is followed by a rapid loss in 

workability. As a result of the slump loss, super plasticizers 

are usually added to concrete at the jobsite. Super Plasticizer 

Fosroc Conplast X421IC is used in this research minimizes 

permeability and increase the waterproofing properties of 

concrete and cement sand mortars. 
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 Mixing Water: 

Water is the major ingredient of concrete, the water used for 

casting and curing of concrete should be free from acids, 

bases and other unwanted impurities. Since water is an 

important participant in chemical reaction with cement and 

formation of C-S-H gel the quality of water used should be 

monitored carefully. Ordinary potable drinking water 

confining to IS: 456-2000 is used in this test procedure. 

VI. RESULTS 

 Compressive Strength Test: 

Ability of concrete to resist loads compressing it is called 

compressive strength. Cubes with dimension (150x150x150) 

were casted and tested after curing for 7 and 28 days. Testing 

is done on automated concrete testing machine (ACTM) of 

capacity 2000KN and 5.2KN/S rate of loading is applied. 

Results and graphs are shown below. 

Compressive strength =  

Pond ash replacement 

percentages 

Average Compressive 

Strength (MPa) 

7 days 28 days 

100%C+0%VPW+0%PA 23.98 37.89 

85%C+15%VPW+0%PA 24.6 39.12 

80%C+15%VPW+5%PA 27.23 43.16 

75%C+15%VPW+10%PA 26.15 40.43 

70%C+15%VPW+15%PA 24.39 38.12 

65%C+15%VPW+20%PA 22.32 35.55 

Table 6: Compressive Strength values for Pond ash 

replacement 

 
Fig. 2: Percentage Pond ash replacement vs compressive 

strength 

 Flexural Strength Test: 

Ability of concrete beam to resist bending is called flexural 

strength. Beams with (500x100x100) mm were casted and 

tested after 7 & 28 days curing period. Testing was done on 

UTM (Universal testing machine) of 2000KN capacity 

following the test procedure from IS: 516-1959..if the beam 

is stressed uniformly along one third of its mid surface then 

beam fails in its weakest point of that one third part so third 

point loading is used here .Load is applied at the rate 

1.8kN/min from three prisms and average flexural strength 

value is taken. 

Flexural strength =   if a >13.3cm or 

                                     =  if 13.3cm < a >11cm 

Where P = load at failure 

l = beam span between supports 

a = Distance between line of fracture and nearest support 

b = width of beam in mm 

d = depth of beam in mm 

Pond ash replacement 

percentages 

Average Flexural Strength 

(MPa) 

7 days 28 days 

100%C+0%VPW+0%PA 3.52 4.41 

85%C+15%VPW+0%PA 3.56 4.48 

80%C+15%VPW+5%PA 4.1 4.92 

75%C+15%VPW+10%PA 3.89 4.73 

70%C+15%VPW+15%PA 3.5 4.41 

65%C+15%VPW+20%PA 3.34 4.12 

Table 7: Flexural Strength Details for pond ash replacement 

 
Fig 3: Percentage pond ash replacement vs flexural strength 

 Tensile Strength Test: 

Due to brittle nature of concrete it is weak in tension so cannot 

bear direct tension force. If concrete is subjected to tension 

force, cracks are formed. Tensile strength is very important 

factor as it gives the load at which concrete cracks. 

Cylindrical specimens with (300x150mmdiameter) were 

casted and cured for 7 and 28 days. These were tested under 

compression testing machine (CTM) by placing horizontally 

between the loading surfaces. Load is applied diametrically 

and uniformly along the length of cylinder which makes 

cylinder to split into two halves along its vertical plane and 

gives us tensile strength value. 

Tensile stress =  
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Pond ash replacement 

percentages 

Average Tensile 

Strength (MPa) 

7 days 28 days 

100%C+0%VPW+0%PA 1.78 2.57 

85%C+15%VPW+0%PA 191 2.63 

80%C+15%VPW+5%PA 2.03 2.91 

75%C+15%VPW+10%PA 1.94 2.81 

70%C+15%VPW+15%PA 1.83 2.66 

65%C+15%VPW+20%PA 1.62 2.48 

Table 8: Tensile Strength Details for pond ash replacement 

 
Fig. 4: Percentage pond ash replacement vs tensile strength 

VII. CONCLUSION 

The following conclusions were drawn from the above 

literatures. 

 The optimum replacement of ceramic waste and pond 

ash in M 30 grade design mix is found at 5%, where 

Compressive, Flexural and Tensile strengths attained 

maximum values. 

 For 5% addition of Pond ash with optimum ceramic 

waste (15% ceramic waste + 5% Pond ash) Compressive 

strength increased by 13.55% and 13.90 %  for 7 and 

28days respectively, in comparison with conventional 

mix. 

 For 5% addition of  Pond ash with optimum ceramic 

waste (15% ceramic waste + 5%  Pond ash ) Flexural 

strength increased by 16.47% and 11.56 % for 7 and 

28days respectively, in comparison with conventional 

mix. 

 For 5% addition of Pond ash with optimum ceramic 

waste (15% ceramic waste + 5% Pond ash) Tensile 

strength increased by 14.04% and 13.22 % for 7 and 

28days respectively, in comparison with conventional 

mix. 

 Decrease in strength after optimum percentage 

replacement indicates decrease in compressive, flexural 

and tensile strengths. 

 Compressive strength of optimum percentage 

replacement of VPW increased by 2.58% and 3.24% 

respectively, in comparison with conventional mix. 

 Flexural strength of optimum percentage replacement of 

VPW increased by 1.13% and 5.21% respectively, in 

comparison with conventional mix. 

 Tensile strength of optimum percentage replacement of 

VPW increased by 7.30% and 2.33% respectively, in 

comparison with conventional mix. 
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