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1 Introduction 

With the ever-increasing population and urbanization, the choices of land to choose 
for construction become lesser and lesser. In most geotechnical projects, it is always 
not possible to acquire construction sites that will meet the design necessity without 
ground moderation. This proves to be a significant engineering problem. And hence, 
the idea of soil stabilization comes into play. Soil stabilization is a broad term used for 
any physical or chemical treatment of altering a natural soil to meet an engineering 
cause. 

In India, Expansive soils, also known locally as Black Cotton soil (BCS) are 
spread over 5,18,000 km2 of land [1]. Due to seasonal fluctuations in moisture 
content, BCS is exposed to significant shrinkage and swelling, which can cause signif-
icant structural damage. Chemical stabilization will be used on this soil, which is 
described as the process of combining and blending chemical additives to improve the 
soil’s geotechnical properties. Generally, Calcium-based additives, such as lime and 
cement, are commonly used for stabilization to increase strength, reduce swelling, 
and even out the settlement. However, mounting concerns about carbon dioxide emis-
sions and the resulting climate crisis necessitate the innovation of more sustainable 
soil stabilization techniques based on waste materials [2]. 

On the other hand, as the rate of industrialization increases, so does the rate 
of production of industrial waste, resulting in a slew of environmental challenges 
around its disposal [3]. In developing countries, the utilization of waste material in 
soil stabilization creates a sustainable platform for the management of waste [4–6]. 
The use of Granulated Blast Furnace Slag (GBS) as a stabilizing agent was found to 
have increased the strength and physical properties of soil [7]. Certain engineering
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properties like the CBR resulted in an increase in value with the addition of CS 
as an additive in the problematic soil [8]. Stabilizing with cement kiln dust (CKD) 
showed enhancement in soil mixture strength with values increased up to a certain 
factor [9]. The use of rice husk ash (RHA) with calcium carbide residue (CCR) as 
an additive shows great feasibility and effectiveness as a cementing material giving 
a good performance, better economy and disposal costs, and lesser distress to the 
environment [10]. Coal combustion fly ash (CFA) blended with an additive like 
cement can be used in varying quantities to acquire the best possible stabilizing 
mixture [11] (Fig. 1). 

The stabilizing efficiency and sustainability of various industrial wastes with 
pozzolanic character (as shown in Fig. 2) will be explored in terms of varying engi-
neering physical strength qualities in this article. In summary, the paper intends to 
give a full understanding of the feasibility and possible aspects of soil stabilization 
through the utilization of various industrial wastes that would otherwise be disposed 
of and would have taken up space in landfills. 

CFA [12] CS[13] GBS [14] CKD [15] RHA[16] 

Fig. 1 Different types of industrial waste 

Fig. 2 Chemical composition of CFA [17], CS [18], GBS [19], CKD [20] and  RHA [21]
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Fig. 3 The flow chart of pozzolanic reaction 

2 Pozzolanic Reaction 

The volume of clayey soils changes due to absorbed moisture, which forms a double 
diffused layer on the particles after contact with moisture. This leads to dispersion and 
flotation of the clayey particles forming voids and pores [2]. To close the gaps between 
the clayey soil particles, stabilizations of these soils are conducted using chemical 
additives. This can be attained by blending with a stabilizing agent containing Al, Ca, 
Si, etc. which causes a hydration reaction succeeded by a displacement reaction [22, 
23]. Ca and Na-ions are then displaced during the calcination reaction. The entire 
process gives rise to a pozzolanic reaction, forming calcium alumina-silica hydrate 
as the final product, which is the main binding phase responsible for strength gain 
[24] (Fig. 3). 

3 Effect of Industrial Waste on Geotechnical Properties 
of Soil 

3.1 Coal Combustion Fly Ash (CFA) 

Coal combustion fly ash is an industrial by-product obtained from the burning of 
coal for various purposes. In 2020, around 5% of electricity in India was generated 
by coal-fired thermal power plants [25]. The use of only CFA gives a negligible 
improvement in bearing capacity, owing to no pozzolanic reaction. In addition to 
secondary additives (such as cement, lime), there are visible improvements in the 
engineering properties [11]. The incorporation of CFA directly into soil reduces 
CBR because non-plastic fines replace plastic fines in the expansive soil, reducing 
cohesiveness [26]. As noted by Karami, lime was the best addition to enhance CBR, 
owing to its capability to activate CFA in the soil, promote pozzolanic reactions, and 
form cementitious materials [27] (Table 1).

3.2 Copper Slag 

Copper slag is an industrial by-product formed during the pyrometallurgical 
processing of metals from copper concentrates. Approximately 2.2 tons of slag are
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Table 1 The alteration in geotechnical properties of soil due to the addition of CBS 

S. No. % Added Type UCS (N/mm2) CBR (%) MDD 
(gm/cm3) 

OMC (%) PI (%) Reference 

1 15% CFA Raw – 3.20 1.73 19.2 – [27] 

+Lime Stabilized – 2.9 1.8 18.8 – 

2 15% CFA Raw 0.168 2.18 – – 1.2 [11] 

Stabilized 0.177 2.26 – – 1.4 

3 5% CFA+ Raw 0.500 – 2 22 30 [28] 

4% Lime Stabilized 0.990 – 3 38 18 

4 10% CFA Raw 0.31 25 1.79 17 – [26] 

Stabilized 0.44 35 1.75 16 –

Table 2 The alteration in geotechnical properties of soil due to the addition of CS 

S. No. % Added Type UCS (N/mm2) CBR (%) MDD 
(gm/cm3) 

OMC (%) PI (%) Reference 

1 3% CS Raw – 2.862 14 3.78 [29] 

Stabilized – – 2.280 12 5 

2 20% CS Raw – 7.50 1.597 12 – [30] 

Stabilized – 24.50 1.674 18 – 

3 20% CS Raw 2.4 – 1.6 12 – [13] 

Stabilized 3.4 – 2.1 7 – 

4 20% CS Raw – – 1.570 18 – [31] 

Stabilized – – 1.811 15.379 – 

generated per ton of copper produced. And around 37.8 million tons of CS are 
produced worldwide each year [18]. In their study, Shahiri and Ghasemi conclude 
that the use of CS decreases OMC and increases MDD, while the use of cement as 
a secondary additive reverses the effects. As CS absorbed water, the larger particles 
were able to penetrate the soil [13]. Gobinath reported an increase of up to 50% more 
in tensile strength on the use of CS as an additive. The noteworthy result is noticed in 
the CBR values of the soil, which is a result of the ceasing of the swell condition on 
the addition of CS [29]. The more addition of CS leads to higher MDD (up to 8.85% 
increase in MDD than the natural clay) resulting in a decrease in the plasticity [30] 
(Table 2). 

3.3 Granulated Blast Furnace Slag (GBS) 

GBS is a by-product of iron and steel production that is made by extinguishing molten 
iron slag from a blast furnace in water or steam, resulting in a glassy, granular product 
that is subsequently dried and grounded into a fine powder. In 2016, the production
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Table 3 The alteration in geotechnical properties of soil due to the addition of GBS 

S. No. % Added Type UCS 
(N/mm2) 

CBR (%) MDD 
(gm/cm3) 

OMC (%) PI (%) Reference 

1 10% GBS+ Raw <0.1 – – – – [33] 

1% cement Stabilized 7.1 – – – – 

2 20% GBS Raw 1.02 3.12 1.75 8 11.26 [4] 

Stabilized 1.25 3.38 1.88 12 12.29 

3 12% GBS Raw 1.18 8.14 1.72 11 17 [7] 

Stabilized 1.48 16.5 1.79 9.9 13.1 

4 12% GBS Raw 1.34 – 1.6 22 18.4 [32] 

Stabilized 2.6 – 1.63 19.8 14 

of blast furnace slag in the world was 430 million tons. It’s approximated to have 
produced 0.3–0.5 tons of slag per ton of pig iron. [19]. The addition to NaOH results 
in the formation of a cementitious compound, thereby increasing the UCS value as 
the proportion of GBS increases [7]. Pathak and Panday observed the PI and OMC 
values decrease while MDD increases with the addition of GBS. Even though there is 
improvement found in the soil on the addition of GBS, the values are not noteworthy. 
The study concludes GBS is a latent hydraulic material that requires an activator to 
disintegrate its glassy stage [32] (Table 3). 

3.4 Cement Kiln Dust 

The highly alkaline, solid, fine-grained industrial by-product extracted from cement 
kiln exhaust gas is referred to as CKD. The manufacturing of each ton of Portland 
Cement produces 54–200 kg of CKD. The global cement production was approxi-
mated to be 4.20 billion tons in 2019 [20]. As the need for cement as a construction 
material grows, vast production occurs, resulting in a large amount of CKD as a by-
product. Thus, the use of CKD as a stabilizing agent becomes a sustainable cause. 
The inclusion of CKD, in various amounts, results in a considerable drop in PI. The 
highest PI decrease was observed with 10% CKD treated soil according to Rimal and 
Poudal [34]. The strength of the CKD stabilized soil increases gradually up to the 
14th day but then increases dramatically by the 28th day. Amadi and Osu concluded 
that there is a delay in strength development during the initial stages of curing due 
to the initiation period required for the pozzolanic interaction between the chemical 
stabilizers and the soil particles to generate cementitious products [9] (Table 4).
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Table 4 The alteration in geotechnical properties of soil due to the addition of CKD 

S. No. % Added Type UCS 
(N/mm2) 

CBR (%) MDD 
(gm/cm3) 

OMC (%) PI (%) Reference 

1 10% CKD Raw 1.531 – 15.2 22.1 20 [34] 

Stabilized 10.156 – 16.9 24.2 – 

2 12.5% CKD Raw – 0.55 1.7 18 81.52 [35] 

Stabilized – 16.5 1.73 20 51 

3 16% CKD Raw 1.1 – – 14.8 38.09 [9] 

+Quarry Stabilized 6.2 – – 13.4 19 

4 15% CKD Raw 0.83 1.65 1.68 20 32.3 [36] 

Stabilized 2.6 8.03 1.72 19.3 15.2 

3.5 Rice Husk Ash (RHA) 

RHA is an agricultural by-product obtained from the burning of rice husk. With 
agriculture providing a living for more than half of India’s population, the country 
produces around 120 million tons of rice paddy each year, resulting in 24 million tons 
of rice husk per year [16]. Liu observed that the swelling properties can be hugely 
reduced by increasing RHA content with CCR as a secondary additive [10]. On 
increasing the proportion of the RHA, the OMC increases which is due to the elevation 
in mix proportion and lowering in the quantity of free silt [21]. There is as much as 
3.1 times increase in strength of soil mixed with 15% RHA after curing for 28 days 
[10] (Table 5). 

Table 5 The alteration in geotechnical properties of soil due the addition of RHA 

S. No. % Added Type UCS 
(N/mm2) 

CBR (%) MDD 
(gm/cm3) 

OMC (%) PI (%) Reference 

1 12% Stabilized 1.1 – 1.925 13 – [16] 

RHA Raw 1.52 – 1.921 13.2 – 

2 10% Stabilized 1.02 3.12 1.75 8 11.26 [4] 

RHA Raw 1.07 3.29 1.67 8 31.56 

3 15% Stabilized 0.9 – 1.47 – – [10] 

RHA + CCR Raw 3.2 – – – – – 

4 10% Stabilized 1.5 6.5 1.64 17 12.2 [21] 

RHA Raw 1.68 12 1.56 20 10
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4 Conclusion 

An overview of various research papers on industrial waste used as stabilizing agents 
is presented in this paper. The majority of the industrial waste was found to improve 
certain soil geotechnical properties. However, the improvements found on the use 
of industrial waste as an additive were not enough to be recommended for use. For 
remarkable results, most of the papers recommended the use of secondary additives 
like lime, cement, enzymes, or quarry. The following are notable features of certain 
industrial waste and their effects on soil geotechnics or environmental impact. 

• CFA alone does not significantly promote strength; however, combining it with 
lime and cement can lead to noticeable improvements. CFA has certain disad-
vantages, one of which is the fact that transportation is mostly limited to within 
300 km of the Thermal Power Plant. 

• In most of the studies, the use of CS as an additive increases MDD, resulting in a 
lower PI. And due to the ceasing of swell properties, it is found to have improved 
the CBR of the soil. 

• GBS demonstrates improvement in UCS, CBR, and MDD of the soil, but it cannot 
be relied upon alone. As a result, it is recommended to use an activator when 
adding GBS as an additive, because GBS is a latent hydraulic material that requires 
activation to break the glassy phase. 

• In tandem with the ever-increasing demand for cement, the manufacturing of CKD 
as a by-product has also increased. The presence of CKD as a stabilizing agent is 
shown to reduce the PI significantly. And most of the improvements in strength 
occur around the 28th curing day of being stabilized with CKD. 

• India being an agriculture dominant society. RHA is one of the most vastly avail-
able by-products in every part of the country. The use of RHA alone does not 
result in significant increases in UCS value, but the inclusion of compounds such 
as CCR results in a significant rise in value. 

A lack of systematic and independent research articles made it difficult for this 
paper to come to a valid conclusion. It was found that all industrial wastes improved 
the quality of soils up to a certain extent through better economic and environ-
mental efficiency. This paper identifies a future need of the research on the protocols 
of obtaining the waste for public utilization, mass availability of materials, in situ 
engineering properties, durability, and sustainability issue of the industrial waste 
stabilized soil. 

References 

1. C. McDowell, Stabilization of soils with lime, lime-flyash, and other lime reactive materials. 
Highw. Res. Board Bull., 60–66 (1959), [Online]. Available: http://onlinepubs.trb.org/Online 
pubs/hrbbulletin/231/231-004.pdf

http://onlinepubs.trb.org/Onlinepubs/hrbbulletin/231/231-004.pdf
http://onlinepubs.trb.org/Onlinepubs/hrbbulletin/231/231-004.pdf


246 M. Laishram et al.

2. S.Y. Amakye, S.J. Abbey, Understanding the performance of expansive subgrade materials 
treated with non-traditional stabilisers: a review. Clean. Eng. Technol. 4, 100159 (2021). https:// 
doi.org/10.1016/J.CLET.2021.100159 

3. S. Kumar, D. Singh, Municipal solid waste incineration bottom ash: a competent raw material 
with new possibilities. Innov. Infrastruct. Solut. 6(4), 1–15 (2021). https://doi.org/10.1007/S41 
062-021-00567-0 

4. R. Sanjay, C. Nivetha, D.S. Vijayan, D. Parthiban, Utilization of waste materials in soil stabi-
lization. Int. J. Innov. Technol. Explor. Eng. 9(2), 4459–4463 (2019). https://doi.org/10.35940/ 
ijitee.b8126.129219 

5. P. Alam, D. Singh, S. Kumar, Incinerated municipal solid waste bottom ash bricks: a sustain-
able and cost-efficient building material. Mater. Today Proc. (2021). https://doi.org/10.1016/J. 
MATPR.2021.07.346 

6. D. Singh, A. Kumar, Geo-environmental application of municipal solid waste incinerator ash 
stabilized with cement. J. Rock Mech. Geotech. Eng. 9(2), 370–375 (2017). https://doi.org/10. 
1016/j.jrmge.2016.11.008 

7. L. Yadu, R.K. Tripathi, Effects of granulated blast furnace slag in the engineering behaviour of 
stabilized soft soil. Procedia Eng. 51, 125–131 (2013). https://doi.org/10.1016/j.proeng.2013. 
01.019 

8. A. N. K. Saranya, K. Rohini, A review on utilization of copper slag and silica fume in geotech-
nical engineering. Int. Res. J. Eng. Technol. 4(2), 1836–1838 (2017), [Online]. Available: 
https://irjet.net/archives/V4/i2/IRJET-V4I2361.pdf 

9. A.A. Amadi, A.S. Osu, Effect of curing time on strength development in black cotton soil— 
quarry fines composite stabilized with cement kiln dust (CKD). J. King Saud Univ. Eng. Sci. 
30(4), 305–312 (2018). https://doi.org/10.1016/J.JKSUES.2016.04.001 

10. Y. Liu et al., Stabilization of expansive soil using cementing material from rice husk ash and 
calcium carbide residue. Constr. Build. Mater. 221, 1–11 (2019). https://doi.org/10.1016/J. 
CONBUILDMAT.2019.05.157 

11. P.G. Kumar, S. Harika, Stabilization of expansive subgrade soil by using fly ash. Mater. Today 
Proc. 45, 6558–6562 (2021). https://doi.org/10.1016/J.MATPR.2020.11.469 

12. X. Dong et al., Facile use of coal combustion fly ash (CCFA) as Ni-Re bime-tallic catalyst 
support for high-performance CO2 methanation. Waste Manag. 107, 244–251 (2020). https:// 
doi.org/10.1016/j.wasman.2020.04.014 

13. J. Shahiri, M. Ghasemi, Utilization of soil stabilization with cement and copper slag as subgrade 
materials in road embankment construction (Vol. 5, no. 1, 2017) 

14. I. Yuksel, Blast-furnace slag. Waste Suppl. Cem. Mater. Concr. Charact. Prop. Appl., 361–415 
(2018). https://doi.org/10.1016/B978-0-08-102156-9.00012-2 

15. H.M. Saleh, F.A. El-Saied, T.A. Salaheldin, A.A. Hezo, Macro- and nanomaterials for improve-
ment of mechanical and physical properties of cement kiln dust-based composite materials. J. 
Clean. Prod. 204, 532–541 (2018). https://doi.org/10.1016/J.JCLEPRO.2018.08.303 

16. S. Verma, V.S. Khanduri, A. Mittal, Stabilization of colluvial soil using rice husk ash and micro 
silica powder. Mater. Today Proc. 32, 819–823 (2020). https://doi.org/10.1016/J.MATPR.2020. 
04.019 

17. V. Gupta, S. Siddique, S. Chaudhary, Characterization of different types of fly ash collected 
from various sources in Central India. Mater. Today Proc. 18, 5076–5080 (2019). https://doi. 
org/10.1016/J.MATPR.2019.07.503 

18. T.C. Phiri, P. Singh, A.N. Nikoloski, The potential for copper slag waste as a resource for a 
circular economy: a review—part II. Miner. Eng. 172, 107150 (2021). https://doi.org/10.1016/ 
J.MINENG.2021.107150 

19. S.K. Tripathy, J. Dasu, Y.R. Murthy, G. Kapure, A.R. Pal, L.O. Filippov, Utilisation perspective 
on water quenched and air-cooled blast furnace slags. J. Clean. Prod. 262, 121354 (2020). 
https://doi.org/10.1016/J.JCLEPRO.2020.121354 

20. A. A. Saleh, H. A. Abdel-Gawwad, M. G. Abd EL-Moghny, M. S. El-Deab, The sustainable 
utilization of weathered cement kiln dust in the cleaner production of alkali activated binder 
incorporating glass sludge. Constr. Build. Mater. 300, 124308 (2021). https://doi.org/10.1016/ 
J.CONBUILDMAT.2021.124308

https://doi.org/10.1016/J.CLET.2021.100159
https://doi.org/10.1016/J.CLET.2021.100159
https://doi.org/10.1007/S41062-021-00567-0
https://doi.org/10.1007/S41062-021-00567-0
https://doi.org/10.35940/ijitee.b8126.129219
https://doi.org/10.35940/ijitee.b8126.129219
https://doi.org/10.1016/J.MATPR.2021.07.346
https://doi.org/10.1016/J.MATPR.2021.07.346
https://doi.org/10.1016/j.jrmge.2016.11.008
https://doi.org/10.1016/j.jrmge.2016.11.008
https://doi.org/10.1016/j.proeng.2013.01.019
https://doi.org/10.1016/j.proeng.2013.01.019
https://irjet.net/archives/V4/i2/IRJET-V4I2361.pdf
https://doi.org/10.1016/J.JKSUES.2016.04.001
https://doi.org/10.1016/J.CONBUILDMAT.2019.05.157
https://doi.org/10.1016/J.CONBUILDMAT.2019.05.157
https://doi.org/10.1016/J.MATPR.2020.11.469
https://doi.org/10.1016/j.wasman.2020.04.014
https://doi.org/10.1016/j.wasman.2020.04.014
https://doi.org/10.1016/B978-0-08-102156-9.00012-2
https://doi.org/10.1016/J.JCLEPRO.2018.08.303
https://doi.org/10.1016/J.MATPR.2020.04.019
https://doi.org/10.1016/J.MATPR.2020.04.019
https://doi.org/10.1016/J.MATPR.2019.07.503
https://doi.org/10.1016/J.MATPR.2019.07.503
https://doi.org/10.1016/J.MINENG.2021.107150
https://doi.org/10.1016/J.MINENG.2021.107150
https://doi.org/10.1016/J.JCLEPRO.2020.121354
https://doi.org/10.1016/J.CONBUILDMAT.2021.124308
https://doi.org/10.1016/J.CONBUILDMAT.2021.124308


The Utilization of Industrial Waste as a Stabilizing Agent—A Review 247

21. A. Kumar Yadav, K. Gaurav, R. Kishor, S. K. Suman, Stabilization of alluvial soil for subgrade 
using rice husk ash, sugarcane bagasse ash and cow dung ash for rural roads. Int. J. Pavement 
Res. Technol. 10(3), 254–261 (2017). https://doi.org/10.1016/J.IJPRT.2017.02.001 

22. D. Singh, A. Kumar, Factors affecting properties of MSWI bottom ash employing cement and 
fiber for geotechnical applications. Environ. Dev. Sustain. 22(7), 6891–6905 (2020). https:// 
doi.org/10.1007/s10668-019-00519-w 

23. D. Singh, A. Kumar, Performance evaluation and geo-characterization of municipal solid waste 
incineration ash material amended with cement and fibre. Int. J. Geosynth. Gr. Eng. 3(2) (2017). 
https://doi.org/10.1007/s40891-017-0094-6 

24. K.C. Onyelowe, M.E. Onyia, D.B. Van, H. Baykara, H.U. Ugwu, Pozzolanic reaction in clayey 
soils for stabilization purposes: a classical overview of sustainable transport geotechnics. Adv. 
Mater. Sci. Eng. 2021, 1–7 (2021). https://doi.org/10.1155/2021/6632171 

25. B. K. Saikia, J. C. Hower, N. Islam, A. Sharma, P. Das, Geochemistry and petrology of coal 
and coal fly ash from a thermal power plant in India. Fuel. 291, 120122 (2021). https://doi.org/ 
10.1016/j.fuel.2020.120122 

26. R. Renjith, D. Robert, S. Setunge, S. Costa, A. Mohajerani, Optimization of fly ash based soil 
stabilization using secondary admixtures for sustainable road construction. J. Clean. Prod. 294, 
126264 (2021). https://doi.org/10.1016/J.JCLEPRO.2021.126264 

27. H. Karami, J. Pooni, D. Robert, S. Costa, J. Li, S. Setunge, Use of secondary additives in fly 
ash based soil stabilization for soft subgrades. Transp. Geotech. 29, 100585 (2021). https://doi. 
org/10.1016/J.TRGEO.2021.100585 

28. M. S. Deepak, S. Rohini, B. S. Harini, G. B. G. Ananthi, Influence of fly-ash on the engineering 
characteristics of stabilised clay soil. Mater. Today Proc. 37(Part 2), 2014–2018 (2021). https:// 
doi.org/10.1016/J.MATPR.2020.07.497 

29. R. Gobinath, I. Akinwumi, G.P. Ganapathy, R. Mithuna, Compaction and shear strength 
enhancement of weak soil by copper slag addition. Mater. Today Proc. 39, 834–838 (2021). 
https://doi.org/10.1016/J.MATPR.2020.10.092 

30. R. Ekkabaram, Enhancing the Clay Soil Characteristics using Copper Slag Stabilization 
Enhancing the Clay Soil Characteristics using Copper Slag Stabilization (Vol. 12, 2016), 
pp. 1–6 

31. R. C. Gupta, B. S. Thomas, P. Gupta, L. Rajan, D. Thagriya, An experimental study of clayey 
soil. Int. J. Struct. Civ. Eng. Res. 1(1), 110–119 (2012), [Online]. Available: https://ishitvtech. 
in/pdf/sajet-vol-3-no7-15.pdf 

32. A. K. Pathak, V. Pandey, K. M. J. P. Singh, Soil Stabilisation Using Ground Granulated Blast 
Furnace Slag (Vol. 4, no. 5, 2014), pp. 164–171 

33. T. Wattez, C. Patapy, L. Frouin, J. Waligora, M. Cyr, Interactions between alkali-activated 
ground granulated blastfurnace slag and organic matter in soil stabilization/solidification. 
Transp. Geotech. 26, 100412 (2021). https://doi.org/10.1016/J.TRGEO.2020.100412 

34. S. Rimal, R.K. Poudel, D. Gautam, Experimental study on properties of natural soils treated 
with cement kiln dust. Case Stud. Constr. Mater. 10, e00223 (2019). https://doi.org/10.1016/J. 
CSCM.2019.E00223 

35. E. A. Adeyanju, C. A. Okeke, Clay soil stabilization using cement kiln dust. IOP Conf. Ser. 
Mater. Sci. Eng. 640(1) (2019). https://doi.org/10.1088/1757-899X/640/1/012080 

36. J. Sudheer Kumar, U. Janewoo, Stabilization of expansive soil with cement Kiln Dust and RBI 
grade 81 at subgrade level. Geotech. Geol. Eng. 34(4), 1037–1046 (2016). https://doi.org/10. 
1007/s10706-016-0024-8

https://doi.org/10.1016/J.IJPRT.2017.02.001
https://doi.org/10.1007/s10668-019-00519-w
https://doi.org/10.1007/s10668-019-00519-w
https://doi.org/10.1007/s40891-017-0094-6
https://doi.org/10.1155/2021/6632171
https://doi.org/10.1016/j.fuel.2020.120122
https://doi.org/10.1016/j.fuel.2020.120122
https://doi.org/10.1016/J.JCLEPRO.2021.126264
https://doi.org/10.1016/J.TRGEO.2021.100585
https://doi.org/10.1016/J.TRGEO.2021.100585
https://doi.org/10.1016/J.MATPR.2020.07.497
https://doi.org/10.1016/J.MATPR.2020.07.497
https://doi.org/10.1016/J.MATPR.2020.10.092
https://ishitvtech.in/pdf/sajet-vol-3-no7-15.pdf
https://ishitvtech.in/pdf/sajet-vol-3-no7-15.pdf
https://doi.org/10.1016/J.TRGEO.2020.100412
https://doi.org/10.1016/J.CSCM.2019.E00223
https://doi.org/10.1016/J.CSCM.2019.E00223
https://doi.org/10.1088/1757-899X/640/1/012080
https://doi.org/10.1007/s10706-016-0024-8
https://doi.org/10.1007/s10706-016-0024-8

	 The Utilization of Industrial Waste as a Stabilizing Agent—A Review
	1 Introduction
	2 Pozzolanic Reaction
	3 Effect of Industrial Waste on Geotechnical Properties of Soil
	3.1 Coal Combustion Fly Ash (CFA)
	3.2 Copper Slag
	3.3 Granulated Blast Furnace Slag (GBS)
	3.4 Cement Kiln Dust
	3.5 Rice Husk Ash (RHA)

	4 Conclusion
	References




