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Turkey has entered in the process of urban transformation after 1999 Marmara earthquake. New buildings
are being constructed to replace the structures that loosed sustainability in the disaster. Throwing the rubble of
the collapsed buildings to nature would cause the environmental pollution. In addition, the enormous volume of
this waste requires big stockpiles to be stored. Bearing it in mind, the Turkey Ready Mixed Concrete Association
realize a project called “Research of reusing potential of construction demolition wastes that consisted urban
transformation project”. In this study kaoline clay is accepted as natural soil sample and mixed with the added
construction demolition waste at different rates. The compaction test was made on prepared samples and the
maximum dry density values at the optimum water content was obtained. Then soil samples compacted at the
optimum water content obtained and uniaxial compressive strength test performed. The end of the experiments
positive results obtained and has been determined that construction demolotion wastes are useful to improve in
the clay soil formation.
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1. Introduction

Any structure built on a problematic localization may
be endangered by low shear resistance and high compress-
ibility of the ground. The bearing capacity of the soil can
be increased by the soil improvement methods. In gen-
eral, the stabilization obtained by mixing technique with
additive materials has a great potential to improve the
ground condition due to good compatibility with the soil.

Stabilization with admixture materials is one of the
most applied methods among the soil stabilization meth-
ods. Improvement in stabilization with admixture mate-
rials is related to the fact that one or more compounds
added to the unstable structure of the soil enhance its
properties. Cement, slag, fly ash, lime or recycled rubble
as admixture materials are effectively used in soil stabi-
lization. The objectives in soil stabilization are to in-
crease grain size, to increase strength, to decrease the
plasticity index and to reduce the shrink-swell poten-
tial [1–7]. Together with the urban transformation law in
squatter areas, areas consisting of the buildings destroyed
by the earthquake and areas with heavily damaged build-
ings especially in the cities in Turkey, factors such as the
demolition of existing structures and modernization of
various architectural practices have led to the formation
of a large number of construction waste.

Construction wastes reaching high quantities and dam-
aging the city structure by causing especially environ-
mental pollution, visual pollution, etc. have become a
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serious problem. The wastes succesfully utilised for back-
filling on construction sites have only marginal quantities.
The available stockpiles are insufficient fo the residual
millions of tonnes of waste. These construction wastes
in high quantities cause serious danger to the environ-
ment. On the other hand, the use of natural resources for
ground improvement appears to have a negative impact
on the landscape [4]. In many countries in the world,
the illegal or environmentally unsafe disposal of indus-
trial by-products such as blast furnace slag constitutes
an increasing concern in terms of environmental health
and drives researchers to find sustainable solutions for
these problems. Therefore, researchers continue their
studies on the use of alternative materials for soil stabi-
lization [8–10]. According to the studies conducted, the
fact that construction wastes cause damage to the en-
vironment by increasing carbon emission appears to be
another problem [11]. Therefore, the number of studies
on the recycling of construction wastes to decrease car-
bon footprint and increase the bearing capacity of the
soils has increased and they are further encouraged in
some developed countries in Europe [12–16].

This study was conducted to prevent the cumulation of
construction wastes formed by the demolition of squatter
areas in the city, buildings destroyed and heavily dam-
aged by the earthquake, and to avoid the causing of the
environmental pollution. As a contribution to minimize
the impact of the urban transformation law to the en-
vironment, the use of recycled construction demolition
wastes to the soil stabilization was experimentally exam-
ined and evaluated by conducting experiments. For this
purpose, specimens of different compositions were pre-
pared by adding in different proportions the construction
demolition waste to kaolin clay, accepted as a natural soil
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specimen in experimental studies. The improvement of
the poor capacity soils using the construction demoli-
tion wastes, depending on the duration of curing, was
examined in the experiments performed in the labora-
tory environment by conducting the uniaxial compres-
sive strength properties by construction demolition waste
(CDW) analyses on the specimens prepared.

2. Material and method
2.1. Material

Kaolinite is used for mixtures of natural soil samples.
It was obtained from private company. The chemical
composition of kaolinite can be seen in Table I. The
density of CDW used for this experimental study was
2.51 g/cm3 and the density of kaolinite is 2.58 g/cm3 [17].

Additive materials were mixed with the bentonite clay
used as the base soil sample at different ratios shown in
Table II.

TABLE IChemical compositions of kaolinite [%].

SiO2 Al2O3 Fe2O3 TiO2 CaO MgO Na2O K2O MnO SO3

45.65 37.63 0.73 0.13 0.3 0.27 0.62 2.4 – –

TABLE IIThe mixing ratios used in the study.

Mixture 1 2 3 4 5
Kaolinite 100% 90% 80% 70% 60%
CDW 0% 10% 20% 30% 40%

2.2. Method

In this study, it was experimentally demonstrated that
construction demolition wastes can be used for soil sta-
bilization. In the study, the compaction properties of
construction demolition waste were examined by prepar-
ing 6 different mixtures and the optimum water content
for compaction was identified TS1900-1 (2006) [18]. In
order to determine the improvement values of these mix-
tures compressed in optimum water content, the uniaxial
compressive strength properties were conducted and the
results obtained were compared with the reference spec-
imen results TS1900-2 (2006) [19]. On the other hand,
in order to observe the improvement to be provided by
the potential pozzolanic activity depending on the curing
time of additive materials, the specimens were exposed
to different curing times and the CBR experiments were
conducted on these specimens and the results were eval-
uated in many aspects.

3. Experimental studies

The experiments conducted for the construction de-
molition wastes to be used in soil stabilization were
carried out in accordance with the standards of
TS1500 (2000) [20], TS1900-1 (2006) [18] and TS1900-
2 (2006) [19] and the results obtained were evaluated in
this context.

3.1. Atterberg limit test results
Possible loss of plasticity was observed following the

mixing of high plasticity kaolin clay with construction
demolition waste. With the increase of the construc-
tion demolition waste rate, the liquidity value decreased
(Table III).

TABLE IIIAtterberg limits test results.

CDW rate 0% 10% 20% 30% 40%
liquid 55.37 54.17 53.93 53.25 52.98

plasticity 25.81 39.95 40.53 40.7 40.84

3.2. Standard proctor tests
The standard Proctor compaction test is a labora-

tory method of experimentally determining the opti-
mum moisture content at which a given soil type will
become most dense and achieve its maximum dry den-
sity [18]. The graphical relationship of the dry density
to moisture content is then plotted to establish the com-
paction curve. The maximum dry density is finally ob-
tained from the peak point of the compaction curve and
its corresponding moisture content which is known as the
optimum moisture content. In this research, the CDW is
added into the mixtures as 10, 20, 30, and 40% in terms
of weight. Increasing the ratio of CDW into the mixtures
caused higher dry density obtained. Figure 1 shows the
compressed void soil sample obtained at the end of the
compaction test.

Fig. 1. Compressed soil sample.

It was observed that the maximum unit volume weight
decreased by the water content with the increase of con-
struction demolition wastes in the mixing. The high-
est values of ρk were obtained for mixtures 4 and 5.
The maximum dry unit volume weight value in the mix-
tures showed a significant increase from 10.49 kN/m3 to
15.9 kN/m3 (Table IV).



944 İ. Vural

TABLE IVStandard proctor tests results.

Mixture 1 2 3 4 5 6
wopt [%] 32.2 22.03 24 20 17 8.7

ρk [kN/m3] 10.49 14.38 14.98 15.85 15.98 19.2

3.3. Uniaxial compressive strength test results

Uniaxial compressive strength tests were carried out
according to TS 1900-2 in order to determine the contri-
bution of waste materials to the improvement on the sam-
ples compressed in optimum water content. the results of
the uniaxial compressive strength test (UCS) performed
in the study are shown in Table V.

TABLE VUniaxial compressive strength test results.

Mixture Mixture ratios
qu [kPa]

1 day 7 days 28 days
1 100% clay 76.5 133 247.6
2 90% clay - 10% CDW 253 278 366
3 80% clay - 20% CDW 126 209 310.1
4 70% clay - 30% CDW 114 123 277.6
5 60% clay - 40% CDW 98.7 117 231

It has been seen that the construction demolition
wastes kaolin clay added to the kaolin kiln increases the
free pressure strength. It has been that the construction
demolition wastes added to the kaolin clay increased the
Uniaxial compressive strength resistance.

The UCS test results are shown in Table V. Test value
for the reference sample was measured to be 76.5 kPa.
This value increased by 230% to 253 kPa in the mixture
containing 10% CDW.

Figure 2 shows that the maximum uniaxial compres-
sive strength value was reached when the construction de-
molition waste ratio was used as 10% for 1, 7 and 28 days
curing. When the additive ratio of the waste material is
20%, 30% and 40%, uniaxial compressive strength pres-
sure resistance decreases as a liner. However, in general
all the mixing ratios increase the uniaxial compressive
strength pressure.

Fig. 2. Uniaxial compressive strength test graph.

4. Conclusion

In this study conducted for the construction waste to
be used in soil improvement, the Uniaxial compressive
strength pressure experiments were carried out with con-
struction wastes in the laboratory environment. In the
study, the construction waste, kaolin, water content val-
ues and the UCS values of the mixtures for 1, 7 and
28 days were measured. The results obtained in the study
are presented below. These are as follows:

• it is seen that the construction waste which was
added in the clay increased the UCS resistance of
the mixture.

• The highest UCS pressure increase was reached in
the mixture number 2 for 1 day curing. This value
increased by 230% to 253 kPa in the mixture con-
taining 10% CDW.

• After curing, the UCS values increased in all mix-
ture and is seen that the curing process has a pos-
itive effect on the process.

• The maximum increase after long curing time
(28 Days) to the results of UCS test was stated for
the mixture No. 3, with 146% growth from 126 kPa
to 310.1 kPa.

As a result of the study, use of construction demolition
waste as additive to improving the soil has been proven.
Following this work, it can be examined as a matter of
another scientific work to investigate how this improve-
ment affects the other mechanical properties of the soil.
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