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TRACT
This paper describes tne constructien of reinforced =arth vetaining walls using treated
badxoo strips as reinforcements and used tyres as facings, and also the combination
reinforced ‘earth and anchered tyres for retaining structiwes. It aiso discusses
advantages of these methods of construction.

% INTRODUCTION wall was developed in about 1585 and over 40
m.ructums were constructed using same. The
nomodern times reinforced eartli structires echnique involves the ancl*.orn.g of a

developed in France is am invention of Henry t pe facing of a ie ammg wall o
Vidal & widely used in the werld as an tyres placed outside the active N
alternative earth retaining sSystem. tying the Lyres iogether to form a combiied
According to  historical evicdence, the sysiain.

principie has existed in ceuntiies iike

China in anclent times. The reinforced 2 CONSTRUCTION OF REINFORCED EARTH
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siriiciure comprises of three oDrincipal RETAINING WALL BETWEEN CULVERTS 19/6
Soiponents. A selected fill ideally a fiee & 19/8 R ~ W ROAD

crairding  well graded granuiar  inaterial

strengiheneld by reinfcrcing elements and Flg‘ as L shows the oross .;:ection_ oFf T
l-_m-uosed oin the exposed faces by «facing reinforced earth retaining w
its/ciladding. Strips of galvanised iron, Road way
: irdun or ... copper are used as g — o — LY
reinforcements and at  present polvier
materials and gecotextiles are also in use.
Treated
At the sites where thiese studies were & bamboo
. "ed oul, wvaliey sideslopes of the Stf-'lpsz
Apura-wWewelwatte (R-W) road Dbetween X —
¥ «'ez‘::.s 19/6 & 19/8 and at 23/8 had . a
"‘aps & in the Jate 1980° due to stream L& ya
‘g at the toe rlunng the rainy season.
normal situation in Sri Lanka, random P —
wibble masonry walls would have been (3 5m_length o
constructed at these sites in order to Foundation

reconstruct and retain the road embanknents.
dowever at the first sue, a reinforced
carth retaining wall with tre'ted DaNHec:
strips as reinforcements and used tyres as
facing elements, and at the second site . a .|
combination of reinforced earth and anchored”
iyre retaining wall were constructed on a in this methoZ, the barboe sirips were
{risl basis i 1951 ir: order to try out- the placed on a prepared foundation at intervals
reinforced earth system and to determine of abeat C.3m extending from the houndary of
Whether treated bainboo strips can be used. the retaining structure towards the
aibankment to a iength of abou‘ 5m. A gein of
The technigue of anchored tyre vetaining  scuap tyres were placed at the hovndary of .

Used tyres

Figure 1. Reinforced earth
retaining wall between
19/6 & 19/8 R-W Road
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the retaining structure to sicp ercsion aird
connected at the bottom to the baibod strips
by using nylons strings of 6mm diameter.
Clayey gravel with sand having a maximum dry
density under standard conditions of
compaction of 1600 Xg/m’ was placed on.the
Dbamboo strips and compacted to a height of
about 0.3m. This soil was also inserted
fully inside the tyres and sufficiently
compacted-manually. -Another similar set of
barmboo strips were placed on the compacted
so0il and connected to the next set of tyres
placed on top of the earlier set. This
procedure was repeated to form a reinforced
earth retaining structure to the required
height.

A locally available most suitable material
which is also inexpensive and readily
available as reinforcing element in Sri
Lanka is bamboo cut into strips. There are
several varieties in many parts of the
country which are quick growing and do not
require much attention. Although there
appears to be awareness of the
petentialities of bamboo, very .little
published data is available.

Amaratunga (1970} has looked into the
possibility of wusing bamboo strips as
reinforcements in reinforced concrete in Sri
Larika and published the following data for
comiion yellow (Dendrocalamus Strictus) and
green giant bamboo (Dendrocalamus Gigan

teus).

Tensile strength between ncdes 90-140 MPa
Tensile strength at nodes 70-130 MPa
Tensile strength of strips 70 MPa

Using a factor of safety of 4, the
permissible tensile stress of strips can be
taken as 17.5 MPa.

In this retaining wall bamboo strips of
about 50mm width x 4.6mm thickness were
used. In order to preserve these bamboo
strips, they were treated with copper
sulphate solution of 3% by weight of water
and Keeping same irmersed for minimun of 24
hours in a 5.5m long bath of the solution.

The construction of the retaining system
was carried out by uniskilled labour with the
help of basic hand tools which are familiar
to them. However to achieve the required
degree of compaction of the soil layers of
100 percent maximun dry density under
standard conditions of compaction for the
top 450mm and 95 percent of this density
below this level a plate vibrator or a
vibrating pedestal roller was utilized.
Although it is not theoretically required,
distribution bamboo strips of the same cross

¢

section were tied to the Strlcturay
reinforcing elements to form a gmat. "'Y‘xi"
method was adopted as a prt.‘k.clutlona(b
measure to avoid possible damases to iigs- y
reinforcement element during compactior,. T"q:.
reinforcement mat was pegged +o the
compacted soil layer prior to placing of L-n.;
subsequent layer of soil.
3 CONSTRUCTION OF COMBINED REINFORCED
EARTH AND ANCHORED TYRE, RETAINING
WALL AT CULVERT 23/8 R-W ROAD

At this site, a combination cf relluo'u:u
earth and anchored tyre retaining wall of
height varying from 2 to 3im weie construcs ted
to retain embankments of heights varying
from 4 to 6m. The reinforced earth vetaining
wall was constructed as before. The
construction of a typical anchored ch—:
retalnlng wall is described briefly ir. the
ensuing paragraph. The detaiis of thig
method will be given in a forthcoming paper
{Sumanaratne, Mallawaratchie & Xulatileke,
1996).

The foundation of the anchored tyre
retalmng wall was taken to a suitable C‘e;._ T
in stable ground. Scrap tyres of equal gizes
were placed flat on the foundatior: of the
retaining wall to interlock with eacl. other
and were iied together. Suitabie soil was
inserted fully 1inside the tyres and
compacted sufficiently. The space between
the tyres and the excavation was filled and
compacted with suitable soii. This procedure
was repeated by placing tyres one on top of
the other, filiing and compacting with soil
until the foundation is firmly formed.

Another row of tyres was then placed above
the ground level, tied with each othes to
interlock. Then they were tied with nylon
ropes of suitable diameter to every other
tyre and these ropes were tied to ancher
tyres placed in a stable zone ({passive
zone). The nuiber of tyres tied to an anchor
was limited to 4. Back filling up to the top
of tyre was then done using suitable fill
material. This procedure is repeated until
the required height was reached.

4 THE RESULTS OF TYPICAL LESIGN
CALCULATIONS FOR REINFORCED EARTH
RETAINING WALLS WITH BAMBOO STRIPS
AND TYPICAL VALUES OF PROPERTIES USED
IN SUCH CALCULATIONS.

In «carrying out the construction of
reinforced earth retaining walls using
bamboo strips, rule of thumb methods and
personal judgements were used. However,
subsequently design calculations carried out
in order to deterwine the stability of the
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soGcture wroved that the factor of safety
i3 above the recommended standard values.
This is further coniirmed by the present
stable and intact condition of the

 structures after a period of ahout 5 years

of their construction. In doing these
calculations, the foliowing values for the
properties of soil and bamboo were assuned
}'\ngle of internai fricticon of soil= 30':'
cohesion of soil 0"

sulk density of soil = 20KN/m’

Co-efficient of friction between

bamboo strips and soil = 0.577
= 17. 5MPa

Tensile strength of barboo strips

5 ADVANTAGES OF REINFORCED  EARTH

RETAINING WALLS

The major advantages of the use of
reinforced earth as retaining structures are

1. It is very flexible. Large vertical
settlements and lateral imovements cari be
accomwodated and good foundation conditions
are not =sgsential. :

2. Retaining structure can be made
simultaneniisly with the £ill.

3. Construction process is easy and quick
and does not require specialised machinery
or labour. Only standard equipment and
simple construction techniques combined with
locally available labour are required.

4. The use of less cohesive fill material
ensures that proper drainage exists.

5. Total cost can be 40% to 50% less than

that of the  conventional concrete walls, -

random rubble masonry and ‘gabion walls etc.

6. - Apparently there is no practical iimit
for height or width. '

7. The wall will match with the
surroundings ag it gets covered with
vegetation after sometime.

8. Reduction in construction time.

6 CONCLUDING REMARKS

_ The two structures described ‘in this paper

have peen successfully constructed using
lecally available materials like bamboo
§tlr: lPS_ ar?d scrap tyres. These methods are
éiwﬁgi mtenr;we wi.th many- advantages
oo rated  in  this  paper. Design
;?d_matlons carried out after construction
Eéelgff;e :d‘lat. the structures are safe with
6oil frélﬂlgn{gn of values for properties of
be av?olp " ggﬁmﬁo §E.r1p.s. These rpethods could
" anit wl::re L.\feal_.uy in countries like Sri
avzncad ‘31_m11ar condltlops prevail and

‘ tectmology and capital intensive
fquipment are lacking.
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