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ABSTRACT 

Being a part of experimental investigation to mitigate the problems posed by various waste products 

from metal and power plant industries w.r.t. global perspective being used as landfill or recycling, 

but the re-usage reduces environmental contamination to a substantial extent and exploitation of 

natural resources with overall economic benefit. The present study on M25 grade of concrete 

consisting aluminum dross and bottom ash coming from various industries across the globe used to 

focus on mechanical properties through compressive and flexural strength tests where the cement 

replaced partially by aluminium dross up 20% on various proportions and fine aggregates at 15% by 

bottom ash on a constant scale. 

 

Keywords: Aluminium dross (AD), Bottom ash (BA), M25 grade of concrete, Compressive strength, 
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I. Introduction 

M25 grade of concrete is designed in accordance with the latest IS codes and properties of all the 

ingredients like aluminium dross, bottom ash, cement, coarse aggregate, fine aggregate, and water. 

The aluminum dross (AD) utilized in this investigation was procured from ‘VAKKAL IMPEX 

Private Limited’, an aluminum extrusion firm located in Hindupur, Anantapur, Andhra Pradesh. The 

waste is irregularly shaped, black in appearance, and contains small lumps and particles of aluminum 

produced by burning aluminum scraps (raw material) in a furnace at a temperature of about 1900°C. 

The total amount of waste generated each day is eighteen tons. Before using the waste to make 

concrete, it was crushed, ground, and sieved using a ninety μm sieve size. The aluminium dross 

obtained from smelters replaced to cement in concrete production at different scales from 0 to 20% at 

every 5% increment levels. Bottom ash (BA), a by-product of coal-fired thermal power plants 

obtained from Rayalaseema Thermal Power Plant, Kadapa, Andhra Pradesh, is currently considered 

as a sand replacement at i.e., 15%, being stable right through the study. Measuring the particle size 

distribution of bottom ash shows that 100% of particles are smaller than 56 μm and 29% were 

smaller than 31.30 μm with the average diameter of the particle size distribution being 33.2 μm with 

an average standard mean deviation of 8.25 μm for bottom ash. 

II. Materials and methods 

The Ordinary Portland Cement (53 MPa) with a consistency of 27%, relative density of 3.16, and 

fineness of 95%, 45 minutes of initial setting time and 383 minutes of final setting times, which 

conforms and tested as per various Indian Standard specifications /codes [36] used. Locally available 

natural sand free from clay matter, silt and organic matter having a maximum size of 4.75 mm used 

as fine aggregate, confirms to grading zone II, as per IS 383:2016 [36], table 4 under clause 4.3. 

Crushed stone of maximum size 20 mm used as coarse aggregate, confirms to IS 2386:2022 [36]. 

The properties of coal bottom ash are according to IS 3812:2003 [36]. The sieved aluminium dross 

allowed to soak in water to remove the hazardous gases, stirred continuously at constant intervals 

https://www.sciencedirect.com/topics/materials-science/density-specific-gravity
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until the added water evaporates. The entire process of soaking in water and allowing to dry in open 

air takes typically 4-5 days. 

III. Experimental programme 

Concrete mix proportions assigned names as AD5BA15, AD10BA15, AD15BA15 and AD20BA15 

(AD5BA15 means aluminium dross replaced to cement at 5% weight to weight ratio and bottom ash 

replaced to fine aggregates i.e., to natural sand at 15% weight to weight ratio) are prepared including 

the control mix (CM) as per IS 456:2000 [36] and IS 10262:2019 [36], to obtain the target 

compressive strength for 28 days of curing in water of 31.6 N/mm2.  As per Table No. 41 of SP 

23:1982 [36], maximum size of nominal aggregate as 20 mm ranging from 4.75 mm to 20 mm are 

taken to design the mix. The water to cement ratio remained constant throughout the study at 0.50. 

Moderate slump allowed while designing the mix and exposure to atmospheric considered as severe. 

The fine aggregates, coarse aggregates, sieved aluminium dross, bottom ash, and cement to an 

accuracy of 0.10 percent of the total weight of the batch are taken to cast required number of 

concrete cubes and beams. All the ingredients were thoroughly mixed in a dry state until a 

homogeneous mixture was obtained. Care being taken to prevent intrusion of foreign materials like 

dust, clay, paper, cloth, wood, and organic matter etc. Potable running tap water available in the 

laboratory added in three stages to the turned up dry concrete mixture i.e., 50% to the dry concrete 

mixture in the first stage; 40% to the wet mixture; Staying 10% of water was sprinkled on the 

mixture and thoroughly mixed. Now, the preliminary and fresh concrete properties are noted down 

for reference and then taken into moulds of different sizes as per testing requirements. The time 

between final dose of water added to concrete mixture and concrete taken into moulds is ensured to 

fall under initial setting time of cement. The moulds shall be of 150 mm side cubical size conforming 

to IS 10086:2008 [36] for compressive strength test and mould of size 500 mm x 100 mm x 100 mm 

made of non-absorbent materials like steel or iron cast as per ASTM C293 [13]. The moulds are 

applied with non-absorbent oils to reduce the friction and roughness of walls interface with concrete. 

The specimens of standard sizes were cast at once followed by mixing, after conducting the tests 

on fresh concrete. To get a smooth finish and get rid of extra material, the specimens' top surface was 

scraped. Since expansion in the concrete cubes and beams is evident after allowing them to cure in 

air to develop initial hardness, proper care taken to ensure little expansion in the concrete cubes and 

beams. After a day in room temperature, the moulds were allowed to harden, the samples were taken 

out with due care and allowed to cure in potable running tap water stored in the tank until the test 

required them to be done. The respective proportions of ingredients including replacement materials 

are as follows. 

 

Table1 Mix proportions of various ingredients in cement concrete (Kg/m3) 

 

 

MIX ID → 

INGREDIENTS ↓  
CM AD5BA15 AD10BA15 AD15BA15 AD20BA15 

Cement 406.00 385.70 365.40 345.10 324.80 

Aluminium dross 0.00 20.30 40.60 60.90 81.20 

Fine aggregate 709.27 602.88 602.88 602.88 602.88 

Bottom ash 0.00 106.39 106.39 106.39 106.39 

Coarse aggregate 1132.35 1132.35 1132.35 1132.35 1132.35 

Water 203.00 203.00 203.00 203.00 203.00 
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IV. Mechanical properties and results 

A. Compressive strength 

The concrete mixed on watertight, non-absorbent platform with shovel, trowel or similar suitable 

arrangements taken into 150 mm x 150 mm x 150 mm cast iron moulds in three layers with proper 

compaction while filling and after filling to an approximate height 50 mm on each time, the moulds 

filled with concrete are placed over vibration table for further compaction, left for air curing for 

24±1/2 hours at an ambient room temperature. Compressive strength of all the prepared specimens 

after sufficient curing period are taken out to remove excessive hardened loose concrete to get plane 

surface on all sides and wiped-off to remove excessive moisture content and the specimens kept at 

ambient room temperature for another one day. The bearing or flat surfaces of the compression 

testing machine were cleaned, and any loose materials or dust was taken off from the surfaces of the 

concrete specimen that were to be in contact with the compression plates. The concrete specimens 

are loaded into compressive strength test machine at center of the platform, ensured to have 

maximum surface area. The loading pattern and evaluation of compressive strength of the concrete 

specimens is as per IS 516:2004 [36]. The average value of the three samples rounded-off to nearest 

two decimals taken to report the compressive strength of the respective mix Id, the results are as 

follows. 

Table2 Compressive strength of all mixes for different curing periods (N/mm2) 

MIX ID → 

CURING 

PERIOD ↓ 
 

CM AD5BA15 AD10BA15 AD15BA15 AD20BA15 

3 days 7.80 8.20 9.32 7.60 6.20 

7 days 16.63 20.16 22.40 18.88 17.76 

14 days 22.21 23.33 24.44 19.25 17.83 

28 days 28.28 30.60 32.20 22.22 20.20 

60 days 31.11 30.89 32.45 23.78 21.61 

90 days 31.36 31.00 32.67 23.97 21.79 

180 days 31.55 31.19 32.89 24.09 21.90 

360 days 31.70 31.34 33.05 24.28 22.07 

B. Flexural strength 

The flexural strength test is an indirect strength test on unreinforced concrete beams or slabs to know 

the ability against bending or flexure. The indirect tensile strength can be assessed by conducting a 

three-point load test as per ASTM C78 [11] or center point load test as per ASTM C293 [13]. This 

test provides crucial data for structural design, quality assurance, and performance evaluation of 

structural elements like beams, slabs, bridges, and pavement constructions to assess their behavior 

under bending or flexural stresses.  

Concrete filled into the moulds in 3 layers of the same thickness. Proper compaction through 

tamping bar on each layer for 35 number of blows ensured to achieve dense specimen without voids 

by tamping evenly over the whole beam mould and through each layer's depth. The concrete 

specimen placed over the testing machine having two steel rollers of 38 mm in diameter, used for 

support, and loading points to the specimens, separated by forty centimeters from center to center as 
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the case based on size of specimen i.e., 100 mm depth. The length of the rollers was at least 10 mm 

more than the width of the test specimen, all the rollers except the rigid ensured for capability to 

have rotation against their own axis. The load applied through two similar rollers mounted at the 

third points of the supporting span that is, spaced 13.30 centimeters from center to center. The 

weight shared equally between two rollers, and all rollers are mounted in such a way that the weight 

is applied evenly without twisting or holding the concrete specimen in place. Flat parts where the 

rollers touch and get rid of any sand or other stuff on the specimen under testing are cleaned. 

The rollers on the inner side are placed at the same distance from each other as the rollers on 

outside, such that the entire system is organized in a systematic way. The test specimen placed in the 

machine in such a way that at middle correctly with the long side in the middle. The specimen is 

positioned perpendicular to the rollers i.e., in a direction that is perpendicular to the direction of 

pushing or pulling. No packing between the bearing surfaces of the specimen and rollers allowed. 

For moulded specimens, the mould filling direction kept normal to the direction of loading. The 

application of load follows at a rate of loading at a rate of 180 kg per minute for the 10-centimeter 

specimens. 

Flexural Strength, also known as modulus of rupture (fb) is calculated by, 

fb =
pl

b𝑑2
 

Where, 

a = distance from the line of fracture to the closest support, measured in the middle of the side of the 

specimen that is being under tension 

b = Width of specimen measured in centimeters 

d = Depth at failure point in centimeters 

l = Length that is supported in centimeters 

p = Applied load i.e., maximum in kilograms 

 

The flexural strength is calculated using the standard formula provided in the testing standard, 

typically involving the division of the maximum applied load by the cross-sectional area of the 

specimen and the distance between the supports. The results of the test, including the specimen 

dimensions, applied load, calculated flexural strength, and any observations related to the failure 

mode or behavior of the material, are reported in a comprehensive test report. 

 

Table3 Flexural strength of all mixes for different curing periods (N/mm2) 

 

MIX ID → 

CURING PERIOD ↓  
CM AD5BA15 AD10BA15 AD15BA15 AD20BA15 

28 days 4.01 4.11 4.45 4.40 4.39 

60 days 4.12 4.23 4.46 4.38 4.35 

 

V. Conclusions 

 

i. Due to formation of voids aided by adding fine aluminum dross, the expansion in concrete 

cubes and beams observed which is a significant change in size noticed after casting 

concrete cubes and beams.  

ii. As the replacement level of aluminium dross goes on increases to cement, the expansion in 

concrete cubes and bottom ash also increased.  

iii. From the experimental consequences, optimum compressive strength noticed in 
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AD10BA15 mix Id, contains 10% aluminium dross replaced to cement and 15% bottom 

ash replaced to sand for all the curing ages i.e., from 3 days to 360 days in comparison to 

compressive strength values of control mix.  

iv. The percentage increase in compressive strength of AD10BA15 mix w.r.t. the curing 

period from 3 days to 360 days follows as 19.49, 34.70, 10.04, 13.86, 4.31, 4.18, 4.25 and 

4.26, noticeable significance from 3 days to 28 days but there after the increase in 

compressive strength observed to be stabilized at an average rate of 4.25%. 

v. The specimens of size 500 mm x 100 mm x 100 mm are evaluated for flexural strength for 

28 days and 60 days curing, the nature of failure observed across all the samples in flexural 

strength test are falling under Type-A. 

vi. The flexural strength of control mix increased by 2.74% from 28 days to 60 days curing 

and AD10BA15 mix increased by 0.20%, however, the average percentage increase in 

flexural strength of optimum mix i.e., AD10BA15 w.r.t. control mix found to be 9.63%. 

vii. Based on the physical, chemical, and mechanical properties of the aluminum dross and 

bottom ash replaced cement concrete, mix AD10BA15 found to be optimistic, conserves 

nature and saves the raw materials and ecology. 

 

VI. References 
[1] Aasif M. Baig, Valsson Varghese, Study of properties of coal bottom ash and waste foundry sand 

and its use in concrete, Lecture Notes on Multidisciplinary Industrial Engineering, (2019) 153-

163. 

[2] Abdullah, Mohamad & A Rashid, Ahmad Safuan & Anuar, U & Marto, Aminaton & Osman, 

Rasha, Bottom ash utilization: A review on engineering applications and environmental aspects, 

IOP Conference Series: Materials Science and Engineering. (2019) 527. 012006. 10.1088/1757-

899X/527/1/012006. 

[3] Aggarwal, P., Effect of bottom ash as replacement of fine aggregates in concrete, Asian journal of 

civil engineering (Building and Housing). 8 (01) (2007) 49-62. 

[4] Aldi Vincent Sulistio, Samuel Wahjudi, Djwantoro Hardjito, Processed bottom ash for replacing 

fine aggregate in making high-volume fly ash concrete, MATEC Web Conf. 138 (2017). 

[5] Al-Fasih, Mohammed & Ibrahim, Mohd Haziman & Basirun, Nurul & Putra Jaya, Ramadhansyah 

& Mohd Sani, Mohd Syahrul Hisyam, Influence of partial replacement of cement and sand with 

coal bottom ash on concrete properties, International Journal of Recent Technology and 

Engineering. (2019) 8. 356-362. 10.35940/ijrte.C1006.1183S319. 

[6] Anuar Abdul Wahab, Mohd Fadzil Arshad, Zakiah Ahmad, Ahmad Ruslan Mohd Ridzuan, Mohd 

Haziman Wan Ibrahim, Potential of bottom ash as sand replacement material to produce sand 

cement brick, International Journal of Integrated Engineering (Penerbit UTHM). 10 (8) (2018) 38-

42. 

[7] Apinun Buritatum, Apichat Suddeepong, Suksun Horpibulsuk, Kongsak 

Akkharawongwhatthana, Teerasak Yaowarat, Menglim Hoy, Chalermphol Bunsong, Arul 

Arulrajah, Improved performance of asphalt concretes using bottom ash as an alternative 

aggregate, Sustainability. 14 (12) (2022) 7033-7033. 

[8] Arimanwa, J. I. et al., Prediction of the compressive strength of aluminum waste–cement concrete 

using Scheffe’s theory, Journal of Materials in Civil Engineering. 24 (2012) 177-183. 

[9] Arpitha D, Praveen, Kannam, Experimental investigation of aluminium dross and ggbs in the 

production of eco-friendly concrete, IOP Conference Series: Materials Science and Engineering.  

1255. 012003. 10.1088/1757-899X/1255/1/012003 (2022). 

[10] Arun, N., Singh, P., & Gupta, S, Utilisation of ground bottom ash in concrete, Materials Today: 

Proceedings. 32 (2020) 663-669. 

[11] ASTM C78-09; Standard Test Method for Flexural Strength of Concrete (Using Simple Beam 

with Third-Point Loading). 

[12] ASTM C267-20; Standard test methods for chemical resistance of mortars, grouts, and monolithic 

surfaces and polymer concretes. 

https://typeset.io/authors/valsson-varghese-2xptv12tyq
https://www.springer.com/series/15734
https://typeset.io/authors/aldi-vincent-sulistio-osf9w5zpy2
https://typeset.io/authors/samuel-wahjudi-478bejg05l
https://typeset.io/authors/djwantoro-hardjito-11w9ll3tv5
https://typeset.io/authors/anuar-abdul-wahab-218jb6f5cu
https://typeset.io/authors/mohd-fadzil-arshad-3o1ivrrgjx
https://typeset.io/authors/zakiah-ahmad-2v4a43epbr
https://typeset.io/authors/ahmad-ruslan-mohd-ridzuan-2ad52av195
https://typeset.io/authors/mohd-haziman-wan-ibrahim-1c4j7u8y2k
https://typeset.io/authors/mohd-haziman-wan-ibrahim-1c4j7u8y2k
https://typeset.io/journals/international-journal-of-integrated-engineering-dbkixvds
https://typeset.io/authors/apinun-buritatum-3uibqvinxz
https://typeset.io/authors/apichat-suddeepong-3gd8f74ybq
https://typeset.io/authors/suksun-horpibulsuk-35e0yp5q9q
https://typeset.io/authors/kongsak-akkharawongwhatthana-2pgye5f1
https://typeset.io/authors/kongsak-akkharawongwhatthana-2pgye5f1
https://typeset.io/authors/teerasak-yaowarat-22y1lkw3s3
https://typeset.io/authors/menglim-hoy-1ltdlwfa2e
https://typeset.io/authors/chalermphol-bunsong-21hfs5ym3y
https://typeset.io/authors/arul-arulrajah-97a7fr4tp4
https://typeset.io/authors/arul-arulrajah-97a7fr4tp4
https://typeset.io/journals/sustainability-3eq3lfi1


 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 53, Issue 6, No.2, June : 2024 
[ 

UGC CARE Group-1                                                                                                                         41 

[13] ASTM C293/C293M-16; Standard Test Method for Flexural Strength of Concrete (Using Simple 

Beam With Center-Point Loading). 

[14] ASTM C642-97; Standard test method for density, absorption, and voids in hardened concrete. 

[15] AST C1012-10; Standard test for length change of hydraulic-cement mortars exposed to a sulfate 

solution. 

[16] ASTM C1202-07; Standard test method for electrical indication of concrete’s ability to resist 

chloride ion penetration. 

[17] ASTM C1202-19; Standard test method for electrical indication of concrete’s ability to resist 

chloride ion penetration. 

[18] Augustine U. Elinwa and Elvis Mbadike, The use of aluminium waste for concrete production, 

Journal of Asian Architecture and Building Engineering. 10 (1) (2011) 217-220. 

[19] Baco, Noraziela & Shahidan, Shahiron & Mohd Zuki, Sharifah Salwa & Ali, Noorwirdawati & 

Azmi, Mohamad, Strength properties of untreated coal bottom ash as cement replacement, Journal 

of the Civil Engineering Forum. 6. 13. 10.22146/jcef.47657 (2020). 

[20] Bai, Yun & Basheer, P.A. Muhammed, Influence of furnace bottom ash on properties of concrete, 

Proceedings of The Institution of Civil Engineers-structures and Buildings, PROC INST CIVIL 

ENG-STRUCT B. 156. 85-92. 10.1680/stbu.156.1.85.37888 (2003). 

[21] B. Vidivelli, R. Divya, An experimental study on the mechanical and durability properties of 

concrete: partial replacement of fine aggregate with steel slag, manufacturing sand and bottom 

ash, IOSR Journal of Mechanical and Civil Engineering. 14 (03) (2017) 119-125. 

[22] Chai Jaturapitakkul, Raungrut Cheerarot, Development of bottom ash as pozzolanic material, 

Journal of Materials in Civil Engineering (American Society of Civil Engineers). 15 (1) (2003) 

48-53. 

[23] Chen Dai, Development of aluminium dross-based material for engineering applications, 

M.Sc.Thesis, Material Science and Engineering, Worcester Polytechnic Institute (2012). 

[24] Chin, Mei & Rahman, Mohammed & Kuok, Kuok & Sze, Amelia & Qin, Ching & Bakri, 

Muhammad Khusairy. Bottom and fly ash as sand and portland cement filler replacement in high 

volume concrete. 10.1007/978-3-030-98812-8_7 (2022). 

[25] Dai, C., Apelian, D, Fabrication and characterization of aluminum dross-containing mortar 

composites: Upcycling of a waste product,  J. Sustain. Metall. 3 (2017) 230–238. 

[26] D.A. Pereira, Barroso de Aguiar, F. Castro, M.F. Almeida and J.A. Labrincha, Mechanical 

behavior of portland cement mortars with incorporation of Al-containing salt slag's, Cement and 

Concrete Research. 30 (2000) 1131-1138. 

[27] Diana Bajare, Aleksandrs Korjakins, Mareks Zakutajevs and Filips Voroneko, Applying of 

aluminium scrap recycling waste (non-metal product, NMP) for production environmental 

friendly building materials, Vilnius, Lithuania, The 10th International Conference on “Modern 

Building materials, structures and techniques”. (2010) 13-17. 

[28] Dilukshan Sritharan, K. Baskaran, J. R. U. C. Jayakody, Study on use of bottom ash in 

manufacturing cement blocks, Moratuwa Engineering Research Conference (2021). 

[29] Dr. Evaggelia Petavratzi, Scott Wilson (2007), “A case study, “Residues from aluminium dross 

recycling in cement”, WRT 177 / WR0115, pp. 1-8. 

[30] Ennahal, I., Abriak, Y., Benzerzour, M. et al., Utilizing bottom ash from municipal solid waste 

incineration as a sustainable replacement for natural aggregates in epoxy mortar production: a 

feasibility study, J Mater Cycles Waste Manag (2024). 

[31] Gert van der Wegen, Ulbert Hofstra, John Speerstra, Upgraded MSWI bottom ash as aggregate in 

concrete, Waste and Biomass Valorization (Springer Netherlands). 4 (4) (2013) 737-743. 

[32] Ghadzali, Nor & Ibrahim, Mohd Haziman & Mohd Zuki, Sharifah Salwa & Mohd Sani, Mohd 

Syahrul Hisyam & Al-Fasih, Mohammed, Material characterization and optimum usage of coal 

bottom ash (CBA) as sand replacement in concrete, International Journal of Integrated 

Engineering. 12. 10.30880/ijie.2020.12.09.002 (2020). 

[33] Hamzah, A.F., Durability of self-compacting concrete with coal bottom ash as sand replacement 

material under aggressive environment (2017). 

[34] Haneef, Shaik Mohammed, P. Harish, An experimental investigation on use of secondary 

aluminium dross in cement Concrete, International journal of scientific research in science, 

engineering and technology. 2 (2016) 204-207. 

https://typeset.io/authors/b-vidivelli-2n3xolus7t
https://typeset.io/authors/r-divya-2cex2pl0hp
https://typeset.io/journals/iosr-journal-of-mechanical-and-civil-engineering-1fy8jb0l
https://typeset.io/authors/chai-jaturapitakkul-4tyafqnsxe
https://typeset.io/authors/raungrut-cheerarot-3eiu87ylho
https://typeset.io/journals/journal-of-materials-in-civil-engineering-2y3npynz
https://typeset.io/authors/dilukshan-sritharan-39ajictfgj
https://typeset.io/authors/k-baskaran-586xdh78ir
https://typeset.io/authors/j-r-u-c-jayakody-5bwyrcw4nf
https://typeset.io/conferences/moratuwa-engineering-research-conference-185b3pak
https://typeset.io/authors/gert-van-der-wegen-o4s9nq9iij
https://typeset.io/authors/ulbert-hofstra-10mpthbefw
https://typeset.io/authors/john-speerstra-474c9olodo
https://typeset.io/journals/waste-and-biomass-valorization-1pyyf4ep


 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 53, Issue 6, No.2, June : 2024 
[ 

UGC CARE Group-1                                                                                                                         42 

[35] H.K. Kim, H.K. Lee, Use of power plant bottom ash as fine and coarse aggregates in high-

strength concrete, Construction and Building Materials. 25 (2) (2011) 1115-1122. 

[36] Indian Standard Codes: 

SP 23:1982; Handbook on concrete mixes (based on Indian standards). 

IS 383:2016; Specifications for coarse and fine aggregates from natural sources for concrete. 

IS 456:2005; Plain and reinforced concrete - code of practice. 

IS 516:2004; Methods of tests for strength of concrete. 

IS 2386 (Part III):2002; Methods of test for aggregates for concrete. 

IS 3812 (Part 1):2003; Pulverized fuel ash – specification. 

IS 4031 (Part 1):1996 (ASTM C204, 2007); Methods of physical tests for hydraulic cement. 

IS 4031 (Part 4):2005 (ASTM C187, 1998); Methods of physical tests for hydraulic cement. 

IS 4031 (Part 5):2005 (ASTM C191, 2001); Methods of physical tests for hydraulic cement. 

IS 5514:1996 (ASTM C189, 1949); Apparatus used in ‘Le-Chatelier’ test – specification. 

IS 10086:2008; Specification for moulds for use in tests of cement and concrete. 

IS 10262:2019; Concrete mix proportioning – guidelines. 

IS 12269:2013; Ordinary Portland cement, 53 grade – specification. 

[37] Javali, Shriraksha & Chandrashekar, A. & Naganna, Sujay & D S, Manu & Hiremath, 

Parameshwar & Preethi, H. & Kumar, N., Eco-concrete for sustainability: utilizing aluminium 

dross and iron slag as partial replacement materials, Clean Technologies and Environmental 

Policy. 19. 10.1007/s10098-017-1419-9 (2017). 

[38] Jeffery S. Volz, Mahdi Arezoumandi, Jonathan Drury, Kyle Holman, Bottom ash as aggregate 

replacement in concrete, Center for Transportation Infrastructure and Safety NUTC program, 

Missouri University of Science and Technology (2013). 

[39] Kadam, Madhav & Patil, Yogesh, Effect of coal bottom ash as sand replacement on the properties 

of concrete with different W/C ratio, Int. J. Adv. Technol. Civ. Eng., 2. 45-50. 

10.47893/IJATCE.2013.1049 9 (2013). 

[40] Kadam, Madhav & Patil, Yogesh, The effect of sieved coal bottom ash as a sand substitute on the 

properties of concrete with percentage variation in cement, American Journal of Civil 

Engineering and Architecture. 2. 160-166. 10.12691/ajcea-2-5-2 (2014). 

[41] Kevin Klarens, Michael Indranata, Luthfi Al Jamali, Djwantoro Hardjito, The use of bottom ash 

for replacing fine aggregate in concrete paving blocks, MATEC Web Conf. 138 (2017). 

[42] Khairunisa Muthusamy, Mohamad Hafizuddin Rasid, Gul Ahmed Jokhio, Ahmed Mokhtar 

Albshir Budiea, Mohd Warid Hussin, Jahangir Mirza, Coal bottom ash as sand replacement in 

concrete: A review, Construction and Building Materials. 236 (2020) 117507. 

[43] Kumar, Dilip & Gupta, Ashish & Ram, Sri, Uses of bottom ash in the replacement of fine 

aggregate for making concrete, International Journal of Current Engineering and Technology. 4. 

3891-3895 (2014). 

[44] Ku Muhammad Firdaus Ku Meh, An experimental investigation of coal bottom ash as sand 

replacement, International Journal of Geomate. 23 (99) (2022). 

[45] K. Meenu Priyaa, P. Srinivasan, P. Gajalakshmi, Experimental study on corrosion behaviour of 

concrete containing bottom ash as partial replacement of fine aggregate, Applied Mechanics and 

Materials (Trans Tech Publications Ltd). 857 (2016) 88-94. 

[46] K. Nataraj, G. Mohan Ganesh, A. S. Santhi, Bottom ash concrete, 1 (1) (2013) 6-11. 

[47] Lee, KH., Yang, KH., Mun, JH. et al., Effect of sand content on the workability and mechanical 

properties of concrete using bottom ash and dredged soil-based artificial lightweight 

aggregates, Int J Concr Struct Mater. 13 (13) (2019). 

[48] Malkit Singh, Rafat Siddique, Effect of coal bottom ash as partial replacement of sand on 

properties of concrete, Journal of resources, conservation and recycling. 72 (2013) 20-32. 

[49] Malkit Singh, Rafat Siddique, Compressive strength, drying shrinkage and chemical resistance of 

concrete incorporating coal bottom ash as partial or total replacement of sand, Journal of 

construction and building materials. 68 (2014) 39-48. 

[50] Malkit Singh, Rafat Siddique, Strength properties and micro-structural properties of concrete 

containing coal bottom ash as partial replacement of fine aggregate, Journal of construction and 

building materials. 50 (2014) 246-256. 

https://typeset.io/authors/jeffery-s-volz-4vd1unw2ve
https://typeset.io/authors/mahdi-arezoumandi-3ic9mv47f1
https://typeset.io/authors/jonathan-drury-3egbntj876
https://typeset.io/authors/kyle-holman-495pmgeq2n
https://typeset.io/authors/kevin-klarens-2arftu5hsw
https://typeset.io/authors/michael-indranata-3o18oy80r8
https://typeset.io/authors/luthfi-al-jamali-71i40j80bz
https://typeset.io/authors/djwantoro-hardjito-11w9ll3tv5
https://typeset.io/authors/ku-muhammad-firdaus-ku-meh-1m64t1mt
https://typeset.io/journals/international-journal-of-geomate-3swl3alg
https://typeset.io/authors/k-meenu-priyaa-4eguisey88
https://typeset.io/authors/p-srinivasan-1rj7kgnj5x
https://typeset.io/authors/p-gajalakshmi-4nthenp7yc
https://typeset.io/journals/applied-mechanics-and-materials-1uoeq475
https://typeset.io/journals/applied-mechanics-and-materials-1uoeq475
https://typeset.io/authors/k-nataraj-2g4dgkahfc
https://typeset.io/authors/g-mohan-ganesh-byw4dqn8sg
https://typeset.io/authors/a-s-santhi-55do6st8i4


 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 53, Issue 6, No.2, June : 2024 
[ 

UGC CARE Group-1                                                                                                                         43 

[51] Mbadike, Elivs M, Effect of incorporation of aluminium waste in concrete matrix using different 

mix ratio and water cement ratio (2014). 

[52] Mohamed Hamdy Elseknidy, Ali Salmiaton, Ishak Nor Shafizah, Ahmed Hassan Saad, A study 

on mechanical properties of concrete incorporating aluminum dross, fly ash, and quarry dust, 

Sustainability. 12 (21) (2020), 9230.  

[53] M. Satish Reddy, D. Neeraja, Mechanical and durability aspects of concrete incorporating 

secondary aluminium slag, Resource-Efficient Technologies. 2 (4) (2016) 225-232. 

[54] Nduka, D. O. et al., Influence of secondary aluminum dross (SAD) on compressive strength and 

water absorption capacity properties of sandcrete block, Cogent Engineering. 6 (1) (2019). 

[55] Nirmale, Geetanjali & Bhusare, Vijaykumar, Review on studies of partially replacement concrete 

using aluminium dross, Journal of Advances and Scholarly Researches in Allied Education. 15 

(2018) 345-348. 10.29070/15/56844. 

[56] Nurharniza Abdul Rahman, Gerry Adam, Kishan Gunesegeran, Lee Hoong Pin, Jamilah Abd. 

Rahim, Kay Dora Abd Ghani, Bottom ash as inventive recyclable material in determination 

construction industries towards IR 4.0, Nucleation and Atmospheric Aerosols (2022). 

[57] Orime, Henry & Akobo, Iboroma & Ngekpe, Barisua, Suitability of aluminium dross (ALD) as 

partial replacement of fine aggregates in self-compacting concrete blended with Metakaolin (MK) 

(2020). 

[58] Ozerkan, Nesibe Gozde et al., The effect of aluminium dross on mechanical and corrosion 

properties of concrete, International Journal of Innovative Research in Science, Engineering and 

Technology. 3 (2014). 

[59] Pontikes, Yiannis, George N. Angelopoulos, Bauxite residue in cement and cementitious 

applications: Current status and a possible way forward, Resources Conservation and 

Recycling. 73 (2013) 53-63. 

[60] Sajjad Ali Mangi, Mohd Haziman Wan Ibrahim, Norwati Jamaluddin, Mohd Fadzil 

Arshad, Fareed Ahmed Memon, Ramadhansyah Putra Jaya, Shahiron Shahidan, A review on 

potential use of coal bottom ash as a supplementary cementing material in sustainable concrete 

construction, International Journal of Integrated Engineering (Penerbit UTHM). 10 (9) (2018) 

127-135. 

[61] Satish Reddy, M and Dr. Neeraja, Aluminum residue waste for possible utilisation as a material: a 

review, Sādhanā. 43 (2018) 1-8. 

[62] Shambalid Ahady, Sakshi Gupta, Use of bottom ash as fine aggregate in concrete: a review, 

International Journal of Advance Research and Innovative Ideas in Education (IJARIIE). 2 (6) 

(2016) 203-212. 

[63] S. O. Adeosun, M.A. Usman, W. A. Ayoola and I. O. Sekunowo, Valuation of the mechanical 

properties of polypropylene-Aluminum-Dross composite (2012). 

[64] Trong-Phuoc Huynh, Si-Huy Ngo, Waste incineration bottom ash as a fine aggregate in mortar: 

An assessment of engineering properties, durability, and microstructure, Journal of building 

engineering. 52 (2022) 104446-104446. 

[65] Verma, Shailendra Kumar & Dwivedi, Vijay & Dwivedi, Shashi, Utilization of aluminium dross 

for the development of valuable product–A review, Materials Today: Proceedings. 43. 

10.1016/j.matpr.2020.12.045 (2021). 

 

 

https://typeset.io/authors/nurharniza-abdul-rahman-3wrxs2jvuk
https://typeset.io/authors/gerry-adam-1r0xssgd
https://typeset.io/authors/kishan-gunesegeran-iatzitdhrj
https://typeset.io/authors/lee-hoong-pin-q3i0xf1n
https://typeset.io/authors/jamilah-abd-rahim-5djgu4cdbf
https://typeset.io/authors/jamilah-abd-rahim-5djgu4cdbf
https://typeset.io/authors/kay-dora-abd-ghani-52sidi8oix
https://typeset.io/journals/nucleation-and-atmospheric-aerosols-2dz8uy7b
https://typeset.io/authors/sajjad-ali-mangi-3mewymoyca
https://typeset.io/authors/mohd-haziman-wan-ibrahim-1c4j7u8y2k
https://typeset.io/authors/norwati-jamaluddin-2lsh0cyh5l
https://typeset.io/authors/mohd-fadzil-arshad-3o1ivrrgjx
https://typeset.io/authors/mohd-fadzil-arshad-3o1ivrrgjx
https://typeset.io/authors/fareed-ahmed-memon-4grlmkgp4m
https://typeset.io/authors/ramadhansyah-putra-jaya-6suh4p0a44
https://typeset.io/authors/shahiron-shahidan-145l1zsi6g
https://typeset.io/journals/international-journal-of-integrated-engineering-dbkixvds
https://typeset.io/authors/shambalid-ahady-j602g21qh9
https://typeset.io/authors/sakshi-gupta-2l9ae31bxx
https://typeset.io/journals/international-journal-of-advance-research-and-innovative-2dtmmaw8
https://typeset.io/authors/trong-phuoc-huynh-2ebcrwy56p
https://typeset.io/authors/si-huy-ngo-4rq06cyv9l
https://typeset.io/journals/journal-of-building-engineering-1nqolsez
https://typeset.io/journals/journal-of-building-engineering-1nqolsez

