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Reduction of Earth Pressurewith Tire-chip Cushion
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1.2 English Abstract

This study presents the application of a tire-chip
compressible layer to reduce earth pressure against a
non-yielding wall. Ottawa sand was used as a backfill
material. The NCTU non-yielding wall facility was used
to conduct all earth-pressure experiments in this study.
Based on this study, the following conclusions can be
drawn: (1) With the compressible layer, the lateral
pressures measured in compaction-influenced zone were
till higher than Jaky’s solution. However, the magnitude
of the compaction-induced pressure was much less than
that without layer. Below the
compaction-influenced zone, the lateral pressures tend to
converge with Coulomb active earth pressure; (2) Inthe
compaction-influenced  zone, the thicker the
compressible layer is, the more compaction-induced
pressure will be released. To effectively reduce the earth
pressure acting on the non-yielding wall, it is
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recommended that the thickness of the compressible
layer should be at least 0.05H ; (3) For 1.5-high backfill
with a 70 mm-thick compressible layer, about 41% of the
total soil thrust had been reduced than that measured
without the compressible layer.

Keywords: Tire-chip, Compressible layer, Model
test, Compaction, Earth pressure, Sand

2. Introduction

Based on the information from the Environmental
Protection Administration of the R.O.C. government,
more than 40% of the discarded trash were recoverable.
Scrap tires were very important among the recoverable
discard, because the main component of tires is rubber,
which is a valuable natural resource. Currently, most
scrap tires are land-filled or stockpiled. However, this
used valuable landfill space, creates potential fire hazard,
and provides a breeding ground for mosquitoes.
Traditional treatments for scrap tires are not economical,
and may induce hazards to health and environment.

In recent years, the used of scrap tires by cutting into
small pieces or chips for civil engineering application
has increased. The tire chips or tire shreds were used
mostly as backfill of embankments and retaining
structures. Using tire chips or shreds as backfill material
has several potential benefits. In areas where the
underlying soil is weak or compressible, the low unit
weight of tire chips would apply a smaller vertical stress
than the conventional backfill leading to lower settlement
and increased global stability for the underlying soil. The
horizontal stress induced by the lightweight fill on the
retaining structure would be lower than that induced by
the conventional backfill, resulting a less-expensive
retaining wall design. Moreover, high permeability of
tire chips would provide good drainage, and reduce
lateral thrust due to the hydrostatic pressure behind



retaining wall.

In most literatures, the applications of tire chips are
associated with lightweight backfill. The potentia
problems for using tire chips as backfill are large
compressibility and settlement. Humphrey et al. (1993),
Ahmed and Lovell (1994), Bosscher and Edil (1994)
reported that, the amount of compressibility due to
tire-chip backfill was up to 30 %. Because tire chips are
highly compressible, in this study tire chips are used as a
cushion layer between the non-yielding wall and backfill.
The lateral earth pressure pushes the tire-chip cushion to
compress. Thereby the active wedge could be developed
and then the at-rest earth pressure could be reduced. To
obtain a better understanding of the topics discussed
above, experiments were conducted with the National
Chiao Tung University (NCTU) non-yielding model wall
facility. This system is capable of measuring earth
pressure with soil pressure transducers mounted on the
model wall. The tire-chip cushion layer is placed
between the NCTU non-yielding model wall and Ottawa
backfill. According to the test results with cushion layer,
it can be investigated total lateral thrust acted against the
wall, the distribution and variation of lateral earth
pressure, and location of the total thrust for backfill. Test
results will also be compared with Jaky’'s formula and
Coulomb active earth pressure coefficient.

3. NCTU Model Retaining Wall Facility

The National Chiao Tung University (NCTU) model
retaining wall facility can be divided into three main
parts: (1) soil bin; (2) model retaining wall and (3) data
acquisition system. The soil bin is 1500 mm in length,
1500 mm in width and 1600 mm in depth. Both
side-walls and end-wall of the soil bin are made of
35-mm thick solid steel plate and welded carefully to
ensure its structural integrity. The bottom of the soil bin
was covered with a layer of SAFETY WALK to provide
adequate friction between the soil and the base of the bin.
To constitute a plane strain condition, the soil bin is built
very rigid so that lateral deformations of the side-walls
will be negligible. The friction between the backfill and
the side-walls is to be minimized. This is accomplished
by creating a lubrication layer between the side-walls
and the soil. The lubrication layer consists of 2
0.009-mm thin plastic sheets and a 0.152-mm thick
plastic sheet. The measured friction angle is about 7.5°.

The model wall shown in Fig. 1 is 1.5 m-wide, 1.6
m-high and 45 mm-thick and made of a solid stedl plate.
Sixteen strain-gage-type  transducers (Kyowa
PGM-02KG, capacity = 19.6 kN/m?) were arranged
within the central zone of the wall to avoid the friction
that might exist near the side-walls of the soil bin. To
simulate field condition, a vibratory soil compactor had
been used to densify the backfill. An eccentric motor
(KJ75-2P) manufactured made by Mikasa had been
selected to be the source of vibration. The eccentric force
of the motor could be controlled by adjusting the number
of eccentric plates in the motor. Due to the considerable
amount of data collected, all the signals generated by the
earth pressure transducers are processed by a data
acquisition system.

4. Backfill, Compressible Layer and I nterface
Characteristics

In this study, the dense Ottawa sand with a unit weight
of 16.43 kN/m* was used as backfill and the internal
friction angle of the backfill would bef = 39.6° the wall
friction angle would be d = 13.1°. The compressible layer
was made by fills of tire chips into a geotextile bag. The
bag is 1.5 m-wide, 1.5-m high, and the thickness of the
compressible layer was a parameter to investigate. The
bag was sewed with polyester continuous filament
non-woven geotextile and tire chips were used to
congtitute the compressible layer due to its high
compressibility. Grain-size distribution of the rubber
particles was indicated in Fig. 2. Mgjor factor considered
in choosing the particle size is to regard the tire chips as
afilter material to protect Ottawa sand. One-dimensional
compression tests were conducted to investigate the
relationship between the vertical pressure and strain of
tire chips. Experimental results show that under the
vertical pressure of 10 kPa, the vertical strain measured
was up to 25 %.

5. Experimental Results

Air-dry Ottawa sand was shoveled from the soil
storage into the soil hopper, then pluviated into the soil
bin for a thickness of about 0.35 m. The surface of the
first layer backfill was carefully leveled to form a flat
surface. The loose backfill was divided into 6 lanes and
compacted. Each lane was densified with the soil
compactor for a pass of 70 seconds. The thickness of the



compacted lift is about 0.3 m. Repeat the above
procedures until the height of backfill accumulated up to
1.5m. Thickness (T) of the compressible layer adopted in
the experiments include: no compressible layer, 20 mm,
40 mm, 70 mm, 120 mm, 180 mm, and 250 mm.

The solid symbol in Fig. 3 shows that horizontal earth
pressure distribution for a 1.5 m-high backfill without the
compressible layer (T=0). It is obvious that the pressure
distribution is nonlinear. Extra-high lateral pressure was
observed near the top of the backfill. The horizontal
earth pressures increased substantially from 0 to 0.75 m
below soil surface, and the peak value was reached at
0.35 m below soil surface. This high-pressure zone
developed due to compaction is defined as
“compaction-influenced zone". The earth pressure due to
compaction has been investigated by Rowe (1954),
Sherif et al. (1984), Duncan and Seed (1986), and many
other researchers. Duncan et a. (1991) developed charts
to estimate the compaction-induced earth pressure
quickly and reliably. In this study, the peak earth pressure
induced by compaction was about 10 kN/m?. It was
much larger than Jaky's solution. However, below the
compaction-influenced zone, lateral earth pressure
distributions was in fairly good agreement with Jaky's
solution.

The hollow symbol in Fig. 3 shows horizontal earth
pressure distribution due to a 1.5 m-high backfill with a
70-mm-thick compressible layer (T = 70 mm). In the
figure, the lateral pressure measured in  the
compaction-influenced zone was higher than the
Coulomb active and Jaky solution. However, the
magnitude of compaction-influenced pressure is much
less than that without the compressible layer. Below the
compaction-influenced zone, the lateral pressure
distribution measured for the test with a 70 mm-thick
compressible layer tends to converge with the Coulomb
active earth pressure. It would be reasonable to expect
the tire chips to compress more near the base of the wall,
because the lateral pressure is a function of depth. It is
obvious in Fig. 3 that the tire-chip compressible layer is
an effective material to reduce lateral earth pressure
acting on the non-yielding retaining wall.

As compared with the case without the compressible
layer, the tire-chip layer has effectively reduced the total
soil thrust. For the 1.5 m-high backfill, the coefficient K,

measured with a 70 mm-thick compressible layer is
about 0.30. This value is about 41% less than the
coefficient K, obtained without the tire-chip layer. This
vaue is even less than the at-rest coefficient Kg
determined with Jaky’'s formula. However, due to the
remaining compaction-induced earth pressure, K;,= 0.30
is about 50% greater than the active coefficient K,
determined with Coulomb theory. The coefficient K, is
defined as the ratio of the horizontal total thrust P, to gH?
/ 2. The total thrust P, is calculated by summing the earth
pressure acting on the wall.

The variation of soil thrust coefficient K;, with T/H for
a 1.5 m-thick backfill is shown in Fig. 4. When T/H
reached about 0.12, the value of K, would reach a
constant value of about 0.28. It is recommended that, to
effectively reduce the earth pressure acting on the
non-yielding wall, the thickness of the compressible
layer should be at |east 0.05H.

6. Conclusions

This study investigates the application of a tire-chip
compressible layer to reduce lateral earth pressure acting
on anon-yielding wall. Based on the experimental work,
the following conclusions can be made. (1) Soail
compaction will induce high lateral pressure near the top
of the backfill. The laterd pressures below the
compaction-influenced zone tend to converge with Jaky’s
solution. (2) With the compressible layer, the lateral
pressures measured in compaction-influenced zone were
still higher than Jaky’s solution. However, the magnitude
of the compaction-induced pressure was much less than
that without the compressible layer. Below the
compaction-influenced zone, the lateral pressures tend to
converge with Coulomb active earth pressure. (3) In the
compaction-influenced  zone, the thicker the
compressible layer is, more compaction-induced pressure
will be released. To effectively reduce the earth pressure
acting on the non-yielding wall, it is recommended that
the thickness of the compressible layer should be at least
0.05H. (4) For 1.5-high backfill with a 70 mm-thick
compressible layer, about 41% of the total soil thrust had
been reduced than that measured without the
compressible layer.
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Fig. 1 NCTU Non-Yielding Retaining Wall
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