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Abstract For the countries with a developed stone

industry the waste generated in the natural stone processing

plants pose environmental and economic problems. The

utilisation of stone waste in various areas is still under

research. In addition, there are only a limited number of

studies concerning the use of stone waste obtained from

processing plants in the stabilisation of clayey soil. Fur-

thermore, none of the studies in the literature investigated

the effect of the characteristics of the stone on the stabi-

lisation of the soil. This is the first study that compares the

efficiency of the waste calcitic marble, dolomitic marble

and granite powder as additives for the stabilisation of

clayey soil. Artificial soil samples were prepared in the

laboratory using bentonite and kaolinite. Natural stone

waste powder was added to the soil samples at different

percentages, and the index and compaction parameters of

the stabilised soil were analysed. The results showed that

the types of waste powder used in this study, like lime,

could be used as stabilisers. As the percentage of additives

increased, the plasticity index of the clayey soil decreased

and the physical properties of the soil changed from clay to

silt. In terms of compaction parameters, the use of all types

of natural waste powder in the study resulted in a decrease

in the optimum water content and an increase in the

maximum dry unit weight. The lowest optimum water

content and the highest maximum dry unit weight were

obtained from the dolomitic marble powder.
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Introduction

As in all industrial activities, waste production is also

inevitable in natural stone quarries and plants, and the

negative environmental impact of this waste poses a

problem. Turkey is among the first three economies in the

world in terms of growth rate and the construction industry

is a very important part of the economy. On the other hand,

companies have a social responsibility to protect the

environment and ensure the sustainable use of natural

resources (Fig. 1). Thus, for a sustainable economy,

industrialisation and the use of natural resources should be

accompanied by environmental protection (Mymrin 1997).

The most important stage in achieving this balance is that

waste produced in one area is reused either within the same

area, in another industry or for another purpose such as soil

stabilisation, concrete, aggregate source, new and binding

materials (Gürer et al. 2004; Karaca 2009; Zega et al. 2010;

Güllü and Girisken 2012).

The continuing increase in world population results in a

higher demand for new construction such as housing,

public buildings and roads, thus the need for construction

materials increases. Materials obtained by conventional

methods are not sufficient to satisfy this demand. To ensure

the sustainability of geotechnical and building construc-

tion, it is essential to utilise production waste as well as to

create new sources of materials. Every year a large part of

recyclable materials is disposed of in landfills or arbitrarily

discharged to the environment. Therefore, researchers are

interested in finding ways of eliminating the negative

impacts of waste and obtaining economic benefits from the
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recycled material (Gürer et al. 2004; Karaca 2009; Edil

2011; Altuncu and Kasapseçkin 2011).

There were some difficulties experienced in Turkey in

terms of waste material utilisation, which resulted in a

significant economic loss. While the recycling rate of waste

is approximately 80 % in Western Europe and the USA, it

is only about 20 % in Turkey. Every year, the reuse of

aggregates in asphalt pavement is over 93 million tons.

Considering that the 90 % of the asphalt pavement mate-

rials consist of aggregates, it is obvious that the reuse of

this material significantly contributes to the economy and

reduces damage to the environment. In addition, almost

50 % of the marble blocks obtained from marble quarries

become waste materials (Gürer et al. 2004; Karaca 2009).

The use of industrial waste as additives in the stabili-

sation of soil has been a subject of research in recent years.

In addition to lime, cement and bitumen, industrial waste

materials such as fly ash, silica fume and blast furnace stag

have been used as additives in soil stabilisation for the last

two decades. Natural stone waste such as waste marble and

granite consisting of particles smaller than 100 microns

(Gürer et al. 2004; Sarısoy 2010) can now be used as soil

stabilisers, concrete aggregates and fill materials for road

building and the construction sector is the largest and most

important sector in which natural stone waste can be used

(Karaca et al. 2012). Investigating the use of waste

obtained from natural stone plants in soil stabilisation and

the impacts of different types of waste on soil will help

determine the most economic and suitable waste to be used

for each soil type.

Soil stabilisation is a procedure in which natural or

manufactured additives are used to improve the properties

of soils. One of the stabilisation methods of clayey soils is

the chemical stabilisation. Chemical additives such as lime,

cement, fly ash, and other chemical compounds have been

utilised in clayey soil stabilisation for many years with

various degrees of success (Al-Rawas et al. 2002). All the

chemical additives used to stabilise expansive soils have

cementitious property. Cementitious materials stabilise

clayey soils and modify their properties through cation

exchange, flocculation and agglomeration, and pozzolanic

reactions. In addition, cement provides hydration products,

which increase the strength of the base materials as well as

enhance the performance of the treatment. Pozzolanic

reaction is a secondary process of soil stabilisation. One

prerequisite for the formation of additional cementing

materials is the solution of silica and alumina from clay

components (Wang 2002).

Knowing which natural stone waste to use for the sta-

bilisation of clayey soil and in what amount will not only

reduce the widely known environmental impacts of this

waste but also fulfil a social responsibility by ensuring the

controlled use of non-renewable resources and offer a way

for the construction industry to meet its increasing

demands for material. When the soil, on which buildings,

highways, airports, dams and tunnels are to be built, is soft,

loose or expansive and thus do not have the desired

properties for construction, the best solution is to stabilise

or improve the soil. Therefore, the search for materials to

be used in soil stabilisation is one of the leading areas of

interest for researchers to eliminate the problems related to

the swelling of expansive clayey soil, thus improving the

soil bearing capacity and consolidation in soft clayey soil,

and the seepage properties of the materials used in the

construction of dams, cut-off walls and blankets.

In this regard, it is necessary to investigate the use of

waste produced in natural stone processing plants in soil

stabilisation both in terms of the utilisation of these waste

and the elimination of their negative environmental

impacts. Therefore, this study compares the efficiency of

the waste calcitic marble, dolomitic marble and granite as

additives in the stabilisation of bentonite and kaolinite clay

soil with different levels of plasticity. The results of this

study show that selecting the type of natural stone waste

that is most suitable for the properties of the soil to be

stabilised and determining the effect of these waste on the

index and compaction parameters of clayey soil will con-

tribute to the better utilisation of waste generated in the

natural stone industry.

Previous studies

There are various studies on the use of natural stone waste

in granule and powder form: as raw materials in the pro-

duction of joint sealants, as additives in brick and concrete

production and soil stabilisation, and as aggregates in

asphalt pavement. Additives are widely used for soil sta-

bilisation since they are cheaper than other stabilisation

Fig. 1 View of natural stone plant waste
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methods. In recent years, there has been an increasing use

of industrial waste for this purpose.

Delgado et al. (2006) carried out a study on the envi-

ronmental impact and showed that the granite fines do not

constitute a significant hazard to the quality of natural

waters. Luodes et al. (2012) performed experimental work

on granite, rapakivi granite, migmatite, syenite, diorite,

gabbro, anorthosite gabbro, schist and soapstone, and

showed that the waste rocks of Finnish natural stone

quarries can generally be considered environmentally

sound with potential uses in other industries.

There are a number of studies on the use of marble

powder in the preparation of sub-bases in highway con-

struction and the reuse of materials as aggregates in asphalt

pavement (Akbulut and Gürer 2006; Üstünkol and Turabi

2009; Misra and Grupta 2009). Of the materials used in

asphalt pavement, 95 % are aggregates generated in nearby

quarries and obtained from natural aggregate resources.

The demand for aggregate means that more quarries has to

be excavated; however, this destroys structure of the

landscape and causes environmental damage. However, a

significant amount of natural stone waste produced in the

quarries has the potential of being reused as aggregates.

Akbulut and Gürer (2006) showed that the marble from

quarries can be reused as aggregates in the binder layers of

light and medium trafficked asphalt. Üstünkol and Turabi

(2009) investigated the use of industrial waste such as fly

ash, phosphogypsum and glass powder as filler materials in

asphalt concrete mixtures, and determined the acceptable

values for filler materials.

The usability of waste granite and marble dust as an

additive material in industrial brick was investigated, and

found that the amount of granite and marble dust additive

had positive effect on the physical, chemical and

mechanical strength of the produced industrial brick. In

addition, it is shown that granite and marble wastes can be

added up to 50 wt% into the raw clay material in the

production of bricks (Dhanapandian et al. 2009; Bilgin

et al. 2012).

One of the studies is on the use of marble powder in

concrete production. Ünal and Uygunoğlu (2003) investi-

gated the effect of marble powder generated in quarries on

the freezing–thawing durability of the concrete and found

that 5–15 % fine marble powder added to concrete con-

taining 350 kg/m3 cement increased the freezing–thawing

durability of the concrete. Almeida et al. (2007) showed in

their study that natural stone slurry can be consumed by

several industrial activities as a by-product and can spe-

cifically be used as a fine aggregate and/or microfiller in

concrete mixtures, inducing benefits on its mechanical

properties. Uysal (2010) demonstrated that marble powder

increased the workability and durability of self-compacting

concrete. Furthermore, Rashwan and Abou-Zeid (2012)

examined the performance of concrete incorporating stone

industry waste as aggregates and concluded that the stone

by-products were suitable for concrete used in highly

abrasive environments.

There are limited studies on soil stabilisation using

natural stone wastes in the literature. Zorluer and Usta

(2003) mixed soil samples with different percentages of

marble powder to determine the swelling potential of the

samples based on the dry weight of clay compacted at

standard Proctor compaction energy and found that waste

marble powder affected the swelling potential of clay. For

his master’s thesis, Başer (2009) prepared an artificial

sample of expansive soil in the laboratory and added waste

limestone powder and waste dolomitic marble powder to

this sample. The analysis showed that increase in the sta-

biliser percentage resulted in a decrease in the swelling

percentage and an increase in the rate of swelling. In

addition, Başer (2009) concluded that the curing of sam-

ples positively affected the percentages and the rate of

swelling. Agrawal and Grupta (2011) conducted a similar

study and showed that the liquid limit (wL), plasticity index

(IP) and swelling percentage decreased, whereas the plastic

limit (wP) increased with the increase in the percentage of

the stabiliser. Ramadas et al. (2010) investigated the

swelling and strength characteristics of expansive soil

treated with stone dust and fly ash, and found that the

plasticity characteristics of soil are low in case of soil

treated with the stone dust compared to fly ash, and there is

a decrease in optimum water content (wopt) and increase in

maximum dry unit weight (cdmax) value with the increase in

percentage of stone dust/fly ash. Ali and Koranne (2011)

stated that there is a maximum improvement in strength

properties for the combination of fly ash and stone dust as

compared to fly ash/stone dust individually. Çimen (2010)

showed in the project that pumice stone and marble powder

wastes mixed with a small amount of lime can be used for

filling, and moreover pumice and marble powder alone or

pumice and marble powder mixed with lime can be used

for soil improvement in high plasticity clayey soils. Çimen

et al. (2011) investigated the effect of waste marble

aggregates on the swelling pressure of compacted clay and

found that the swelling pressure decreased with the

increase in the percentage of marble aggregates and the

decrease in the amount of additives resulted in more

swelling. Taşpolat et al. (2006) studied the effect of marble

powder used in the landfill liners on the freezing–thawing

property of clay. They added different proportions of

marble powder to the clay liner containing 10 % bentonite

and 90 % kaolinite and performed tests on the freezing–

thawing property of the mixture. As a result of the study, it

was concluded that the addition of 10 and 15 % marble

powder increased the durability of impermeable clay liners

against environmental conditions. Misra and Grupta (2009)
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demonstrated that the addition of marble powder to sandy

and clayey soil sub-bases in road construction significantly

increased the California bearing ratio (CBR) values. Khan

(2005) conducted tests on the waste marble powder as an

additive in the stabilisation of cohesive soil to be used in

the construction of dam cores and found that the perme-

ability of the stabilised samples was reduced and the

durability increased.

This study is important since to the best of our knowl-

edge, it is the first study in the literature to compare the

effectiveness of the waste calcitic marble, dolomitic marble

and granite on the stabilisation of clays with different

levels of plasticity. The results of this study will fill a gap

in the literature and should be the basis for further studies

on the determination of the appropriate natural stone waste

to use for different soil types and in what amount.

Materials and methods

This study was conducted in two stages: first, a sufficient

amount of waste sludge samples of calcitic marble, dolo-

mitic marble and granite was obtained from processing

plants located in the provinces of Afyon, Aydın and

Kırşehir, Turkey. The waste samples were oven-dried at

60 �C to constant weight and the resulting powder was

analysed in terms of chemical content, grain size distri-

bution, unit weight, consistency limit and compaction. In

addition, a petrographic test was performed on the rocks

processed in the plants. In the second stage, the waste was

added, at different percentages, to the artificially made

clayey soil (containing bentonite and kaolinite) with dif-

ferent levels of plasticity. Changes in the parameters of

particle distribution, unit weight, consistency limits and

compaction parameters were examined, and the effect of

natural stones and waste on the stabilisation of clayey soil

with different levels of plasticity was assessed from the

geotechnical engineering perspective.

In this study, the artificial clay samples were made from

low plasticity kaolinite and high plasticity bentonite clays.

The calcitic marble sludge was obtained from the waste of

calcitic marble extracted from Afyon İscehisar quarries and

processed in a plant in İscehisar; the dolomitic marble

sludge was obtained from the waste of dolomitic marble

extracted from Karacasu District of Aydın and processed in

a plant in Sultanhisar District; and the granite sludge was

obtained from the waste of granite extracted from Ortaköy

District of Aksaray and processed in a plant in Kırşehir.

In this study, pycnometer (ASTM D 854-02), consis-

tency limits (ASTM D 4318-00) and Standard Proctor

compaction tests (ASTM D 698-07) were performed at the

Geotechnical Laboratory of Department of Civil Engi-

neering, Niğde University. The chemical analysis of the

waste and clays used in these tests was conducted by

Canada Acme Lab using the ICP-MS method. Table 1

shows the chemical content of the materials.

Kaolinite and bentonite clays were used to prepare

three artificial clay samples: Clay A (95 % kaolin-

ite ? 5 % bentonite), Clay B (90 % kaolin ? 10 % ben-

tonite) and Clay C (80 % kaolinite ? 20 % bentonite).

The waste was added to the artificially prepared clay

Table 1 Chemical composition of the materials used in the tests

SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO Cr2O3 LOI Total

Bentonite 55.47 16.7 4.57 2.08 2.68 3.00 1.89 0.57 0.32 0.08 \0.002 12.30 99.94

Kaolinite 52.03 32.85 0.69 0.25 0.23 0.20 1.18 0.21 0.07 \0.01 0.02 12.20 99.98

Granite powder 67.04 13.06 7.66 0.46 3.94 3.13 3.74 0.15 0.05 0.12 0.009 0.50 99.98

Calcitic marble powder 0.29 0.05 \0.04 0.36 55.86 0.02 0.02 \0.01 \0.01 \0.01 \0.002 43.50 100.01

Dolomitic marble powder 0.09 0.03 0.24 21.21 30.56 0.01 \0.01 \0.01 \0.01 0.01 \0.002 47.50 99.63

Table 2 Average index properties of artificial clays used in the tests

Materials wL

(%)

wP (%) IP (%) cs

(g/cm3)

wopt

(%)

cdmax

(kN/m3)

USCS

Clay A 56 20 36 2.59 24.0 13.65 CH

Clay B 68 20 48 2.60 26.8 14.10 CH

Clay C 84 28 56 2.61 27.0 14.50 CH

Fig. 2 The grain size distribution of materials in the tests
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samples at the percentages of 5, 10, 20, 30 and 50 % by

weight. Thus, the stabilised artificial clay specimens were

obtained by adding the waste calcitic marble, dolomitic

marble and granite sludge to the artificial clay samples at

different percentages. The unit weight (cs), consistency

limit (wL, wP) and compaction tests were performed on

non-stabilised and stabilised samples and the engineering

parameters were obtained. The non-stabilised sample

represents the artificial soil sample which is not stabilised

with any waste, while the stabilised sample represents the

artificial soil sample which is stabilised with any was-

te.The prepared artificial clays (Clay A, Clay B and Clay

C) were classified as highly plasticity clay (CH) according

to the Unified Soil Classification System (USCS) (ASTM

D 2487-00) and their index properties are given in

Table 2.

Results and discussion

Index properties

The grain size distribution was analysed using laser dif-

fraction on dry samples. Figure 2 shows the grain size

distribution curve of the materials used in the tests.

Figure 3 shows the unit weight of the non-stabilised and

stabilised samples with waste calcitic marble, dolomitic

Fig. 3 Variation of unit weights of particles (cs) of the stone plant

waste

Fig. 4 Effect of calcitic marble waste powder on the liquid and

plastic limits and plasticity index
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marble and granite. Since as expected the unit weight was

higher than the unit weight of the soil samples, the increase

in the percentages of waste also increased the unit weight

of the stabilised soil samples. This result is compatible with

that of study performed by Agrawal and Grupta (2011). In

addition, the unit weight of calcitic marble powder

(cs = 2.68 g/cm3) and granite powder (cs = 2.68 g/cm3)

were similar. The higher unit weight of the dolomitic

marble powder (cs = 2.78 g/cm3) resulted in a higher unit

weight for the soil sample stabilised with the dolomitic

marble powder.

Consistency limit tests were performed on the non-

stabilised and stabilised samples with waste calcitic

marble, dolomitic marble and granite powder at various

contents to determine their liquid and plastic limits. The

liquid limit test was performed using the cone pene-

trometer method. The changes in the liquid limit, plastic

limit and plasticity index of the stabilised samples of

calcitic marble powder, dolomitic marble powder and

granite powder are shown in Figs. 4, 5 and 6

respectively.

Each type of natural stone powder added to the samples

decreased the liquid limit and increased the plastic limit.

As the percentage of natural stone powder increased, the

liquid limit of the stabilised samples decreased and the

plastic limit increased, which in turn reduced the plasticity

index. These results are consistent with the previous studies

(Başer 2009; Ramadas et al. 2010; Çimen 2010; Agrawal

and Grupta 2011) and in agreement with the assessment

that the waste calcitic marble, dolomitic marble and granite

can be utilised as additives in soil stabilisation.

The liquid limit decreased by 3 % in the samples with

5 % additives, whereas the decrease percentage was around

28 in the samples containing 50 % additives. In parallel

with the increase in the plasticity levels, the liquid limit

decreased in the soil samples as follows: Clay A

(wL = 56); Clay B (wL = 65) and Clay C (wL = 87). The

greatest decrease in the liquid limit in terms of the natural

Fig. 5 Effect of dolomitic marble waste powder on the liquid and

plastic limits and plasticity index
Fig. 6 Effect of granite waste powder on the liquid and plastic limits

and plasticity index
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stone type was found in the sample containing dolomitic

marble (32 %) followed by the samples containing calcitic

marble (28 %) and granite powder (27 %). The plastic

limit decrease was found to be 5 % in the samples with

5 % additives and 41 % in those with 50 % additives. The

highest decrease in the plastic limit was observed in Clay A

(wP = 22) and Clay B (wP = 22), and Clay C had a minor

decrease in the liquid limit (wP = 30) (Figs. 4, 5, 6). The

comparative analysis of the plastic limit between the

Fig. 7 Effect of types of stone plant waste powders on different

plasticity clays

(a) Calcitic marble waste powder 

(b) Dolomitic marble waste powder 

(c) Granite waste powder

CH

MH
CI

MI
CL

ML

CH

MH
CI

MI
CL

ML

CH

MH
CI

MI
CL

ML

Fig. 8 Changes of clays in the plasticity chart due to the effect of

waste powders
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natural stone types showed that the highest decrease in the

plastic limit was of the dolomitic marble (44 %) followed

by calcitic marble (38 %) and granite powder (39 %). The

rate of decrease in the liquid limit was found to be higher

than that of the plastic limit.

Figure 7 shows the changes in the plasticity index of the

clayey soil samples containing three different types of waste

powder. The assessment of the charts shows that all three types

of waste powder are effective in the stabilisation of clayey

soils (in reducing the plasticity); however, the waste dolomitic

powder is a better stabiliser (Fig. 7). There was a 9 % decrease

in the plasticity index of the samples with 5 % additives, and

50 % decrease in the samples with 66 % additives. In parallel

with the increase in the plasticity of soil samples, the highest

decrease in the plasticity index was observed in Clay A

(IP = 34) followed by Clay B (IP = 43) and Clay C

(IP = 57). Furthermore, the highest decrease in terms of waste

powder type was seen in dolomitic marble (32 %) (particu-

larly in Clay A and Clay B), and all waste types used in the

stabilisation of Clay C had similar values (Fig. 7).

Based on the plasticity chart, Fig. 8 shows the changes

in the plasticity index of clayey soil samples with the

effect of the waste calcitic marble, dolomitic marble and

granite powder, respectively. The results of this study

showed that these three different waste types reduced the

plasticity of clayey soil, and as the stabiliser percentage

increased, the soil samples shifted from high plasticity to

low plasticity and also exhibited silty soil behaviour,

which is more favourable in terms of workability (Fig. 8).

This conclusion is consistent with the study carried out by

Başer (2009).

In Fig. 8, the data of the non-stabilised samples are

shown in circles. The waste powder that was most effective

in terms of causing the shift from high to low plasticity and

silty behaviour was found to be the waste dolomitic marble

powder (at 20 % and more).

Compaction parameters

The changes in the compaction parameters of three

artificial clay samples were obtained by adding the waste

calcitic marble, dolomitic marble and granite at different

Fig. 9 Effect of calcitic marble waste powder on the compaction

parameters

Fig. 10 Effect of dolomitic marble waste powder on the compaction

parameters
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percentages were investigated. The changes in the opti-

mum water content showed that as the percentage of

waste increased, the optimum water content decreased

and the maximum unit weight increased (Figs. 9, 10

and 11).

The effect of the waste types (calcitic marble, dolomitic

marble and granite waste) on the compaction parameters of

the soil samples with three different levels of plasticity

(Clay A, Clay B and Clay C) was investigated individually.

Figures 12, 13 and 14 show the changes in the compaction

parameters of Clay A, Clay B and Clay C, respectively,

depending on the waste type used.

It is found that the optimum water content decreases and

maximum dry unit weight increases with the increasing

waste ratio. This result complies with the previous studies

(Ramadas et al. 2010; Çimen 2010). As the plasticity of the

sample increased, the waste granite and calcitic marble

were found to have a greater effect on the optimum water

content than the waste dolomitic marble. In addition, the

maximum dry unit weight of the samples containing waste

dolomitic marble did not have a significant effect on the

soil samples with different levels of plasticity. Compared

with the other two waste types, the dolomitic marble

powder produced the lowest optimum water content and

the highest maximum dry unit weight (Figs. 12, 13, 14).

Conclusion

In this study, the stabilised artificial clay samples were

obtained by adding 5, 10, 20, 30 and 50 % waste calcitic

marble, dolomitic marble and granite powder to three

artificial clays of different plasticities and then the effect of

the different waste types on the consistency limits and

compaction parameters of the samples was examined. The

following conclusions were drawn from the results of the

laboratory tests:

• The added waste powder increased the unit weight of

the soil samples.

• All three types of natural stone waste added to the

samples reduced the liquid limit and plasticity index of

the samples and increased their plastic limits. The

Fig. 11 Effect of granite waste powder on the compaction

parameters

Fig. 12 Effect of the types of stone plant waste powder on the

compaction parameters of Clay A
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decrease in the liquid limit was found to be higher than

the increase in the plastic limit.

• The soil sample that was most affected by the addition

of waste natural stone powder was the high plasticity

soil (Clay C). A comparative analysis of the different

types of natural stone waste showed that granite and

calcitic marble powder resulted in a similar change in

the plasticity index, whereas after the addition of

dolomitic marble powder, there was a greater change in

the plasticity index.

• According to the plasticity chart, with the increase in

the percentages of the added waste powder, the soil

samples changed from having high plasticity to low

plasticity and silty behaviour, which is favourable in

terms of workability. The waste type that was most

effective in promoting this shift was the waste

dolomitic marble powder.

• The general assessment of the compaction parameters

showed that all three types of natural stone waste

powder decreased the optimum water content and

increased the dry unit weight of the samples. A

comparative analysis of the different types of natural

stone waste revealed that the lowest optimum water

content and the highest maximum dry unit weight

resulted from the addition of the dolomitic marble

powder.

• The optimum ratio of the wastes in the mixtures

especially for Clay A and Clay B is around 30 % and it

needed a higher ratio for Clay C.

• All the waste natural stone powder used in this study

can be used as stabilisers; however, the waste dolomitic

marble powder was found to be more effective as a

stabiliser due to its chemical composition.
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February, Turkey, pp 155–164
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