
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 05, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 1004 

An Experimental Study on Flexural Behaviour of Reinforced Concrete 

Beam by Partial Replacement of Fine Aggregate with Brick-Kiln-Ash 

Arivalagan S. 

Professor and Dean 

Department of Civil Engineering 

Dr. M.G.R Educational and Research Institute, Maduravoyal, Chennai, Tamil Nadu, India 

Abstract— Brick dust is a waste material obtained from brick 

kiln industries. Now a day’s construction work is on large 

scale so demand of brick all increases so due to this brick kiln 

industries all over the world also increased. Tons of brick kiln 

dust comes out from such brick materials are used in filling 

low lying area and in construction work it also used in 

mixture of cement concrete to fill the voids. As brick kiln dust 

contains mixture of ashes (coal + wood) and dust particles 

(soil + sand).Concrete is an extensively used material in the 

world. Production of constituents of concrete leads to the 

depletion of the natural resources as well as it leads to the 

environmental pollution. Brick-Kiln-Ash is considered as a 

waste material in the Brick industries. Small size Brick kiln 

ash can be used as fine aggregate whereas large size (greater 

than 6 mm) particles can be used as coarse aggregate in 

concrete and CLSM as backfill. The feasibility of using Brick 

kiln ash in manufacture of masonry products as a partial 

replacement of coarse as well as fine aggregates. In this study, 

Brick-Kiln-Ash is used for the partial replacement of Fine 

aggregate. Fine aggregate is replaced with Brick-Kiln-Ash by 

15%, 20%, 25% and 30% by weight and compared with the 

control mix without any replacement of Brick-Kiln-Ash. M30 

grade of concrete was designed and constant water-cement 

ratio of 0.45 was used. Super Plasticizer was used to increase 

the workability. Mechanical properties of concrete such as 

Compression and Split tensile strength were evaluated. 

Results showed increase in strength till 25%, and then it got 

reduced for 30%. So, 25% replacement of Brick-Kiln-Ash 

was chosen as optimum value. Further, using the optimum 

value reinforced concrete beams was casted and results were 

compared with control beams without Ash for Flexural 

behavior. And also experimental values were compared with 

the theoretical values as per IS: 456-2000. 

Key words: Brick-Kiln-Ash, Workability, Flexural Behavior, 
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I. INTRODUCTION 

Indian coals have high amounts of inorganic inclusions with 

varying properties and on combustion result in a high ash 

content of up to 46%. About 100 million tons of fly ash and 

25 million ton of Brick kiln ash is produced by these thermal 

power plants annually. Brick kiln ash is used as land fill 

material and as base material in road construction. In India up 

till now a small volume of fly ash is utilized in the production 

of cement, but Brick kiln ash is not used in any form. Brick 

kiln ash along with unutilized fly ash is disposed of in ponds 

spread over thousand acres of land. The disposal of Brick kiln 

ash in ponds poses risks to human health and the 

environment. Brick kiln ash has the appearance and particle 

size distribution similar to that of natural fine aggregate, i.e. 

river sand. Because of these properties it is attractive for it to 

be used as sand replacement in concrete. Recently research 

works have been focused on the usage of Brick kiln ash as 

partial sand replacement in concrete. 

 Concrete is a material synonymous with strength 

and longevity. It has emerged as the dominant construction 

material for the infrastructure needs of the 21st century. In 

addition to being durable, concrete is easily prepared and 

fabricated from readily available constituents and is therefore 

widely used in all types of structural systems. The challenge 

for the civil engineering community in the near future is to 

realize projects in harmony with the concept of sustainable 

development and this involves the use of high performance 

materials and products manufactured at reasonable cost with 

the lowest possible environmental impact energy is the main 

backbone of modern civilization of the world over, and the 

brick-fly ash power from brick kiln plant after firing the coal 

as a fuel. . It is having Cementitious property but its physical 

properties are similar to sand that is used in this study. Indian 

brick industry is utilizing 15-20 million tons of coal per year. 

Indian brick industry is the 3rd largest utilize of coal in India 

after thermal power plants and steel industries. After China, 

India is the second largest producer of bricks. The objective 

of this research is to study the feasibility of utilizing the 

Brick-kiln-Ash produced by Brick industries in India as a 

replacement for Fine aggregate in concrete. 

 This Brick Kiln Ash is dumped as a waste material 

and which causes environmental pollution. Brick Kiln-Ash 

can be used as an alternative to natural sand. Hence the use of 

Brick Kiln Ash in concrete as fine aggregate will reduce not 

only the demand of natural sand but also the environmental 

pollution and burden. Moreover the incorporation of Brick-

Kiln-Ash will considerably reduce the production cost of 

concrete. In brief the effective utilization of Brick-Kiln-Ash 

will turn waste material into a valuable resource for the 

concrete production. Most of the ash has to be disposed of 

either dry, or wet to an open area. 

A. Applications of BKA 

Brick kiln ash can be beneficially utilized in a variety of 

manufacturing and construction applications. It is 

predominantly used for the following applications: 

 Structural fill 

 Road base and sub-base 

 Backfill 

 Drainage media 

 Aggregate for concrete, masonry and asphalt 

 Abrasives/traction 

II. LITERATURE REVIEW 

In 2004 Kamal Uddin conducted experiment on Concrete, 

prepared with 20% cement replaced by BDMA also shows 

good resistance to chemical attack, especially the sulfate 

attack. 
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 Rafat Siddique,2014, presents an overview of the 

work published on physical, chemical, and mineralogical 

composition, mechanical properties such as workability, 

setting times, compressive, splitting and flexural strength, 

permeability etc. of concrete and CLSM made with waste 

foundry sand, coal Brick kiln ash , cement kiln dust and wood 

ash. 

 Salman Siddique et al.2015 Published research 

reports have indicated it as a viable material to be utilised in 

concrete industry. This paper presents an overview of the 

work done in earlier studies depicting the effect of brick dust 

on the properties of concrete. 

 Manoj Kumar Dash et al.2016,reviewed some of 

these industrial wastes like waste foundry sand, steel slag, 

copper slag, imperial smelting furnace slag (ISF slag), blast 

furnace slag, coal Brick kiln ash , ferrochrome slag, palm oil 

clinker etc. Out of these materials, maximum number of 

experiments have been conducted using waste foundry sand 

and copper slag as fine aggregate replacement, but still more 

examinations are required for other waste materials as 

replacement of sand in concrete. 

 Nirdosha Gamage et al.2014, outlines an overview 

of using fly ash as a raw material in producing various 

building materials and methods of how fly ash is being 

incorporated with other materials. The major benefits and 

limitations of using fly ash as a building and construction 

materials. 

 Muhammad Nisham et al. 2016 conducted research 

on the fly ash based cement bricks are tested after 7 days, 14 

days and 28 days curing. The test results showed that, the 

maximum optimized compressive strength is obtained for 

optimal mix proportion percentage of class F fly ash 40%, 

cement 10%, quarry dust 35% and metakaolin 15%. It was 

observed that there is a decrease (Inadequate value) in water 

absorption ratio of fly ash brick while using metakaolin 

powder. 

III. EXPERIMENTAL PROGRAMME 

A. Brick Kiln Ash (BKA) 

Brick kiln ash (BKA) is the non-combustible agglomerated 

ash particles formed in coal furnaces of coal fired thermal 

power plants. These particles are too large to be carried in the 

gases flow and fall through open grates to an ash hopper at 

the bottom of the furnace. Indian coals have high amounts of 

inorganic inclusions with varying properties and on 

combustion result in a high ash content of up to 46%. About 

100 million tons of fly ash and 25 million ton of Brick kiln 

ash is produced by these thermal power plants annually. Brick 

kiln ash is used as land fill material and as base material in 

road construction. In India up till now a small volume of fly 

ash is utilized in the production of cement, but Brick kiln ash 

is not used in any form. Brick kiln ash along with unutilized 

fly ash is disposed of in ponds spread over thousand acres of 

land. The disposal of Brick kiln ash in ponds poses risks to 

human health and the environment. Brick kiln ash has the 

appearance and particle size distribution similar to that of 

natural fine aggregate, i.e. river sand. Because of these 

properties it is attractive for it to be used as sand replacement 

in concrete. Recently research works have been focused on 

the usage of Brick kiln ash as partial sand replacement in 

concrete. 

B. Materials 

In this experimental study, Ordinary Portland cement of 53 

grade was used. Natural sand and angular aggregates were 

used as a fine and coarse aggregate. The Basic tests were 

conducted as per Indian standards. Brick-Kiln-Ash was 

brought from Bricks manufacturing company, Maduravoyal, 

Chennai. Natural water available in the University campus 

has used for this experimental study. The physical, chemical 

and cement properties of the materials used are given in Table 

1, 2, 3 and 4. 

C. Physical Properties of Brick Kiln Ash 

The particles of Brick kiln ash are angular, irregular and 

porous, and have a rough surface texture. The particle size 

ranges from fine gravel to fine sand. Brick kiln ash is lighter 

and more brittle compared to natural sand. The specific 

gravity of the Brick kiln ash varies from 1.39. Brick kiln ash 

with a low specific gravity has a porous texture that readily 

degrades under loading or compaction. Table 1 shows the 

typical physical properties of Brick kiln ash. 

Particular 
Fine 

Aggregate 

Brick-Kiln-

Ash 

Coarse-

Aggregate 

Specific 

Gravity 
2.65 1.75 2.6 

Water 

absorption 

(%) 

1.67 7 0.45 

Bulk 

density(g/cc) 
1.51 1.42 - 

Percentage 

ofvoids (%) 
42.14 44.21 - 

Zone III III - 

Fineness 

Modulus 
2.07 2.8 - 

Table1: Physical Properties of Brick Kiln Ash 

Sl 

No 
Parameter 

Brick Kiln Ash(% 

By Mass) 

1 Silicon Dioxide (SiO2) 57.9 

2 Calcium Oxide (CaO) 2.25 

3 Magnesium Oxide (MgO) 1.7 

4 Alumina (Al2O3) 26.7 

5 Ferric Oxide (Fe2O3) 6.97 

6 Sulphur Anhydride (SO3) 0.7 

7 Chloride (Cl) 0.028 

8 Loss On Ignition (LOI) 3.61 

Table 2: Typical Chemical Properties of Brick Kiln Ash 

Particulars Quantity 

Cement 394 kg 

Water 177 kg 

Fine 

aggregate 
634 kg 

Coarse aggregate 1180 kg 

Admixture 4.72 kg 

Water cement ratio 0.45 

Table 3: Mix Proportion for M30 Grade of Concrete for One 

m3 
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Particular Test Results 

Fineness (%) 6.8 

Normal consistency (%) 
30 

 

Initial Setting time (Minutes) 120 

Final setting time (Minutes) 290 

Specific Gravity 3.16 

Table 4: Physical Properties of Cement 

D. Chemical Properties of Brick Kiln Ash 

Brick kiln ash is mainly composed of silica, alumina, and iron 

with small amounts of calcium, magnesium, sulfate, etc. The 

chemical composition of Brick kiln ash varies depending on 

the type of coal used and the process of burning. Table 2 

shows the chemical composition of Brick kiln ash. 

E. Mix Design of Concrete 

In a mix design of M30 grade was designed as per IS: 10262-

2009. Mix proportion obtained for this study was 1:1.61:2.99. 

Mix proportion of M30 grade concrete for 1 cubic meter is 

given in the table 4. Sand was replaced 15%, 20%, 25% and 

30% by Brick-Kiln-Ash by weight. 

IV. RESULTS & DISCUSSION 

A. Setting Time 

While setting time of cement, observed that, the average 

initial and final setting times for Brick kiln ash concretes were 

6 % and 8.5% higher than the control mixture. Whereas a 

reduction in 13 % of the final setting time was observed that 

a replacement of 30% sand with BKA increased the initial 

and final setting time by 23 and 30 min, respectively, 

compared to normal concrete. 

B. Workability 

A Slump test was conducted to understand the workability of 

the mix proportion of the concrete. Workability of concrete 

mainly depends on the number of fines and properties of fine 

aggregate in it. The particle size of Brick kiln ash is generally 

smaller (75 μm) than natural river sand. The use of Brick kiln 

ash as a replacement of natural sand in concrete increases the 

number of fines and irregular shaped, rough textured and 

porous particles, thereby increasing the internal particles 

friction. These properties enhance the water demand and 

reduce the workability. In this work as the ratio of Brick-Kiln-

Ash increased Workability decreased for proposed water 

cement ratio. This occurrence is due to increase in fine 

content requires more water to wet the surface and it may also 

due to the higher water absorption of Brick-Kiln-Ash. 

 
Fig. 1: Slump Values for different Mix Proportions 

Slump (mm) Mix Proportion 

125 Normal Mix 

123 BKA15 

90 BKA20 

70 BKA25 

33 BKA30 

Table 5: Slump Value of Concrete Mixes 

C. Compression Strength of Concrete 

A Compressive strength test was carried out for different 

mixes by varying the percentage of Brick-Kiln-Ash by 15%, 

20%, 25% and 30% and all other parameters constant as 

shown in Table 6. As per IS Standard cubes of size 

150X150X150 mm were used to cast cubes to check the 

strength at 7, 14 and 28 days. Test was conducted as per IS: 

516-1959. 

 The maximum strength was obtained for 25% 

replacement. This may be due to the proper densification of 

concrete at that level. After 25%, strength got reduced due to 

the increase of pores in the concrete. Also it was observed no 

adverse effect on the compressive strength of concrete 

containing up to 25% substitution of BKD by weight of 

cement. Whereas observed that cement replaced by BKA, the 

compressive strength of normal mix concrete up to 26% of 

increased when replacement of 25% of cement with BKA at 

28 days of curing. A reduction in compressive strength of 

concrete mix was observed up to 3 %, for 30 % BKA 

substitution for Portland cement at water-to-binder ratio of 

0.50when compared to 25% of BKA. Literature study 

reported that the strength decreased with an increase in BKA 

content at these very high replacement levels. 

D. Splitting Tensile Strength of Concrete 

Standard cylinder of diameter 150mm and height 300 mm 

was used to cast the cylinders. The test was conducted as per 

IS: 5816-1999. This test gives the load at which crack first 

starts. From the results, it is observed that for 25% BKA 

replacement level is having better cracking load capacity than 

Normal mix, it increases about 12% of strength also when 

compared to 30% BKA its strength reduces 17%. 

Compressive Strength (N/mm²) 

 NM

C 

BKA1

5 

BKA2

0 

BKA2

5 

BKA3

0 

7 Days 27.2 29.5 31.1 33.5 34 

14 

Days 
32.2 35.5 38.15 44.25 44 

28 

Days 
35.2 46.4 48 49 47.5 

Table 6: Compressive Strength of Concrete at 7, 14 and 28 

Days 

Mix Proportion Split Tensile Strength(N/mm²) 

Normal Mix 1.7 

BKA15 1.82 

BKA20 1.85 

BKA25 1.92 

BKA30 1.6 

Table 7: Split Tensile Strength of Concrete 
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Fig. 2: Avg. Compression Strength of Concrete 

 
Fig. 3: Tensile Strength of Concrete Mixes 

E. Flexural Behaviour of Reinforced Concrete Beam 

From the test it was observed to the better compression and 

split tensile strength of 25% replaced concrete, it was chosen 

as specific optimum. In the present study 6 beams were 

casted, 3 were normal mix and 3 were optimum percentage 

replacement concrete. All the beams were designed as under 

reinforced beams. Effective length was 1800mm, Clear cover 

was 25mm, fy is 500 N/mm2 and fck is 30 N/mm2. Details 

are shown in the Figure 4.While at the time of testing, White 

washing was done in order to make marking of cracks. After 

white washing on the beam, the markings were made to 

indicate the loading points, support points, points to measure 

surface strains and also centre of beams. Then the beam was 

placed on the supports in the loading frame. Small 

adjustments were made to coincide exactly with the lines 

marked on the two supports so that there is no eccentricity. 

Then two steel rollers were kept on the beam at the loading 

point and eccentricity is checked. Then Rectangular tubular 

section was rested on the rollers and the hydraulic jack was 

placed central on the channel. Hydraulic jack was used to 

apply load at a regular interval of 2.5 kN till the beam fails. 

The deflection and strains also measured for every 2.5 kN 

loading. The surface strain reading was noted till the 

maximum possible value that is indicated in the Demec 

gauge. The cracks were marked immediately as they appeared 

and maximum crack width was noted down at cracking load, 

Expected service load and at ultimate load and their 

propagations were marked. Crack load and ultimate load were 

noted and also the pattern of crack was marked along the 

length of the beam. The loading was continued till the test 

beam failed. 

Experimental test results 

Beam Designation Ast(%) 
Pcr  

kN 

cr  

mm 

Wcr  

mm 

Pu  

KN 

Wu 

 mm 

δ 

 mm 

NMC - 1 

0.62 

27 2.72 0.15 55 0.45 18.5 

NMC - 2 26 2.82 0.17 65 0.48 20 

NMC - 3 25 2.1 0.2 58 0.5 22 

BKA -25 

0.62 

27 0.99 0.15 62 0.4 16.78 

BKA -25 28 0.98 0.15 65 0.45 15.54 

BKA -25 28 1.2 0.12 67 0.45 15.45 

Table 5: Experimental Results of Cracking and Ultimate Load, Deflections and Crack Width

Beam Designation 
Maximum Surface Strain Ave.cracking moment 

(kNm) 

Ave.Ultimate moment 

(kNm) Compression Tension 

NMC - 1 -1.30E-04 2.90E-04 

7.5 15.8 NMC - 2 -1.74E-04 2.95E-04 

NMC - 3 -1.81E-04 2.94E-04 

BKA -25 -2.20E-04 2.85E-04 

7.7 17.14 BKA -25 -2.15E-04 2.95E-04 

BKA -25 -2.15E-04 3.10E-04 

Table 6: Experimental Results of Surface Strain, Cracking Moment and Ultimate Moment

 
Fig. 4: Test Set Up on Loading 

 
Fig. 5: Reinforcement Details of Test Beams 

F. Ultimate Strength 

It was observed enhanced flexural strength upto 25% CBA 

replacement, whereas above this percentage, flexural strength 

reduced. Also from some literature study flexural strength 
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exceeded that of the normal mix concrete sample, except for 

the mix containing 30% cement replacement, due to the low 

activity of Brick kiln ash at the early curing ages. 

G. Mode of Failure & Crack Pattern 

In all the beams cracks were started from the bottom of the 

beam and at failure it propagates till the compression face of 

the beam. Flexural failure was the mode of failure in all the 

beams. There was no bonding failure because there were no 

horizontal crack at the level of reinforcement and also no 

crushing of concrete at the top. 

 In this beam section, Load v/s deflection curves, 

Cracking moment, Cracking load (Pcr), Ultimate moment, 

Ultimate load (Pu), Deflections (δ), Crack width (W), Strain 

were presented. 

 From the graph it was observed that there is only 5% 

of deflection variation was observed while compare to 

BKA25 replacement of normal mix concrete at the ultimate 

stage of load. This is due to normal increasing strength of 

BKA with respect to NMC concrete. 

 
Fig. 6: Load V/S Deflection Curve of NMC and BKA beam 

Permeability & Abrasion Resistance 

 The permeability of concrete depends upon the size, 

distribution and continuity of pores present in the cement 

paste and the permeability of aggregates. It was found a 

higher chloride permeability in Brick kiln ash concrete than 

normal mix concrete. From the literature study it was studied 

that concrete containing Brick kiln ash without admixtures 

allowed for 120% greater current flow than the normal mix 

concrete, whereas with the use of admixture chloride 

permeability reduced to 61%. Also it was found reduced 

chloride permeability in a concrete mix of 100% Brick kiln 

ash replacement with 2% super plasticize and it was 

demonstrated that with increasing percentages FBA 

replacement of river sand at fixed water-cement ratio, the 

resistance to chloride-ion penetration of the concrete mixes 

decreased. 

 At the time of testing, noticed a 53–30% weight loss 

of Brick kiln ash concrete compared to normal concrete 

surface. From the literature survey it was demonstrated that 

40% reduced abrasion resistance in Brick kiln ash concrete 

than the normal mix concrete. However, a superior abrasion 

resistant Brick kiln ash concrete was produced with the use 

of water reducing admixtures. 

V. CONCLUSIONS 

 From the Experimental investigation following 

conclusion were made. 

 The basic material test results showed the similarities 

between fine aggregate and Brick-Kiln-Ash and it can be 

used as Fine aggregate. 

 The workability of fresh concrete decreases with 

increase in the replacement of brick kiln ash content. 

This was attributed to high water absorption of brick kiln 

ash. 

 The 28 days average compressive strength obtained for 

25% brick kiln ash mix concrete shows 26% increase in 

compressive strength when compared to control mix 

concrete. 

 The 28 days average split tensile strength obtained for 

25% brick kiln ash mix concrete shows 12% increase in 

split tensile strength when compared to control mix 

concrete. 

 The optimum level of replacement of brick kiln ash was 

found to be 25% and the results were better than that of 

normal mix concrete. 

 The experimental results showed that the maximum 

strain in the entire test beams were well within the limit 

of 0.0035 as per IS: 456-2000. 

 Cracking moment and Ultimate moment of replaced 

concrete beam was greater than control beam. 

 Crack widths are also within the permissible limit of 

0.3mm for moderate exposure level. 

 Higher chloride present in the BKA so add some 

minimum percentage of superplasticizer reduce the 

choloride content present in the BKA. 

 Quality admixtures gives superior resistance of abrasion 

in BKA concrete. 

 Since, Concrete with 25% Brick-Kiln-Ash shows good 

mechanical properties as well as flexural behaviour, so it 

can be effectively utilized as alternative to natural sand. 
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