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Fig. 1. Model container on the shaking table
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Fig. 2. The particle size distribution for Firoozkuh sand
and tire powder
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Material Dio(mm) Dso(mm) Deo(mm) Gs Fe (%) Cu Ce ©max €min
Firoozkuh
0.16 0.21 0.3 2.65 1 1.87 0.88 0.874 0.548
No.l161

Tablel. Physical properties of Firoozkuh Sand

Material Dio(mm) D3o(mm) Dso(mm)  Dego(mm) Gs (%) Cu Ce
Tire Powder 0.21 0.41 0.59 0.7 0.86 3.33 1.143

Table2. Physical properties of Tire Powder

o3 5 Sl hlesl s pane sla bl XY Jgas

Soil / Tire Powder Waveform Acceleration of loading (g) ng;l?lzrs of Total no.
Sand/ 0% Rectangle — Sinusoidal - Triangle 0.1,0.3 20 6
Sand/ 5% Rectangle — Sinusoidal - Triangle 0.1,0.3 20 6

Sand/ 10% Rectangle — Sinusoidal - Triangle 0.1,0.3 20 6
Sand/ 15% Rectangle — Sinusoidal - Triangle 0.1,0.3 20 6
Sand/ 20% Rectangle — Sinusoidal - Triangle 0.1,0.3 20 6

Table 3. Variable parameters in shaking table tests
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Fig. 3. Schematic form of test samples with instrumentation
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Fig. 4. Typical waveforms at loading frequency of 2 Hz and acceleration of 0.3g (for the time of 1 period): (a) Rectangular (b)
Sinusoidal (c) Triangular waveform
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Fig. 5. Typical shear stress-strain behavior of soil samples at elevation 225mm at loading frequency of 2 Hz and input
acceleration of 0.3g under (a) rectangular (b) sinusoidal (c) triangular waveform (for the first 10 cycles)
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Variation of shear modulus with shear strain under rectangular waveform and input acceleration of (a) 0.1g (b) 0.3g
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Abstract

Today, the use of waste tires mixed with soil has been expanded in various geotechnical projects to
absorb and reduce the vibration caused by seismic and dynamic loads. Therefore, the objective of
this work was to evaluate the dynamic properties of such mixtures prior to practical applications.
Given that the different kinds of exterior cyclic loading affect the natural soil, such as earthquakes,
high buildings, high speed rails, wave loads, oil tanks, reservoirs and so on, and they demonstrate
different wave patterns. So far independent research on the effect of loading frequency on the
dynamic properties of the sand-tire mixture has not been carried out. Therefore, in this paper, 1-g
shaking table tests were employed to investigate the effect of loading waveform on dynamic
properties of sand-tire mixture. A hydraulic shaking table with a single degree of freedom, designed
and constructed at the Crisis Management Center of Urmia University, was used to conduct the
experiments. Firoozkuh No. 161 sand was used in all the experiments and tire powders were used as
a soil reinforcement material. Tire powders are made from discarded tires that have been broken into
pieces and sieved by an industrial tire-shredder system. Also, accelerometers were used to measure
the acceleration of the input to the sample as well as to record the acceleration caused by the input
excitation at different depths of the soil sample. The displacement transducers (LVDT sensors) were
also used to measure linear displacement. To record information, all sensors were plugged into a 16-
channel dynamic data logger ART-DL16D. Samples were constructed in both unreinforced (pure
sand) and reinforced form and with a relative density of zero. In reinforced samples, tire powders
were added to the sand with 5%, 10%, 15% and 20% in gravimetric basis. To prepare the sample, a
wet tamping method was utilized in both the unreinforced (pure sand) and the reinforced (sand mixed
with tire powders) specimens. In this method, first, the sand was mixed with 5% water. Samples were
subjected to rectangle, sinusoidal and triangle waveform at constant frequency of 2 Hz and input
acceleration of 0.1g and 0.3g. The results showed that in all cases, soil samples exhibit the highest
shear modulus and damping ratio under rectangle loading. Therefore, the values of G and D for the
rectangular waveforms are greater than those of the sinusoidal and triangle waveforms. The shear
modulus and damping ratio for the sinusoidal waveforms are marginally greater than those of triangle
waveforms. The effect of loading waveform on the damping ratio of the soil at low levels of strain is
negligible, but it increases with increasing strain levels. The shear modulus reduced by increasing the
tire powder and the highest reduction is observed in the mixture with 10% to 15% of tire powder. By
increasing the tire powder, the damping ratio values of samples increased so that the mixture with
20% of the tire powder has the highest damping ratio. In all cases, the shear strain increased by
increasing the amplitude of the input acceleration, and as a result, the shear modulus decreased and
the damping ratio increased. In addition, with increasing acceleration, the difference between the
values of the shear modulus and the damping ratio increases between different loading waveforms.

Keywords: sand, tire powder, shaking table, waveform, shear modulus, damping ratio
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