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ABSTRACT 

Concrete is a construction material composed of Portland cement and water combined with sand, gravel, 

crushed stone, or other inert material such as expanded slag. The major constituent of concrete is 

aggregate which may be natural (gravel or crushed rock with sand) or artificial (blast furnace slag, broken 

brick and steel shot). Another constituent is binder which serves to hold together the particles of 

aggregate to form concrete. Commonly used binder is the product of hydration of cement, which is the 

chemical reaction between cement and water. The Ordinary Portland Cement concrete deteriorates 

considerably when exposed to aggressive environment such as fire or elevated temperature. Fire belongs 

to one of the dangerous aspects of civil and underground engineering, mainly in the assessment of 

underground structures. The extensive use of concrete as structural material of linings or envelopes of 

underground power stations has led to the need of full understanding the effects. 

The investigation is carried out mainly in two phases. The first phase of investigation is carried out to 

study the compressive strength of carbide waste concrete for one standard grade (M40) and one high 

grade (M60) by maintaining the water cement ratio constant and by replacing cement with carbide waste 

in varying proportions by using absolute volume method. The design mixes were prepared by adopting 

the IS code, IS: 10262-2009 for M40 and Entroi and shaklock method for M60 high grade. To know the 

performance of the carbide waste concrete when compared with the conventional concrete totally 170 

cubes are casted which are of 150x150x150 mm size in which 85 cubes are for each grade of concrete 

samples with and without carbide at different proportions of 0%, 5%,15%,20% were casted. In second 

phase the compressive strength is found out for each specimen after heated to different elevated 

temperatures from 200℃ to 800℃ for 2 hours and cooled to room temperature.  

The experimental results shows that for M-40 grade with 10% of partial replacement of carbide waste 

shows high compressive strength 0f 53.60 N/mm2 and for M-60 grade 5% of partial replacement of 

carbide waste shows high compressive strength of 79.6 N/mm2. M-40 grade has a high compressive 

strength of 56.88 N/mm2 which is 16.08% more than normal concrete at 500℃ and low compressive 

strength of 47.22 N/mm2 at 800℃ which is 3.63% less than normal concrete. M-60 grade has a high 

compressive strength of 80.44 N/mm2 which is 11.30% more than normal concrete at 400℃ and low 

compressive strength of 64 N/mm2 at 800℃ which is 11.4% less than normal concrete.  

Key words: Compressive strength, concrete cubes, carbide waste, elevated temperature. 
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Introduction 

Concrete is a construction material composed of 

Portland cement and water combined with sand, 

gravel, crushed stone, or other inert material 

such as expanded slag or vermiculite. The major 

constituent of concrete is aggregate which may 

be natural (gravel or crushed rock  with  sand)  

or  artificial  (blast  furnace  slag,  broken  brick  

and  steel  shot) another constituent is binder 

which serves to hold together the particles of 

aggregate to form concrete. Commonly used 

binder is the product of hydration of cement, 

which is the chemical reaction between cement 

and water. During the past 20 years, concrete 

mix design and manufacturing have been 

progressed quite rapidly and the concrete 

ingredients have been tailored to provide better 

performance those suites different types of 

environments. This has been carried out by 

selecting the concrete mix ingredients that 

produce concrete suitable for certain exposure 

conditions. The change occurred in the concrete   

mix   design   includes   reducing   the   w/c   

ratio,   using   high   range   water 

reducers(super-plasticizers), optimizing the 

grain size distribution of concrete constituent 

materials, employing cement replacement 

materials with pozzolani cactivity, incorporation 

of certain types of fibers, etc. Since human 

safety in case of fire is one of the major 

considerations in the design of buildings, it is 

extremely necessary to have a complete 

knowledge about the behavior of all construction 

materials before using them in the structural 

elements. Under normal conditions, most 

concrete structures are subjected to a range of 

temperature no more severe than that imposed 

by ambient environmental conditions. However, 

there are important cases where these structures 

may be exposed to much higher temperatures. 

Concrete is well known for its capacity to 

endure high temperatures and fires, owing to its 

low thermal conductivity and high specific heat. 

On the other hand, it does not mean that fire as 

well as higher temperatures does not affect the 

concrete. Characteristics such as colour, 

compressive strength, elasticity, concrete density 

and surface appearance are affected by high 

temperature. Therefore, improving concrete’s 

fire resistance is a field of interest for many 

researchers lately. According to their studies, it 

is possible to improve fire resistance of concrete 

in few ways. One of the very efficient methods 

is cement replacement with pozzolanic 

materials. Concrete containing different  

types of mineral admixtures is used extensively 

throughout the world for their good performance 

and for ecological and economic reason. The 

most used common mineral materials are fly 

ash, ground granulated blast furnace slag, silica 

fume, limestone powder and rice husk ash. This 

has led to striking improvements in the concrete 

properties such as rheology of fresh concrete and 

strength development, ductility, compactness 

and durability of hardened concrete. In spite of 

such improvements, most of the produced 

concrete was found to exhibit brittle behaviour 

when exposed to fire conditions. Concrete is 

available in various forms and it is often 

grouped under different categories based on 

weight (as normal weight  and  light  weight  

concrete),  strength  (as  normal  strength,  high  

strength,  and ultrahigh strength concrete), 

presence of fibers (as plain and fiber-reinforced 

concrete), and performance (as conventional and 

high performance concrete). Fire safety 

practitioners further   subdivide   normal   

weight   concretes   into   silicate   (siliceous)   

and   carbonate (limestone) aggregate concrete, 

according to the composition of the principal 
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aggregate. Also, when a small amount of 

discontinuous fibers (steel or polypropylene) is 

added to a concrete batch mix to improve 

performance, this concrete is referred to as fiber-

reinforced concrete (FRC). In this section, the 

various properties of concrete are mainly 

discussed for conventional concrete. The effect 

of strength, weight, and fibers on properties of 

concrete at elevated temperatures is highlighted. 

Traditionally, the compressive strength of 

concrete used to be around 20 to 50MPa, which 

is classified as normal strength concrete (NSC). 

In recent years, concrete with a compressive 

strength in the range of 50 to 120MPa has 

become widely available and is referred to as 

high-strength concrete (HSC). When 

compressive strength exceeds 120MPa, it is 

often referred to as ultrahigh performance 

concrete  (UHP).  The  strength  of  concrete  

degrades  with  temperature  and  the  rate  of 

strength degradation is highly influenced by the 

compressive strength of concrete. Admixture 

may also be added to change some of the 

concrete properties. Admixtures are ingredients 

other than water, aggregates, hydraulic cement, 

and fibers that are added to the concrete batch 

immediately before or during mixing. A proper 

use of admixtures offers certain  beneficial  

effects  to  concrete,  including  improved  

quality,  acceleration  or retardation of setting 

time, enhanced frost and sulphate resistance, 

control of strength development, improved 

workability, and enhanced finish ability. 

Admixtures vary widely in chemical 

composition, and many perform more than one 

function. Two basic types of admixtures are 

available chemical and mineral. Chemical 

admixtures are materials that are added to the 

constituents of a concrete mixture, in most cases, 

specified as a volume in  

relation to the mass of the cement or total 

cementitious materials. The admixtures interact 

with the hydrating cementitious system by 

physical and chemical actions, modifying one or 

more of the properties  of concrete in the fresh  

or hardened states.  It  was stated  that chemical 

admixtures are used to enhance the properties of 

concrete and mortar in the plastic and hardened 

state. These properties may be modified to 

increase compressive and flexural  strength  at  

all  ages,  decrease  permeability  and  improve  

durability,  inhibit corrosion, reduce shrinkage, 

accelerate or retard initial set, increase slump 

and workability, improve pump  ability and  

finish  ability,  increase cement  efficiency,  and  

improve the economy of  the  mixture.  Concrete  

containing  mineral  admixtures  is  used  

extensively throughout the world for good 

performance, ecological and economic reason. 

The most common cementitious materials that 

are used as concrete constituents, in addition to 

Portland cement are fly ash ground granulated 

blast furnace slag, silica fume and rice husk ash.  

They  save  energy,  conserve  resources  and  

have  many  technical  benefits.  All admixtures 

to be used in concrete construction should meet 

specifications; tests should be made to evaluate 

how the admixture will affect the properties of 

the concrete to be made with the specified job 

materials, under the anticipated ambient 

conditions, and by the anticipated construction 

procedures. Concrete is well known for its 

capacity to endure high temperatures  and  fires,  

owing to  its  low  thermal  conductivity and  

high  specific heat. However, it does not mean 

that fire as well as higher temperatures does not 

affect the concrete. Characteristics such as 

colour, compressive strength, elasticity, concrete 

density and surface appearance are affected by 

high temperature therefore; improving 

concrete’s fire resistance in a field of interest for 
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many researchers lately. According to past 

studies, it is possible to improve fire resistance 

of concrete in few ways. Cement replacement 

with pozzolanic materials is one of the very 

efficient methods. However, the main attribution 

to thermal properties of concrete is provided by 

aggregates. Fire resistance of concrete is highly 

dependent on its constituent materials, 

particularly the pozzolans. 

LITERATURE REVIEW 

2.1 General 

Concrete is a material, which is by far the most 

used building material in the world. Concrete 

has a large load bearing capacity for 

compression load, but the material is weak in 

tension. That is why steel reinforcement bars are 

embedded in the material to be able to build 

structures. The steel bars take over the load 

when the concrete cracks in tension. The 

concrete on other hand protects the steel bars for 

attacks from the environment and prevent 

corrosion to take place.   However, the cracks in 

the concrete form a problem. Here the ingress of 

water and ions take place and deterioration of 

the structure starts with the corrosion of the 

steel. 

The  concept  of  carbide  waste  concrete  is  

developed  due  to  the  following  reasons. 

Generally spalling of walls on concrete can be 

observed mainly at elevated temperatures. If a 

material could be used to resist the structure 

even at elevated temperature this would save an 

enormous amount of money. This carbide waste 

concrete would lead to a new way of designing 

thermal resisting concrete structures  which is 

beneficial for national and global economy. 

2.2 Review on the Thermal behaviour 

Selin Ravi Kumar and Thandavamoorthy (2013) 

has conducted the experiment by using glass 

fibers available. Glass fibers have the 

advantages of having higher tensile strength and 

fire resistant properties thus  reducing the loss of 

damage  during fire accident of concrete 

structures. The followings are the conclusions 

drawn from the study on addition of glass fiber 

in concrete. With 0.5 per cent addition of fiber, 

the increase in the compressive strength is 13 

per cent, the increase in flexural strength is 42 

per cent and the increase in split tensile strength 

is 20 percent over conventional concrete. With 1 

per cent addition of fiber, the increase in the 

compressive strength is 35 per cent, the increase 

in flexural strength  is  75  per cent  and  the 

increase in  tensile strength  is  37  per  cent.  

Therefore reinforcing with glass fiber 

contributes immensely in enhancing the 

compressive strength of concrete and the 

increase is 1.78 times that of normal concrete. 

From the test results, it is found that the glass 

fiber possesses the high flexural strength.  

The fire resistant test results show that there is a 

reduction in the compressive strength, after 

heating the concrete at 300C for 2 hours. 

Without the addition of fiber, the decrease in the 

compressive strength is 32 per cent over its 

original strength. For 0.5% addition of fiber, the 

decrease in the compressive strength is 25 per 

cent over its original strength. Similarly, with 1 

percent addition of fiber, the decrease in the 

compressive strength 10 per cent over its 

original strength. This investigation shows a 

higher resistance of fiber reinforced concrete to 

fire when compared to normal concrete. So, 

glass fiber concrete has better fire resistant 

characteristics. 

Experimental Work and Methodology 
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 General 

The present investigation is aimed at arriving the 

compressive strength of the CARBIDE WASTE 

by considering M-40 grade and M-60 grade after 

thoroughly understanding the parameters 

influencing the strength improvement which are 

designed with the help of IS: 

10262-2009 and Erontroi and shaklock method.  

The experimental programme is divided in to 

five phases. 

Phase I:  Laboratory setup and procurement of 

materials. 

Phase II: Mix design, mixing of cement mortar, 

moulding and curing of cement mortar 

specimens. 

Phase III: It is about the mixing of cement 

concrete, testing procedure for evaluating the 

strength  parameters of cement mortar & 

Concrete specimens  moulding and  curing of 

cement concrete specimens. 

 

Phase IV:   Finding out the maximum 

compressive strength and minimum compressive 

strength for both M-40 and M-60 grade concrete 

under normal room temperature. 

Phase V: Finding out the maximum compressive 

strength and minimum compressive strength for 

both M-40 and M-60 grade concrete which are 

cooled to normal room temperature after heated 

to different elevated temperature. 

Phase VI: Evaluating the results 

 Phase I 

Phase I is about the establishment of necessary 

laboratory set up and procurement of required 

materials.  

 Oven Setup 

The  furnace  is  available  at  Maheshwari  heat  

testers  at  Cherlapalli  Hyderabad.  In the 

research work the furnace used was a pit type 

furnace which is run by electrical heating. The 

furnace has the capacity until 10000c. The 

furnace has a diameter of 900 mm and a depth of 

1200 mm which has capacity of 850 kgs. 

Procurement of Materials 

The materials used for the investigative study of 

carbide waste Concrete are given below. 

•    Cement 

•    Fine Aggregate 

•    Coarse Aggregate 

•    Water 

•    Carbide waste 

 Cement 

Ordinary Portland  cement of 53  grade 

confirming to  IS: 12269  were used.   Physical 

properties of cement as per IS : 12269-1999 

were tested at the concrete testing laboratory,  

and are presented in Table 3.1. and 3.2. The 

normal consistency and specific gravity of the 

cement used are 33.70% and 3.15 respectively. 
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Fine aggregate 

Fine Aggregate used was natural sand obtained 

from local market.  The Physical properties of 

fine aggregate like specific gravity and fineness 

modulus were found to be 2.65 and 2.47 

respectively.  The details of sieve analysis are 

given in Table 3.3.  It could be noted that the 

sand  confirms  to  Zone-III  as  per  IS:  383-

1970.    The  physical  properties  of  the  fine 

aggregate are given in Table 3.2. 

Coarse aggregate 

Coarse Aggregate used was with maximum size 

aggregate of 20 mm obtained from local market.  

The physical properties of coarse aggregate like 

specific gravity and fineness modulus were 

found to be 2.63 and 7.30 respectively.  The 

details of sieve analysis are given in Table 3.4 

Water 

The least expensive but the most important 

ingredient of concrete is water. The water which 

is used for mixing concrete should be clean and 

free from harmful impurities such as oil, alkali, 

acid etc. Potable water was used for the mixing 

and curing work in the project.  

 Carbide waste 

CW is the remnant of oxy-acetylene gas used in 

welding industries to join pieces of metal by 

road side panel. It is whitish in color. The 

whitish color material which was regarded as 

waste and ordinarily posed environmental 

nuisance in terms of its unpleasant and unsightly 

appearance in open-dump sites located at 

strategic  places within the  societies is now 

considered as binder in partial replacement for 

expensive. This material is dried in the sun in an 

open field for a period of one week, grinded and 

then sieved to cement fineness. 

 

 

TEST ON FRESH CONCRETE 
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3.4.2.1. Slump test 

The slump test is perhaps the most widely used 

because of the simplicity of the apparatus 

required and the test procedure. The slump test 

indicates the behaviour of the compacted 

concrete cone under the action of gravitational 

forces. The test is carried out with a mould 

called the slump cone. The slump cone is placed 

on a horizontal and a non-absorbent surface and 

filled in three equal layers of fresh concrete, 

each layer being tamped 25times with a standard 

tamping rod. The top layer is struck off level and 

the mould is lifted vertically without disturbing 

the concrete cone. The subsidence of the 

concrete in millimeters is termed as slump. The 

slump value gives the measure of the 

consistency or the wetness of the mix. This test 

was performed for all the mixes.  

Compaction factor test 

This test is also used to assess the workability of 

the concrete mix. The degree of compaction 

called the Compaction factor is measured by the 

density ratio, i.e., the ratio of the  density  

actually  achieved  in  the  test  to  the  density  

of  the  same  concrete  fully compacted. Based 

on the compaction factor the workability of the 

mix is evaluated. This test was also performed 

for all the mixes. A slump of 75mm to 150mm, 

50mm to 75mm, 25mm to 50mm and 0mm to 

25mm with compaction factor of more than 

0.92,0.85 to 0.92,0.80 to 0.85 and 0.75 to 0.80 

shows degree of workability of high, medium, 

low and very low respectively. However the 

workability is within the limits and it is found 

that there is no difference in the workability 

aspects during the formation of normal and 

carbide waste concretes. The details of 

workability conditions for both normal or 

control concrete and carbide waste concretes are 

tabulated in Table3.6 and Table3.7 respectively 

as follows. 

 

 

A total of 170 specimens were casted during the 

project work which includes casting of 85 cubes 

specimens of M-40 and 85 cubes specimen of 

M-60 grade. The details of dimensions of 

specimens are specified below. After curing the 

moulded specimens were stored in the 

laboratory at the room temperature for 24hours. 

After this period, the specimens were demoulded 

and submerged in clean, fresh water of the 

curing tank. 

 Specimens Moulded 

•   Cube size: cube moulds of 150x150x150mm 

size. 

•Number of cubes :17 cubes at 0% c/w+17 cubes 

at 5% c/w+17 cubes at 10% c/w +17 cubes at 

15% c/w+17 cubes at 20% c/w 

•  Total number of cubes cast:85for M-40 and 

85 for M-60 =170 cubes  
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 Ages of Curing 

 

•The cubes specimens were cured for 28days for 

normal and carbide waste concrete samples. 

•After curing, the cube specimens were tested 

and the recorded details of the testing procedure 

and the results are given in the following 

sections. 

 Phase IV 

Phase IV is about the testing procedure for 

evaluating the strength parameters of cement 

mortar & concrete specimens. 

 Testing Procedure 

The concrete specimens considered in this 

investigation programme have been subjected to 

the following tests. 

Compression Test 

Compression test has been  conducted 

confirming to  IS 516-1959(5),  on the concrete 

specimens in the universal testing 200MT. In 

this test, cube is placed with the cast faces not in 

contact with the platens of testing machine i.e., 

the position of the cube when tested  is at right 

angles to that cast. Load has been applied at a 

constant rate of stress equal to 15 

MPa/min according to relevant IS code and the 

load at which the specimens failed has been 

recorded.  Thus  from  the  results,  compressive  

strengths  of  the  specimens  have  been 

obtained. After obtaining the results of samples, 

they have been presented. 

Furnace test 

In this test each cube of varying proportions of 

carbide waste is heated at different elevated 

temperature i.e. from 200oc to 800oc. At each 

temperature two cubes of same percentage of 

carbide waste concrete cubes are heated for 

equal intervals of one hour time and each cube is 

cooled to normal room temperature. Once the 

cubes are cooled to normal room temperature 

each cube is tested under compression 

 

Fig 3.4 Cubes are under heating 

 

Fig 3.5  Cubes after heating. 
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Fig:Heated cubes cooled at room temperature 

Results and Discussions 

4.1 Strength Characteristics 

4.1.1 Preliminary remarks 

This chapter deals with the experimental 

observation of tests conducted on normal 

concrete specimens, and carbide waste concrete 

specimens, after curing for 28 days. The results 

have been precisely and systematically compiled 

and presented. They are also represented in line 

charts and Bar charts for its critical analysis and 

interpretations. 

Properties of Mortar 

 Weight of cubes 

Before conducting the different test on the 

specimen the weight of each specimen is 

weighed and noted so that all the specimens are 

within same range. 

 

 

Discussions 

 The carbide waste concrete in fresh state 

is observed to be workable. The Slump 

results indicate a decreasing trend of 

workability when the addition of 

percentage of the carbide waste 

increases. 

 M-40 grade has shown high 

compressive strength at 10% partial 

replacement of carbide waste. 

 M-60 grade has shown high 

compressive strength at 5% partial 

replacement of carbide waste. 

 In furnace test M-40 grade has shown 

the high compressive strength of 56.88 

at 500 at 10% partial replacement of 

carbide waste. 

 In furnace test M-40 grade has shown 

the lowest compressive strength of 

28.22 at 800 at 20% partial replacement 

of carbide waste. 
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  In furnace test M-60 grade has shown the 

high compressive strength of 80.44 at 300 at 5% 

partial replacement of carbide waste. 

  In furnace test M-40 grade has shown the 

lowest compressive strength of 38 at 800 at 20% 

partial replacement of carbide waste. 

Table 5.1 and 5.2 shows the variation of 

compressive strength between normal concrete 

and carbide waste concrete of M-40 and M-60 

grades respectively. 
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Summary and Conclusions 

5.1 Summary 

In this chapter the conclusions of the present 

study and scope for future work have been 

presented. The conclusions are based on the 

discussion described in chapter-4.The detailed 

results presented in tabular and graphical forms 

in chapter- 4 reveal the performance of the 

carbide waste Concrete the improvement of the 

strength parameters when compared with the 

normal concrete. 

5.2 Conclusions 

 For M-40 at 10% of carbide waste 

replacement has an high compressive 

strength of 53.60 N/mm2 when 

compared to remaining. 

 After heated to different elevated 

temperature only 5% to 10% 

replacement of carbide waste has 

shown good results. 

 For M-40 at 10% replacement the 

compressive strength gradually 

increased to 56.88N/mm2 at 5000c and 

decreased to 47.22N/mm2 at 8000c. 

 For  M-40  grade  at  10%  of  carbide  

waste  there  is  a  9.38%  of  increase  
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of compressive strength when 

compares to normal concrete 

 After furnace test there is a 10.42% of 

more compressive strength at 2000c 

when compared to normal concrete, 

16.08% more compressive strength at 

5000c and there is an reduction of 

compressive strength of 3.63% when 

compared to normal concrete at 8000c. 

 For M-60 grade concrete 5% 

replacement of carbide waste has 

shown good results. 

 For M-60 at 5% of carbide waste 

replacement has an high compressive 

strength of 79.6 N/mm2 when 

compared to remaining. 

 After heated to different elevated 

temperature only 5 % replacement 

carbide waste has shown good results. 

 For 5% replacement the compressive 

strength gradually increased to 80.44 

N/mm2 at3000c and 4000c and 

decreased to 64N/mm2 at 8000c. 

 For M-60 grade concrete at 5% of 

carbide waste there is an10.14% 

increase of compressive strength when 

compared to normal concrete.  

 after  furnace  test  there  is10.22%  of  

more  compressive  strength  at  2000c  

and 11.30% of more compressive 

strength at 4000c,6.45% of more 

compressive strength that 5000c and 

there is an 11.4% of decrease in the 

compressive strength at 8000c when 

compared to normal concrete. 

 The most befit in using the carbide 

waste is it is an waste material. 

 Carbide waste if completely cost free 

  5 to 10 % replacement of carbide 

waste is advisable. 

5.3   Scope of the Future Study 

The study the behavior of reinforced concrete at 

different elevated temperature. To study the 

flexure strength, split tensile strength of the 

carbide waste concrete. 
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