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Abstract
During recent decades, ground improvements usirggenaaterials have been encouraged in many cosi@sie
a cost effective way. This paper discusses apicatf coir wastes in vertical drains as a substitumaterial
to sand.
The permeability behaviours of the combined maltefiaea sand and coir waste were studied and they
were sufficient for vertical drains. The inclusiohvertical drains in the soft clay was physicaitydeled and
the drains were filled by the mixed material. Thtady showed that consolidation rate of soft clagyréased
largely with the vertical drains. Finally, an optim coir percentage was proposed.
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1. Introduction

During recent decades, ground improvements usirgjemaaterials have been encouraged in many
countries to solve mainly two problems at the sdime. The usage of waste materials solve some
environmental and economical problems caused byewasself as waste disposal needs a large
budget. Ground improvements too need some materi@stly expensive materials. Therefore, in
many ways, the concept of using waste materialgfound improvements seems to be cost effective
and reasonable especially for developing counlikesSri Lanka.

This paper discusses application of coir wastegeitical drains as a substitution material to
sand, the traditionally used material. The sandéhdrare used as a ground improvement technique to
accelerate settlements of soft ground. The sandmally taken from rivers also had been a major
environmental issue. Therefore, in this researeh,seind was used. It was previously reported that S
Lanka produces over 0.5 million tons of coir wasteswally [1]. In some part of Sri Lanka,
especially along coastal areas, coir waste dumipavg become a serious environmental issue as the
waste are dumped as open dumps as shown in Figitente, in this research, application of coir
wastes to partially replace sand for vertical dsairas studied.

As the main function of vertical drain is to flonater quickly, permeability behaviours of the
combined material of sea sand and coir waste wadiesl. The constant head permeability tests were
conducted to study permeability characteristice Miaterials were mixed with certain percentage by
weight. The consolidation behaviour of soft clagsllected from a section of Southern expressway
was also studied using consolidation tests. Théusimn of vertical drains in the soft clay was
physically modeled. The consolidation tests weneedas three cases, where effects of vertical drains
in soft clay and then as a separate case, thetei®¢sand and combined material in vertical drains
were studied.

The permeability and consolidation characteristiss well as some data of cost of the
materials and environmental issues were considereddcide how much coir wastes would be mixed
for the combined material. Finally, a model waspmsed to determine a percentage of coir waste to
use for vertical drains.

2. Material and methods
As mentioned above, sea sand and coir wastes wi@ssl o make a combine material which was
used as a filling material for vertical drains.

2.1 Coir wastes
The coir wastes were collected at a dumping ftted in Nugaduwa, Galle and Figure 2 shows the
site. The brown colour coir is harvested from fullyened coconuts. It has been reported that thie co
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are thick, strong and has high abrasion resistgtjc€urther, it was found that the coir fibres tain
more lignin and less cellulose which made themnliesdj strong and highly durable.

The content of fibres is important as they maleutrtical drains more stable in soft grounds.
The sieve analysis tests were done to evaluatécleadistribution and percentage of fibres on the
collected coir wastes.

Figure Zoir wastes dumping site at Nugaduwa

2.2 Sea sand
As the research was done at University of RuhuradleGthe sea sands were collected from the coast
near to Galle fort area. The sieve analysis wag domvaluate particle size distribution.

2.3 Soft clay
The soft clays were collected from a section oh8ot expressway (CH: 15+000 from Kurundugaha
Hetekma). There were many places along the expegsaivere soft clays were removed or structural
measures were done for ground improvements. Figgreows the soft clays collected area.

Atterberg limit tests were conducted to clasdify soft clay collected. The liquid limit, plastic
limit and plasticity index were evaluated with Atierg limit test.
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Figure 3: Soft clagllected area

2.4 Mixing of coir wastes and sea sand
The mixing of coir wastes and sea sand were doimg tlse mixing machine shown in Figure 4 and
Figure 5. The percentage of coir wastes for theumixwas changed from 0 to 100 (on weight based)
as shown in Table 1.

The mixing time (5 mins) was kept constant forreaample as to keep same conditions for
every sample.
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Figure 4Material mixing machine Figure Bfter mixing coir wastes and sand

2.5 Permeability tests

The permeability characteristics were examined lopgtant head permeability tests. The sample
preparations were done slightly different to thengiard as in some cases, coir fibres tend to gepara
from the sand during sample preparations. Therggwmahown in Figure 6, constant number of blows
from a small rod (5 blows) was applied while apptysome water into the sample. The samples were
prepared in three layers. Figure 7 shows a prepsaegle.

r

Figure 7:The prepared sample

2.6 Consolidation tests
The laboratory one-dimensional consolidation testse conducted for three cases, one is for the soft
clay specimen without a vertical drain. The othgo ttases were done with vertical drains, at the
centre of the specimen. The vertical drains wetkedfiby sea sand and combined material
respectively. As a typical case, the combined nalteras selected as 50% of coir wastes with 50% of
sea sand by weight.

The specimens were prepared as 50mm in diameter2@mm in thickness. The ratio of
vertical drain diameter to sample diameter wascséetkas 1/10. Figure 8 shows the specimen
prepared for consolidation tests.
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Figure 8:(a) Application of vertical drain and (b) verticdtain filled by combined material

3. Results
The results of laboratory experiments are showgraphical forms.

3.1 Particle size distribution
Figure 9 and Figure 10 show the particle size ihistion curves of sea sand and coir wastes used for
experiments.
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Figure 9:Particle size distribution (a) sea sand and (b)aeastes

3.2 Permeability tests

The Constant head permeability tests were dong faises, ranging coir wastes from 0% (sea sand)
to 50% on weight based. As typical cases, only flata few tests are shown in figure 10 and Figure
11.
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Figure 10:The graph of g vah for coir waste of (a) 5% and (b) 20%
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Figure 11:The graph of q vah for coir waste of (a) 50% and (b) 0% 9 sea sau@e)

3.3 consolidation tests

The results of consolidation tests for three caseshown in Figure 12.
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Figure 12:The consolidation graphs for all cases

4. Discussions

The permeability tests indicated that coefficiefitpermeability K) reduces with amount of coir
wastes added. The valuelofor sea sand was 0.121 (cm/s) while that of cortbimaterial (50% of
coir wastes) was 0.048 (cm/s) as shown in Tablend Eigure 13. Therefore, it is clear that the
reduction ofk with 50% of coir wastes is about half of sea sdrgk 50% coir wastes by weight based
is equivalent to about 80% by volume. Thereforahwiosts involved, the usage of coir wastes for
vertical drains can be justified though it redupesmeability slightly.

As practical application will be based on volurties coefficient of permeability was plotted
against the coir percentage by volume as showrnguar& 14. A model to determine required k with
coir percentage was also proposett a€0.1173 — 0.000@9 wherec, is coir percentage by volume.
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Table 1:The details of the samples >
Case Coir by Coir by K § 012
No weight (%) | volume (%) | (cm/s) X 010\
= - ~_.
1 0 0| 0121 B, 7
2 5 18| 0.098| E \
S 0.06 ]
3 10 32| 0.091 5
4 15 43| oo77| %% ’
5 20 52| 0070, € 90
S 0.00 ‘ : : : : :
6 30 65| 0.064|  © B TTE T e T 4 32 a0 48
7 40 74| 0.052 Coir percentage, (%)
8 50 81| 0.048

Figure 13The variation of k with % of coir
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Figure 14The proposed model for k

The consolidation tests showed that inclusion ofie@ drains increased the coefficient of
consolidations from 1.446 (nffmin) to 3.457 (mrfimin) where vertical drains were filled by sea
sand. However, the typical case of the combinecer@t(50% of coir wastes) increased it only to
1.973 (mri/min).

The soft clay used was classified as high plagtgit from the Atterberg limit tests where
liquid limit, plastic limit and plasticity index e&l as 67, 40 and 27(%) respectively.

As shown in Figure 9 (b), the fibre (over 2mndiameter) content is about 25%. It had been
found in the literature that inclusion of fibregiease the strength of soil [2 and 3]. This higloamnh
of fibres will increase the stability of the vegldrains.

5. Conclusions

Following conclusions could be made.

The permeability reduces slightly but even with 86P&oir wastes (on volume based), the combined
material gives about half of permeability givend®a sand.

The coefficient of permeability gives a linear tada with percentage of coir wastes mixed.
Therefore, once the value &fis determined based on site conditions, the requamount of coir
wastes mixed can be determined (Figure 14).

Consolidation tests showed that inclusion of vattdrains increased the consolidation rate.
Further, it was observed that addition of coir wasas a filling material to vertical drains gives a
reasonable consolidation rate.

As coir wastes make some environmental problems thds recommended to use them as
filling material to vertical drains.
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Based on the experimental results and some literadata on costs of materials [1], it is
proposed to use coir percentage about 50% (on weigked) for filling materials. However,
depending olk, the percentage can de determined as shown ime=igu
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