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Abstract: This work aimed to study the most effective chemical additives to increase
the strength of the clay soil. The case study was for the clay soil, and the problem
statement was to improve the clay soil strength to avoid failure in the ground. The
chemical additives that be used are lime, cement, and fly ash. These chemical
additives were commonly used to stabilize the soil and make the shear strength of the
soil increase. The data taken was from the previous research, where the data was
compared to get the most effective chemical additives to improve the soil stability
and soil strength. The percentage of the chemical additive used in the soil mixture
was 8% to 10%. The data from previous research was chosen based on the rate used
of the chemical additive and the research was taken from Science Directed website
only. Data were collected through 30 previous studies using clay and chemical
additives such as cement, lime, and fly ash. The data for Plastic Limit, Liquid Limit,
Plasticity Index, Optimum Moisture Content, Maximum Dry Density, and
Unconfined Compressive Strength was taken by referring to the previous study. Then
the data was listed in Microsoft Excel to generate the graph for comparison. All the
data obtained are then compared to get which chemicals can increase the strength of
the soil. The result of this study is that the soil added with cement can increase the
strength of the soil. Therefore, failure in the foundation can be avoided.
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1. Introduction

Soft soil is included in organic soil and peak soil. In Malaysia, most of the soil was soft soil. Clay soil
is one of the examples of problematic soil in Malaysia. The stabilization of the soil can be done using
various types of substances. The mechanical and chemical substances can be used in the stabilization
of soft soil. The clay soil was the most soil that can be found in Malaysia, that can be found in the areas
with the high moisture content. The type of soil in Johor mostly clay soil which contains high water
content that consists of organic matter. There were many previous kinds of research that can be found
to compare what is the best chemical additive for the improvement of the soil strength and stabilization.
The stabilization of the clay soil can be improved by doing the compaction and mixing with additional

*Corresponding author: alvin@uthm.edu.my
2022 UTHM Publisher. All rights reserved.
publisher.uthm.edu.my/periodicals/index.php/rtcebe



Khalid et al., Recent Trends in Civil Engineering and Built Environment Vol. 3 No. 1 (2022) p. 703-712

chemicals to improve the soil condition. Soil stabilization is very important to increase the strength of
the clay soil. Soil stabilization that using chemical additives involves the treatment of the structure of
the soil

So usually for the construction of this type of soil should be avoided because it has a consolidation
settlement. This is because usually, this type of soil can be found near the river or under the water table.
The construction that is held in the clay soil area needs a high cost and takes a long period of time to be
done. It also has a stability problem due to the high compressibility of the soil. This is because the soft
soil contains high water content, so it has low shear strength to support the load from the building. But
in this study, the use of chemical additives was chosen. So, how the chemical additives can improve the
soil strength will be discussed in this paper. This research is done based on the case study of the critical
review for clay soil stabilization using chemical additives.

The scope of the study was focused on the effectiveness of the clay soil when using the different
percentages and types of chemical additives. Based on the previous study, we can see the different
strengths of the clay soil with the different types of chemical additives. If the compressibility of the clay
soil after adding the chemical additives increases, so the strength of the clay soil also will be increased.
The chemical was added to the soil and became a specimen. The data was taken from the result of the
previous study. The data of the specimen was taken before adding the chemical and after adding the
chemical substance. The data are taken compared to some previous studies to get the effective chemical
additives for strengthening the soil.

2. Literature Review

This chapter will cover an analysis of the published research that will be outlined in order to ensure the
design parameters and the use of chemicals as additives to stabilize the soft soil in the foundation.
Generally, clay soils have poor drainage characteristics, which are largely dependent on the infiltration
rate, which can be changed by adding larger particles of organic matter or pea gravel to the soil [1].
Clay soil has low shear strength when the soil in wet condition or other physical disturbance. Soft clay
was the finest soil that obviously can be seen using the microscopic tool. The particle size for the soft
clay was less than 0.075mm. The character of the clay component is divided into montmorillonite clays,
kaolin clays, and illite clays [2].

Lime gives an inexpensive means of stabilizing the soil. An increase in strength brought by cation
exchange capability rather than a cementing effect brought by the pozzolanic reaction is defined by
Lime modification [3]. The reaction of cement does not rely on soil minerals, and its reaction to water
that may be present in any soil plays a key role [3]. There were many types of cement in the market,
such as ordinary Portland Cement, blast furnace cement, sulphate resistant cement, and high alumina
cement. The choices of cement are based on the type of soil treated and the final strength. Fly ashes are
a by-product of electric power generating plants fired from coal that is relative to lime and cement; it
has no cement characteristics. Most fly ashes belong to secondary binders that were the desired effect
on their own may not be created by these binders [3]. By using a small amount of fly ash, it can react
chemically to improve the strength of soft soil. Fly ashes were environmentally friendly, cheaper than
the other additives, and readily available.

3. Materials and Methods

This chapter was about the methodology involved in this research in order to achieve the objectives
of the study. The methodology for this analysis is divided into four groups. This extends from the data
entry to the archive.

3.1 Materials

The database contains all information on the type of soil, exact location, liquid limit, plastic limit,
atterberg limit, shear strength, and bearing capacity is displayed in the table. Once all the data is
imported, the analysis was done using Microsoft Excel. Lastly, the result can be obtained in the graph
to analyze the strength of the soil. The data taken for lime, cement, and fly ash stabilization was from
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ten results from a previous study for each chemical to compare the strength of clay soil that adding with
chemical additives. The database was form 30 results on the previous study.

3.2 Methods

The data was collected from the experiment for each research paper above. Then the data were
analyzed using Microsoft Excel to get the most effective chemical additive for stabilizing the soft soil
in the foundation to prevent failure from obtaining. Figure 1 shows the flow process of the research.
The specification for this research was based on the American Association of State Highway and
Transportation Officials (AASHTO) and Unified Soil Classification System (USCS) for the soil size
limit. The soil classification system, there were divided into groups and subgroups based on engineering
properties. There is two major classification system that been used which is American Association of
State Highway and Transportation Officials (AASHTO) soil classification system and Unified Soil
Classification System (also ASTM) soil classification system based on the standard practice for
classification of soil for engineering purpose.

The research was selected from the Science Directed website only. There were some step for search
the previous study:

i.  First step was, open the Science Direct website.
ii.  Second, use the keyword based on this study to search the related article.
iii.  Third, put the range year for the article publishes.

iv. Forth, sort out the article that use the chemical additive for lime, cement and fly ash in range of
8% to 10%.

v.  Last, get 10 previous research for each chemical additive that used in the soil stabilization.

The expectation for this study is to analyze the best chemical additive that can be used in the
stabilization of the soil to avoid failure in the foundation. Based on the specification, the soil with the
suitable shear strength can be chosen.

DATA COLLECTION DATABASE DATA ANALYSIS RESULT

Figure 1: The flow processes

4. Results and Discussion

This chapter is aiming to analyze the strength of clay by using lime, cement, and fly ash. This chapter
will be discussing on results and analysis of all the comparison results from previous research related
to clay soil properties. The previous research result including moisture content, liquid limit, plastic
limit, plasticity index, optimum moisture content, maximum dry density, and shear strength result as
in Table 1.

The data for untreated soil from the previous research was taken to know the basic data of the clay
soil before added with the lime, cement, and fly ash. The basic data taken was including moisture
content, liquid limit, plastic limit, plasticity index, optimum moisture content, maximum dry density,
and unconfined compressive strength result.

705



Khalid et al., Recent Trends in Civil Engineering and Built Environment Vol. 3 No. 1 (2022) p. 703-712

Table 1: The summary result of data collection for the previous research for clay soil

Basic Properties for Untreated Soil

Soil Type Clay Soil
Plastic Liquid Plasticity Optimum Maximum  Unconfined
Limit  Limit Index Moisture Dry Compressive
% % % Content Density Strength, qu
No. Researcher % KN/m?3 KN/m?
1 [4] 41 146 105 30 14.2 -
2 [5] 19 50 31 20 16.28 -
3 [6] 214 45.8 24.4 19 17.46 -
4 [7] 23 46 23 18 16.38 -
5 [8] 21 33 12 19 - 101.76
6 [9] 30 58.8 28.8 27 14.8 -
7 [10] - - 312 42 12.45 510
8 [11] 31.7 64 323 20 16.48 88.3
9 [12] 27.74 47.85 20.11 13.2 17.36 3734
10 [13] 31.7 72.1 40.4 325 13.4 300
11 [14] 31 57 32 - - 142.6
12 [15] 24.3 37.3 13 12.2 18.93 -
13 [16] 6 26 20 22 15.3 57.66
14 [17] 19.2  52.8 33.6 17.2 16.48 314.6
15 [18] 20 38 18 194 1.81 -
16 [19] 1457  29.45 14.88 12.36 18.11 -
17 [20] 27 20.1 - - 10 -
18 [21] 4459  76.98 32.39 23.12 16.28 99.51
19 [22] 44 67 23 16.5 17.65 200
19 [22] 44 67 23 16.5 17.65 200
20 [23] 26 84 58 29.83 13.27 190
21 [24] 27 37 10 15.48 18.14 1930
22 [25] 29 43 14 20.3 16.5 -
23 [26] 20.13 24.37 4.24 11.69 18.73 564.87
24 [27] 27.36 40 12.64 - - -
25 [28] 27.28 36.74 9.46 25.43 14.49 22.47
26 [29] 8 8 1.19 - - 168.8
27 [30] 39 108 69 - - 92.6
28 [31] 29 73 44 22 15.6 89

The result that been analyzed from the previous study based on the type of soil used and the
chemical additives used in the research. The result for liquid limit and plastic limit in the Table 2 showed
that if the plastic limit result was higher than the liquid limit result, so the plastic content in the soil was
higher than the water content in the soil and vice versa. The basic properties of untreated soil for the
Liquid Limit data shows that 12 researchers got the soil in high silt compressibility and organic clay
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while the other researchers get low compressibility because the result was below 50%. So, the chemical
additives were added to improve the soil classification and the Liquid Limit. The result in Table 4.1.

4.2 Comparison Result

Table 2 below shows the Plasticity Classification while Figure 2 shows the graph for Researcher versus
Plasticity Index (%).

Table 2: The Plasticity Classification

No. Researcher Chemical Plasticity Classification
Untreated Soil Treated Solil

1 [8] Medium Plastic Medium Plastic
2 [9] High Plastic High Plastic
3 [12] High Plastic -

4 [16] High Plastic -

5 [17] Cement High Plastic High Plastic
6 [23] High Plastic High Plastic
7 [24] Medium Plastic -

8 [26] Slightly Plastic -

9 [30] High Plastic High Plastic
10 [31] High Plastic -

11 [4] High Plastic -

12 [5] High Plastic High Plastic
13 [6] High Plastic High Plastic
14 [7] High Plastic Slightly Plastic
15 [9] Lime High Plastic Slightly Plastic
16 [21] High Plastic Slightly Plastic
17 [22] High Plastic High Plastic
18 [23] High Plastic High Plastic
19 [27] Medium Plastic Medium Plastic
20 [28] Medium Plastic Medium Plastic
21 [4] High Plastic High Plastic
22 [13] High Plastic Medium Plastic
23 [14] High Plastic High Plastic
24 [15] Medium Plastic Medium Plastic
25 [17] High Plastic High Plastic
26 [18] Fly Ash High Plastic Medium Plastic
27 [19] Medium Plastic Medium Plastic
28 [20] High Plastic Slightly Plastic
29 [22] Medium Plastic High Plastic
30 [29] Slightly Plastic Medium Plastic
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Figure 2: The graph for Researcher versus Plasticity Index (%6)

For the overall result, for the lime, three studies from [7], [9], and [21] shows the plasticity
classification for untreated soil change from high plastic to slightly plastic when the lime was added
into the soil while the for the other result remains unchanged. For result from [13] and [18] change from
high plastic to medium plastic, for the result from [22] that change from medium plastic to slightly
plastic, for the result from that change from medium plastic to high plastic and for the result from from
[29] was changed from slightly plastic to medium plastic. For the medium plastic result, only the result
when added the fly ash shows the increase of plastic classification, which is from medium to high
plastic. For the slightly plastic result, when the fly ash was added into the soil, the plastic classification
result change from slightly plastic to medium plastic, so it shows the increase of plastic classification.
For cement, the result was remained unchanged for all the data obtain. This result shows that cement is
an effective chemical additive to maintain the value of the plastic in the soil.

Table 3: The Consistency Classification

No. Researcher Chemical Consistency Classification
Untreated Soil Treated Soil
1 [8] Stiff Very Stiff
2 [9] Medium Medium
3 [12] Very Stiff Hard
4 [16] Medium Hard
5 [17] Cement Very Stiff Hard
6 [23] Stiff Hard
7 [24] Hard Hard
8 [26] Hard Hard
9 [30] Medium Hard
10 [31] Medium Hard
1 [4] - -
12 [5] - -
13 [6] - -
14 [7] - -
15 [9] - -
16 [21] Lime Medium Stiff
17 [22] Stiff Very Stiff
18 [23] Stiff Very Stiff
19 [27] - -
20 [28] Very Soft Stiff
21 [4] - -
22 [13] Very Stiff Very Stiff
23 [14] Stiff Hard
24 [15] - -
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25 [17] Very Stiff Stiff
26 [18] Fly Ash - -

27 [19] - -

28 [20] Stiff -

29 [22] - Stiff
30 [29] Stiff Very Stiff

Unconfined Compressive Strength
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Figure 3: The graph for Researcher versus Unconfined Compressive Strength (kN/m?)

Table 3 shows the consistency classification, while Figure 3 shows the the graph for Researcher versus
Unconfined Compressive Strength (kN/m?2) Most of the soil-lime mixture and the soil-fly ash mixture
consistency was very stiff where the qu data was from 200 kN/m? to 400 kN/m? compared to the soil-
cement mixture that has more than 400 kN/m? that the consistency was at hard. For the medium
consistency, the result being improved to the hard consistency when the soil was added with the cement,
which is the result get from [16], [30], and [31]. For the stiff consistency, the resulting increase when
the soil was added with the fly ash and changed the consistency too hard where the result gets from.
For the very stiff consistency, the resulting change to the hard when the soil added with the cement
where the result from [12] and [17]. As a result, cement is the most effective chemical additive to
improve soil consistency which is also can improve the strength of the soil. When the strength of the
soil increase, the failure can be reduced.

5. Conclusion

This study was undertaken to determine the most effective chemical additives to improve the clay
soil strength. This study was undertaken to research the most effective chemical used in the
improvement of clay soil strength by using lime, cement, and fly ash. The parameter taken for the
chemical additive was for the range of 8% to 10% used in the soil mixture. The comparison for lime,
cement, and fly ash mixture was conducted to get the most effective chemical to improve soil strength.
To reduce the compressibility, the use of lime chemical additive was very helpful than the cement and
fly ash.

i. To maintain the value of the plasticity classification in the soil, cement was the most
effective chemical additive.

ii.  Theresult for the compaction test from the previous study shows that the result for optimum
moisture content for most of the previous studies for treated soil with the chemical was
lower than the untreated soil.

The most effective mixture of the chemical and soil was the soil-cement mixture because most of
the result for cement was increasing the optimum moisture content and decreasing the maximum dry
density. The result of the unconfined compressive strength shows that cement is the most effective
chemical additive to improve soil consistency. For the overall conclusion, the cement was the most
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effective chemical additive to improve the soil strength and to stabilize the soil than the lime and fly as.
Even though fly ash was the cheapest chemical, it cannot help to improve the soil strength effectively
like cement. Cement was the most used chemical to stabilize the soil and to increase the soil strength
from the previous year of study.

Acknowledgement

The authors would also like to thank the Faculty of Civil Engineering, Universiti Tun Hussein Onn
Malaysia for its support.

References

[1] J. Olufowobi, A. Ogundoju, B. Michael, and O. Aderinlewo, “Clay soil stabilisation using
powdered glass,” J. Eng. Sci. Technol., vol. 9, no. 5, pp. 541-558, 2014.

[2] T. Vondrackova, J. Musilek, and L. Kais, “The Issue of Soft Rocks Causing Problems in
Foundation Engineering,” Procedia Earth Planet. Sci., vol. 15, pp. 54-59, 2015, doi:
10.1016/j.proeps.2015.08.015.

[3] G. P. Makusa, “Soil Stabilization Methods and Materials in Engineering Practice,” JOurnal,
vol. 1, pp. 1-35, 2012.

[4] M. P. Lytle, R. S., Hom, P. W., & Mokwa, “Information To Users Umi,” Dissertation, vol.
Ph.D. Thes, no. Structural Biology and Molecular Biophysics, University of Pennsylvania, PA,
USA., p. 274, 1998.

[5] H. R. Thudi, “ASSESSMENT OF SOIL-WATER RETENTION PROPERTIES OF LIME
AND CEMENT TREATED CLAYS by HARSHAVARDHAN REDDY THUDI Presented to
the Faculty of the Graduate School of The University of Texas at Arlington in Partial
Fulfillment of the Requirements for the Degree 0,” no. August, 2006.

[6] R. N. Yong and V. R. Ouhadi, “Experimental study on instability of bases on natural and
lime/cement-stabilized clayey soils,” Appl. Clay Sci., vol. 35, no. 3-4, pp. 238-249, 2007, doi:
10.1016/j.clay.2006.08.009.

[7] A. Modarres and Y. M. Nosoudy, “Clay stabilization using coal waste and lime - Technical and
environmental impacts,” Appl. Clay Sci.,, vol. 116-117, pp. 281-288, 2015, doi:
10.1016/j.clay.2015.03.026.

[8] T. Eskisar, “Influence of Cement Treatment on Unconfined Compressive Strength and
Compressibility of Lean Clay with Medium Plasticity,” Arab. J. Sci. Eng., vol. 40, no. 3, pp.
763772, 2015, doi: 10.1007/s13369-015-1579-z.

[9] A. al-Swaidani, I. Hammoud, and A. Meziab, “Effect of adding natural pozzolana on
geotechnical properties of lime-stabilized clayey soil,” J. Rock Mech. Geotech. Eng., vol. 8, no.
5, pp. 714-725, 2016, doi: 10.1016/j.jrmge.2016.04.002.

[10] A.R.Goodarzi, H. R. Akbari, and M. Salimi, “Enhanced stabilization of highly expansive clays
by mixing cement and silica fume,” Appl. Clay Sci., vol. 132-133, pp. 675-684, 2016, doi:
10.1016/j.clay.2016.08.023.

[11]  J. Sudheer Kumar and U. Janewoo, “Stabilization of Expansive Soil with Cement Kiln Dust
and RBI Grade 81 at Subgrade Level,” Geotech. Geol. Eng., vol. 34, no. 4, pp. 1037-1046,
2016, doi: 10.1007/s10706-016-0024-8.

[12]  R.K.Sharma, “Laboratory study on stabilization of clayey soil with cement kiln dust and fiber,”
Geotech. Geol. Eng., vol. 35, no. 5, pp. 2291-2302, 2017, doi: 10.1007/s10706-017-0245-5.

710



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

711

Khalid et al., Recent Trends in Civil Engineering and Built Environment Vol. 3 No. 1 (2022) p. 703-712

A. K. Jha and P. V. Sivapullaiah, “Physical and strength development in lime treated gypseous
soil with fly ash — Micro-analyses,” Appl. Clay Sci., vol. 145, no. December 2016, pp. 17-27,
2017, doi: 10.1016/j.clay.2017.05.016.

M. Li, C. Fang, S. Kawasaki, and V. Achal, “Fly ash incorporated with biocement to improve
strength of expansive soil,” Sci. Rep., vol. 8, no. 1, pp. 4-10, 2018, doi: 10.1038/s41598-018-
20921-0.

H. Wei, Y. Zhang, J. Cui, L. Han, and Z. Li, “Engineering and environmental evaluation of
silty clay modified by waste fly ash and oil shale ash as a road subgrade material,” Constr.
Build. Mater., vol. 196, pp. 204-213, 2019, doi: 10.1016/j.conbuildmat.2018.11.060.

S. Rimal, R. K. Poudel, and D. Gautam, “Experimental study on properties of natural soils
treated with cement kiln dust,” Case Stud. Constr. Mater., vol. 10, p. e00223, 2019, doi:
10.1016/j.cscm.2019.e00223.

A. O. Eberemu, K. J. Osinubi, T. S. [jimdiya, and J. E. Sani, “Cement Kiln Dust: Locust Bean
Waste Ash Blend Stabilization of Tropical Black Clay for Road Construction,” Geotech. Geol.
Eng., vol. 37, no. 4, pp. 3459-3468, 2019, doi: 10.1007/s10706-018-00794-w.

F. Buazar, “Impact of Biocompatible Nanosilica on Green Stabilization of Subgrade Soil,” Sci.
Rep., vol. 9, no. 1, pp. 2-10, 2019, doi: 10.1038/s41598-019-51663-2.

V. Sharma and S. Singh, “Modeling for the use of waste materials (Bottom ash and fly ash) in
soil stabilization,” Mater. Today Proc.,, vol. 33, pp. 1610-1614, 2019, doi:
10.1016/j.matpr.2020.05.569.

S. Andavan and V. K. Pagadala, “Experimental study on addition of lime and fly ash for the
soil stabilization,” Mater. Today Proc., vol. 22, no. xxxx, pp. 1065-1069, 2020, doi:
10.1016/j.matpr.2019.11.300.

B. G. Gidday and S. Mittal, “Improving the characteristics of dispersive subgrade soils using
lime,” Heliyon, vol. 6, no. 2, p. 03384, 2020, doi: 10.1016/j.heliyon.2020.e03384.

M. S. Deepak, S. Rohini, B. S. Harini, and G. B. G. Ananthi, “Influence of fly-ash on the
engineering characteristics of stabilised clay soil,” Mater. Today Proc., vol. 37, no. Part 2, pp.
2014-2018, 2020, doi: 10.1016/j.matpr.2020.07.497.

B. R. Phanikumar and E. Ramanjaneya Raju, “Compaction and strength characteristics of an
expansive clay stabilised with lime sludge and cement,” Soils Found., vol. 60, no. 1, pp. 129—
138, 2020, doi: 10.1016/j.sandf.2020.01.007.

J. F. Rivera, A. Orobio, N. Cristelo, and R. Mejia de Gutiérrez, “Fly ash-based geopolymer as
A4 type soil stabiliser,” Transp. Geotech., vol. 25, no. February, p. 100409, 2020, doi:
10.1016/j.trge0.2020.100409.

M. Sumesh, B. Singh, K. Vigneshwaran, C. Samsonchelladurai, and G. Vikranth, “Effect of
coal ash on strength characteristics of clayey silt soil treated with cement,” Mater. Today Proc.,
no. xxxx, 2020, doi: 10.1016/j.matpr.2020.10.247.

7. Nazari, A. Tabarsa, and N. Latifi, “Effect of compaction delay on the strength and
consolidation properties of cement-stabilized subgrade soil,” Transp. Geotech., vol. 27, no.
October 2020, p. 100495, 2021, doi: 10.1016/j.trge0.2020.100495.

O. G. Fadugba, A. A. Busari, A. O. Adeboje, A. E. Modupe, J. N. Falana, and B. D. Oluyemi-
Ayibiowu, “Evaluation of Strength and Moisture Absorption Characteristics of Lime Treated
Clay Interlocking Bricks,” IOP Conf. Ser. Mater. Sci. Eng., vol. 1036, no. 1, p. 012050, 2021,
doi: 10.1088/1757-899x/1036/1/012050.



Khalid et al., Recent Trends in Civil Engineering and Built Environment Vol. 3 No. 1 (2022) p. 703-712

[28] K. Tharani, G. Palani Selvan, T. Senbagam, and G. Karunakaran, “An experimental
investigation of soil stabilization using hybrid fibre and lime,” Mater. Today Proc., no. XXxx,
pp. 3-6, 2021, doi: 10.1016/j.matpr.2021.03.380.

[29] P. Gireesh Kumar and S. Harika, “Stabilization of expansive subgrade soil by using fly ash,”
Mater. Today Proc., vol. 45, pp. 6558-6562, 2021, doi: 10.1016/j.matpr.2020.11.469.

[30] W. A. M. Ogila, “Effectiveness of fresh cement kiln dust as a soil stabilizer and stabilization
mechanism of high swelling clays,” Environ. Earth Sci., vol. 80, no. 7, pp. 1-24, 2021, doi:
10.1007/512665-021-09589-4.

[31] H. Ahmadi Chenarboni, S. Hamid Lajevardi, H. MolaAbasi, and E. Zeighami, “The effect of
zeolite and cement stabilization on the mechanical behavior of expansive soils,” Constr. Build.
Mater., vol. 272, p. 121630, 2021, doi: 10.1016/j.conbuildmat.2020.121630.

712



