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ABSTRACT 
Concrete has been used in various structures all over the world since last two decades. Recently a few infrastructure projects 
have also seen specific application of concrete. The development of concrete has brought about the essential need for additives 
both chemical and mineral to improve the performance of concrete. Most of the developments across the work have been 
supported by continuous improvement of these admixtures. Hence variety of admixtures such as fly ash, rice husk ash, stone 
dust have been used so for. Also different varieties of fibers have below tried as additions. Hence, an attempt has been made in 
the present investigation to study the behavior Of Partial Replacement Of Cement With Fly Ash And Sand With Bottom Ash 
And Glass Used In Concrete. To attain the setout objectives of the present investigation, Partial Replacement Of Cement With 
Fly Ash And Sand With Bottom Ash And Glass Used In Concrete by 30, 40, and 50 % to produce Concrete. Reinforced Concrete 
(RC) is tested for Compression, split tension and flexural strengths. The results are quite encouraging for use of Glass in 
producing Concrete. 
Keywords: Experimental, Investigation, Partial Replacement,  Cement With Fly Ash, Sand With Bottom Ash And 
Glass  Concrete 

1   INTRODUCTION 
Use of waste and by products in concrete will lead to green environment and such concrete can be called as “Green 
Concrete”. There are various types of waste materials that can be considered for usage in concrete. The disposal of fly 
ash will be a big challenge to environment, especially when the quantum increases from the present level. Hence 
worldwide research work was focused to find alternative use of this waste material and its use in concrete industry is 
one of the effective methods of utilization. Increase in demand and decrease in natural resource of fine aggregate for the 
production of concrete has resulted in the need of identifying a new source of fine aggregate. The possibility of 
utilization of thermal power plant byproduct bottom ash as replacement to fine aggregate in concrete is taken into 
consideration. Presently about 105 million tons flyash is generated every year in India as a by-product of coal consumed 
in the thermal power plants. The thermal power plant is only the source to produce 65% of the total electricity produced 
in our country. Investigation on utilization of flyash in cement mortar is carried out by many authors reported in the 
literature. Several million tons of coal for generating the electricity is being consumed in India out of which 40% of 
coal is accounted for generating of flyash as a bye product. By the year 2010 more than 180 million tons of flyash 
would be generated every year. The type of flyash collected at the bottom of boiler furnace having lesser fineness & 
high carbon content is called bottom flyash. The finest flyash is called dry flyash, collected from different electrostatic 
precipitators (ESP) in dry form. While the ash mixed with water, forming slurry and drained out in ponds is referred as 
pond flyash. Bottom ash has coarse particle size, higher water absorption and usually no pozzolanic effect. Therefore, it 
is dumped in land fill sites or discharged in pond in mass quantity and is easily available with free of cost. A previous 
in literature survey has indicated that, thermal power plant bottom ash would be a potential fine aggregate in concrete. 
The thermal power plants are the main source of power generation in India. The major obstacle in use of bottom ash in 
a concrete is that the chemical properties of coal bottom ash are different from place to place and are depends upon the 
origin of the raw material. All metro and mega cities in India are facing acute shortages of good quality of sand.   
Waste glass is a major component of the solid waste stream in many countries. It can be found in many forms, 
including container glass, flat glass such as windows, bulb glass and cathode ray tube glass. At present, although a 
small proportion of the post consumer glass has been recycled and reused, a significant proportion, which is about 84% 
of the waste glass generated in India, is sent to landfill. Glass is a 100% recyclable material with high performances 
and unique aesthetic properties which make it suitable for wide-spread uses. Besides, the current recycling state and 
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legislative forces pose great pressures on glass recycling and reusing. The use of glass as aggregates in concrete has 
great potential for future high quality concrete development. 

2.  MATERIALS USED AND MATERIAL PROPERTY 
2.1 Cement 
The cement used was ordinary Portland cement 53 (OPC 53).All properties of cement were determined by referring IS 
12269 - 1987. The specific gravity of cement is 3.15. The initial and final setting times were found as 55 minutes and 
258 minutes respectively. Standard consistency of cement was 30%. 
2.2 Coarse Aggregate 
20mm size aggregates-The coarse aggregates with size of 20mm were tested and the specific gravity value of 2.78 and 
fineness modulus of 7 was found out. Aggregates were available from local sources. 
2.3 Fine Aggregate 
The sand which was locally available and passing through 4.75mm IS sieve is used. The specific gravity of fine 
aggregate was 2.60. 
2.4 Water 
The water used for experiments was potable water. 
2.5 Fly Ash 
Fly Ash is a by-product of the combustion of pulverized coal in electric power generation plants. When the pulverized 
coal is ignited in the combustion chamber, the carbon and volatile materials are burned off. However, some of the 
mineral impurities of clay, shale, feldspars, etc., are fused in suspension and carried out of the combustion chamber in 
the exhaust gases. As the exhaust gases cool, the fused materials solidify into spherical glassy particles called Fly Ash. 
Due to the fusion-in-suspension these Fly Ash particles are mostly minute solid spheres and hollow ecospheres with 
some particles even being plerospheres, which are spheres containing smaller spheres. The size of the Fly Ash particles 
varies but tends to be similar to slightly larger than Type I Portland cement. The Fly Ash is collected from the exhaust 
gases by electrostatic precipitators or bag filters.  Chemical makeup of Fly Ash is primarily silicate glass containing 
silica, alumina, iron and calcium. Color generally ranges from dark grey to yellowish tan for Fly Ash used for concrete. 
ASTM C 618 Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use as Mineral 
Admixture in Concrete has two designations for Fly Ash used in concrete - Class F and Class C. 
Class F Fly Ash is normally produced from burning anthracite or bituminous coal that meets the applicable 
requirements. This class of Fly Ash has pozzolanic properties and will have a minimum silica dioxide plus aluminum 
oxide plus iron oxide of  70%. 
Class C Fly Ash is normally produced from subbituminous coal that meets the applicable requirements. This class of 
Fly Ash, in addition to having pozzolanic properties, also has some cementitious properties and will have a minimum 
silica dioxide plus aluminum oxide plus iron oxide content of 50%. 
Most state and federal specifications allow, and even encourage, the use of Fly Ash; especially, when specific durability 
requirements are needed. Fly Ash has a long history of use in concrete. Fly Ash is used in about 50% of ready mixed 
concrete (PCA 2000). Class C Fly Ash is used at dosages of 15 to 40% by mass of the cementitious materials in the 
concrete. Class F is generally used at dosages of 15 to 30%. 
2.5.1Advantages of Fly Ash in Concrete 
Fly Ash is a pozzolan. A pozzolan is a siliceous or aluminosiliceous material that, in finely divided form and in the 
presence of moisture, chemically reacts with the calcium hydroxide released by the hydration of Portland Cement to 
form additional calcium silicate hydrate and other cementitious compounds. The hydration reactions are similar to the 
reactions occurring during the hydration of Portland cement. Thus, concrete containing Fly Ash pozzolan becomes 
denser, stronger and generally more durable long term as compared to straight Portland cement concrete mixtures. 
Fly Ash improves concrete workability and lowers water demand. Fly Ash particles are mostly spherical tiny glass 
beads. Ground materials such as Portland cement are solid angular particles. Fly Ash particles provide a greater 
workability of the powder portion of the concrete mixture which results in greater workability of the concrete and a 
lowering of water requirement for the same concrete consistency. Pump ability is greatly enhanced. 
Fly Ash generally exhibit less bleeding and segregation than plain concretes. This makes the use of Fly Ash 
particularity valuable in concrete mixtures made with aggregates deficient in fines. 
Sulfate and Alkali Aggregate Resistance. Class F and a few Class C Fly Ashes impart significant sulfate resistance 
and alkali aggregate reaction (ASR) resistance to the concrete mixture. 
Fly Ash has a lower heat of hydration. Portland cement produces considerable heat upon hydration. In mass concrete 
placements the excess internal heat may contribute to cracking. The use of Fly Ash may greatly reduce this heat buildup 
and reduce external cracking. 
Fly Ash generally reduces the permeability and adsorption of concrete. By reducing the permeability of chloride 
ion egress, corrosion of embedded steel is greatly decreased. Also, chemical resistance is improved by the reduction of 
permeability and adsorption. 
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Fly Ash is economical. The cost of Fly Ash is generally less than Portland cement depending on transportation. 
Significant quantities may be substituted for Portland cement in concrete mixtures and yet increase the long term 
strength and durability. Thus, the use of Fly Ash may impart considerable benefits to the concrete mixture over a plain 
concrete for less cost. 
 

           
 

Figure.2.1  Fly Ash                                                    Figure  2.2 Bottom Ash 
 

2.6 Bottom Ash 
Bottom ash is part of the non-combustible residue of combustion in a furnace or incinerator. In an industrial context, it 
usually refers to coal combustion and comprises traces of combustibles embedded in forming clinkers and sticking to 
hot side walls of a coal-burning furnace during its operation. 
2.6.1 Physical Properties 

Table 2.1: The typical physical properties of bottom ash 

 
2.6.2 Chemical Properties 
Chemical composition of the BA was determined by using XRF method on 600g samples and the results are tabulated 
in Table 5. In general the BA is composed of 54.8% and 28.5% silica and alumina respectively. The lost of ignition is 
2.46. Unlike natural sand, the chemical properties of BA are almost same as Ordinary Portland Cement (OPC) hence it 
can partly function as cement in concrete matrix. 

Table 2: Chemical properties of washed bottom ash and OPC 

 

Property Bottom Ash 
Specific Gravity 2.1 -2.7 
Dry Unit 
Weight 

7.07 - 15.72 kN/m3 
(45 - 100 lb/ft3) 

Plasticity   None 
Absorption   0.8 - 2.0% 
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2.7 Glass 
Glass is an ideal material for recycling. The use of recycled glass helps save of energy. The increasing awareness of 
glass recycling speeds up inspections on the use of waste glass with different forms in various fields. One of its 
significant contributions is to the construction field where the waste glass was reused for concrete production. The 
application of glass in architectural concrete still needs improvement.  
Laboratory experiments were conducted in the SHIATS to further explore the use of waste glass as coarse aggregates 
replacement in concrete. The study indicated that Waste glass can effectively be used as coarse aggregate replacement 
(up to 50%) without substantial change in strength. 
 

 
Figure. 2.2  Glass 

3. PROPERTIES OF CONCRETE 
3.1 Fresh Concrete Properties 
3.1.1 Workability 
The property of fresh concrete which is indicated by the amount of useful internal work required to fully compact the 
concrete without bleeding or segregation in the finished product. 
Factors affecting workability 

1. Water content in the concrete mix 
2. Amount of cement & its Properties 
3. Aggregate Grading (Size Distribution) 
4. Nature of Aggregate Particles (Shape, Surface Texture, Porosity etc.) 
5. Temperature of the concrete mix 
6. Humidity of the environment 
7. Mode of compaction 
8. Method of placement of concrete 
9. Method of transmission of concrete 

 How To improve the workability of concrete 
1. Increase water/cement ratio 
2. Increase size of aggregate 
3. Use well-rounded and smooth aggregate instead of irregular shape 
4. Increase the mixing time 
5. Increase the mixing temperature 
6. Use non-porous and saturated aggregate 
7. With addition of air-entraining mixtures 

3.1.2 Segregation And Bleeding 
"Segregation in concrete is commonly thought as separation of some size groups of aggregates from cement mortar in 
isolated locations with corresponding deficiencies of these materials in other locations. Segregation results in 
proportions of the laid concrete being in variation to those as designed. Segregation could result from internal factors 
such as concrete that is not proportioned properly and not mixed adequately, or too workable a mix. It also could result 
from external factors such as too much vibration, improper transportation, placement, or adverse weather conditions. 
The corresponding increase in proportion of cement paste in upper areas would tend to make them susceptible to 
increased shrinkage and formation of cracks. These cracks could be 10 µm to 500 µm wide, formed perpendicular to 
the surface, and be in the form of map patterns. Bleeding is a form of segregation where some of the water in the 
concrete tends to rise to the surface of the freshly placed material. This arises due to the inability of the solid 
components of the concrete to hold all of the mixing water when they settle downwards (water being the lightest of all 
the mix constituents). Bleeding of the water continues until the cement paste has stiffened enough to end the 
sedimentation process. 
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3.1.3 Slump Test 
Fresh concrete when unsupported will flow to the sides and sinking in height will take place. This vertical settlement is 
known as slump. The workability (ease of mixing, transporting, placing and compaction) of concrete depends on 
wetness of concrete (consistency) i.e., water content as well as proportions of fine aggregate to coarse aggregate and 
aggregate to cement ratio. The slump test which is a field test is only an approximate measure of consistency defining 
ranges of consistency for most practical works. This test is performed by filling fresh concrete in the mould and 
measure the settlement i.e., slump. 
3.2 Hardened Concrete Properties 
3.2.1 Compression Test On Concrete Cubes 
The determination of the compressive strength of concrete is very important because the compressive strength is the 
criterion of its quality. Other strength is generally prescribed in terms of compressive strength. The strength is 
expressed in N/mm2. This method is applicable to the making of preliminary compression tests to ascertain the 
suitability of the available materials or to determine suitable mix proportions. The concrete to be tested should not have 
the nominal maximum size of aggregate more than 20mm test specimens are either 15cm cubes or 15cm diameter used. 
At least three specimens should be made available for testing. Where every cylinder is used for compressive strength 
results the cube strength can be calculated as under. Minimum cylinder compressive strength = 0.8 x compressive 
strength cube (15cm x 15 cm x 15cm) The concrete specimens are generally tested at ages 7 days,14days,28days. 
3.2.2 Split Tensile Test On Cylinder 
Concrete is strong in compression but weak in tension. Tension stresses are likely to develop in concrete due to drying 
shrinkage, rusting of reinforcement, temperature gradient etc. In concrete road slab this tensile stresses are developed 
due to wheel loaded and volume changes in concrete are available to determine this. Split test is one of the indirect 
methods available to find out the tensile strength.  
3.2.3 Flexural Test On Beams 
It is the ability of a beam or slab to resist failure in bending. It is measured by loading un-reinforced 6x6 inch concrete 
beams with a span three times the depth (usually 18 in.). The flexural strength is expressed as “Modulus of Rupture” 
(MR) in psi. Flexural MR is about 12 to 20 percent of compressive strength. 

4. MIX DESIGN 
4 .1 Definition 
Mix design is the process of selecting suitable ingredient if concrete and determines their relative proportions with the 
object of certain minimum strength and durability as economically as possible. 
4.2 Objective Of Mix Design 
 The objective of concrete mix design as follows. 
 The first objective is to achieve the stipulated minimum strength. 
 The second objective is to make the concrete in the most economical Manner. Cost wise all concrete’s depends 

primarily on two factors, namely cost of material and cost of labour. Labor cost, by way of formwork, batching, 
mixing, transporting and curing is namely same for good concrete. 

4.3 Factors To Be Considered In Mix Design 
1. Grade of concrete 
2. Type of cement 
3. Type & size of aggregate 
4. Type of mixing & curing 
5. Water /cement ratio 
6. Degree of workability 
7. Density of concrete 
8. Air content 

5. TESTING PROCEDURE 
5.1 General Procedure 
Within the experimental research program concerning the development of mechanical properties of a partially 
replacement of cement by flyash, partially replacement of sand by bottom ash and glass is used reference concrete of 
grade M25 (REF) was considered with the following composition, accordingly. The w/c-ratio is 0.43. Coarse 
aggregates were chosen, having a particle size mainly varying between 2 mm and 20 mm. An intensive experimental 
program is performed to study the effect of internal curing on different types of concrete properties: (i) fresh properties 
(slump and density); (ii) mechanical properties (compressive strength, flexural strength, splitting tensile strength). 
5.2 Compressive Strength Test 
At the time of testing, each specimen must keep in compressive testing machine. The maximum load at the breakage of 
concrete block will be noted. From the noted values, the compressive strength may calculated by using below formula. 
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Compressive Strength = Load / Area   
Size of the test specimen=150mm x 150mm x 150mm     

 

                  
 

Figure. 5.1  Compression Test                                     Figure. 5.2  Split Tensile Test 
5.3 SPLIT TENSILE TEST 
• The size of cylinders 300 mm length and 150 mm diameter  are placed in the machine such that load is applied on 
the opposite side of the cubes are casted. Align carefully and load is applied, till the specimen breaks. The formula used 
for calculation. 
                                                   Split tensile strength = 2P/ πdl  
5.4 Flexural Strength Test 
During the testing, the beam specimens of size 7000mmx150mmx150mm were used. Specimens were dried in open air 
after 7 days of curing and subjected to flexural strength test under flexural testing assembly. Apply the load at a rate 
that constantly increases the maximum stress until rupture occurs. The fracture indicates in the tension surface within 
the middle third of span length. The flexural strength was obtained using the formula (R)          
  

 
Figure.5.3  Flexural Strength Test 

6. TEST RESULT 
6.1 Ratios For Special Concrete (Extra Ingredients) 
6.1.1 Various Percentange Of Flyash  
Ratio –I  
Fly ash – 20% by replacement of cement, Bottom ash – 15% by replacement of sand,  Glass – 50% by replacement of 
aggregate 
Ratio - II   
Fly ash – 30% by replacement of cement, Bottom ash – 15% by replacement of sand, Glass – 50% by replacement of 
aggregate 
Ratio – III 
Fly ash – 40% by replacement of cement, Bottom ash – 15% by replacement of sand, Glass – 50% by replacement of 
aggregate 
6.1.2 Various Percentange Of Bottomash  
Ratio –I  
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Fly ash – 40% by replacement of cement,Bottom ash – 15% by replacement of sand, Glass – 30% by replacement of 
aggregate 
Ratio - II    
Fly ash – 40% by replacement of cement, Bottom ash – 20% by replacement of sand,Glass – 30% by replacement of 
aggregate 
Ratio – III:  
Fly ash – 40% by replacement of cement, Bottom ash – 25% by replacement of sand, Glass – 30% by replacement of 
aggregate 
6.1.3 Various Percentange Of Glass 
Ratio –I  
Fly ash – 40% by replacement of cement,  Bottom ash – 15% by replacement of sand, Glass – 30% by replacement of 
aggregate 
Ratio - II    
Fly ash – 40% by replacement of cement, Bottom ash – 15% by replacement of sand, Glass – 40% by replacement of 
aggregate 
Ratio – III: 
Fly ash – 40% by replacement of cement, Bottom ash – 15% by replacement of sand, Glass – 50% by replacement of 
aggregate 
6.2 Compressive strength of cube,   Split Tensile Test For Cylinder, Flexural Strength Of Beam for various 
percentange of flyash, Bottomash ,glass 
Compressive strength of cube for various percentage of flyash shown in Figure.6.1,  compressive strength of cube for 
various percentage of bottom ash shown in Figure6.2, compressive strength of cube for various percentage of glass 
shown in Figure6.3,  
Split Tensile Test For Cylinder For Various  Percentage Of Fly ash shown in Figure.6.4,Split Tensile Test For Cylinder 
For Various Percentage Of Bottom Ash shown in Figure6.5, Split Tensile Test For Cylinder For Various Percentage Of 
Glass shown in Figure6.6, Flexural Strength Of Beam For Various Percentage Of Fly ash shown in Figure.6.7, Flexural 
Strength Of Beam For Various Percentage Of Bottom ash shown in Figure 6.8, flexural strength of beam for various 
percentage of glass shown in Figure6.9 
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Figure. 6.1  Compressive strength of cube for various       Figure. 6.2 Compressive strength of cube for various 
percentange of flyash                                                                     percentange of bottomash 
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      Figure. 6.3   Compressive strength of cube for                              Figure. 6.4    Split Tensile Test For 

      various percentange of glass                                                      Cylinder For Various Percentange Of Flyash 
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Figure. 6.5   Split Tensile Test For Cylinder For      Figure. 6.6  Split Tensile Test For Cylinder For 
Various Percentange Of Bottom Ash                      Various Percentage Of Glass 

 
 

           
 

Figure. 6.7   Flexural Strength Of Beam For       Figure. 6.8   Flexural Strength Of Beam For 
Various Percentage Of Flyash                      Various Percentage Of Bottomash 

 
 

 
 

Figure.6.9 Flexural strength of beam for various percentage of glass 

7.CONCLUSIONS 
The study was conducted to evaluate the strength characteristics of concrete with bottom ash and glass and fly ash in    
concrete . The concrete mix design was done for M30 grade concrete. The following points are concluded from this 
study. 
 The 7 days cube compressive strength results showed reduced strength of concrete due to slow action. 
 The Strength of concrete containing flyash 40% and 20% of bottom ash and 30% of glass was high compared with 

that of   the conventional mix. 
 The flexural strength of concrete with 40% fly ash content with 30% of glass  showed improvement on the 

mechanical properties of concrete 
 Cement replacement level of 40 % flyash in concrete mixes was found to be the optimum level to obtain higher 

value of the strength and durability at the age of 28 days. 
 By cost analysis it is found that by 40 % replacement of flyash, cost is reduced up to 45 % on Cement. Also by 

using bottom ash in this concrete to reduced the fine aggregate cost.  
 To reduced the weight of concrete making an light weight concrete because here using glass as coarse aggregate  
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