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different proportions (10%, 20%, 30%, 40% and 50%) on the shear strength of the sand. For this purpose, the
physical (water content, specific weight, unit volume weight) and mechanical (shear strength) parameters of the
mixtures were determined. According to the results of the research, the material with 100% sand content contributes
to the shear strength by a certain proportion when compared to the mixed materials containing granular-sized waste
rubber. According to the results of this research, the highest shear resistance value was observed in material with
20% tire content in waste rubber sand mixtures, while higher rates of tire addition provided lower results than 100%
sand material. In addition, considering the issue in terms of environmental impact, a column test was carried out on
the mixture containing 20% rubber-80% sand and no adverse effects of the pollutants were observed.
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1. Introduction

Soil is the name given to material comprising rock fragments formed as a result of weathering and degra-
dation with a variety of environmental factors, containing organic matter, voids and which may hold water.
Therefore, they are considered more problematic compared to rocks (Huat, 2010). Depending on the soil
properties and environmental conditions, problems such as liquefaction, sliding, collapse, subsidence, bear-
ing capacity, erosion may occur. In such cases, since most soil problems are site specific, the soil properties
should also be improved by appropriate techniques.

When improvement methods are investigated, in addition to improving methods aiming to compact and strength-
en soils from depth, like dynamic compaction, injection and vibroflotation, there are surface improvement meth-
ods aiming to strengthen the soils by adding supplementary material like lime, volatile clay, cement, etc. to im-
prove strength at the level close to the foundation surface (Sengezer, 2010). Additionally, the use of lightweight
materials like volatile ash, glass fragments, slag, plastic waste and especially waste rubber tires have been investi-
gated by many researchers in recent years with the aim of ameliorating soft and compressible fill soils.

Waste tires have become a global environmental problem due to difficulties with storage and separation pro-
cesses (Chang, 2008). These tires are flammable and fires tend to release toxic gases. This situation affects
the health of organisms and at the same time causes aesthetic discomfort (Attom, 2006; Reddy and Marella,
2001).
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Waste tires, when useful life finished and inappropriate for repeated use, are one of the materials with most
successful results in terms of regain through recycling, at present. When research is examined, the regain
rates for recycled waste tires are 95% in Europe and 84% around the world (url1). When European Tyre &
Rubber Manufacturers’ Association (ERTMA) data are examined, 292.000 tons of waste tires were produced
in Turkey in 2014, with this number reaching 314.000 in 2015 and 251.000 in 2016 (Catakli and Ergiider,
2019). According to data from the Ministry of Environment and Urbanization in Turkey for “regulation and
applications for the control of end-of-life tires” in 2018, 184.313 tons of waste tires were collected in 2017
(Eryilmaz and Demirarslan, 2011). Nearly 59% of the collected waste tires can be recycled in facilities
(urll).

The use of waste tires in construction engineering applications may be beneficial not just with the aim of
strengthening soils but from an environmental aspect (Keskin and Laman, 2012). The use of waste tires in
construction engineering projects has many benefits like reducing the pressure on natural fill, lowering mate-
rial costs, improving the geotechnical properties of soil, and ensuring effective recycling. In the recent past,
many studies were performed about the properties of waste tires, including in potential engineering applica-
tions (Edil and Bosscher, 1994; Foose et al., 1996; Zornberg et al., 2004; Cetin et al., 2006; Hataf and Rahi-
mi, 2006; Vinod et al., 2015). Studies using tires from scrap vehicles, especially as light weight material,
commonly choose sand (Marto et al., 2013; Umu et al., 2014; Erenson, 2015; Vinod et al., 2015; Goztepe,
2016; Ordu et al., 2017; Bayat et al., 2019; Ghaffari, 2020) and rarely silty sand (Benavente-Huaman et al.,
2019) and clay materials (Cetin et al., 2006; Balaban et al., 2019) as soils. Though waste tires are mostly
used in granular (Goztepe, 2016; Balaban et al., 2019; Bayat et al., 2019; Ghaffari, 2020) and sliced (Marto
et al., 2013; Benavente-Huaman et al., 2019) forms, there is rare research where they are used in powder
form (Umu et al., 2014; Ordu et al., 2017) and even whole (Erenson, 2015).

Among the important properties of waste tires, beginning to come to the forefront for construction engineer-
ing applications, are the low unit weight in addition to insulating features, resistance, and high drainage ca-
pacity (Youwai and Bergado, 2003). However, when tire particles are used alone, high deformation and
compression problems may be encountered, just as they may be sensitive to exothermic reactions. For this
reason, research in recent years has used sand-waste tire mixtures which are not sensitive to exothermic reac-
tions (Youwai and Bergado, 2003; Zornberg et al., 2004). Thus, adding waste tires to soil materials does not
just solve the exothermic reaction problem, at the same time it improves deformation features and increases
the strength of the fill. Here, the topic that requires special attention is the proportions in the mixture, be-
cause increased proportions of soil material within the mixture increases total weight and this may cause
settlement of foundations resting on loose soils (Youwai and Bergado, 2003).

Among the current uses for waste tires, uses as reinforcement material for road construction, for control of
erosion, stabilization of sloped areas, thermal insulation, fill for retaining walls and bridge feet, edge drain-
age and construction of storage areas and use in building foundations may be listed.

Shear strength is a basic mechanical property used in stability analysis. Previous studies observed that opti-
mum shear strength values were reached with a certain proportion between waste tires and soil materials.

A study researching the effect of waste tires on groundwater quality (Humphrey et al., 1997) investigated the
possible polluting effects of waste tire chips placed above groundwater level. As a result of tests completed
with regular checks within a long time period of nearly five years, there was no evidence that the primary
standards for drinking water of barium (Ba), cadmium (Cd), chrome (Cr), lead (Pb) and selenium (Se) and
secondary standards for drinking water of aluminum (Al), zinc (Zn), chlorine (CI) or sulfate (SO,) levels
were increased (Humphrey and Katz, 2000). Additionally, research in field conditions in 7 different regions
of the USA investigated the possible pollutant effects on groundwater of aggregate produced from tires and
rubber-modified asphalt material (Humphrey and Sweet, 2006). The results of this research did not encounter
any pollutant value exceeding primary and secondary drinking water standards.
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The aim of this study is to investigate the usability of granular waste tires for improving problematic soils to
overcome a range of difficulties experienced with problematic soils during geotechnical applications and to
effectively reuse this waste. Within this scope, the ability to increase the strength of sandy soils with granular
waste tire rubber supplementation was considered by using natural material instead of industrial sand and the
optimum mixing rates were determined. The raw material of rubber tires is formed by the combination of
oils and a variety of chemical materials. For this reason, it is very important to research the effect on the
environment of tires in a variety of areas of use when mixed with soils. Within the scope of this study related
to the topic, column leach tests were performed for waste tire-sand mixtures and the leaching of harmful
elements from tires to the environment was researched.

2. Materials and Methods

The sand used in the study was obtained from an active landslide region in Canakkale province along the
coast of Giizelyali village in September 2015. The waste tire samples used in laboratory studies were
obtained from a workshop located in Bursa Organized Industrial Zone with steel wire bands removed,
particle sizes 2-4 mm and obtained in granular form (Figure 1).

Figure 1. Waste tire particles at granular size

The natural water content (w) and specific gravity (Gs) of the sandy sample obtained from the study area
were determined. With the aim of determining the grain size distributions of tire fragments and sand sam-
ples, sieve analyses (ASTM D 422) were performed.

In this study, compaction tests were performed on samples of waste tires mixed with soil. Samples prepared
with combinations of sand and tire fragments were placed in a compaction mold in layers. Each layer was hit
with a hammer 25 times for compression and then the mold and compacted sample were weighed. To deter-
mine water content, a sample was left in an oven for 24 hours at 105 °C. With the addition of water to the
soil, the other steps were repeated in the same way and compaction tests were performed. Finally, the values
for water content as a result of the obtained data were plotted on a graph of equivalent dry unit weight and
optimum water content was found.

Standard proctor tests determined the maximum and minimum dry unit weight per unit volume (Yxmax-Ykmin)
for waste tire and sand and the optimum water content (®). Additionally, the maximum and minimum void
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ratio reflecting the loosest and most compressed situation for sand were identified. Using the calculated void
ratios, the relative compaction values were obtained (Equation 2.1).
€max=€

Dr €max~€min (21)
In this study, with the aim of determining the shear strength of mixtures prepared with sand and tire grains at
granular size with 10%, 20%, 30%, 40% and 50% proportion by weight, a range of direct shear box tests
(ASTM D 3080) were performed. A direct shear device of 6 cm x 6 cm x 3.5 cm sized was used during these
tests. A total of six direct shear tests were carried out, one of which was sand. Prepared samples were tested
three times with the normal stress of 50, 100, and 200 kN/m?.

Furthermore, a column test was conducted to investigate the environmental impact of the optimum waste
tire-sand mixture obtained in this study. This test was conducted using a glass column with 2.5 cm inside
diameter and 30 cm length. Known mass of sample was placed in the column, and porosity and pore volume
were calculated. Deionized (DI) water was flushed through it from the top at a constant flow rate. The efflu-
ent was collected for each pore volume separately. Analyses were carried out using Inductively Coupled
Plasma-Atomic Emission Spectrometry (ICP-AES) for the elements considered to be harmful.

3. Results and Discussion

3.1. Index Properties

Laboratory tests were performed with the aim of determining the physical parameters of the sand and
waste tire mixtures used as soil material in the study. In this context, sand was found to have natural water
content (w,) of 15.46% as a result of water content experiments. The specific gravity of pure sand was de-
termined as 2.62 with pycnometer method. The unit weight values determined with experiments on the mix-
tures are shown in Table 1. In addition, sieve analysis was carried out to determine the grain size of both the
sand and the granular size tire used in this study (Figure 2, 3). As a result of the sieve analysis, uniformity
coefficient (C,) and coefficient of gradation (C.) values of sand were found from the grain size distribution
curve (Equations 3.1, 3.2). C, and C, values were computed as 2.235 and 0.819, respectively, and are shown
in Figure 2. Based on these results, soil class for sand samples was determined as SP (poorly graded sand).

D60
" Dyo 3.1
C=p, (31)
D 2
O -
(D10)(Deo)
Table 1
Unit weight data for tire-sand mixture
Sand Midng rate Tire Unit weight (kN/m®)
90% 10% 16.975
80% 20% 16.769
70% 30% 16.063
60% 40% 16.337
50% 50% 16.337

3.2. Standard Proctor Test

The standard Proctor test was used to obtain the maximum dry unit weight of soil and the corresponding
optimum water content. Repeatedly performed standard Proctor experiments observed the dry unit weight
(vx) values reached up to 19.90 kN/m® with a reduction after this point. For this reason, for the maximum dry
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unit weight (ykmax), Value of the material of 19.90 kN/m?, the optimum water content was calculated as
19.50%. In this context, the variation in water content linked to dry unit weight values is shown in Figure 4.

The maximum and minimum void ratios (enaxand emi,) Were calculated for full sand and waste tire-sand mix-
tures. For 100% sand, the enax and eni, values were 0.77 and 0.29, respectively. Additionally, the maximum
void ratio (emax) reached lowest values for the mixture containing 20% tires (0.370), while the minimum void
ratio (emin) reached highest values (0.180) for the mixture with 30% tire content. Both values form the peak
values in terms of the experimental sets.

As a result of experiments, the relative density of sand (D,) was determined as 58%, while the sand used in
the study is qualified as ‘medium dense’ according to the relative density table (Table 2).

3.3. Shear Box Tests

The type of material examined within the scope of this study may be used in construction engineering
applications such as road fill and fill behind retaining walls on weak or compressible soils and it is necessary
to know the strength and deformation properties of materials used in these types of applications. As a result,
with the aim of determining the shear strength characteristics of the mixtures, shear box tests were performed
with soil alone and later with the mixtures. During the tests, shear force versus horizontal displacement of the
samples were measured and plotted. From the plot, the maximum shear stress was determined and shear
stress graphs corresponding to the normal stress are plotted. From the plot, a straight-line approximation of
the failure envelope curves was drawn. In the graph the cohesion is the y-intercept, and the angle of internal
friction is the slope of the line.
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Figure 2. Grain size distribution of sand
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Figure 3. Grain size distribution of waste tires
Considering the shear box experiment data, the angle of internal friction value reached highest values for the

mixture containing 20% waste tires (48.82°). As the tire content continued to increase, a reduction was ob-

served in these values (Figure 5).

Dry Unit Weight of Sand (kN/m’)

20.10

Standard Proctor Test

19.61

19.12

18.63

18.14

17.65

17.16

10 15 20
Water Content (%)

Figure 4. Water content versus dry unit weight relationships

Table 2

Soil classification based on relative density (Lambe and Whitman, 1969)

25

Relative density (Dy)

Soil compactness

0-15%

15—
35—
65—
85—

35%
65%
85%
100%

Very loose
Loose
Medium dense
Dense

Very dense
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Figure 5. Variation in internal friction angle linked to tire content
There was a linear increase in cohesion values with highest value for the mixture containing 30% waste tires
(52.465 kN/m?). However, when the tire content was above 30%, a reducing tendency was observed (Figure 6).

When the shear strength values obtained as a result of the shear box tests are examined, these values linearly
increased in proportion to the waste tire content of the mixtures, in parallel to the internal friction angle val-
ues. Again, highest shear stress values were reached for the mixture containing 20% waste tires.

The failure envelopes obtained from all samples are shown in Figure 7. As seen on the figure, the soil con-
taining only sand (0% tire) had 118 kN/m? shear strength under 100 kN/m? normal stress, while this value
increased to 152.30 kN/m? for the 20% (waste tire) mixture (Aktiirk, 2018).
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Figure 6. Variation in cohesion linked to tire content
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Figure 7. Normal stress vs. shear stress plot for the mixtures

In addition, column test was carried out to investigate the environmental impact of the 20% tire and 80%
sand mixture obtained at the end of this study. Laboratory analyses were performed on the leachate from the
mixture and the values for elements that may have a polluting role were investigated (hydrocarbon, arsenic,
iron, chrome, chlorine, fluorine, nitrate, sulfate, aluminum, antimony, barium, beryllium, boron, cadmium,
calcium, cobalt, copper, lead, lithium, magnesium, manganese, molybdenum, nickel, phosphorus, potassium,
selenium, silver, sodium, vanadium, zinc, thallium). While the hydrocarbon amount remained below 50 pg,
there was no major cation encountered. For this reason, it was concluded that the leachate did not have any
polluting effect.

4. Conclusion

In this study the effect of waste tire contributions to sandy soils were investigated. Laboratory tests were
carried out to determine the engineering properties of the soil sample collected from Giizelyali. For this
purpose, water content, sieve analysis, pycnometer and standard Proctor tests were performed. Soil was
classified as SP-poorly graded sand. Then direct shear box tests were performed to determine the shear
strength parameters of both soils alone and the waste tire-sand mixture. The increase in tire content caused
an increase in strength to a certain value; however, continued increase then caused a reduction in strength
parameters. Hence, the increase in tire amount after the optimum value provided shear strength values that
were lower even then the situation where only sand material was used. Large-scale shear box tests and slope
stability analysis are needed to determine the role of mixtures created with waste tire particles and sand
material in different projects to be used in practice. This study also focused on identifying potential
environmental problems of waste tires, which are considered to be used in practice. For this purpose, the
leachability of the 20% tire and 80% sand mixture were investigated. Thus, column test was performed by
using mixture and DI water. When the effluent was analysed, no contaminants were found. For this reason,
the use of waste tires in this way gains importance in the sense of improvement and carries great importance
for reuse of tires with no storage areas and with hundreds of tons discarded in the environment every year.
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