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Experimental studies on the performance of soft clay improved with pervious concrete
drains
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ABSTRACT: Granular columns have gained significant importance as a ground improvement technique for soft soils.
But if the soil is very soft to provide lateral confinement to the column, stiffer drains that do not derive strength and
stiffness from the surrounding soil should be adopted. The objective of the present study is to understand the influence
of stiff drains arranged in a triangular pattern in improving soft clay through laboratory model tests. A short series of
model tests were conducted in a large oedometer in the laboratory. Kaolin clay was used for modelling the soft soil
and stiff drains of 14 mm diameter (in model dimensions) were made of pervious concrete. For this purpose, a custom-
designed and developed test setup was used such that a soft clay bed with and without stiff drains has 60 mm thickness
and 170 mm diameter for simulating axial symmetric conditions. The presence of stiff drains is found to significantly
influence the consolidation behaviour by accelerating the process. Further, an attempt has been made to assess the gain
in shear strength and compressibility characteristics of the soft clay layer with and without stiff drains. The results of
this study lead to understanding the use stiff drains for improving the consolidation characteristics of soft clay.
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1 INTRODUCTION pervious concrete, a special type of concrete which is
made of uniform sized aggregate with little fines.
Pervious concrete, with almost zero slump, possesses
high porosity with connected pores. Pervious concrete
piles possess higher strength and stiffness irrespective of
the surrounding soil as compared to stone columns and
geosynthetic encased stone columns while being equally
permeable which can accelerate the rate of dissipation of
excess pore water pressure. As the pervious concrete pile
reinforced composite ground is loaded vertically, the
vertical stress on piles increases and that on the soil
decreases with time, called the stress concentration
which depends on the stiffness of piles. This stress
transfer process is more pronounced when the soft
ground is reinforced with pervious concrete piles than
with stone columns due to their higher stiffness.

Suleiman et al. (2014) first reported the behaviour
of pervious concrete piles in sand under vertical loading
and compared with the behaviour of granular columns.
Lateral loading behaviour of pervious concrete piles
installed in well graded sand was investigated by Ni et
al. (2015). Later, Ni et al. (2017) studied the generation
of pore water pressure and its dissipation while driving
permeable piles as compared to driving normal piles.
The present study focusses the role of pervious concrete
piles in accelerating the process of consolidation through
a short series of oedometer tests in the laboratory.

Huge demand for infrastructure led engineers to
utilize the incompetent land filled with soft soils as a
thrifty measure. To aid the construction in the thick clay
layers, the most viable option is hydraulic modification
which involves draining the pore water thus increasing
the shear strength of the soil by providing an additional
drainage path.

Stone columns have been used in many parts of the
world as a soft ground improvement technique. They
take higher load than surrounding soil due to their higher
stiffness. But stone columns derive their strength and
stiffness from the lateral confinement provided by the
surrounding soil. If stone columns are installed in very
soft soils with undrained shear strength, ¢, < 15 kPa, they
fail in bulging due to lack of lateral support. This
problem was answered to some extent by the
development of geosynthetic encased stone columns.
The geosynthetic encasement provides lateral
confinement to stone columns and is modelled as a thin
cylinder subjected to internal pressure called hoop stress
caused due to vertical loading. But as the compressive
load coming on the geosynthetic encased stone column
increases, the hoop tension the encasement is being
subjected to also increases and if this exceeds the tensile
strength of geosynthetic, it results in the tearing of the
geosynthetic encasement. These limitations accentuate
the need to develop stiffer and permeable inclusions as
an alternate ground improvement technique.

Pervious concrete piles are essentially made of Commercially available kaolin clay was selected for

2  MATERIALS
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experimental investigations whose specific gravity is
2.54, liquid limit is 43%, plastic limit is 25% and
classified as CL according to USCS classification. The
permeability of kaolin was found to be 1.5 x 10° m/s.
Grade-I sand passing through 2 mm sieve and retained
on I mm sieve was used for the preparation of pervious
concrete whose specific gravity is 2.63 and classified as
SP according to USCS classification system. OPC grade
53 cement was used whose specific gravity is 3.1.  Fig.
1 shows particle size distribution of kaolin and grade-1
sand used in the present study.
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Fig. 1. Particle size distribution of Kaolin and Grade I sand.

Pervious concrete piles were casted in a split mould
and the mix proportion was achieved by the following
formula taken from Cai et al. (2021).

mg , mc

+
Pa Pc

+™p=1 (1)
Pw
where ma, m. , mw are amounts of aggregate, cement
and water per unit volume; pa, pc, pw are densities of
aggregate, cement and water respectively. p is the
designed porosity.

Fig. 2. Split mould for casting pervious concrete piles.

A water cement ratio of 0.4 and cement to sand ratio
of 0.2 was assumed after carefully considering the
compressive  strength  values, permeability and
workability of the mix. The permeability of the adopted
mix is 5.89 x 10* m/s, which is about 10° times the
permeability of kaolin and compressive strength is
11 MPa after 28 days of curing.
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Fig. 3. Prepared sample of pervious concrete pile.

Split mould was fabricated to ensure uniformity in
casting the piles for model tests. The mould shown in Fig.
2 gives a pile of 14 mm diameter and 60 mm length.
These dimensions of pile were considered for the
triangular arrangement of pervious concrete piles with a
spacing of three times the diameter of pile. After the mix
is thoroughly prepared, it was poured into the mould in
three layers by tamping. The piles are demolded after 24
hours and cured thereafter. Pervious concrete pile after
28 days of curing can be seen in Fig. 3.

3 EXPERIMENTAL PROCEDURE

Consolidation tests on pervious concrete pile
reinforced ground was done in a large oedometric cell
(170 mm dia., 80 mm depth and with a concentric collar
of 30 mm height). Kaolin was mixed at water content of
1.2 times liquid limit and left for 24 hours to ensure
complete saturation. The slurry was then poured into the
cell and the sample was loaded to obtain a consistency
index of 0.1, which is reached by applying a vertical
stress of 80 kPa. This procedure is common for any test
to prepare the clay bed. This is denoted as Stage I of the
experiment. After the preparation of clay bed, three types
of tests were conducted: (i) unreinforced kaolin, (ii)
pervious concrete pile reinforced kaolin without
stressing the piles, (iii) pervious concrete pile reinforced
kaolin by stressing the piles. The loading period for all
the cases was 24 hours for every stress increment. The
sample was loaded till 271 kPa due to loading frame
limitations. As the sample was already pre-consolidated
till 80 kPa , a load of 80 kPa was applied on the sample
and further loaded till 271 kPa in two loading steps, i.e.,
160 kPa and 271 kPa. This is denoted as Stage II of the
experiment. Tests were conducted assuming triangular
arrangement of piles with spacing equal to 3 times
diameter of pile as shown in Fig. 4.
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Fig. 4. Plan view of the test arrangement.

An intermediate plate was fabricated with grooves
according to the chosen test pattern as shown in Fig. 5.

Fig. 5. Intermediate plate for experiment without stressing piles.

For the experiment where pervious concrete piles
were not stressed, custom designed intermediate plate
was used in addition to the loading plate allowing the
piles to pass through the openings of the plate, as the soil
consolidates (as shown in Fig. 5). For the experiment
where pervious concrete piles were stressed, a layer of
sand of 20 mm thickness was placed above the pervious
concrete pile reinforced kaolin clay bed separated by a
filter paper and non-woven geotextile. This sand layer
helps in stressing both the piles and soil because if a
loading plate was placed directly above the reinforced
clay bed, after some time when soil starts consolidating,
total load will be taken only by the piles as they do not
deform.

4 RESULTS AND DISCUSSION

Figs. 6 and 7 present the time vs settlement
relationship and applied pressure vs settlement
relationship respectively after the installation of pervious
concrete piles for two load increments. It can be clearly
seen from the graph that settlements have reduced
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considerably due to pervious concrete piles. As the piles
are much stiffer than soil, this reduction occurs. When
the piles were not stressed, the role of stiffness of piles
didn’t come into action, hence reduction in settlement
was less. Further, in this paper, only measured
settlements for two loading steps are reported for
comparison purposes.
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Fig. 6. Time vs Settlement after preparation of clay bed for two
loading steps.
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Fig. 7. Applied pressure vs Settlement after preparation of clay
bed for two loading steps.

Degree of consolidation for a particular load step is
calculated from the void ratio obtained in the oedometric
tests. The settlement at the end of loading period (24
hours) was taken as the final settlement to compute
degree of consolidation at any time. The degree of
consolidation is corrected for initial compression by
following the procedure given by Sridharan et al. (1996)
using square root of time fitting method. Figs. 8 and 9
represent degree of consolidation vs time for loading
steps 80 - 160 kPa and 160-271 kPa by correcting initial
compression respectively.

As it can be seen from Figs. 8 and 9, the average
degree of consolidation is greater for pervious concrete
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pile reinforced soil, when they are stressed. This can be
attributed to the stress transfer between the soil and pile.
Pervious concrete piles carry majority of the load due to
which the stress on soft soil reduces which also decreases
the amount of pore pressure generated and dissipates
immediately due to the drainage provided by the piles.
The stress concentration ratio increases with time to
reach a steady state stress concentration ratio. In granular
columns, as this stress transfer happens, the granular
column also deforms owing to its compressibility. Butin
the case of pervious concrete piles, the piles do not
consolidate and get crushed at the bottom after bearing a
certain amount of stress which can be related to its
compressive strength or load carrying capacity. In fact,
this was observed in an oedometer test done on pervious
concrete pile reinforced ground by stressing the
reinforced ground. Further research with partially
penetrating pervious concrete piles is being planned in
this regard to establish this relation in comparison to
theoretical approaches.
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Fig. 8. Average degree of consolidation vs time for 80-160 kPa
load step.
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Fig. 9. Average degree of consolidation vs time for 160 -271 kPa
load step.
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5 CONCLUSIONS

Laboratory experiments on consolidation of kaolin
and pervious concrete pile reinforced kaolin were
presented. Pervious concrete piles were initially not
stressed allowing them pass through the openings of
loading plate as the soil consolidates. But, as stress
concentration plays a major role in the consolidation
using pervious concrete piles, so they were stressed by
adopting a flexible loading pattern using sand. As
expected, the settlement reduction was more when the
piles were stressed. Average degree of consolidation was
calculated from settlements. The above inferences were
made based on preliminary tests carried out so far.
However, more tests with proper instrumentation are
warranted for understanding the consolidation behavior
of pervious concrete pile reinforced soft ground.
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