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Abstract

Granular piles in very soft soils may not drive significant load capacity because of the low lateral
confinement offered by soft soils, which leads to excessive bulging and squeezing of soft clay into the
void space. To overcome this problem, geosynthetic encasement of individual granular piles is an
effective method to improve the performance of the granular piles as providing additional confinement.
The use of recycled aggregates as a pile material offers a practical alternative from economic, technical,
and environmental standpoints. This is due to their suitable engineering properties, which allow them to
be used as additional materials in several geotechnical applications. The main objective of this research is
to investigate the behavior of encased granular piles using different types of aggregate as a granular pile
material (basalt, crushed concrete, crushed red bricks and crushed ceramic). In the present research, three
series of laboratory model tests using the unit cell concept were performed to investigate the effect of
encasement on the behavior of granular piles. For comparison purposes, ordinary granular piles were also
tested and evaluated. The results show that the ultimate load capacity of the soft clay soil increased by
using the encased granular piles. Economically, using partial encasement is more efficient than using total
encasement.
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encasement; Geogrid; geotextile.

1. Introduction

Due to the increasing necessity of land, the need
to use marginal sites with poor engineering
properties has become mandatory. Granular piles
are one of the most applicable techniques for
improving soil conditions. This technique is
assessed as more useful and economic than other
techniques .Granular piles have been widely used to
support structures on soft clay soil by increasing
bearing capacity and reducing settlement, and
accelerating consolidation of soft soil [1, 2, 3, 4].
However, when the soft soils are extremely weak,
the granular piles are not operative to improve their
load capacity. It is well-known that the granular
piles originate their load-carrying capacity from the
lateral confining pressure provided by surrounding
soil [5, 1, 6]. When granular piles are installed in
very soft soils or in layered soils where the top
layer is very soft, they may not drive significant
load capacity owing to low lateral confinement
offered by soft soils, which leads to excessive
bulging and also squeezing of soft clay into the
void space of aggregates [7]. According to German

regulations, the application of granular piles is
generally limited to soils with undrained shear
strength Cu >15-25 kN/m? [8]. Below this strength,
the lateral support provided by surrounding soil
may be insufficient to prevent column failure
through  excessive  radial  expansion  [9].
Geosynthetic encasement of individual granular
piles is an effective method to improve the
performance of the granular piles installed in very
soft soils by providing additional confinement. As a
result, the capacity and stiffness of the columns can
be increased and the settlement of the soil strata can
be reduced. Ali et al., (2014) [10] studied the
behavior of reinforced stone columns in soft soils.
Laboratory model tests have been carried out on
floating and fully penetrating single piles with and
without geotextile to find out the effect of
encasement, 1/d ratio, and diameter of the column
on bearing capacity. Since stone columns having
lengths more than six times their diameter do not
contribute much to bearing capacity, therefore,
floating columns should be preferred in situations
where hard strata are at a depth more than this
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length. The columns should be wrapped around
with some geosynthetic material, by doing so, the
bearing capacity of the improved ground is
increased by manifolds. Since bulging of stone
columns takes place only in the upper portion due
to lack of lateral pressure, hence providing
geosynthetic in that portion may also be equally
beneficial.

Murugesan and Rajagopal, (2007) [11]
investigated the load-carrying capacity of encased
granular piles through laboratory model tests
performed in a rigid unit cell. They concluded that,
unlike the conventional granular piles, the
geosynthetic encased granular piles did not show a
strain response.

The hoop strains in the geosynthetic encasement
are maximum near the top surface and decrease
with depth (Murugesan and Rajagopal, 2010) [12].

The strain levels were observed to be less for
large pile diameters. The performance of granular
piles encased to partial heights is very close to that
of fully encased granular piles, but they exhibited
strains response when subjected to pressure beyond
a particular load. It is found that reinforcing
granular pile with vertical circumferential nails at
the top to a depth equal to three times the diameter
of granular pile, will be adequate to prevent the pile
from excessive bulging and to improve its load-
carrying  capacity substantially [13]. With
increasing the length of encasement, the bearing
capacity and stiffness of the stone column increase.
The effective length of encasement was 3-4 times
the diameter of granular piles based on
consideration of performance and economy [14].

The unit cell concept includes one pile and the
contributory surrounding soil. The wunit cell
approach is the basic theory for granular piles
proposed by Priebe [2], which is also known as
Priebe Method. Many researchers have used the
unit cell concept [15, 16, 17, 18, 19]. Priebe
assumed that this unit is surrounded by a rigid
frictionless wall and that the vertical deformations
are equal in every plane. Also, the pile is stiff and
incompressible, whereas the surrounding soil is
elastic [2]. The stress distribution in the soil is
isotropic, and a rigid base plate is above the
granular pile. Also, the load transferred to the
subsurface soil is uniform.

In practice, a sand pad with a thickness of 30cm
or more is used on the top of the soil improved by
granular piles for drainage purposes, as well as

distribution of the stresses coming from
superstructures [20].

As the result of increasing waste materials from
demolition activities as well as the problem of
reduction of natural aggregate resources, using
alternative aggregates to the natural aggregates for
granular piles is considered. An extensive suite of
geotechnical and environmental aspects has been
undertaken by many researchers to study the
potential of using recycled and waste materials [21,
22, 23, 24, 25]. RA (recycled aggregate) may be
utilized as a coarse base and sub-base layer for low-
volume roads [26]. Also, RA was used as granular
piles material to improve the soft clay by many
researchers [27].

In this research, the effect of encasement on the
behavior of granular piles using different pile
materials was studied.

2. Experimental Program

Laboratory model tests were conducted on very
soft clay soil reinforced by encased floating and
encased end bearing granular piles. Tests were
performed after reinforcing the very soft clay soil
by introducing the granular piles with recycled
materials (crushed concrete, crushed ceramics, and
crushed red brick) as well as natural aggregate
(basalt). The dimensions of molds were designed
using the unit cell concept. The main variables in
this study are; granular pile material, pile type
(floating and end bearing), type of encasement, and
length of the encasement. The details of the tests
performed are presented in Table (1).

3. Properties of Materials

Materials used for this study are clay,
aggregates, and sand having the following
properties:

Soil Used

Obtaining undisturbed very soft clay samples
from the site is too difficult. Therefore, the very
soft clay has been excavated from a construction
site then, prepared in the laboratory. The
procedures of preparing soft clay in the laboratory
are described in section (4.1). The classification of
very soft clay is CH as per USCS. The main
properties of the very soft clay are shown in Table

).
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Table (1): Details of tested samples of (Very soft clay C=0.04 kg/cm?).

Test oot Deserinti Pile properties Mold Dim.
est Description d Ar L H . . dm hwm
No. (cr;) @) (em)  (cm) L/H L/d Pile material cm) (cm)
Series (1)
1 Very soft clay - -- = = -- 35
2 Very soft clay + sand _ . _ 30 . B Without
pad 15 ——
3 basalt
4 Very soft clay + sand Cr. concrete
5 pad end bearing pile S 15 30 30 1 Cr. red brick 35
6 Cr. ceramic
7 basalt
8 Very soft clay + sand Cr. concrete
9 pad + floating pile S 15 45 60 e ° Cr. red brick 15 65
10 Cr. ceramic
Series (2)
11 Very soft clay + sand basalt
12 pad + floating pile + Cr. concrete
13 Total geotextile Cr. red brick
14 encasement Cr. ceramic
15 Very soft clay + sand S 15 45 60 Hl ° basalt 15 65
16 pad + floating pile+ Cr. concrete
17 partial geotextile Cr. red brick
18 encasement Cr. ceramic
19 Very soft clay + sand _ basalt
20 pad + floating pile+ __Cr. concrete
21 total woven geogrid Cr. red brick
22 encasement 5 15 45 60 075 o _creeamic .5 g
23 Very soft clay + sand basalt
24 pad + floating pile+ Cr. concrete
25 partial woven geogrid Cr. red brick
26 encasement Cr. ceramic
Series (3)
27 Very soft clay + sand basalt
28 pad + end bearing pile+ Cr. concrete
30 Cr. ceramic
31 Very soft clay + sand basalt
32 pad + floating pile+ Cr. concrete
~ 33  woven geogrid g 15 EE 30 ®  ~Cr red brick 3
34 encasement Cr. ceramic
Cr.= Crushed, d, = Pile diameter, Area ratio Ar =Ap (area pile)/A; (area total),
L =Pile length, H =clay Depth, Dy, =Mold diameter, hy, = Mold height
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Table (2): Main properties of tested Very Soft clay. Table (3): Main properties of pile materials.

Properties Very soft : Crushed  Crushed ~ CTushed
cIay Properties Basalt ceramic concrete b?i?:?(s

Water content (%) 60% +£0.5% The angle of
Specific gravity 2.64 internal 425 437 415 395°
Bulk density 1.61 friction
(gm/cm’) ¢)
Liquid limit "L.L." %) 62 Sp‘g'lf 279 23 24 21
Plastic limit "PL" (%) 28 Vi T
Plasticity index "l," (%) 34 density 168 137 154 131
Cohesion "C" 0.04 (gm/cm®)
(Kg/cm?) Cu 132 117 10.16 10
Angle of internal friction "¢" é= 0.0° Cc 1.38 2.49 1.35 1.06
(Deg.)
Aggregates Sand

Three types of recycled aggregates (crushed
concrete, crushed ceramics, and crushed red brick),
as well as one type of natural aggregate (basalt),
were used in this study. The size distribution of the
aggregate is ranged between 0.1mm to 1mm (about
one-sixth of the pile diameter) as shown in Fig. (1).
Three types of recycled aggregates and the natural
aggregate used is well graded as per USCS. The
angle of internal friction of each type of aggregates
has been determined using the direct shear test as
shown in Fig. (2). The main properties of
aggregates for the granular pile are illustrated in
Table (3).
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Figure (1): Grain size distribution of granular pile

materials.
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Figure (2): Normal stress to shear stress
relationship for granular pile materials.

The used sand is classified as (SP), poorly
graded sand as per USCS. The angle of internal
friction =36° has been determined from the direct
shear test.

Encasement Materials

Two different types of encasement materials
were used to encase (reinforce) the granular piles.
They were woven geogrid and geotextile. The main
properties of the two types of encasement materials
according Specification data of manufacturer
company (Tensar) are presented in Tables (4) and

().

Table (4): The main properties of woven geogrid.

Specification data CE131

Physical properties:
Form Sheet
Width (m) 2
Length (m) 30
Mesh aperture size (mm) 27x27

Mesh thickness (mm) 5.2
Structure weight (g/m) 660

Color Black
Polymer HD-

polyethylene

Tensile strength:

Tensile strength (KN/m) 5.8

Extension at max load (%) 16.5

Load at 10% extension (KN/m) 5.2

Elongation at ¥ peak (%) 3.7
strength
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Table (5): The main properties of geotextile.

Product reference 400/50
Polymer type Polyester
MD Strength (minimum) (KN/m) 400
TD Strength (minimum) (KN/m) 50
Thickness (typical) (mm) 2.5
Pore Size BS6906: Part 2 (Mm) >400
1969

Water FlowBS6906: Part (mm) 0
31969

Breakthrough Head Flow  (I/m“/sec)  115.58
Rate (typical)

weight (approximate) (g/m?) 800
Rol width (nominal) (m) 4.4
Rol length (minimum) (m) 100
Rol weight (approximate) (Kg) 355

4. Preparation of Laboratory Specimens

An identical technique was used to prepare all
the specimens. The clay bed was prepared then; the
granular pile was installed as follows.

4.1. Preparation of Soft Clay Bed

The soft clay bed was prepared by using a
quantity of clay taken from a site under
construction in shebin el kom city. It was dried in
the oven for 24 hours (at 105-110°C) and
pulverized. The clay was sieved through sieve No.
200 (0.074mm). Clay used was passed from 0.074
mm sieve then; it stored in plastic barrels' court
closures. After that, the clay was mixed with pre-
determined quantity of water to achieve a required
water content (chosen as 60% to provide shear
strength of 0.04 kg/cm? based on test results of van
shear test). A mechanical mixer was used for a
well-kneaded clay sample. Two polypropylene
molds of 150 mm diameter and various heights
were used. The inner surface of each mold wall was
covered with a very thin polythene sheet over a thin
coat of grease that was applied to reduce the
friction between clay and the tank wall. The soft
clay soil was filled in the mold in layers 50 mm
thick with measured quantity by weight then,
compacted manually to achieve 1.61 t/m*® density.
Molds were kept covered for 24 hours to achieve
uniform consistency. After 24 hours of hydration,
the soil is checked for water content. The proposed
height of soft clay in the mold was lower than the
mold heights by about 5 ¢cm to put a 3cm sand
cushion layer after pile installation.

4.2. Granular Pile Installation

4.2.1. Installation of Granular Piles without

Encasement

Before installation of the piles, the shear
strength of the prepared bed was checked by vane
shear test. To install piles in a very soft clay bed

(with shear strength equal to 0.04kgtm?), the

displacement method was used.

e Thin locked-end PVC pipes (of 50 or 75 mm
diameter) were used which were locked with a
sticker.

o Slight grease was applied on the outer surface of
the pipe for easy penetration without any
significant disturbance to the surrounding soil.

e It was pushed into the clay bed up to the required
depth, then; the end of the pipe was opened using
the compaction rod.

o Pile materials were charged into the hole in layers
of 50 mm with a measured quantity of each pile
material to achieve a uniform density for each
type of pile material.

e The pipe was then raised in stages ensuring a
minimum of 25 mm penetration below the top
level of the placed aggregate.

e Compaction was given with a 2-kg circular steel
tamper with 10 blows of 100 mm drop to each
layer to ensure there is no significant lateral
bulging of the column.

4.2.2. Installation of Granular Piles with
Encasement

To install the granular piles with geogrid or
geotextile encasements (even partially or fully
encasement), the displacement method was used.
The steps were the same as pile installation by the
displacement method, but the encasement (even
partially or fully encasement) was fixed on the
outer surface of the PVC pipe before installation.

5. Test Procedures

After installation of the granular pile, a sand
layer of 30 mm thickness was placed on the top of a
sample as a sand pad. After that, the samples were
loaded through a circular steel footing of 130 mm
diameter and thickness equal to 20 mm. The load
was applied through a proving ring of 5 kN
capacity. The load increments are 5 kg for each
interval. The settlement of the footing was recorded
using two dial gauges of 0.01mm accuracy set on
the footing. The load increment was done after
obtaining the steady condition of the reading of the
dial gauge. The increment of load on the footing is
continued until settlement equals 0.2 the footing
width (B). A complete test setup arrangement and
schematic view of typical granular pile foundation
for the test has been shown in Fig. (3).
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Figure (3): A complete schematic of the test setup.
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6. Results and Discussion

Laboratory model tests were conducted to
investigate the effect of reinforcing soft clay soil by
using encased floating granular piles. Test results
are driven in terms of load-carrying capacity and
settlement. When the entire area is loaded, failure
does not take place even for settlement equal to 26
mm (0.2 footing width for all tested specimens),
which indicates that the soft soil follows the
punching failure, which is characterized by no peak
failure point or potential surface heave due to the
confinement of unit cell. The 0.1B method was
used to define the ultimate load.

6.1. Effect of Using the Sand Pad

The sand cushion layer without using granular pile
reduced the settlement values. It increased the load-
carrying capacity by about 100% due to the re-
distribution of the loads, which caused a reduction
in the concentration of the stresses as in Fig. (4).

400

& Crushed Ceramic GG
F Crushed Ceramic GT
= Crushed Ceramic

- Clay with sand pad

350

Load (kg)

Settlement (mm)
Figure (5): Effect of total encasement types on the
load-settlement curve of very soft clay reinforced
with end bearing crushed ceramic pile.

70

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Load (kg)

920 - Clay with sand pad
80 -+ Clay

70
60
50
40
30
20
10

Load (kg)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Settlement (mm)
Figure (4): Effect of using the sand pad on the
load-settlement curve of very soft clay.

6.2. End Bearing Piles

Eight experiments were conducted to study the
effect of using total encased geotextile and geogrid
end bearing granular piles. Figures (5) to (8) show
the influence of using encasement on very soft clay
soil reinforced with end bearing encased granular
piles. Using encasement increases the load-carrying
capacity of very soft clay.

Test results indicated that using encased end
bearing granular pile is better than using a
conventional granular pile. Using either geotextile
or geogrid encasement improves the very soft clay
soil for all pile materials used.

Using geogrid encasement was more useful than
using geotextile for the total encased end bearing
granular pile. That may refer to that the higher
stiffness of geogrid facilitates the maximum
transfer of load to the bottom of the granular pile
which is resting on hard strata. Thus, the higher
stiffness of the geogrid is fully utilized by
mobilization of hoop stresses and the composite
ground is better able to support the larger applied
load which is in agreement Ali et al., 2014 [10]. On
the other hand, owing to the lower stiffness of
geotextile, granular piles undergo relatively higher
bulging and consequently settle more.

350

® Basall GG
300 | ¢ Basalt GT = J
+ Basalt .,."t _—
250 I % Glay with sand pad od "’O:(;"

+ Clay

"

02 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Rattlement fmm}

Figure (6): Effect of total encasement types on the
load-settlement curve of very soft clay reinforced
with end bearing basalt pile.
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Figure (7): Effect of total encasement types on the
load-settlement curve of very soft clay reinforced
with end bearing crushed concrete pile.

It is noticed from figures (9) to (12) that the
value of the BCR (bearing capacity ratio) is found
to increase as footing settlement increase for all
types of encasement. The improvement in the
bearing capacity is greater for geogrid (GG) than
for geotextile (GT) encasement for any pile
material. From Figures (13) to (16), The ultimate
carrying capacity of end bearing piles encased by
geogrid with basalt, crushed ceramic, crushed
concrete, and crushed red brick as granular pile
materials increase by about 18.1%, 26.6%, 23.5%,
and 19.3%, respectively compared to the very soft
clay reinforced with conventional granular piles.
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Figure (9): Effect of total encasement types on the

bearing capacity ratio -settlement ratio curve of very
soft clay reinforced with end bearing crushed ceramic

pile.
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Figure (8): Effect of total encasement types on the
load-settlement curve of very soft clay reinforced
with end bearing crushed red brick pile.

The ultimate carrying capacity of end bearing piles
encased by geotextile with basalt, crushed ceramic,
crushed concrete, and crushed red brick as granular
pile materials increased by about 0.3%, 14.4%,
1.7%, and 5.9%, respectively compared to the very
soft clay reinforced with conventional granular
piles. Comparing to using geotextile, using geogrid
as encasement for end bearing granular piles
increased the carrying capacity by about 17.6%,
10.6%, 21.4%, and 12.6 for basalt, crushed
ceramic, crushed concrete, and crushed red brick,
respectively.
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Figure (10): Effect of total encasement types on the
bearing capacity ratio -settlement ratio curve of very
soft clay reinforced with end bearing basalt pile.
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Figure (11): Effect of total encasement types on the
bearing capacity ratio -settlement ratio curve of very
soft clay reinforced with end bearing crushed concrete
pile.

6.3. Floating Granular Pile

Sixteen experiments were conducted to study
the effect of using partial (X=0.5L) and total (X=L)
geotextile and geogrid encased floating granular
piles with different pile materials where X was the
encasement length. Figures (16) to (23) show the
influence of using encasement on the soft clay soil.
Using encasement improves the load-carrying
capacity of very soft clay soil. Test results showed
that using encased granular pile is better than using
a conventional granular pile even with partial or
total encasement. Using either geotextile or geogrid
encasement improves the very soft clay soil for all
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Figure (13): Effect of encasement type on the load-
settlement curve of very soft clay reinforced with total
encased floating crushed ceramic pile.
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Figure (12): Effect of total encasement types on the
bearing capacity ratio -settlement ratio curve of very
soft clay reinforced with end bearing crushed red
brick pile.

pile materials used. Using geotextile encasement
was more beneficial than using geogrid as total or
partial encasement. That may refer to a stiffer
geogrid that transfers the maximum load to the
bottom of the granular pile and only a small amount
of load is transferred to the sides through column
bulging. As the soil is soft, high load transfer at the
bottom leads to easy penetration of granular pile at
a relatively smaller applied load. On other hand,
geotextile transfers load to the sides as well as the
bottom and thus supports a greater applied load
which satisfies Ali et al., 2014 [10] and Emam,
2017 [19].
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Figure (14): Effect of encasement type on the load-
settlement curve of very soft clay reinforced with
total encased floating crushed ceramic pile.
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Figure (15): Effect of encasement type on the load-

settlement curve of very soft clay reinforced with total

encased floating crushed ceramic pile.
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Figure (17): Effect of encasement type on the load-
settlement curve of very soft clay reinforced with
partial encased floating crushed ceramic pile.
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Figure (19): Effect of encasement type on the load-
settlement curve of very soft clay reinforced with
partial encased floating crushed ceramic pile.

It is noticed from figures (21) to (24) the value
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Figure (16): Effect of encasement type on the load-
settlement curve of very soft clay reinforced with
total encased floating crushed ceramic pile.
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Figure (18): Effect of encasement type on the load-
settlement curve of very soft clay reinforced with
partial encased floating crushed ceramic pile.
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Figure (20): Effect of encasement type on the load-

settlement curve of very soft clay reinforced with
partial encased floating crushed ceramic pile.

partial encased. The improvement in the bearing

of the BCR is found to increase as footing
settlement increase for all types of encasement and
whatever the length of the encasement is total or

capacity is greater for geotextile than for geogrid
encasement for any length of the encasement.
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Figure (21): Effect of encasement type on the bearing
capacity ratio -settlement ratio curve of very soft clay

reinforced with floating basalt pile.
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Figure (23): Effect of geotextile encasement length on

the bearing capacity ratio -settlement ratio curve of
very soft clay reinforced with floating basalt pile.

From Fig. (25), The ultimate bearing capacity of
floating granular piles encased by total woven
geogrid encasement with basalt, crushed ceramic,
crushed concrete, and crushed red brick as granular
pile materials increase by about 11%, 8.9%, 11.9%,
and 30.3%, respectively compared to the very soft
clay reinforced with conventional granular piles.
The ultimate bearing capacity of floating granular
piles encased by total geotextile encasement with
basalt, crushed ceramic, crushed concrete, and
crushed red brick as granular pile materials increase
by about 33.1%, 31.6%, 44.8%, and 59.7%,
respectively compared to the very soft clay
reinforced with conventional granular piles .

The ultimate bearing capacity of encased
floating granular piles with basalt, crushed ceramic,
crushed concrete, and crushed red brick as granular
pile materials with partial woven geogrid
encasement increase by about 6.4%, 6.8%, 7%, and
20.2%, respectively compared to the very soft clay
reinforced with conventional granular piles. The
ultimate bearing capacity of encased floating
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Figure (22): Effect of encasement type on the bearing
capacity ratio -settlement ratio curve of very soft clay

reinforced with partial encased floating basalt pile.
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Figure (24): Effect of geogrid encasement length on

the bearing capacity ratio -settlement ratio curve of
very soft clay reinforced with floating basalt pile.

granular piles with basalt, crushed ceramic, crushed
concrete, and crushed red brick as granular pile
materials with partial geotextile encasement
increase by about 13.4%, 15.3%, 21.7%, and
30.3%, respectively compared to the very soft clay
reinforced with conventional granular piles.

The total geogrid encasement (X=L) improves
the ultimate bearing capacity of very soft clay by
about 4.4%, 2%, 4.6%, and 8.4%, respectively for
basalt, crushed ceramic, crushed concrete, and
crushed red brick granular pile compared to the
partial geogrid encasement (X=0.5L). In the case of
using geotextile, increase the length of the
encasement from X=0.5L to X=L increase the
ultimate bearing capacity by about 17.4%, 14.2%,
19%, and 22.6%, respectively for basalt, crushed
ceramic, crushed concrete, and crushed red brick as
granular pile materials. The use of floating granular
pile with geotextile encasement is more efficient
than using geogrid for total and partial encasement
by a range of about 19.9-29.4% and 6.6-13.7%,
respectively for all granular pile materials used.
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Figure (25): Effect of encasement length and type on BCR; of the very soft clay reinforced with encased
floating granular pile with different pile material.

7. Conclusions

Based on test results of the performed experimental

work, the following conclusions can be drawn:

1. Using a sand pad reduces the settlement and
increases the bearing capacity of very soft clay
soil. Using a sand pad with a thickness of 30
mm increases the bearing capacity of very soft
clay by 100%.

2. Test results showed that using encased granular
pile is better than using a conventional granular
pile for very soft clay. soils. Using either
geotextile or geogrid encasement improves the
very soft clay soil for all pile materials used.

3. Using geogrid as a total encasement for end
bearing granular piles improves the very soft
clay soil for all pile materials used by about
18.1-26.6% compared to conventional granular
piles. Using geotextile as a total encasement for
end bearing granular piles improves the very
soft clay soil for all pile materials used by about
0.5-14.5%.

4. Using geogrid encasement is better than using
geotextile for total encased end bearing granular
pile by a range of about 10.6-21.4%. That may
refer to the higher stiffness of geogrid facilitates
the maximum transfer of load to the bottom of
the granular pile which is resting on hard strata.

5. The use of floating granular pile with geotextile
encasement is more useful than using geogrid
for total and partial encasement by a range of
about 19.9-29.4% and 6.6-13.7%, respectively.

6. Using partial encasement is more efficient than
using total encasement based on the economic
point of view. The ultimate bearing capacity
decrease for geotextile encasement and geogrid
encasement by a range of 12.4-18.4% and 1.9-
7.7%, respectively compared to total

encasement granular piles using different
granular pile materials in the range of this study.
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