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ABSTRACT: Some soils are not suitable to support the application of loads or to be used for embankment construction due
to their low strength and/or high deformability. However, with proper treatment, these soils can improve their geotechnical
properties to fulfil the requirements needed for this use. Building on or with problematic soils usually requires the use of
traditional stabilizers like lime and cement which drives up construction and environmental costs. Alternatives have been
studied to avoid or reduce these costs associated with soil improvement. Marble dust or Limestone powder obtained as waste
from cutting and polishing activities of the natural stone industry has shown great potential in stabilizing expansive soils.
Nevertheless, the effect of limestone waste on the properties of the mixed soil depends on the characteristics of the natural
soil. In this work, the effect of limestone powder has been studied on three types of clayey soils to evaluate the geotechnical
properties of the mixed soil and their relation to some properties of the natural soil such as grain size, plasticity and calcium
carbonate content. Preliminary results show that as the addition of limestone powder waste to clayey soils can increase the
unconfined compressive strength and the CBR index, reducing the swelling potential of the soil. The level of improvement
depends on the type of soil, being influenced by its grain size distribution and mineralogy, although a clear match between
parameters has not been obtained.

RESUME: Certains sols ne sont pas adaptés pour supporter l'application de charges ou pour étre utilisés dans la construction
de remblais en raison de leur faible résistance et/ou de leur grande déformabilité. Cependant, avec un traitement approprié,
ces sols peuvent améliorer leurs propriétés géotechniques pour répondre aux exigences nécessaires a cette utilisation.
Construire sur des sols problématiques ou avec eux nécessite généralement l'utilisation de stabilisateurs traditionnels tels
que la chaux et le ciment, ce qui augmente les cofits de construction et environnementaux. Des alternatives ont été étudiées
pour éviter ou réduire ces cotts liés a I'amélioration des sols. La poudre de calcaire obtenue en tant que déchet des activités
de découpe et de polissage de l'industrie de la pierre naturelle a montré un grand potentiel dans la stabilisation des sols
expansifs. Néanmoins, l'effet des déchets de calcaire sur les propriétés du sol mélangé dépend des caractéristiques du sol
naturel. Dans ce travail, I'effet de la poudre de calcaire a été étudié sur trois types de sols argileux pour évaluer les propriétés
géotechniques du sol mélangé et leur relation avec certaines propriétés du sol naturel telles que la granulométrie, la plasticité
et la teneur en carbonate de calcium. Les résultats préliminaires montrent que 1'ajout de déchets de poudre de calcaire aux
sols argileux peut augmenter la résistance a la compression non confinée et I'indice CBR, réduisant le potentiel de gonflement
du sol. Le niveau d'amélioration dépend du type de sol et est influencé par sa distribution granulométrique et sa minéralogie,
bien qu'il n'y ait pas de correspondance claire entre les parametres.
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1 INTRODUCTION

The strength and deformability of a soils are crucial for
the suitability of a material in construction. Expansive
soils, not meeting the required quality standards in
embankment construction, often undergo treatments to
improve their geotechnical properties (Chu et al.,

2009; Mitchell, 1981), resulting in increased
construction costs and energy consumption in the
production of hydraulic binders (Sharma et al., 2018).

Alternatives have been investigated to reduce soil
improvement costs using industrial byproducts (Kar,
2021; Uma Maguesvari et al., 2023)
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On the other hand, mining activity continues to
grow due to its economic utility. Spain is one of the
leading producers of natural large amounts of waste
stone (Trio Maseda and Guillermo Ortuiio, 2018).
Approximately 25% of a marble block becomes slurry
(Kuoribo and Mahmoud, 2022; Saygili, 2015), and
another 15% becomes solid waste (Founti et al., 2010).
Limestone dust (LD), being inert and non-
biodegradable, is often disposed of in landfills without
treatment (Aukour and Al-Qinna, 2008), causing
negative environmental impacts (Cimar and Kar,
2018).

Limestone dust could serve as a stabilizing agent in
road embankments (Thirumalai et al., 2017). Jassim et
al., (2022) found that the plasticity index decreased by
approximately 22% with increased limestone dust
content. Cabalar and Omar, (2023) demonstrated that
the unconfined compressive strength (UCS) of a silty
specimen with 30% of limestone dust reached 500
kN/m?, twice the UCS without limestone dust.
Additionally, an increase in the CBR index was
observed with 17% limestone dust in a clayey soil
(Niraj and Sharma, 2023).

2  MATERIALS AND METHODS

To perform the tests, ornamental rock residue and
three types of clayey soils were used.

2.1 Soil

The clayey soil was extracted from the localities of
Novelda (S1), Almeria (S2), and Fortuna (S3), all of
which are located in sutheast Spain. The properties of
the materials are detailed in Table 1. Sample S1 is
classified as low-plasticity silty clay. Sample S2 is
classified as low to medium-plasticity clay. Sample S3
is classified as medium to high-plastic clay.

2.2  Limestone dust

The limestone dust (LD) residue was collected from
the landfill of a natural stone factory located west of
the province of Alicante. The calcium carbonate
content in the limestone powder samples was 90.9%.

Table 1. Materials properties.

Properties S1 S2 S3 LD
0.4 mm (% 100.0  100.0 100.0  100.0
passing)
0.08 mm (% 76.3 92.0 85.0 99.7
passing)
Liquid Limit 39.5 37.5 51.0 22.8
Plasticity Index 14.0 14.6 15.9 43
% Carbonates 7.05 15.6 44.7 90.9
Na,O 0431 0919 1380 0.135
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Properties S1 S2 S3 LD
MgO 3.170 5290  3.790  0.386
ALO; 20.800 13.902 8810 0.818
Si0O; 57.700 36.669 31.800 1.180
P>0s 0256 0316 0.175  0.091

SO; 0.133 2760  3.190  0.069
Cl 0.163 0248  0.846  0.015
K>O 5990 2907 2350 0.039
CaO 1.130  14.722 42700 97.100
Fe,0; 8.640  5.461 4.0700 0.127
SrO 0.024  0.175 0.147  0.028
TiO; 1.350 0.644  0.657 -
Cr0; 0.020  0.018 - -
MnO 0.025  0.070  0.065 -
Co0304 0.017 - - -
NiO 0.014  0.009  0.020 -
RbO 0.023  0.016 0.010 -
Y203 0.003  0.003  0.004 -
710, 0.033  0.025 - -
CeO; 0.055 - - -
CuO - - -
ZnO - 0.020 -
BaO - 0.042 -
WO; - 0.024 -
PbO - 0.012 -

3  METHODOLOGY

3.1 Sample preparation

The clayey soil and the residue were prepared by
crushing them with a rubber mallet without breaking
the particles, and placed in an oven at a temperature of
50° C until a constant weight, and a homogeneous
mixture was prepared. Standard Proctor tests were
used to obtain the optimum moisture content and
maximum dry density for specimens with and without
limestone dust. Once the optimum moisture content
was defined, test specimens were prepared for further
testing with the optimum moisture content and the
compaction energy of the Standard Proctor.

3.2 Free swelling test

Three specimens with a diameter of 50 mm and a
thickness of 25 mm were manufactured. Each clayey
soil sample has its corresponding specimen with added
residue, prepared with the respective optimum
moisture content for each type of soil, and soil mixed
with limestone dust. The determination of swelling of
a specimen was carried out on an oedometer bench
following Spanish regulations (AENOR, 1996).
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3.3 Unconfined compressive strength

The specimens for the Unconfined compressive
strength (UCS) test were manufactured with a
diameter of 50 mm and a height of 100 mm using
compaction energy according to the standard Proctor
method. The maximum axial stress that a cylindrical
specimen can withstand before its failure is defined as
the UCS This test was conducted in accordance with
Spanish regulations (AENOR, 1993).

3.4 CBR index

To determine the California bearing ratio (CBR)
index, tests were conducted following the relevant
standard (AENOR, 1995). The manufactured
specimens underwent a four-day curing period in a
humidity and temperature-controlled chamber (>95%
RH and 20 £ 2° C).

4 RESULTS

4.1 Atterberg limits

The liquid limit (LL) of each sample is shown in
Figure 1. There is a significant reduction in the liquid
limits of the Novelda (S1) and Fortuna (S3) samples;
however, the LL remains approximately constant in
the case of the Almeria sample (S2) after adding
limestone dust (LD).

4.2 Free swelling

The results of the free swelling potential for the
prepared samples, natural soil (NS) and natural soil
with limestone dust (NS+LD) by adding 20% of the
residue weight of dry soil are shown in Figure 2. The
free swelling of the samples decreased when limestone
dust was added.
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Figure 1. Liquid limit of samples containing limestone dust.
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Figure 2. Free swelling of clay samples with limestone dust.

4.3  Unconfined compressive strength

The unconfined compressive strength of the analysed
samples without the addition of residue can be seen in
Figure 3. The results of the specimens with 20%
limestone dust are shown in Figure 4. The strength of
the specimens increased to a greater extent with the
clay from Almeria (S2). Nevertheless, the limestone
dust did not have a positive effect on the Fortuna soil
(S3).

200 - NN
/ \
/ X
/ AY
\
150 |/ \
o] ! N
i II \\
o \
£ 100 4 \
=) ! -
I
so | { NS S1
/ NS S2
f
f ----NSS
0 T T T T
0 2 4 6 8

Deformation,%

Figure 3. Unconfined compressive strength of natural soil
(NS).
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Figure 4. Unconfined compressive strength of natural soil
(NS) with limestone dust (LD) of each clay sample.
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Figure 5. CBR index of the samples with and without LD.

The California bearing ratio (CBR) index was obtained
using the normal Proctor energy, and the results are
shown in Figure 5. The ornamental rock dust has not
had a positive effect on the Fortuna soil (S3). The
greatest increase in the CBR index occurred in the soil
from the Novelda (S1) locality.

5 DISCUSSION

The results obtained show, in the first instance,
positive effects when adding the limestone waste to the
natural soils. Nevertheless, the effect was different for
the three soils. A decrease in the consistency limits is
observed for soils S1 and S3, however, it remains
approximately constant for S2. In the case of sample
S3, the reduction in the consistency limits would imply
a change in position on the Casagrande chart, shifting
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from an MH-OH classification to ML-OL. Ali et al.,
(2014) obtained a similar result by reducing the LL by
12% and changing the classification of their samples
from CH to CL.

Swelling is reduced with the addition of limestone
residue, similar to the results obtained by Ali et al.,
(2014). A reduction in free swelling is observed in all
three types of clayey soils, with a greater effect on the
Novelda soil (S1) and Fortuna soil (S3), with a
decrease of 23% and 20%, respectively. The Almeria
soil (S2) experienced a 9% reduction compared to the
maximum swelling obtained.

The UCS results do not show a general tendency.
The UCS of sample S2 increased by 7.5% compared
to the maximum obtained for the natural soil.
However, the UCS of soil S3 decreased slightly.
Chore et al., (2023) reported an increase of the UCS of
a clayey soil when adding marble powder. Similar
results to those obtained by Ahirwar and Chore (2021),
although in this case the maximum UCS was obtained
for a 15% addition of limestone dust, decreasing the
UCS when adding 20%. The UCS obtained when
adding LD could depend not only on the type of soil
but also on the final LD content. As it looks like there
is a threshold of LD addition, after this threshold the
UCS could decrease.

Regarding the CBR, soils S1 and S2 showed an
increase in the CBR index. Being S1 the soil which
showed the greatest gain. Similar results were obtained
by Niraj and Sarma (2023) after adding 17% of
limestone dust, although a decrease was observed
when adding 21%. This could mean that the optimal
limestone powder content may fall within this range.
The greatest improvement observed for soil S1 when
adding limestone powder waste could be related to the
lowest content of carbonates observed on this soil
before adding the limestone powder waste.

6 CONCLUSIONS

Different improvement has been observed by adding
limestone dust to three different clayey soils. This
could be due to the different chemical compositions of
the three soils. Limestone dust is primarily composed
of carbonates. However, the carbonate content in Soils
S1, S2 and S3 is different. On the other hand, the
content of silicon oxide and aluminum oxide is higher
in soil type S1. The relationship between the chemical
compounds of each soil and the improvement of their
properties is not entirely clear. The addition of
limestone dust to clayey soils reduces the free swelling
and improves the consistency of the clays. The
improvements are quite remarkable in the CBR index.
In general, in most of the test conducted,
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improvements are observed, both in strength and in
expansiveness.
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