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Fig. 1. Schematic view of the experimental apparatus (a) Elevation view and (b) Plan view
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Figure. 2. Tires used in tests
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Test name The number of layers of Position of Length reinforcement in
reinforcement reinforcement the horizontal direction
Al Unstabilized slope
A2 4 60
A3 4 In the upper half of the slope 40
A4 4 20
AS 4 60
A6 4 In the lower half of the slope 40
A7 4 20
A8 8 60
A9 8 Across the slope 40
A10 8 20
All 3 60
Al2 3 In the upper third 40
Al3 3 of the slope 20
Al4 3 60
AlS 3 In the middle third of the 40
Al6 3 slope 20
Al7 3 In the lower third of the 60
Al8 3 slope 40
A19 3 20
A20 6 60
A21 6 In the upper two-thirds of 40
A22 6 the slope 20
A23 9 60
A24 9 Across the slope 40
A25 9 20
Table 1. Experimental Testing Program
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Figure . 5. Soil displacement vectors stabilized slope with four-layered tire-length 20 cm a. in portions of the upper half slope b. in
portions of the lower half slope
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Test name qu (Ultimate Ultimate lateral Ultimate lateral displacement
bearing Capacity)  displacement beneath the  in the upper edge of the slope

kPa footing (mm) (mm)

Al 24.32 -14.5 -25.1

A2 78.37 -4.6 9.2

A3 35.01 -10.6 -23.7

A4 24.72 -10.3 -23.1

AS 40.53 -10.6 -15.4

A6 25.92 -13.7 -234

A7 24.34 -14.1 -24.1
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A8 86.40 -3.9 -12.2
A9 36.18 9.2 -20.3
Al10 30.78 -5.3 -14.7

Table 2.Ultimate Bearing Capacity and Ultimate Lateral of Tire-Reinforced Slope with Four and Eight Layers with Unreinforced
Slope
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Figure .6. Lateral displacement in depth for 4 layers of tire reinforcement in slope a) footing b) edge slope
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Figure .7. Lateral displacement in depth for 8 layers of tire reinforcement in slope a) footing b) edge slope
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Test name qu (Ultimate bearing Ultimate lateral displacement Ultimate lateral
. beneath the footing (mm) displacement in the upper
CapaCItY) kPa edge of the slope (mm)
Al 24.32 -25.1 -14.5
All 56.71 -15.1 -10.8
Al12 29.72 -22.4 -14.1
Al3 28.08 -20.4 -9.2
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Al4 35.10
AlS 27.54
Al6 26.46
Al7 25.92
Al8 25.38
A19 25.59
A20 86.44
A21 33.48
A22 29.70
A23 88.47
A24 36.72
A25 31.32

-21.5 -11.5
-20.2 -13.3
=223 -12.9
-12 -12.3
-15.2 -13.9
-15.6 -143
-4.6 -2.6
-15.4 -11.3
-19.7 -143
-10.4 -2.1
-22.5 -11.2
-23.7 -13.9

Table 3. Ultimate bearing capacity and ultimate lateral displacement of three, six and nine-layered reinforcement tires slopes and

unreinforcement slope
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Figure. 8. Lateral displacement in depth for 3 layers of tire reinforcement in slope a) footing b) slope

il bl 355 e sdalie AdL) ¢ JCEI 1S 5 bokes
'L;bd“ j:“'f)f GJJM.\: )'.'.) ‘j'l?ul?- ‘\.1 w g_,...:..:: c}aw )J

daﬁjobﬂu;fﬂjjbwbéuﬁﬁﬁﬁw&"ﬂ‘b

CosB by il bl Sle e S o

ot (@ 03 LS 55 0 55 (Al s o8 26 ¥ ol Ges 53 Sl plmlr-d IS8



SR fl;- BU9Y m:b‘ k;L e ‘_;ALA e

Depth (cm)

——Al-24.32 kpa |1
=€=-A20-86.44 kpa
w-A21-33.48 kpa|
—e—A22-29.70 kpa

35
401 " L " " L n
35 3 25 2 -l5 0 -1 05 0
Lateral Displacement (cm)
(b

Depth (cm)

[*]

25
300 |——A1-2432kpa
- ©-A20-86.44 kpa
el |HA21-33.48 kpa
| -—e-A22-29.70 kpa|
40 i
3025 2 -ls 05 0
Lateral Displacement (cm)

(a

Figure. 9. Lateral displacement in depth for 6 layers of tire reinforcement in slope a) footing b) edge slope
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Figure. 10. Lateral displacement in depth for 9 layers of tire reinforcement in slope a) footing b) edge slope
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Time Length Area Force Mass
Real Model T L A F M
Laboratory Model TVS SL AS? FS? Ms3

Table 4. Conversion of actual model to laboratory by scale factor S
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Time Length cohesion Friction Angel Mass
Real Model 20 0.7 m (for 0 38 0.280 kg
example: slope
crown length)
Laboratory Model 44.7 3.5m 0 38 35 kg

Table 5. Conversion of actual model to laboratory by scale factor%
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Abstract
In recent years, the number of waste tires around the world is increasing rapidly and has become an
environmental and economic problem. Today, accumulation of waste tires in the environment is one of the
biggest problems to the environment and recycling waste tires is the best strategy to solve this problem. The
use of waste tires in construction and geotechnical projects is one of the effective strategies in this regard. In
this paper, experimental tests of earth slope reinforced with waste tires based on horizontal displacement (25
experiments) has been performed.
During incremental loading, digital images were taken from the models and the particle image velocity (PIV)
method was used. Parameters such as tire layer length, number of layers and tire layer position are considered as
variable. The results show that the use of tire reinforcement has a significant effect on reducing horizontal
displacement under the foundation and slope surface. Horizontal tire rows are the best reinforcement location in
terms of improved bearing capacity and lateral displacement. When four layers of 60 cm long reinforcement tire
are placed in the upper half of the slope, the bearing capacity increases 3 times and the lateral displacement under
the foundation decreases by 3.1 times. When three layers of tires with a length of 60 cm are placed in the upper
third of the slope, the bearing capacity increases by 2.3 times and the lateral displacement under the foundation
increases by 1.3 times. When six, eight, and nine layers of reinforcing tires with a length of 60 cm are placed into
the slope, lateral displacement under the foundation is reduced more than 3.5 times.
In Iran, eight largest tire factories produce 13.5 million tires in a year. It also imports 4 million tires a year.

Therefore, 17.5 million tires are the annual consumption of the country. More than 100,000 tires are the product
of factory production line waste, as well as used tires. Waste tires have been used to strength retaining walls,
foundations, improve soil properties, embankments and etc. Therefore it is believed that soil reinforced with
waste tires become a wider application in the future, especially in countries with low worker costs.

In this paper, the test was performed in a box with length, width and height of 2, 1, 1 m, respectively. The test
material used in this study is sand in the dry state. The maximum and minimum dry sand densities are 19.43
and 16.36 kN/m, respectively. Internal friction angle and cohesion were measured by direct shear test at 38
degree and about 0 kPa, respectively. Digital images taken from the front of the test box during the experiment.
Images were processed using GeoPIV software developed at the University of Cambridge. The results of this
study are as follows:1. The best position in terms of bearing capacity and lateral displacement is to use four
layers of reinforcing tire in the upper half of the slope.2. As the length of the reinforcement layer increases,
the bearing capacity increases significantly and the lateral displacement decreases. Especially when the length
of the reinforcement tire is 60 cm and the length of the reinforcement passes through the rupture wedge, the
improvement in bearing capacity and lateral displacement of the foundation is noticeable.3. The best position
in the three layers of reinforcement tire on the slope in terms of bearing capacity and lateral displacement is
one-third of the upper slope.4. The presence of a tire in the lower third of the slope has little effect on improving
the bearing capacity, lateral displacement of the foundation and the slope surface compared to the slope without
reinforcement.
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