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Abstract: During olden days, construction used to be carried
out only on the sites having good strength. But now-a-days
availability of sites with favourable properties are limited. So,
thereis a need to modify the properties of subsoil using different
types of Ground Improvement Techniques. Depending upon the
nature of soil, a suitable economical technique needs to be
adopted. Soft soils have weaker strength and they are highly
compressible and take a lot of time for settlement. So, these are
typically problematic for construction. There is a need to improve
the condition by accelerating the rate of consolidation. To achieve
higher rate of consolidation, it is important to develop shorter
paths for movement of the water. A vertical drainage system can
be provided to accelerate the rate of consolidation and help to
minimise excess pore pressurein the sub-soil. Asaresult of this, a
stable situation is reached more quickly. Thus to enhance the
strength of the soil and to accelerate the consolidation rate,
vertical drains of different diameters and with varied spacing are
employed. The improvement in properties of soft consolidating
lithomargic clay is experimentally tested with vertical sand drains
in developed prototype. The vertical sand drains installed with
1.905 (0.75 inch) diameter and 6 cm spacing is more effective in
increasing Ultimate Bearing Capacity (UBC) of soil and also the
rate of settlement of 35.26 % is significant up to 60 kg of preloads.
Thus problematic lithomargic clay can beimproved in its strength
and settlement characteristics.

Keywords: Lithomargic clay, Ultimate Bearing Capacity, Rate
of consolidation, Vertical drains.

I. INTRODUCTION

With the rapid modernization of towns and industries,
there is a beginning to a new era which needs all kinds of
resources. One such major resource is land availability. As
favourable land is not available in abundance, thereis a need
to improve the available unfavourable land, as these soils
may not have adequate geotechnical or engineering
properties. The soils and its properties varies from place to
place and each one has its own characteristics. These can
sometimes result in poor drainage system, decreased bearing
capacity etc. Theseissues may also be due to reasons such as
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filled sites, low-lying waterlogged areas, waste lands, lands
filled with high deposits of soft saturated marine clay or site
location in seismic areas. Soil consolidates only in vertica
direction due to preloads. In addition to pre-loading, we can
increase the consolidation speed by using vertical drains.
This results in reduction of lesser pre-load. It increases the
consolidation rates significantly by facilitating combination
of radial and vertical consolidation. Ground Improvement
technique consists of Hydraulic, Mechanical, Physical,
Chemical, biological modifications or combination of such
methods and modification by inclusions [1]. In the case of
highly consolidating soils, there are many techniques which
areinvolved for the improvement of the same. Soft soilshave
weaker strength and they are highly compressible and take a
lot of time for settlement. So, these are typically problematic
for construction. It is difficult to rely on engineering
properties of thistype of soil. Thereis aneed to improve the
condition by accelerating the rate of consolidation and by
improving the soil we can aso reduce the depth of the
foundations which bear heavier loads making it more
economical.

The theory of consolidation according to Terzaghi, states
that for a given soil mass the time required to reach a
particular degree of primary consolidation is directly
proportional to the square of the longest drainage path. If the
travel distance of the water in a soil mass is decreased, then
consolidation occurs more quickly. This can be attained by
installing drains[2].

Asthe clay isless permeable, the consolidation settlement
of soft clay requires alonger time for completion. To reduce
the duration of consolidation settlement, vertical drains are
placed either with an embankment or by applying vacuum
pressure as preloads.

The vertical drains with a specific pattern enable both a
radial and avertical water flow in the soil. The water from the
drains is transported to a drainage cloak on the surface or
deeper into highly permeable layers in the soil. The
combination of vertical and radial water flow reduces the
time needed for consolidation settlement than that of vertical
flow depending upon the spacing of the drain. The drains
reduce the excess pore pressure during consolidation by
sgueezing it out of a soil.

The lithomargic clay, generally found below the lateritic
soil. This soil constitutes major portion of silt deposits. This
lithomargic clay is dispersive in nature and is liable to
erosion, which is largely found in the western coast of South
India. Since the soil has high silt content and high sensitivity
towards the water, it invites many problems such as uneven
or excessive settlement, slope failure, embankment failures
and foundation failures.
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The lithomargic clay in its saturated conditions show a
significant reduction in strength. The study on lithomargic
clay witnessed the improvement in the geotechnical
properties after mixed with cement and crusher dust [3].

The coefficient of permeability rises with percentage
increase in sand content and decreases with with percentage
of coir increase in lithomargic soil as studied by [4]. They
also found the CBR value in both soaked and unsoaked
condition increases with the increase in sand and coir. The
Unconfined compressive strength (UCS) increases up to a
certain limit with the increase in sand percentage whereas
UCS increases continuously with increase in percentage of
coir. Experiments conducted by [5] tested the suitability of
lithomargic clay combined with 5% marine clay to act as
landfill liner material. They stated that low permesability,
strength, potential to shrink make blended lithomargic clay
an ecofriendly potentia landfill liner material. As per the
study of [6], the randomly distributed tyre chips induce
friction to the lithomargic clay, indicated by the increase in
the internal angle of friction (®). The value of California
Bearing Ratio ( CBR) of lithomargic clay can be effectively
increased when modified with optimum dosage of cement
and randomly distributed tyre rubber pieces. Addition of 35%
fly ash to the lithomargic clay was found to be optimum and
maximum unconfined strength of 321.14 kPa was achieved
after 90 days of curing asinvestigated by [7]. They also stated
that addition of sodium salts such as sodium chloride (NaCl)
and sodium hydroxide (NaOH) at 1% on the clay-fly ash
further increases the UCS values. In the study conducted by
[8], polypropylene strips were added at concentrations of 1%,
2%, 3% and 4% and it was observed that the strength of the
soil wasimproved at each percentage of addition. However, a
maximum compressive strength was observed at optimum
proportion of 3%.

Coastal part of Karnataka is an area which is highly
stressed due to developmental activities. Lithomargic clay is
a type of soil which is found below laterite along coasta
Karnataka, which requires an extensive study to make it
suitable to withstand any engineering structure like buildings,
pavements, railways, dams etc. The cost of construction can
be minimised by selecting localy available materias
including locally available soils for the construction.

. METHODOLOGY

The research aims at exploring the behaviour of vertical
drains in improving the soft consolidating soil. A positivism
paradigm is selected as it includes quantitative evaluation of
variables through experimentation. Here a deductive mode
will be considered and empirica strategy is used.
Experimental method will be used asit is possible to identify
the effect of independent variable (diameter of vertical sand
drains and spacing of vertica drains) on the dependent
variable (Ultimate bearing capacity of soil and rate of
consolidation). Simulation technique is considered for the
performance evauation of vertical sand drains in improving
the soil properties.

A. Identification of soft consolidating soil

The soil selected is a soft consolidating soil collected from
Kolagiri, Udupi which is highly compressible in nature. The
purposive sampling method is adopted since the soil required
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was soft consolidating soil. A grid is formed to take sample
from various parts and then mixed thoroughly to get
homogeneous sample for testing.

B. Conducting basic geotechnical tests

The soil thus collected is evaluated by conducting all the
basic geotechnica tests like Specific gravity, gradation
analysis, Hydrometer analysis, Consistency limit test,
Standard proctor compaction test as per IS standard
procedure.

C. Design of Laboratory model

After evaluating the soil samples and identification of soft
consolidating soil, a laboratory prototype is developed to
simulate the field conditions as shown in the figure Fig. 1.
The soil is filled in the rectangular tank of dimension 0.5m
*0.5m* 1m and then subjected to the static load with the help
of rectangular plate on the top surface of the soil. A plate of
size0.1 mx 0.1 mwill be placed at the center to load the soil
and is maintained till the end of consolidation process. The
load versus deformations are studied with the various cases.
The tests are conducted for soils with and without vertical
drains.

Thetesting is carried out with a triangular pattern of vertical
drains. The test is conducted to investigate the influence of
various diameter of vertical sand drains (independent
variable) for 1.27 cm (0.5 inch), 1.905 cm (0.75 inch) and
254 cm (1.0 inch) with different spacings (independent
variable) of 6 cm, 8cm and 10 cm on the ultimate bearing
capacity (dependent variable) of the soil and rate of
consolidation (dependent variable). The test is performed for
various increment in load from 10 kg (0.098 kN) to 100 kg
(0.981 kN) at an interval of 10 kg (0.0981 kN)

\ Loading frame

yZ

; ™=~ Load
Dial gauges

\ Rectangular tank

Soil

Vertical sand drains

Fig. 1. Elevation of prototype
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I11. RESULTSAND DISCUSSIONS

A. Basic geotechnical properties of the soil
The results of geotechnical tests are shown in the Table 1.

Table- |: Basic geotechnical properties

Physical Property Value
Specific Gravity 2.52
o Gravel size (%) 3
Grainsize i
) Sand size (%) 28
Analysis i i
Silt & Clay size (%) 69
Liquid Limit (%) 48.17
Atterberg Plastic Limit (%) 31.65
Limits Shrinkage Limit (%) | 28.36
Plasticity Index (%) | 16.52
Maximum Dry Density( kN/md) 15.94
Optimum Moisture Content (%) 19

From the geotechnical test results, soil comes under the
classification of medium plastic silt. It can be concluded that
the soil isrich in silt and clay which is soft consolidating soil.
B. Consolidation of soil without vertical drains

The consolidation of basic soil is carried out in the laboratory
without vertical drains and the settlements are recorded for
every load increment. The results are plotted as shown in Fig.
2.

Load (kN)
0 01 02 03 04 05 006 0.7 08 09 1
0 L 4

20
40
60

80

Settlement (1mm)

100

120

Fig. 2. Settlement vsLoad - Without Vertical Drains

C. Consolidation of soil with vertical drain

The bearing capacity and rate of consolidation are calculated
for various diameters and spacings of vertical drains as
follows:

Case 1: Vertical sand drain of 1.27 cm (0.5 inch) diameter
with 6 cm spacing

From Fig. 3, the ultimate bearing capacity of soil for
1.27cm diameter and 6 cm spacing is found out to be 51
kN/m?. For the pre-loads of 0.098 kN to 0.59 kN, it showed a
significant effect of vertical drains than that of soils without
vertical drains.
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Load (kN)
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Fig. 3.Settlement vsLoad — 1.27 cm diameter and 6 cm
spacing

Case 2: Vertical sand drain of 1.905 cm (0.75 inch) diameter
with 6 cm spacing

Load (kN)
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80
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Fig. 4. Settlement vsLoad — 1.27cm diameter and 6 cm
spacing

From Fig. 4, the ultimate bearing capacity of soil for 1.905
cm diameter with 6 cm spacing is found out to be 59 kN/m?2.
For the pre-loads of 0.098 kN to 0.59 kN, it showed a
significant effect of vertical drains than that of soils without
vertical drains. A maximum ultimate bearing strength is
observed at this combination and also the rate of settlement of
35.28 % is significant up to 0.59 kN and final settlement is
observed to be higher than soil without vertical drain.
Case 3: Vertical sand drain of 2.54 cm (1 inch) diameter with
6 cm spacing
From Fig 5, the ultimate bearing capacity of soil for 2.54 cm
diameter with 6 cm spacing isfound out to be 55 KN/m2.
In this pattern of vertical drain, thereisno significant increase
in consolidation but the ultimate bearing capacity of the soil
shows relatively higher value may be because of reinforcing
effect caused by vertical drain.
Load (kKN)
00 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0
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Fig. 5.Settlement vsLoad for 2.54 cm diameter with 6 cm
spacing
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Case 4: Vertical sand drain of 1.27 cm (0.5 inch) diameter
with 8 cm spacing

Load (kN)
00 0102030405060708°70910
0 ’

Settlement (1mm)

120
140

Fig. 6. Settlement vsLoad for 1.27 cm diameter with 8 cm
spacing

From Fig. 6, the ultimate bearing capacity of soil for 1.27cm
diameter and 8 cm spacing is found out to be 47 kN/m?. The
rate of consolidation is significant up to a preloading of 0.59
kN kg ranges from 25 % to 45% compared to soil without
vertical drain. The final settlement of the soil of 110mm is
higher than the soil without vertical drain.

Case 5: Vertical sand drain of 1.905 cm (0.75 inch) diameter

with 8 cm spacing

Load (kN)
00 01 020304 0500607 08 09 10

Settlement (1mm)

100
120
140

Fig. 7. Settlement vs Load for 1.905 cm diameter with 8
cm spacing

From Fig. 7, the ultimate bearing capacity of soil for 1.905
cm diameter and 8 cm spacing is found out to be 49 kKN/m2,

The rate of consolidation is significant up to a preloading
of 0.59 kN ranges from 14 % to 51% compared to soil
without vertical drain. The fina settlement of the soil of
115.03 mm is higher than the soil without vertical drain.

Case 6: Vertical sand drain of 2.54 cm (1 inch) diameter with
8 cm spacing
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Load (kN)
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Fig. 8. Settlement vsLoad for 2.54 cm diameter with 8 cm
spacing

From Fig. 8, the ultimate bearing capacity of soil for 2.54
cm diameter and 8 cm spacing is found out to be 43 kN/m?2.
The rate of consolidation is not significant for any of the
preloading and moderately higher than soil without vertica
drain.

Case 7. Vertical sand drain of 1.27 cm (0.5 inch) diameter
with 10 cm spacing

Load (kN)
00 01 02 03 04 05 06 07 08 09 1.0

Settlement (mm)
L=
=

100
120

Fig. 9. Settlement vs Load for 1.27 cm diameter with 10
cm spacing

From Fig. 9, the ultimate bearing capacity of soil for 1.27
cm diameter and 10 cm spacing is found out to be 37 kN/m?2.
The rate of settlement is observed to be significantly high up
to preloads of 0.49 kN.

Case 8: Vertical sand drain of 1.905 cm (0.75 inch) diameter
with 10 cm spacing

From Fig. 10, the ultimate bearing capacity of soil for 1.905
cm diameter and 10 cm spacing is found out to be 39
KN/m?. The rate of consolidation is significant up to
preloads of 0.49 kN and moderate at other preloads.
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Load (kN)
00 01020304050607 080910

Settlement (1mm)
[=2
=

Fig. 10. Settlement vsLoad for 1.905 cm diameter with
10 cm spacing

Case 9: Vertical sand drain of 2.54 cm (1 inch) diameter with
10 cm spacing

From Fig. 11, the ultimate bearing capacity of soil for 2.54
cm diameter and 10 cm spacing is found out to be 47 KN/m2.
The rate of consolidation and final settlement isless than the
soil without vertical drains but ultimate bearing capacity is
relatively higher may be dueto the sand column effect caused
by installed vertical sand drains.

Load (kN)
00 01 02 03 04 0506 07 08 09 1.0

o —
= = =
-

-

D
=1
-

n
=

Settlement (1mm)
4=
[

- o
=

-
L ]

80

Fig. 11. Settlement vsLoad for 2.54 cm diameter with
10 cm spacing

The values of Ultimate bearing capacity (UBC) of various
combinations are tabulated in the below table (Table I1).

D. Rateof Consolidation

The rate of consolidation with respect to the settlement
corresponding to each preloads are shown inthe Tablelll and
Fig. 12.
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Table- 11: UBC valuesfor different diametersand

spacings
. UBC
Experimental setup (kN/m?)
Soil Without vertical
X 45
drains
Casel 51
Case 2 59
Case3 55
Sail Case 4 47
With
vertical Case 5 49
drains Case 6 43
Case7 37
Case 8 39
Case9 47

110.00
90.00

70.00

S0
oo SO0 IO AR LR RAL Lt

-10.00 -0.098 0.196 0.294 0.392 0.491 0.589 0.687 0.7 5 OSS OGS

=3
=3

Rate of consolidation (%)

-30.00
Load (kN)

W (Case 1 ®WCase 2 ™ Case 3 W Case 4 WCase 5 WCase 6 WCase 7 W Case 8 W Case 9

Fig. 12. Variation of rate of consolidation for different
preloads.

IV. CONCLUSION

The following conclusions can be derived based on the
experimental investigation,

» Theproperties of soft consolidating lithomargic clay can
be improved using vertical sand drains.

» Thevertical sand drainsinstalled with 1.905 (0.75 inch)
diameter and 6 cm spacing is more effective in increasing
ultimate bearing capacity ( UBC) of the soil and also therate
of settlement of 35.26 % is significant up to 0.59 kN of
preloads.

» Considering the various combinations of diameter and
spacings, in most of the cases, the consolidation rate is high
up to 0.59 kN of preloads and then decreases indicating the
effective performance of vertical drains in accelerating the
consolidation process.

» The rate of consolidation and final settlement may be
less than the soil without vertical drains but ultimate bearing
capacity is relatively higher may be due to the reinforcing
column effect caused by installed vertical sand drains as in
case 9.
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Table- I11: Therate of consolidation with various experimental setup

Load Casel Case 2 Case 3 Case4 Case5 Case 6 Case7 Case 8 Case9
kN
E).09)8 0.951 30.16 52.44 25.48 14.83 30.16 68.12 79.34 92.08
0.196 2.245 25.27 0.47 23.98 24.95 5.94 70.07 71.23 0.47
0.294 20.905 20.85 5.23 32.49 41.76 3.10 76.27 76.67 0.93
0.392 25.852 8.06 12.73 21.44 34.19 3.39 64.40 58.03 9.76
0.491 39.903 28.54 4.03 46.73 51.17 6.49 72.55 67.75 1.49
0.589 29.774 35.28 9.05 3177 25.05 2.96 46.93 43.64 2.69
0.687 5.452 8.54 0.47 23.06 4.87 3.64 11.79 13.22 -3.42
0.785 20.448 22.64 0.28 17.00 0.72 2.98 22.20 27.58 -23.48
0.883 16.056 18.17 0.43 27.90 9.70 1.35 18.86 22.93 -27.30
0.981 13.380 21.02 6.19 20.42 25.93 1.69 18.85 17.75 -23.37
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