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Abstract :  In ceramic industry, about 15%-30% waste material generated from the total production. This waste is not recycled in 

any form at present. However, the ceramic waste is durable, hard and highly resistant to biological, chemical, and physical degradation 

forces. A ceramic waste powder is also used as a binder with partial replacement of cement which takes some part of reaction at the 

time of hydration, and also it acts as a filler material. In this study, Performance of Ceramic waste concrete exposed to temperature 

attack was studied. For checking strength effect of replacement of cement by ceramic waste powder, the cement is replaced at 10%, 

20%, 30%, 40% and 50%. For study of size effect of ceramic waste powder,  the powder is divided in to two grades one is ceramic waste 

powder having size less than 90 micron and another is ceramic waste powder having particle size ranges from 90 micron to 150 

microns. For this study, concrete mixtures were prepared, for low grade M20, medium grade M40 and high grade M60. For a better 

understanding the results obtained are compared with the results of conventional concrete and the variation is shown. 

IndexTerms – Conventional Concrete, Ceramic waste concrete, Ceramic Waste Powder, Temperature attack. 

I. INTRODUCTION 

In 2020, China was by far the leading ceramic tile manufacturer worldwide, producing roughly 8.47 billion square meters of 

ceramic tile that year. India was the second largest producer, at 1.32 billion square meters that year. Thus as the production in the 

ceramic tile industrials increased, the amount of Waste Ceramic (WC) to be stored also increases. Ceramic Waste Powder (CWP) 

is generated during the finishing activities of tile. WC displays a significant harmful effect on air, water, flora, fauna, and human 

living conditions and health. Due to lack of proper management of CWP and waste tile, the land and groundwater tends to get 

polluted. The WC produced via heating and polishing activities prove as a danger to the local environment. Industrial solid waste 

management is one of the big global problems in today’s times. 

The substitution of cement in concrete with CWP represents tremendous saving of energy and adds to environmental 

advantages. Around 5% of the global carbon dioxide (CO2) emissions are a contribution of Portland cement production, it being 

classified as a major greenhouse gas (Kannan et al., 2017). It was observed that about 30% of waste is generated daily by the 

ceramic manufacturing industry (Senthamarai and Devadas Manoharan, 2005). 

 In fire, concrete performs well as an engineered structure and as a material in its own right. It is vitally important that we create 

buildings and structures that protect both people and property as effectively and as efficiently as possible. A mass of national and 

international legislation exists to protect us from the hazards of fire and it is being updated continuously as a result of research and 

development. However, this can prove unwieldy for all but technical fire specialists-Straight forward information and guidance is 

required for busy professionals, whether they be architects, specifies, insurers or from Government bodies. Concrete is specified in 

building and civil engineering projects for several reasons, sometimes cost, sometimes speed of construction or architectural 

appearance, but one of concrete's major inherent benefits is its performance in fire, which may be overlooked in the race to consider 

all the factors affecting design decisions.  

In most cases, concrete does not require any additional protection because of its built-in resistance to fire. It is non-combustible 

(i.e. it does not bum) and has a slow rate of heat transfer, which makes it a highly effective barrier to the spread of fire. Design of 

concrete structure for fire is related to the strength, continuity of reinforcement and adequate detailing of connections. When 

concrete is exposed to elevated temperatures for longer duration, there is possibility of volume change and weight loss due to water 

escape. The change in volume results in large internal stresses causes in cracking of concrete. Elevated temperature also bring in 

chemical and micro structural changes such as migration of water, increase in dehydration and thermal incompatibility of interface 

between cement paste and aggregate. All these changes will have an effect on strength and stiffness of concrete. 

 

Need for Present Study 

One of the major challenges of our present society is the protection of environment. Some of the important elements in this 

respect are the reduction of the consumption of energy and natural raw materials. These topics are getting considerable attention 

under sustainable development now a day.  
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The use of ceramic waste generated from ceramic industry showing that, prospective application in construction as alternative 

to the cement. The following problems of increasing magnitude are pressurizing the construction industries to use ceramic waste in 

the new concrete. 

Sustainability in concrete industry 

Sustainability is an important issue all over the world. Cement and concrete industry is responsible for the production of co2 

emission. Design of concrete mixtures with optimum content of cement and enhancement of concrete durability are the main issues 

towards sustainability in concrete industry. 

Shortage of Dumping Ground and Disposal Problems: 

In the present days, there has been enormous increase in the quantity of ceramic waste. Therefore, disposal of such waste is 

posing a threat to the environment besides the shortage of dumping area. 

II. LITERATURE REVIEW 

Extensive search for studies pertaining to ceramic waste concrete was carried out. It was found that several investigators have 

used waste ceramic-like tile, electrically insulated, sanitary, and ceramic powder, a binder, FA, and CA for producing a variety of 

concrete. All results are hopeful, and some countries have allowed the partial or full substitution of cement or natural aggregates by 

recycling Waste ceramic powder and aggregates. 

Kannan et al. (2017) examined the potentiality of using CWP as a partial substitution of Portland cement in HPC. In all, five 

high-performance concrete mixes were prepared by substituting of cement (0, 10, 20, 30, and 40%) with WCP at 0.43 w/c. 

Prepared samples were examined based on their micro structural, durability, and mechanical properties like slump, slump loss, 

setting time, compressive strength, rapid chloride permeability test and bulk electrical resistivity, chloride ion permeability, 

electrical resistivity. High-performance concrete mixture results reported the Portland cement replaced with CWP up to 30% 

showed excellent durability and high strength performance. 

Ash (2016) examined the effect of Ceramic waste Powder (CWP) in Self Compacting Concrete (SCC). CWP was utilized as a 

substitution of cement with varying percentage such as 0%, 5%, 10%, 15%, 20%, 25%, 30% and Fly ash 25%. The researcher 

investigated two types of concrete grades such as M-30 and M-35. The study resulted in that the addition of CWP varying from 0 to 

10% and 25% fly ash was concluded to be beneficial for SCC. Compressive strength, flexural strength, and STS of SCC decreased 

with an enhanced percentage of CWP. 

Heidari and Tavakoli (2013) used of ground CWP as opposed to cement in concrete. Therefore in this study used ground CWP 

used in two-phase: in the phase A from (0%, 10%, 15%, 20%, 25%, 30% and 40%) and phase B from (0%, 15%, 20, and 25%) 

with (0.5% and 1%) nano-SiO2 by weight of cement. They concluded that the compressive strength and water absorption value 

decreases with the increasing substitution ratio of ground CWP when compared to the conventional concrete. 

Pooja Jain et al. (2022) evaluated the literature on Ceramic Waste Concrete (CWC) With regard to mechanical 

properties, compressive strength of the mixes up to a substitution level of 10 to 20% is either higher or nearly equal to reference 

mix. White ceramic waste has shown better pozzolanic properties when compared to red ceramic waste. When combined with other 

alternate supplementary cementitious materials like rice husk ash and fly ash, compressive strength improved further. On 

examination of the microstructure using scanning electron microscopy, X-ray diffraction etc., ceramic wastes’ pozzolanic 

properties were retrospectively proved. Utilization of ceramic waste beyond the 20% level led to the dilution of CSH forming 

compounds and hence retardation in setting and hardening of the cement composites. This was also accompanied by a fall in 

compressive strength was noted. Assessing the utilization of ceramic waste presents a sustainable approach in the construction 

industry while simultaneously comprehending ecological benefits. 

From the literature it was observed that, observed that most of the studies are carried out on M20 and M30 concrete grades. The 

durability studies and temperature effects studies on Ceramic waste concretes are also very less. Hence, it is proposed to study the 

performance of ceramic waste concretes of low grade M20, medium grade M40 and high grade M6o on fire resistance. 

 

III PRELIMINARY INVESTIGATIONS 

Preliminary studies and investigations were carried out to study the properties of individual ingredients used in concrete. In the 

present study the following materials are used, 

 Cement,  

 Coarse Aggregate, 

  Fine Aggregate,  

 Ceramic Waste powder,  

 Water, Super Plasticizer 

 

Cement 

Cement is the primary constituent of concrete. Cement is a finely milled material which by itself is not a binder but acquires the 

binding property as a result of hydration. The cement is obtained by burning a mix of calcareous (calcium) and argillaceous (clay) 

materials at a high temperature, later the obtained clinker is ground to a fine powder.  

In the present study,  Ordinary Portland cement of 53 grade available in the local market was used and tested for various 

properties as per IS 12269-1987.  
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3.1: Properties of Cement 

Property Result 
Requirements as per 

IS 12269-1987 

Normal consistency 34 % 33-35% 

Fineness of cement 6.5% <10% 

Setting times 

Initial setting time(Minutes) 

Final setting time(Minutes) 

 

105 Minutes 

300 Minutes 

 

≥ 30 Minutes 

≤ 600 Minutes 

Specific Gravity 3.10 3.1-3.2 

Compressive strength 

3 Days 

7 Days 

28 Days 

 

29.39 Mpa 

43.00 Mpa 

53.62 Mpa 

 

27 Mpa 

- 

  53 MPa 

 

Coarse Aggregates 

Coarse aggregate may be uncrushed, crushed or partially crushed gravel or stone. They should be hard, strong, dense, durable, 

clear and free from injurious amounts of disintegrated pieces, alkali, organic matter and other deleterious substances. The most 

commonly used coarse aggregate in concrete is crushed stone and gravel.  

Crushed granite of 20 mm maximum size has been used as coarse aggregate. The sieve analysis of combined aggregates 

confirms to the specifications of IS 383: 1970 for graded aggregates.  

Table 3.2: Properties of Coarse Aggregate 

Property Result 
Range of values 

As per IS:383-1970 

Specific gravity 2.85 2.6-2.9 

Fineness Modulus 7.21 6.5-8 

 

Fine Aggregate 

The fine aggregate forms the filling matrix between the coarse aggregate. The aggregate size from 4.75 mm to 150 microns are 

termed as fine aggregate. Fine aggregates may be natural sand, crushed stone sand and crushed gravel sand. Depending upon the 

particle size fine aggregates are described as fine, medium and coarse sands. As per IS 383-1970, the gradation of fine aggregate 

has been done by dividing into four zones i.e. Zone-I, Zone-II, Zone-III and Zone-IV. 

Locally available river sand conforming to grading zone II of IS 383 -1970 is used in the present study. It is clean, inert and free 

from organic matter, silt and clay. The main properties of fine aggregate are as follows.  

Table 3.3: Properties of Fine Aggregate: 

 

Property 

 

Result 

Range of values 

as per IS:383-1970 

Specific Gravity 2.69 2.5-2.8 

Fineness Modulus 2.5 2.2-2.6 

 

Water 

Water is the most important but the least expensive ingredient of concrete. The quality of water has great influence on strength 

and durability of concrete. The pH value of water should be between 6 and 8. The pH value of water less than 6 means it is acidic in 

nature which leads to corrosion of reinforcement. Water should be free from organic impurities. Locally available potable water 

free from impurities is used in the present study. 

Super Plasticizer 

Super plasticizers are usually highly distinctive in their nature, and they make possible the production of concrete which, in its 

fresh or hardened state, is substantially different from concrete made using water absorbing admixtures. For this purpose 

CONPLAST SP 430, manufactured by FOSROC was used.  

Ceramic Waste Powder 

Ceramic wastes are generated as a waste during the process of dressing and polishing. It is estimated that 15 to 30% waste are 

produced of total raw material used, and although a portion of this waste may be utilized on-site, such as for excavation pit refill, 

The disposals of these waste materials acquire large land areas and remain scattered all around, spoiling the aesthetic of the entire 

region.  It is very difficult to find a use of ceramic waste produced.  Ceramic waste can be used in concrete to improve its strength. 

Ceramic waste can be used as a partial replacement of cement. Ceramic Waste Powder used in the present experimental study was 

obtained from SILICA CERAMICS PVT LIMITED situated near Narayanpuram, West Godavari, Andhra Pradesh, India.  Physical 

Properties and Chemical Composition of this CWP as given by the Supplier are given in the following Tables. 

 

Table 3.4 Physical Properties of CWP 

Appearance fine powder 

Color White 

Odour Odourless 

Specific Gravity 2.3 
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Table 3.5 Chemical Properties of Ceramic waste 

Materials Ceramic powder % 

Sio2 68.11 

Al2O3 16.48 

Fe2O3 0.59 

K2O 3.14 

Na2O 3.78 

CaO 0.85 

MgO 1.61 

TiO2 0.02 

L.O.I 4.75 

 

Mix Proportion  

Three grades of concrete M20, M40, M60 were used in this study. Cement by weight was replaced by CWP in the range of 0%, 

10%, 20%, 30%, 40% and 50% for all three grades of concrete, to estimate the residual strengths of CWC at different temperatures 

varying from 27°C to 1000°C.  

Table 3.6 Mix proportions per m3 of concrete 

Grade of 

Concrete 
Cement 

Fine 

Aggregate 

Coarse 

Aggregate 
Water 

M20 1.00 1.89 3.21 0.55 

M40 1.00 1.65 2.92 0.4 

M60 1.00 1.28 2.56 0.35 

 

Batching, Casting, Curing and Testing.  

All ingredients were placed in the mixer except water and mixed in the dry condition. Initially 80% of water is added and mixed 

for 75 seconds. The remaining Quantity of water is then added to the concrete mix replaced with CWP in different percentages by 

weight of cement and mixed for 45 seconds. Specimens were cast in 100x100x100mm cube moulds. The specimens were 

compacted  using table vibrator. For all specimens a constant compaction time of 50 sec was adopted. All Samples were water 

cured for 28 days before caring of all investigations. 

IV  EXPERIMENTAL PROGRAMME 

Objectives: 

Based on the preliminary investigations carried out to develop Ceramic Waste concrete mix proportions have been arrived. 

The main objectives of experimental investigations are as follows 

1. To study the performance of ceramic waste concrete  (ceramic waste powder of particle size less than 90 microns and 90-

150 microns) with percentage of replacements 0%, 10%, 20%, 30%, 40% and 50% and to compare with that of 

conventional concrete. 

2. The above replacements are investigated for M20, M40 and M60 grades of concretes, to study the optimum dosage of 

ceramic waste replacement for various grades of concrete to achieve better strength. 

3.  To study the performance of ceramic waste concrete when exposed to temperatures  27° C (Room Temperature), 200°C, 

400°C, 600°C, 800°C and 1000°C and to compare with that of conventional concrete. 

Procedure for mixing, casting and curing  

The details of mixing, casting and curing of conventional concrete and ceramic waste concrete are as follows.  

All the ingredients such as coarse aggregate, fine aggregate and cement were placed in the rotary drum mixer and mixed in dry 

condition. Water is added to the dry mixture during rotation. All the test specimens were cast in cast iron moulds conforming to IS: 

10086-1982 and vibrated on a standard vibrating table conforming to IS: 7246-1974.Test specimens were removed from the mould 

after 24 hours from the commencement of casting and submerged under water till the time of testing. 

Fig. 4.1 to Fig 4.4 shows the mixer, specimens after casting, specimens under curing and specimens under drying. 

 
Fig. 4.1 Concrete Mixer 
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Fig. 4.2 Finished Specimens 

 

 
Fig. 4.3 Specimens in curing tank 

 

 
Fig. 4.4 specimens under drying 

 

Experimental procedure for Temperature attack 

 Muffle furnace of capacity l000⁰C was used for exposing the specimens from 200°C to 1000°C with an increment of 200°C. 

The temperature was controlled by control panel. The rate of heating in the furnace was maintained at a rate of 200°C per hour 

throughout the work. The cube specimens of size 100x100x100 mm were placed in the furnace for 1 hour duration and for specified 

temperature. The weights of the specimens were also taken at regular intervals to observe the weight loss. 

 

Details of test specimens for Temperature attack of Conventional Concrete (CC) and CWC  

The experimental program has been under taken to study the temperature attack of CC and CWC for M20, M40 and M60 (CWP 

of size < 90 microns and 90-150 microns) under ambient curing. To study the performance of temperature attack, specimens were 

exposed to 200⁰C, 400⁰C, 600⁰C, 800⁰C and 1000⁰C temperatures after 28 days of curing. The details of test specimens are shown 

in Table 4.4.  

Table 4.4 Details of test specimens for studying Temperature attack of CC and CWC 

Parameters studied 
Tests 

Conducted 

Specimen size 

(mm) 

No. of 

specimens 

Performance of CC and 

CWC specimens exposed to 

200⁰C, 400⁰C, 600⁰C, 800⁰C 

and 1000⁰C temperatures after 

28 days 

Compressive 

strength loss & 

weight loss 

100 x 100 x 100 
11 x 05 x 03 x 

03= 495 
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V. RESULTS AND DISCUSSION 
  

For the purpose of investigation of temperature effect, compressive strength loss and weight loss was studied for cubes 

of size 100x100x100 mm. The specimens were kept in the furnace and exposed to 200°, 400°, 600°, 800° and 1000°C 

temperatures at duration of  1 hour for M20, M40 and M60 grade concretes and the following observations were made. 

 

5.4.1 The results for 1 hour duration of heating for M20grade and the following were observed.  

At 200°C a decrease in compressive strength of 18.15, 17.79, 3.83, 4.64, 8.92 and 14.45 % for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle size less than 90 microns, 22.64, 25.78, 14.91, 19.1, 19.44 and , 33.31% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle 90-150 microns respectively after 1 hour heating for M20 concrete was noted.  

It is also observed that the weight loss of 2.9, 3.77, 3.78, 4.17, 5 and 5.04% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns, 2.5, 3.78, 3.75, 4.17, 4.2 and 4.6% for 0%, 10%, 20%, 30%, 40% and 50% CWP of 

particle 90-150 microns respectively after 1 hour heating for M20 concrete was noted.  

At 400°C a decrease in compressive strength of 27, 29.04, 13.17, 7.05, 9.88 and 19.16% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns, 31.07, 32.87, 28.65, 29.43, 32.05 and 51% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle 90-150 microns respectively after 1 hour heating for M20 concrete was noted.  

It is also observed that the weight loss of 6.22, 6.28, 5.88, 6.25, 5.42 and 5.46% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns, 6.25, 6.3, 5.83, 5.83, 5.04 and 5.44% for 0%, 10%, 20%, 30%, 40% and 50% CWP of 

particle 90-150 microns respectively after 1 hour heating for M20 concrete was noted.  

 At 600°C a decrease in compressive strength of 32.32, 35.78, 34.38, 39.16, 26.86 and 44.87% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle size less than 90 microns, 42.2, 42.44, 52.41, 50.02, 49.73 and 66.37% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle 90-150 microns respectively after 1 hour heating for M20 concrete was noted.  

It is also observed that the weight loss of  7.47, 5.44, 6.3, 7.08, 6.25 and 6.3% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns 6.67, 5.46, 6.25, 6.25, 5.88 and 6.28% for 0%, 10%, 20%, 30%, 40% and 50% CWP of 

particle 90-150 microns respectively after 1 hour heating for M20 concrete was noted.  

At 800°C a decrease in compressive strength of 44.63, 59.95, 61.79, 71.09, 74.32 and 80.61% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle size less than 90 microns 53.4, 59.8, 61.46, 60.2, 59.35 and 81.67% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle 90-150 microns respectively after 1 hour heating for M20 concrete was noted.  

It is also observed that the weight loss of 7.05, 6.28, 6.72, 7.5, 7.92 and 7.98% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle size less than 90 microns, 7.08, 6.3, 6.67, 6.67, 6.3 and 7.53% for 0%, 10%, 20%, 30%, 40% and 50% CWP 

of particle 90-150 microns respectively after 1 hour heating for M20 concrete was noted.  

At 1000°C a decrease in compressive strength of 67.53, 71.98, 77.84, 80.97, 87.58, and 86.16% for 0%, 10%, 20%, 30%, 40% 

and 50% CWP of particle size less than 90 microns, 72.65, 74.75, 74.21, 79.3, 81.05 and 91.08% for 0%, 10%, 20%, 30%, 40% 

and 50% CWP of particle 90-150 microns respectively after 1 hour heating for M20 concrete was noted.  

It is also observed that the weight loss of 7.88, 6.69, 7.14, 7.92, 8.33 and 8.4% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns 7.92, 6.72, 7.08, 7.08, 7.56 and 7.95% for 0%, 10%, 20%, 30%, 40% and 50% CWP of 

particle 90-150 microns respectively after 1 hour heating for M20 concrete was noted.  

From the above discussions it was noted that the compressive strength of CWC of M20 grade was higher at 30% 

replacement than that of other replacements. It was also noted that the compressive strength of 30% replacement was higher than 

0% replacement of CWC up to 400°C and decreases at higher temperatures. It was also noted that at 800°C and l000°C CWC was 

performing inferior to that of normal concrete, in compression. 

 

5.4.2 The results for 1hour duration of heating for M40grade and the following were observed.  

At 200°C a decrease in compressive strength of 22.6, 23.37, 7.15, 8.7, 8.07 and 18.1% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle size less than 90 microns, 25.38, 19.71, 11.19, 7.76, 9.54 and 18.48% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle 90-150 microns respectively after 1 hour heating for M40 concrete was noted.  

It is also observed that the weight loss of 2.35, 3.57, 3.98, 4.08, 4.84 and 5.2% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns, 2.33, 3.54, 3.94, 4.02, 4.76 and 4.74% for 0%, 10%, 20%, 30%, 40% and 50% CWP of 

particle 90-150 microns respectively after 1 hour heating for M40 concrete was noted.  

At 400°C a decrease in compressive strength of 26.27, 27.56, 11.47, 17.19, 19.71 and 28.16% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle size less than 90 microns, 36.4, 30.28, 27.21, 20.42, 25.01 and 28.9% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle 90-150 microns respectively after 1 hour heating for M40 concrete was noted.  

It is also observed that the weight loss of 6.27, 5.56, 6.37, 6.12, 5.24 and 6% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns, 6.2, 5.91, 6.3, 6.02, 5.16 and 5.14% for 0%, 10%, 20%, 30%, 40% and 50% CWP of 

particle 90-150 microns respectively after 1 hour heating for M40 concrete was noted.  

 At 600°C a decrease in compressive strength of 50.25, 44.04, 42.11, 44.37, 47.12 and 48.37% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle size less than 90 microns, 55.75, 57.62, 53.46, 51.99, 54.62 and 58.23% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle 90-150 microns respectively after 1 hour heating for M40 concrete was noted.  

It is also observed that the weight loss of  7.06, 6.35, 6.77, 6.94, 6.05 and 7.2% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns 6.98, 6.3, 6.69, 7.23, 5.95 and 5.93% for 0%, 10%, 20%, 30%, 40% and 50% CWP of 

particle 90-150 microns respectively after 1 hour heating for M40 concrete was noted.  

At 800°C a decrease in compressive strength of 79.55, 83, 71.9, 74.08, 79.69 and 82.17% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns 81.11, 82.75, 83.16, 75.28, 81.37 and 84.56% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle 90-150 microns respectively after 1 hour heating for M40 concrete was noted.  

It is also observed that the weight loss of 7.45, 6.75, 7.57,7.35, 7.26 and 8% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns, 7.36, 6.69, 7.48, 7.63, 7.94 and 7.51% for 0%, 10%, 20%, 30%, 40% and 50% CWP of 

particle 90-150 microns respectively after 1 hour heating for M40 concrete was noted.  
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At 1000°C a decrease in compressive strength of 89.12, 91.49, 90.68, 92.04, 93.78 and 94.7% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle size less than 90 microns, 89.81, 89.76, 90.45, 91.02, 91.41 and 93.35% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle 90-150 microns respectively after 1 hour heating for M40 concrete was noted.  

It is also observed that the weight loss of 7.84, 7.14, 8.37, 7.76, 7.66 8.4% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns 7.75, 7.09, 8.27, 8.03, 8.73 and 7.91% for 0%, 10%, 20%, 30%, 40% and 50% CWP of 

particle 90-150 microns respectively after 1 hour heating for M40 concrete was noted.  

From the above discussions it was noted that the compressive strength of CWC of M40 grade was higher at 30% 

replacement than that of other replacements. It was also noted that the compressive strength of 30% replacement was higher than 

0% replacement of CWC up to 400°C and decreases at higher temperatures. It was also noted that at 800°C and 1000°C, CWC 

was performing inferior to that of normal concrete in compression. 

 

5.4.3 The results for 1hour duration of heating for M60grade and the following were observed.  

At 200°C a decrease in compressive strength of 15.93, 12.63, 12.34, 16.31, 14.5 and 23.52% for 0%, 10%, 20%, 30%, 

40% and 50% CWP of particle size less than 90 microns, 17.48, 19.18, 8.47, 9.84, 13.22 and 32.73% for 0%, 10%, 20%, 30%, 

40% and 50% CWP of particle 90-150 microns respectively after 1 hour heating for M60 concrete was noted.  

It is also observed that the weight loss of 2.67, 3.85, 3.83, 4.26, 5 and 4.96% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns, 2.65, 3.82, 4.58, 4.21, 5.02 and 4.94% for 0%, 10%, 20%, 30%, 40% and 50% CWP of 

particle 90-150 microns respectively after 1 hour heating for M60 concrete was noted.  

At 400°C a decrease in compressive strength of 18.89, 14.2, 22.62, 28.34, 27.55 and 42.81% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle size less than 90 microns 20.11, 11.9, 20.8, 24.49, 29.29 and 49.54% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle 90-150 microns respectively after 1 hour heating for M60 concrete was noted.  

It is also observed that the weight loss of 6.11, 4.62, 5.75, 6.2, 5.38 and 5.34% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns, 6.06, 5.34, 5.34, 6.13, 5.79 and 5.32% for 0%, 10%, 20%, 30%, 40% and 50% CWP of 

particle 90-150 microns respectively after 1 hour heating for M60 concrete was noted.  

 At 600°C a decrease in compressive strength of 46.5, 43.33, 36.26, 40.32, 44.26 and 62.28 % for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle size less than 90 microns, 50.85, 44.55, 38.22, 37.68, 47.87 and 65.98% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle 90-150 microns respectively after 1 hour heating for M60 concrete was noted.  

It is also observed that the weight loss of  6.49, 6.54, 6.51, 6.98, 6.54 and 6.49% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns 7.2, 6.49, 6.87, 6.9, 6.18 and 6.08% for 0%, 10%, 20%, 30%, 40% and 50% CWP of 

particle 90-150 microns respectively after 1 hour heating for M60 concrete was noted.  

At 800°C a decrease in compressive strength of 77.46, 81.31, 64.84, 77.9, 75.21 and 78.47% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle size less than 90 microns 80.15, 81.67, 66.96, 77.45, 75.81 and 79.78% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle 90-150 microns respectively after 1 hour heating for M60 concrete was noted.  

It is also observed that the weight loss of  7.25, 6.92, 6.9, 7.36, 8.08 and 8.02% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns, 7.95, 6.87, 7.25, 7.28, 8.11 and 7.98% for 0%, 10%, 20%, 30%, 40% and 50% CWP of 

particle 90-150 microns respectively after 1 hour heating for M60 concrete was noted.  

At 1000°C a decrease in compressive strength of 95.04, 95.2, 93.74, 94.15, 95.08 and 96.42% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle size less than 90 microns, 95.39, 95.12, 94.46, 94.09, 95.11 and 96.23% for 0%, 10%, 20%, 30%, 40% and 

50% CWP of particle 90-150 microns respectively after 1 hour heating for M60 concrete was noted.  

It is also observed that the weight loss of 8.02, 7.31, 7.28, 8.14, 8.46 and 8.4% for 0%, 10%, 20%, 30%, 40% and 50% 

CWP of particle size less than 90 microns 8.33, 7.25, 8.02, 8.05, 8.88 and 9.13% for 0%, 10%, 20%, 30%, 40% and 50% CWP of 

particle 90-150 microns respectively after 1 hour heating for M60 concrete was noted.  

From the above discussions it was noted that the compressive strength of CWC of M60 grade was higher at 30% 

replacement than that of other replacements. It was also noted that the compressive strength of 30% replacement was higher than 

0% replacement of CWC up to 400°C and decreases at higher temperatures. It was also noted that the compressive strength of 

30% replacement shows better compressive strength than normal concrete for temperatures above 600°C. 

 

VI CONCLUSIONS 

After exhaustive discussions of the results, the following conclusions have been derived, 

1. It was concluded that for M20, M40 and M60 grades of CWC, the strengths show a decreasing trend with increase of 

temperature. This may be due to the breakage of bond between the molecules of concrete matrix due to sustained 

heating.  

2. It was concluded from the results of temperature attack that, the compressive strength of CWC was higher at 30% 

replacement than that of other replacements. It was also noted that the compressive strength of 30% replacement was 

higher than 0% replacement of CWC up to 400°C and decreases at higher temperatures.  

3. It was concluded that at 800°C and l000°C CWC was performing inferior to that of normal concrete, in compression. 

4. It was concluded that almost all specimens of all three grades of CWC and normal concrete exhibited zero strength at a 

temperature of 1000° C. It shows that concrete cannot withstand a temperature of 1000°C and above. 

5. It was concluded that compressive strength of CWC was higher at temperature below 400°C and decreases above 400°C. 

6. It was concluded that, a slight decrease was observed on the strength values based on the substitution of cement with 

ceramic waste powder of size less than 90 microns and 90-150 microns.  
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