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ABSTRACT

Bottom ash is formed in coal furnaces. It is made from agglomerated ash particles that too large to be
carried in the flue gases and fall through open grates to an ash hopper at the bottom of the furnace.
Bottom ash is mainly comprised of fused coarser particles. These particles are quite porous and look
like volcanic lava. Bottom ash forms up to 25% of the total ash while the fly ash is remaining 75%.
The present work deals with flexural behavior of bottom ash geopolymer reinforced concrete beam.
A total of six beams were cast, in which three beams were control reinforced concrete beams and thee
beams were bottom ash geopolymer reinforced concrete beam. bottom ash geopolymer reinforced
concrete beamwas cured at ambient temperature. The load carrying capacity, load deflection behavior
and initial stiffness capacity of beams were arrived and compared with control reinforced cement
concrete (RCC) specimens
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1. Introduction

Various industries produce numerous solid waste materials. The disposal of these solid waste
materials is an environment hazard for the surrounding living beings. It is observed that because of
increasing environmental concerns and sustainable issues, the utilization of solid waste materials is
the need of the hour. The productive use of solid waste materials is the best way to alleviate the
problems associated with their disposal.

The construction industry has enormous potential for the use of solid waste materials as construction
material. Based upon their properties, the solid waste materials can either be used as supplementary
cementitious materials or as replacement of fine/coarse aggregate in concrete or mortars. Based on
the research reports some solid waste materials such as fly ash, silica fume, grounded blast furnace
slag etc have been put in use in manufacturing of either cement or concrete. In India, about 67% of
electricity requirements are fulfilled by the coal fired thermal power plants.

Electricity demand in the country is increasing every year. At present, the country is facing average
energy shortage of 6.7% at national level but the southern part of the country experience 26.7% energy
shortage. To fill up the exiting gap between demand and supply of power and to meet the increasing
energy requirements, coal fired thermal power plants are being set up in large number in the country.
Coal fired thermal power plants produce large volumes of coal bottom ash. Till now, it is treated as
solid waste material and is disposed off on open land.

2. Experimental Methods or Methodology

Geopolymer was the name given by Daidovits in 1978 to materials which are characterized by chains
or networks or inorganic molecules. Geopolymer cement concrete is made from utilization of waste
materials such as fly ash and ground granulated blast furnace slag (GGBS). Fly ash is the waste
product generated from thermal power plant and ground granulate blast furnace slag is generated as
waste material in steel plant.

@2023, IJETMS | Impact Factor Value: 5.672 | Page 270



Al g
\

International Journal of Engineering Technology and Management Sciences
Website: ijetms.in Issue: 3 Volume No.7 May - June — 2023
DOI:10.46647/ijetms.2023.v07i04.037 ISSN: 2581-4621

Review of
literatures

Collection
of materials

Casting of
specimen

Curing

Experiment
al testing

Result :
S conclusion
comparison

Fig 1 Methodology For The Experimental Study of Bottom Ash

Both fly ash and GGBS are processed by appropriate technology and used for concrete works in the
form of geopolymer concrete. The use of this concrete helps to reduce the stock of wastes and also
reduces carbon emission by reducing Portland cement demand.

The main constituent of geopolymers source of silicon and aluminum which are provided by
thermally activated natural materials (e.g. kaolinite) or industrial byproducts (e.g. fly ash or slab) and
an alkaline activating solution which polymerizes these materials into molecular chains and networks
to create hardened binder. It is also called as alkali-activated cement or inorganic polymer cement.

3. Results and Discussion

3.1 Introduction

Numerical simulation and experimental investigation analysis is carried out considering different
concrete property on the beam to determine its structural performance.

Fig. 2. Stress Contour
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Fig. 3. Stress Contour

3.2 Numerical Results
Table.4. Numerical Result on Ansys

The parameters which are to be found such as Deflection, Maximum Equivalent stresses (\Von-
Misses stress) and Maximum Strain can be obtained upon selection. example, the stress contour of
conventional and geo polymer concrete with bottom ash RC beam are shown in Figs shows the

SI. No Specimen Designation | Ultimate Load (KN) (Dn?irl]t%)ctlon
1 RCM1 88 3.9
2 GPCM1 % i1
3 RCM2 106 5.4
4 GPCM2 115 6.1

load—deflection values obtained using Ansys results.

3.3 Bulk density and Workability

To measure the density of cubes first external surface of the cube is cleaned and wiped with the help
of any cotton cloth. Fig. 5 shows the apparent density of the GGBS concrete mixture. The bulk density
of the freshly mixed concrete mixture decreases as the percentage of GGBS increases. For GG1, GG2,
GG3 and GG4 decrements are 0.17%, 0.38%, 0.43% and 0.57%.

Because the specific gravity of GGBS is 2.69, which is lower than that of cement, the decrease in the
bulk density of fresh materials could be due to this. In Table 5, the percentage of superplasticizers
used in concrete mixtures has been rigorously tested so that the compaction coefficient is zero.

3.4 Compressive strength
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Out of many tests applied to the concrete, this is the most important test which gives an idea about
all the characteristics of concrete. By this single test one can judge that concrete is has done properly
or not. For cube tests 2types of specimens are either 15cm*15cm*15¢cm or 10cm*10cm*10cm
depending on the size of aggregate are used. For most of the works cubical moulds of size
15cm*15cm*15¢cm are commonly used.

The concrete is poured in the mould and tamed properly so as not to have any voids. After 24 hours
these moulds are removed and test specimens are put into water for curing. The upper of mould is
rough hence can be deceptive while showing results. Hence, the surface is made smooth with cement
paste on specimen.

These specimens are tests by compression testing machine after 7days or 28 days of curing. Load
should be applied gradually at a rate of 14kg/cm? per minute till the specimen fails. Load at failure
divided by area of specimen gives the compressive strength of concrete.

Load vs Deflection Plot
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Fig. 5. Load vs Deflection Plot
i
Fig. 6. Compressive strength
CONCLUSION

The geopolymer reinforced concrete with bottom ash beam has much greater advantageous than the
normal reinforced concrete beam. In this project, various literatures were collected to get an idea
about the geopolymer concrete. Numerical and experimental analysis of various concrete property
beams was done and its results are obtained.
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The beams were analyzed using 2-point load test and a flexural crack has been observed. From the
study it shows that use of geopolymer concrete with bottom ash showed an improvement in both the
ways and also increases the flexural capacity of the beam and it helps to increase stiffness under
service loads. It also helps to reduce the deflection in both ways.

From the results the deflection values of beams are approximately near to the experimental values.
It is clearly seen that the load carrying capacity of geo polymer concrete with bottom ash increased
with the increase of reinforcement with bottom ash.

Load carrying capacity of GPCM2 was 9 % higher than that of RCM2 & GPCM1 was 9.1 % higher
than RCML.

GPCM2 has the higher load carrying than GPCM1 due to the additional of reinforcement.

References

1. Aggarwal, P., Aggarwal, Y., and Gupta, S.M., Effect of bottom ash as replacement of fine
aggregates in concrete, Asian Journal of Civil Engineering (Building and Housing), Vol.8, No.1
(2007) 49-62.

2. Bai, Yun., Ibrahim, Ratiyah., and Basheer, P.A.Muhammed., Properties of light weight concrete
manufactured with fly ash, furnace bottom ash, and lytag.International Workshop on Sustainable
Development and Concrete Technology.

3. Davidovits J. Geopolymers: Man-Made Geosynthesis and the Resulting Development of Very
Early High Strength Cement, Journal of Materials Education, 16 (1994) 91-139.

4. C. Sreenivasulu, J.Guru Jawahar, M.Vijaya Sekhar Reddy and D.Pavan Kumar,”Effect of Fine
aggregate Blending on short-term mechanical properties of geo polymer concrete, Asian Journal of
Civil Engineering (BHRC), Volume-17,1ssue-5(2016),PP-537-550.

5. C.Sreenivasulu, A.Ramakrishnaiah, and J.Guru Jawahar, Mechanical properties of geo polymer
concrete using granite slurry as sand replacement, Intenational Jornal of Advances in Engineering
and Technology,April-2015, Volume-8,Issue-2,PP-83-91

6. Shaishav R. Viradiyal, Tarak P. Vora “Comparative study of experimental and analytical results
of FRP strengthened beams in flexure”, [JRET: International Journal of Research in Engineering and
Technology Volume- 3, Issue- 4, April -2014, PP. 555-559.

7. Santhakumar. R and Chandrasekaran” Analysis of Retrofitted Reinforced Concrete Shear Beams
using Carbon Fiber Composites”, Electronic Journal of Structural Engineering, 4 (2004), PP. 66-74.
8. Lavate. R.S, Patil. A. T, Patil A. M, Hargude. N.V, “Dynamic Response Analysis of Fiber
Reinforced Composite Beam”, IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE)
ISSN: 2278-1684, PP: 38-47.

9. B. V. Rangan (2008) “Fly ash-based geopolymer Concrete”, Research Report GC 4, Faculty of
Engineering, Curtin University of Technology, Perth, Australia.

10. Dattateraya J K, Rajamane N P, Sabitha D, Ambity P S, Nataraja M C, (2011) “ Flexural
Behaviour of Reinforced Geopolymer Concrete Beams *’, International Journal of Civil Structural
Engineering, Vol. 2, Issue 1, PP.138-159.

11. D.Hardjito and B.V.Rangan (2005) “Development and properties of lowcalcium fly ash-based
geopolymer concrete” Research Report GC1, Faculty of Engineering, Curtin University of
Technology, Perth, Australia.

12. Omran H.Y, Zangeneh.P and EL-Hacha. R, “Finite element modelling of steel-concrete
composite beams strengthened with prestressed CFRP plate” International institute for FRP,
December- 2009, PP. 187-192.

13. Jayalin.D, Prince Arulraj.G, Karthika.V: “Analysis of composite beams using Ansys”, [JERT:
International Journal of Research in Engineering and Technology Volume-4, Issue-9, Aug-2015, PP-
11-15.

14.1S: 10262-2009.Concrete Mix Proportioning Guidelines, Bureau of Indian Standards, New Delhi,
India.

@2023, IJETMS | Impact Factor Value: 5.672 | Page 274



A%
N\

International Journal of Engineering Technology and Management Sciences
Website: ijetms.in Issue: 3 Volume No.7 May - June — 2023
DOI1:10.46647/ijetms.2023.v07i04.037 ISSN: 2581-4621

15. IS 456:2000. Plain and Reinforced Concrete — Code of Practice.

16. 1S: 1199-1959.Indian Standards methods of sampling and analysis of concrete, Bureau of Indian
Standards, New Delhi, India.

17.1S: 516-1959.Indian standard code of practice methods of test for strength of concrete, Bureau of
Indian Standards, New Delhi, India.

18. IS: 1489 — 1 (1991) .Specifications for portlandpozzolona cement, Part 1: Flyash based, Bureau
of Indian Standards, New Delhi, India. 19. IS: 383-1970.Specifications for coarse and fine aggregates
from natural sources for concrete, Bureau of Indian Standards, New Delhi, India.

@2023, IJETMS | Impact Factor Value: 5.672 | Page 275



	Arish Pandi1, Udaya Kumar2 , Riya Nunu3 , Ajay4, Ms.J.S Minimol5
	ABSTRACT


