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Abstract

The aim of the study is to evaluate the effects of adding the waste marble dust to soil on the
compaction characteristics of the soil. Standard Proctor test is conducted for two groups of samples
(Group 1 without marble dust group N = 17; group 2: Soil with marble dust N = 17). The test results
show that the optimum moisture content (OMC) of soil decreases and the maximum dry density
(MDD) increases due to the addition of marble dust with the soil. There is a significance difference
between the two groups of soil as the value of p<0.05. Soil with marble dust gets compacted more
than the soil without marble dust. Thus the marble dust can be used as an additive material so as to
improve the compaction characteristics of the soil.

Key-words: Marble Dust, Soil Stabilization, Maximum Dry Density (MDD), Optimum Moisture
Content (OMC), Green Building, Innovative Waste Management Technique.

1. Introduction

Marble dust is the waste product generated during cutting and polishing of marble stones. It is
one of the industry generated waste materials, the disposal of which would cause pollution issues.
Rather than being disposed of as waste, it can be recycled and innovatively used along with soil as
one of the green building approaches in earthen embankments for the construction of dams, bridges
and roads (Shruthi and Binil 2016) (Yadav 2019). Studying the modifications in the compaction
characteristics of the soil when marble dust is added to it. The improvement of clayey soil utilizing
marble residue is being studied by many to analyse the suitability of this measure for the locally
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available soils. The soil in the campus of Saveetha School of Engineering is red soil. The bearing
capacity of soils is predominantly governed by its density. If the soil’s density is more, consequently
the bearing capacity will also be more for that soil (Neeladharan et al. 2018) (Mishra and Arora
2019). Hence in this study, the density of the soil is aimed to be increased through the addition of
marble dust. By studying the variation in the compaction characteristics (Ali, Khan, and Shah 2014)
optimum amounts of marble dust (Kushwah and Gupta 2017) required for achieving the better
compaction can be obtained.

The effectiveness of marble dust as a stabilization material for clays was studied ((Saygili
2015) (Priyanka and Raj Priyanka 2018). The maximum percentage of replacement studied was 30%.
It was observed that addition of marble dust in the soil effectively reduced the swell potential of
expansive clays. In the previous studies (Gautam, Sharma, and Kaushik 2018); (Tak, Sharma, and
Grover 2018; Deepak and Magandeep 2019), the optimum moisture content (OMC) decreased and
maximum dry density (MDD) increased as a result of adding the marble dust with soil. Further
addition of coir fibre along with marble dust, resulted in further decreases and increases in the OMC
and MDD respectively. It was concluded that addition of marble dust with soils can be an economic
and efficient ground improvement technique for stabilization of soils. In engineering projects dealing
with weak soils, partial replacement of soil with marble dust can lead to foundation designs with
shallow foundations in place of costly and time consuming deep/raft foundations. The reverse trends
in OMC and MDD due to marble dust addition were also observed (Minhas and Devi 2016) (Yilmaz
and Yurdakul 2017). They studied the effect of replacing the alluvial soil partially with marble dust.
The OMC was observed to increase with increasing percentages of marble dust. Whereas the MDD of
soil reduced when marble dust was added. In the study, many parameters of the soil were evaluated in
detail. Hence it can be considered as one of the major contributions in the present study topic.

Previously our team has a rich experience in working on various research projects across
multiple disciplines (Sathish and Karthick 2020; Varghese, Ramesh, and Veeraiyan 2019; S. R.
Samuel, Acharya, and Rao 2020; Venu, Raju, and Subramani 2019; M. S. Samuel et al. 2019; Venu,
Subramani, and Raju 2019; Mehta et al. 2019; Sharma et al. 2019; Malli Sureshbabu et al. 2019;
Krishnaswamy et al. 2020; Muthukrishnan et al. 2020; Gheena and Ezhilarasan 2019; Vignesh et al.
2019; Ke et al. 2019; Vijayakumar Jain et al. 2019; Jose, Ajitha, and Subbaiyan 2020). Now the
growing trend in this area motivated us to pursue this project.

The compaction characteristics and the engineering properties of red soil can be improved by

adding marble dust. The study on the improvement of compaction characteristics of red sandy clay
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soil could not be found in the literature. The present study aims to add the behaviour of red sandy

clay soil with marble dust to the existing knowledge about marble dust as a stabilizing material.

2. Materials and Methods

The soil samples taken for the present study were collected at a depth of 1m from the college
campus of Saveetha School of Engineering, Thandalam, Chennai. The collected soil samples were
disturbed samples. Marble dust, which is used as the replacement material in the present study, was
collected from “sacistha granite, Chennai”. Tests were conducted on the collected soil samples to
obtain their index properties (Table 1). Then marble dust was added in different percentages to the
soil samples to study the resulting changes in the compaction characteristics. The soil tests were
carried out in the Soil Mechanics lab of Saveetha school of engineering. Initially two groups of
samples were tested: Group 1 - soil without marble dust; Group 2 - soil with 5% marble dust. Number
of samples per group was calculated by using “clinical ¢” software. Sample size for each group was
calculated by using the mean standard deviation values obtained from the study by ((Khuntia et al.
2015). The values of threshold limit, g power, and confidence interval were 0.05, 80% and 95%

respectively and the sample size required was estimated to be 17.

Table 1 - Properties of soil and marble dust. As the uniformity coefficient is more than 4 for both soil and marble dust, both
are uniformly graded materials. The effective size of marble dust is smaller than that of the soil taken for study.

Sl. No | Properties Soil | Marble dust
1 Effective Size, D10 (mm) 0.33 |0.22

2 D30 (mm) 1 15

3 D60 (mm) 1.7 0.8

4 Coefficient of curvature, Cc | 1.782 | 1.93

5 Coefficient of uniformity, Cu | 5.151 | 6.81

6 Specific gravity 2.65 |2.98

About 1250 g of soil was mixed with different trial water contents and were filled with
hammer compaction into the standard Proctor moulds of diameter 10 cm and height 10.7 cm. The soil
was compacted in three layers by giving 25 hammer blows/each layer with standard Proctor hammer.
Then the collar is removed and the soil surface is trimmed and the weight of the compacted soil is
measured. Knowing the volume of the mould, the wet or bulk density (pn) of the soil sample is
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calculated. The dry density (pqg) is calculated from the wet density and moisture content (m). Similarly
tests were conducted for group 2 soil by mixing 63 g of marble dust with 1187 g of soil. The soil and

marble dust were mixed well and the mixture was compacted into Proctor mould.

Totally for 34 samples, the statistical analysis was carried out using SPSS software. The
percentage of marble dust was the independent variable. The OMC and the MDD were the dependent

variables in the statistical analyses.

3. Results

The marble dust appears to decrease the OMC and increase the MDD (Table 2 and Fig. 1).
The results of the 34 samples were input in SPSS software and the results of the statistical analysis
are given in Table 3. The bar graphs showing the mean and standard deviation values of the two soil
groups are given in Fig. 2 (a) and (b) respectively. The statistical parameters (Table 4) also indicate
that the difference between the two groups appears to be significant. The standard deviation values of
OMC and MDD appear to be much less for the 17 samples considered. Hence as a preliminary study,
the tests were further continued for higher percentages of marble dust namely 10%, 15% and 20%
(Fig. 3 and Table 5). As the percentage of marble dust increases, the OMC appears to continuously

decrease while the MDD appears to continuously increase (Fig. 4 and Table 6).

Table 2 - Moisture contents and bulk density and dry density values for the soil with and without marble dust. Group 2 Soil
with marble dust has lesser OMC (11%) and higher MDD (2.1 g/cc)

Soil Soil + 5% MD

m (%) | po (g/cc) | pa (g/cc) | m (%) | po (9/cc) | pa (9/cC)
5 1.52 1.45 5 1.92 1.83

7 1.95 1.82 7 2.00 1.87

9 2.04 1.87 9 2.13 1.95

11 2.25 2.03 11 2.33 2.10
13 2.33 2.06 13 2.13 1.89
15 1.88 1.64 15 1.87 1.63
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Fig. 1 - Compaction curves plotted with moisture content in X axis and dry density in Y axis (a) soil without marble dust
has its peak at a higher moisture content (13%) (b) soil with 5% marble dust has its peak at a lower moisture content (11%)
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Table 3 - Comparison of OMC and MDD (Mean and Standard error of mean) for soils with and without marble dust. The
OMC decreases by 13% and MDD increases by 1.8% when 5% marble dust is added.

Sample N | Mean | Std. Deviation | Std.Error Mean
OMC 0.00% MD | 17 | 13.00 | .00000? .00000

5.00% MD | 17 | 11.00 | .00000? .00000
MDD 0.00% MD | 17 | 2.0661 | .05521 .01301

5.00% MD | 17 | 2.1044 | .08431 .01987

Fig. 2 - Bar chart comparing the mean +/- 1 SD of (a) optimum moisture content and (b) maximum dry density. There is a
significant difference between the two groups p<0.05 (Independent Sample T Test). X Axis: Soil vs Soil + Marble dust, Y
axis: Mean +/- 1 Standard Deviation
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Table 4 - The mean, standard deviation and significance difference of MDD for soil with and without marble dust. There is
a significance difference between the two groups since p<0.05 (Independent Sample T Test)

Levene’s Test
for Equality of | t-test for equality of means
variance
Sig 95% Confidence
F Sig t Jf (2- M_ean St_d. Error |r]terval of the
' . Difference | Difference | difference
tailed)
Lower Upper
1557 |.221 -36.975 | 34 .000 |-.87833 .02375 -.92651 -.83006
-36.975 | 29.316 | .000 | -.87833 .02375 -.92689 -.8232

Fig. 3 - Compaction curves plotted with moisture content in X axis and dry density in Y axis (a) soil with 10% marble dust
(b) soil with 15% marble dust (c) soil with 20% marble dust. For soil with 20% marble dust the MDD is the highest and

OMC is the lowest
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Table 5 - Water contents and density values for different soil groups. Soil with 20% Marble dust has has higher MDD (2.97
g/cc) and lower OMC (8%)

Soil + 10% MD Soil + 15% MD Soil +20% MD

W (%) | po (glcc) | pa(9/cc) | w (%) | po (glcc) | pa(gice) | w (%) | po (g/cc) | pa (g/cc)
5 1.60 152 5 1.10 1.05 5 2.59 2.47

6 1.83 1.72 6 1.62 1.53 6 2.83 2.67

7 2.06 1.93 7 2.16 2.02 7 2.86 2.67

8 2.28 2.11 8 2.62 2.43 8 3.21 2.97

9 2.55 2.34 9 2.93 2.69 9 2.64 2.42
10 |264 2.40 10 2.47 2.25 10 2.04 1.85
11 1.65 1.49 - - - - - -

Fig. 4 - Influence of percentage of marble dust on (a) optimum moisture content (OMC), (b) maximum dry density (MDD).
With increasing marble dust percentage, the OMC continuously decreases while the MDD continuously increases.
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Table 6 - OMC and MDD values for different soil groups. As the % of marble dust increases, the OMC decreases (from
13% to 8%) while MDD increases (from 2.06 g/cc to 2.97 g/cc)

Sl. No | % Marble dust | OMC (%) | MDD (g/cc)
1 0% 13 2.06

2 5% 11 2.1

3 10% 10 2.4

4 15% 9 2.7

5 20% 8 2.97

4. Discussion

The soil group with marble dust gets compacted to a better extent than the soil group without
marble dust (Table 2 and Fig. 1). Hence marble addition to the soil leads to a soil composite with
improved compaction characteristics. Also the significance value p (Table 4) is less than 0.05, there is
a significant difference in the behaviour of the two groups of soil considered. The marble dust being a
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finer material, when it is added to the coarse grained soil, the smaller marble dust particles can
occupy the voids in the soil and increase its density. This can be attributed to the reason why the
MDD increases with the incorporation of marble dust in soil. Similar results were obtained by
(Gautam, Sharma, and Kaushik 2018) and (Ali, Khan, and Shah 2014). (Bhavsar and Patel 2014)
studied the characteristics of black cotton soil with and without marble dust. Addition of marble dust
reduced the OMC but increased the MDD in the same trend that was observed in the present study.

The reverse effects were also observed in few studies (i.e.) the OMC increased and MDD
decreased when marble dust was added to the soils that were considered in their studies. The addition
of marble dust with soil increased the optimum moisture content and reduced the maximum dry
density (Minhas and Devi 2016). The soil considered in the aforementioned study is an alluvial soil,
which is smaller in grain size than the marble dust. Therefore the marble dust increased the amount of
moisture needed for maximum compaction when added to such alluvial soils. Thus the effects of
marble dust on soils depend primarily on the type of soil to which it is added to. The gradation
characteristics of marble dust, the method of compaction are the secondary factors which would
influence the OMC and MDD achieved.

Our institution is passionate about high quality evidence based research and has excelled in
various fields ((Vijayashree Priyadharsini 2019; Ezhilarasan, Apoorva, and Ashok Vardhan 2019;
Ramesh et al. 2018; Mathew et al. 2020; Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 2018;
Ramadurai et al. 2019). We hope this study adds to this rich legacy.

The marble dust addition causes whether any increase or decrease in MDD and MCC largely
depends on the soil gradation characteristics. Therefore the presented results are applicable for the
soil types considered in the present study. The modification in the settlement or compressibility

characteristics of the soil can be taken as the further study.

5. Conclusion

The inclusion of marble dust in soil (Group 2) results in higher MDD. The increase in the
maximum dry density indicates increased bearing capacities of the soil. The moisture content, at
which maximum compaction is arrived, decreases. It signifies the effect of cohesive action of marble
dust in enabling the soil to get compacted well even with less water added to it. Thus it can be stated
that the soil and marble dust composite can be innovatively used as an effective green building

material.
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