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Abstract: In this work, three-dimensional finite, element, analysis of single, floating reinforced, stone, column, (FRSC) and, pile
foundation under axial load analyzed using PLAXIS (3D) 2013. The hardening soil and Mohr-Coulomb models are used to simulate the
behaviour of clayey soil and FRSC respectively. While linear elastic model is used to simulate the behaviour of structures (pile, footing
and geo-grid). Two types of pile foundation are studied, bored and driven concrete pile, the parametric study including the changing of
length and diameter of (FRSC) and bored pile; however, the driven pile has constant cross section (28 x 28) mm. For FRSC and bored
pile two lengths (6 and 12) m and three diameters (0.4, 0.6 and 0.8) m are analyzed. From the results of finite element analysis, the bored
pile has clear advantage of improvement over the driven pile and FRSC, the results of the improvement using the FRSC were better than

the driven pile.
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1. Introduction

Ground improvement is the modification of foundation soils
or project earth structures to provide better performance
under operational loading conditions [1]. Soft soil deposits
are extensively found in many marginal regions and they
have low strength and high compressibility. Stone column
that consist of granular material compacted in long
cylindrical holes is used as a technique for enhancing the
strength and consolidation characteristics of soft clays [2].
The load carrying capacity of the stone column depends on
the lateral confining pressure from the surrounding soils. In
very soft clays, ordinary stone columns do not achieve
significant load carrying capacity due to low lateral
confinement. Therefore, stone columns of additional
confinement are needed for the better performance [3-5]. In
recent years, geosynthetic reinforced stone columns have
been successfully adopted in very soft soils throughout the
world. Vertical encased stone columns have several
advantages like increased stiffness of column by
mobilization of hoop stress in the reinforced material,
preventing the loss of stones into the surrounding soft clay,
preserving the drainage and frictional properties of the stone
aggregates. Numerical analyses have performed by various
researchers on geosynthetic reinforced stone columns, [6-9].
In this study, performance of the reinforced stone column
was studied with reference to strength and is compared with
the performance of piles foundation.

2. The Material Used
2.1 The Natural Cohesive Soil

The cohesive soil used in this paper is obtained from
Baghdad city from depth (3.5-4) m, below the ground,
surface, by Shelby tube sampler as an undisturbed soil
sample. Standard laboratory tests were used to obtain its
physical properties. Figure 1 and Table 1 are show the Grain

size distribution curve of studied soil and the physical
properties of studied soil respectively. All tests were,
conducted, at the Postgraduate Laboratory, at the University,
of Baghdad.
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Figure 1 Grain size distribution of the studied soil

Table 1: The physical properties of studied soil.

Soil Parameter value | Specification
Natural water, content %(wc) 26 |ASTM D-2216
Liquid, limit %(LL) 41 |ASTM D-4318
Plastic, limit %(PL) 19.5 | ASTM D-4318
Plasticity, index %(PI) 215 —_—
Specific, gravity (Gs) 2.69 | ASTM D-854
%Fine sand (0.2 to 0.075 )mm 14 ASTM
% Silt (0.075 to 0.005) 51 ASTM
% Clay (< 0.005 mm) 35 ASTM
Classification of soil CL USCS

3. Model Geometry, Constitutive Models and
Input Parameters

3.1 Geometry

The model dimensions were selected to prevent the effect of
lateral and lower boundaries on the deformation of system
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[10]. Figure 2 illustrate schematic diagram of finite element
model. The model consisting of soil domain confining by
lateral and lower boundaries, the loading carried by rigid
surface square footing (1 x 1) m to cancel the contribution of
the embedment depth. Figure 3 shows finite element mesh
and nodes of the model. The displacement control approach
used to evaluate the load-settlement curve. In this approach
the load required to reach the desired displacement can be
determined. In this study the prescribed displacement value
is (10% B) as recommended in plate loading test (ASTM- D
1194 —94).

Prescribed
displacemen

(b)
Figure 2 (a and b): Schematic of the finite element model
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Figure 3 Finite element mesh and nodes
3.2 Constitutive Models, and Input, parameters

PLAXIS 3D provides various constitutive models. In this
work, hardening soil model (Brinkgreve 2007) and Mohr-
Coulomb model are used for simulation of cohesive soil and
stone column respectively, linear elastic model for
simulation of structural elements (footing and geo-grid). The
parameters of hardening soil model (HSM) are obtained from
consolidation drained (CD) triaxial tests (ASTM D7181-11)
and oedometer test. Figures 4 and 5 show the Mohr’s circles
of stress and defining of EL¢/ from stress-strain relationship
for (100 kPa) reference effective confining stress. Figure 6
shows the definition of E;jg from stress-strain relationship of

standard oedometer test (ASTM-D2435M — 11). Table 3
shows the parameters of geo-grid reinforcement.
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Figure 4: Mohr’s circles of stress for (100 and 300) effective
confining stress
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Figure 5: Definition of Eggf from Stress-strain relationship
of triaxial (CD) test for (100) kPa effective confining stress
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Figure 6: Definition of E’/ from stress-strain of the
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standard oedometer test

Table 2: Input parameters for the studied soil and stone

Properties Cohesive soil | Stone [11]
Unsaturated unit weight
' 16 144
yunsat (kN/m3)
Saturated unit weight
' 18.5 15.7
Vsae (kN/m3)
. - . Mohr-
Material model Hardening soil Coulomb
Drainage type Undrained(A) | drained
E (kPa) — 150000
ELYJ (kPa) 3886 —
E'* (kPa) 6600 —
E'* (kPa) 11658 -
Cohesion, ¢ (kPa) 48 1
Friction angle, ¢ (degree) 12 415
Interface stiffness ratio, Riy 0.98 0.96

Table 3 Parameters of geo-grid reinforcement [12]

Geo-arid Axial Stiffness Aperture size
g EA (kN/m) (mm x mm)
G 240 40x28

4. Result and Discussion

4.1 Analysis of square footing resting on the untreated
soil

The bearing capacity of studied soil is evaluated numerically
using PLAXIS 3D 2013. Load- settlement relationships a
direct method for obtaining ultimate bearing capacity [13].
Figure 7 shows the load-settlement relationship of single
isolated footing resting on the untreated soil. Table 4 shows
the value of ultimate bearing capacity of the untreated soil

from load-settlement curve defined according to (0.1B)
method.
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Figure 7: The load-settlement relationship of single isolated
footing resting on the untreated soil.

Table 4 ultimate bearing capacity of the untreated soil
Ultimate capacity Value (kPa)
The untreated soil 106

4.2 Comparative between results of single FRSC and pile
foundation

The load-settlement curves of single FRSC, single bored and
driven pile are compared with the untreated soil. The
comparison is conducted between the elements have the
same length and diameter; however, driven pile is compared
with element has the same length only.

The ratio of column’s to footing’s area is defined as area
replacement ratio (AR).

Ar = —=
Af
Where:
A, area of stone column or bored pile

Ay area of footing (one square meter)

The increasing of bearing capacity as a result of stone
column installation has been included in bearing capacity
ratio (BCR), [14].

BCR=i

o

Where
q: ultimate bearing capacity of treated soil
q,: ultimate bearing capacity of untreated soil

The final deformed shape of finite element model is
illustrated in figure 8 (a and b), figure (8a) shows the
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deformation of FRSC a combined failure (penetrating and
bulging) [15] occurs under footing load, while, only
penetrating failure occurs in bored pile because of the high
rigidity of concrete material.

(@) (b)
Figure 8 (a, b)): Vertical cross section through the deformed
shape of the FRSC and the bored pile respectively

Figures (9) to (14) are show the load-settlement relationships
of single FRSC and pile foundation for (6 and 12) m length
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Figure 9: Load-settlement relationships of single FRSC and
pile foundation for (L= 6) m and (L/D) =15
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Figure 11: Load-settlement relationships of single FRSC
and pile foundation for (L= 6) m and (L/D) =5.7

Load (kN)
4] 50 100 150 700 50

Setllomsd (mam)

120 b
—0—Unireated Soil —0—Drniven Piie —%—Sione column —a— Bored Pik

Figure 12: Load-settlement relationships of single FRSC
and pile foundation for (L=12) m and (L/D) =30
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Figure 13: Load settlement relationships of single FRSC and
pile foundation for (L=12) m and (L/D) =20

Figure 10: Load-settlement relationships of single FRSC
and pile foundation for (L= 6) m and (L/D) =10
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Figure 14: Load settlement relationships of single FRSC and
pile foundation for (L=12) m and (L/D) =15
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Figures 15 and 16 show the relationship between BCR and
AR for FRSC (6 and 12) m length respectively. Figures (9)
to (14) clearly show that the capacity of single FRSC is
increases with the increasing of column length, and for the
same length columns the capacity increase with the
increasing of column’s diameter. bored pile has a clear
advantage of improvement over the driven pile and FRSC,
the results of the improvement using the FRSC were better
than the driven pile. Figures 15 and 16 are show that the area
ratio has clear effect on the BCR of FRSC

BOR
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Figure 15 Influence of area ratio on BCR of single FRSC for
(6) m length

Area Ratio (Ar)
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Figure 16: Influence of area ratio on BCR of single FRSC
for (12) m length

5. Conclusions

According to the finite element analysis of floating
reinforced stone column and piles foundation as mentioned
previously. The following points are concluded:

1) In small diameters bored piles (D less than 0.5 m), the
ultimate load is a bout (1.1-1.2) times the ultimate load
capacity of floating reinforced stone column.

2) The ultimate load capacity of floating reinforced stone
column (D=0.6) m is about (1.14-1.22) times the ultimate
capacity of driven pile.

3) For the large diameters bored piles (D larger than 0.5 m),
The ultimate load capacity is a bout (1.6-1.7) times the
ultimate load capacity of floating reinforced stone
column.

4) The floating reinforced stone columns are failed in
combined failure (bulging and penetrating), while the
bored piles failed only with penetrating failure.
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