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Abstract

Piles act as a settlement reducer in case of connected piled-raft foundation and hence decrease the settlements of the raft. The design concept of
the connected piled-raft foundations is to lessen the number of piles and utilize the bearing capacity entirely. Due to significant straining actions at
the pile head-raft connection, an alternative technique is proposed to disconnect the piles from the raft. A Granular layer (cushion) beneath the raft
is incorporated. The disconnection has a beneficial effect on reducing axial load compared to connected piles. For small piled rafts, non-connected
piled rafts show less stiffness than connected piled rafts, and the soil is highly stressed and shows greater raft settlement. In the case of the large
piled raft, non-connected piled rafts show greater settlement efficiency. However, as compared to the non-connected piled raft, the connected
piled rafts show a significant reduction in raft settlement as pile spacing increases. The results show that the load transfer mechanism in a non-

connected piled raft is mainly governed by the thickness and stiffness of the cushion layer and by the stiffness of the subsoil.
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Introduction

For given load circumstances, shallow foundations are acceptable
foundations when suitable bearing stratum is present at a shallow depth. The
use of deep foundations is required if the load from the structures would lead
to excessive settlements. Conventionally piles are added for load bearing
capacity and settlement reduction requirements. It is assumed that piles were
designed to carry the entire load of the structures. In this case large number of
piles was utilized. However, Burland JB, et al. [1] discussed the idea of using a
few piles to reduce the settlement to a required level and to improve the state
of stresses in the raft. The piles are therefore termed as “settlement reducers”.
As the name indicates, the main purposes of introducing settlement reducer
piles are only to satisfy the settlement requirements. As mentioned by Poulos
and Davis to reduce settlements to permissible value, usually small numbers
of piles are sufficient, and further addition of piles may result in only marginal
further reductions in settlements.

Conventionally, piles were designed to take all external loads and there
is a margin for the pile to reach either its geotechnical bearing capacity or its
structural collapse load.

Randolph MF and Clancy, [2] considered that for competent design of
rafts with settlement-reducing piles, 80% of pile capacity mobilization can be
assumed under working load. In this regard, a lower factor of safety can be
applied to the geotechnical capacity of the piles and the bearing capacity of
the raft is alone adequate. In usual cases, piles are cast monolithically with the
rafts, called “connected settlement reducer piles”. Since few numbers of piles
are adequate to reduce the settlement to permissible value, and however if
these piles are connected to the raft, concentration of high axial stresses in the
pile heads may develop and their load-carrying capacity will be governed by
their structural capacities rather than by geotechnical capacity. They often lead
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to significant straining actions at the pile head-raft connection [3].

Wong IH, et al. [4] identified the problems associated with structurally
connected settlement reducing piles and clearly discussed alternative
solutions, which is adoption of non-connected settlement reducer piles, known
as non-connected piled raft foundation (NC), in which the raft-pile connection
is detached. In case of disconnected piled foundation system, there is no
structural connection between the piles and the raft and gap is usually filled
with granular material (cushion). Some studies have been devoted to the effect
cushion on the disconnected piled raft performance [5-9]. Baziar MH, et al. [9]
investigated that proper grading of the load transform platform can advance
the axial stiffness of disconnected piled raft foundation system.

Several authors have recently presented results of numerical simulations
[4-6] or 1 g model tests concerning rafts on disconnected settlement-reducing
piles [7], and multi-g centrifuge tests [8,9].

Practically, recently in some projects, the piles are detached from the
raft by a cushion layer, which creates a more uniform pressure distribution on
the raft bottom and reduces constraint reactions in the soil, foundation, and
superstructure. Among these, the foundation system of the Rion Antirion Bridge,
in Greece, [10] and the recently super long-span Izmit Bay bridge consists of
vertical inclusions (disconnected piles) to improve the shear resistance of the
foundation soils and to minimize the hazards related to differential settlements,
plus a gravel bed to limit the shear forces and moments transmitted between
the superstructure and the foundation soils.

Cao XD, et al. [7] evaluated the effectiveness of non-connected piles
as a settlement reducer by subjecting small scale non-connected piled raft
foundation to vertical loading. These piles were used as the soil reinforcing
elements instead of as the structural elements. The result indicated that
non-connected piles were effective in the reducing settlement and bending
moments at the piles head.

Similarly, Ghalesari T, et al. [11] studied the effect of cushion layer on
both connected and disconnected piled raft foundation. The result shows that
gravel layer thickness has a significant effect on the maximum and differential
settlements of the foundation.

The load transfer mechanisms of disconnected piled raft greatly differ
from those of a raft with piles in connected; because of the compressibility of
the layer, which permits a relative raft-pile displacement, a relative downward
displacement of the soil, with respect to the upper part of the pile, takes place
and gives rise to negative skin friction. Cao XD, et al. [7] and Fioravante V, et
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al. [8] suggests that such a mechanism is influenced by the thickness and the
stiffness of the cushion layer and by the stiffness of the soil. A disconnected
pile serves mainly as a reinforcement of the subsoil, enhancing the stiffness
of unpiled raft.

El Sawwaf M [12] experimentally study of the effectiveness of using both
connected and non-connected short piles to the raft on the behavior of an
eccentrically loaded raft. The test indicates that the use short piles near to
the raft edges not only significantly enhance the raft bearing pressures but
also leads to a reduction in raft settlements and tilts leading to an economical
design of the raft.

Many studies concerning the analysis of non-connected piled raft
foundations have been proposed by various researchers [4,8,12]. However,
most of them do not incorporate the effect of cushion and load sharing and
carrying mechanism of piles in a non-connected piled raft foundation. In this
research, effect of variation cushion thickness, pile number, raft thickness,
cushion and subsoil stiffness on load sharing and settlement efficiency of non-
connected piles are studied in detailed.

Materials and Methods

Load transfer mechanism

Non-connected piles are partially loaded from the raft, which is arching
effect, and partially through the skin friction (negative) at the top part (Figure
1). Previous researchers Tradigo F, et al. [6], Cao XD, et al. [7], Fioravante V,
et al. [8], Zhu, and Rasouli HA, et al. [11] show the development of skin friction
distribution along the pile shaft. The maximum axial force (N__ ) found some
depth below the pile head, as a consequence of the negative skin friction along
the upper portion of the piles, whereas in connected piled raft foundation (PRF)
it is found at the pile head.

It is evident that negative skin friction governed the load transfer on the
upper part of the piles, while positive skin friction governed the load transfer
on the lower part of the piles [7]. Load carrying capacity of piles and raft is
complex due to interactions between the piles, the subsoil, and the raft (Figure
2). However, load sharing in a disconnected piled raft is even more complex
due to a deformable cushion layer between the piles and the raft [6].

Cao XD, et al. [7] reported that disconnected piles carry a load of 30-35%
of the applied load. This is due to detachment of piles from the raft and piles did
not receive the load directly. This amount of load sharing is similar to the 32%
reported by Horikoshi K and Randolph MF [3] for design conditions that lead to
80% mobilization of pile capacity.

Pile-subsoil relative displacement can be more quantitatively described
by introducing, a normalized ratio as follows [11]
W, —W

z— Y'p
=———=+%100

Where W, W , and B, are subsoil settlement, piles, and the raft breadth,
respectively. At the top parts of the piles, subsoil settlement in the non-
connected piled raft is larger than settlement of piles. The greater values of &
mean the larger relative pile-soil displacement and larger negative skin friction
(NSF).

Finite element modelling

Finite element method is popular in recent years in geotechnical
engineering. A variety of finite element computer programs have been
developed with a number of useful features and to suit different requirements.
The analysis method in this study refers to three-dimensional finite element
methods (FEM) via PLAXIS 3D 2020 connect edition software.

Pile modelling options in PLAXIS 3D: Two pile modelling alternatives
was extensively compared by previous researchers Lee et al, F. Tschuchnigg,
F. Tschuchnigg et al and Tradigo et al. [6], use of either volume element (3D) or
embedded pile (EP) elements (1-D element). 3D finite element analyses allow
accounting geometrical irregularities and material nonlinearities. However,
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large number of piles leads to computationally demanding models that may
be beyond the capabilities of the code or simply take too long time to analyze
[6] (Figures 3-5).

The benefit of embedded pile is that piles can cross finite elements in
any direction and do not influence the finite element mesh and significant
computational time can be saved [6].

Fully Solid (volume element) approaches seem to be more realistic, as
they do not introduce any specific assumption on the structural behavior of
the piles.

Piled-raft foundation system is a 3D complex problem, which needs 3D
finite element method to be solved. Consequently, 3D volume elements are
used to model all structural elements in this research. This pile-soil interaction
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Figure 1. Negative skin friction in non-connected piled raft foundation (NC).
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Figure 2. Interactions between soil and structural members R=raft; P=pile; S=soil.

Figure 3. Discretized volume raft and piles.
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uniformly a distributed load of 1.22 MPa was applied on the foundation. The
material properties of the soil, raft, and piles are given in Table 1.

Figures 6 and 7 indicated that the finite element result is rationally good
agreement with those reported for non-conneted, and raft foundations. For
continuing the accuracy of the results, similar modelling steps have been
followed to model the different foundation systems of the present study.

Results and Discussion

Parametric study

The most important results discussed in this research are load sharing
ratio and settlement reduction factor or settlement efficiency ratio. The load-
sharing ratio (« ) is defined as the ratio of total load carried by the piles (Rpile)
to the applied load (R,,,,) on the foundation. R is the summation of axial load
carried by each pile at its head.
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] ALY YN XIA3 The settlement performance of a NC and PR foundations can be quantified
. — by means of the definition of the following settlement efficiency ratio [8].
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Figure 4. (a) Embedded pile and (b) volume pile. Where w,"® and W "**“% re the settlements of the unpiled raft and
disconnected/connected piled raft, respectively. Adding piles improves load-
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Table 1. Raft and pile properties used in the validation.
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Figure 5. Staged construction of FEM in PLAXIS 3D. g 2.00
£ 250
at the true pile perimeter. E 300 -~
Mesh and boundary condition: From the edge of the raft, lateral soil & 3°° N
domain boundaries of the model were placed at a distance of two and haff = 9 ~
times the width of raft (2.5 Br) and restrained against horizontal translation 4.50 N
(i.e., horizontal displacement) but with vertical translation (i.e., vertical 5:00
displacement) of soil being allowed. Figure 6. Load settiement curve for validation of non-connected piled raft (9NC).
The pressure bulb in a raft foundation was formed up to twice the width of Applied load, kPa
raft, while that in pile raft was formed at two-third of the pile length. Thus, the 0 100 200 300 400 500 600
bottom soil boundary was at a vertical distance of twice the width of raft plus 0.00 : t 1
two-third of the pile length and was restricted from both horizontal and vertical _0.50 -

1.00 =4=UR (Girreti, 2010)
1.50 N, ~o—UR (Plaxis 3D)

translations. Fine mesh has been selected globally for the entire soil domain
and refined mesh was chosen in the vicinity of the structural elements.

Constitutive modeling: Cushion layer and subsoil material are modelled
by using hardening soil model material in drained condition. Material properties
used in this study were adopted from Franz.

2.00
2.50

Raft settlement, w/Br (%

3.00

In this research, finite element model in the PLAXIS 3D has been validated 3.50
by comparing with the reported results of Fioravante V, [8]. Raft of 7.5 m x 4.00 -
7.5 m size and 9 piles of 0.5 m diameter with a length of 20 m were used in 4'50 e

the study. The piles were spaced at five times of pile diameter(S=5Dp), and
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Figure 7. Load settlement curve for validation of un-piled raft (UR).



Melese FW, et al.

J Civil Environ Eng, Volume 11:12, 2021

ratio means more efficient in reducing raft settlement.

Analysis and discussion: This section discusses the effect of cushion
thickness (Hc), cushion and subsoil stiffness, pile length (Lp), pile number (Np)
and raft thickness (tr) on settlement efficiency ratio (n), load sharing ratio(opr),
axial load distribution along pile length and differential settlement (AS/Br).
Therefore, the effect these parameters on connected and non-connected
foundation are presented in the following sections.

Relative raft-soil stiffness: Stiffness of raft is the main factors that control
the performance of piled rafts; it influences the interactions of the raft with the
piles and the soil [13-17]. The raft-soil relative stiffness (K ) greatly influences
the differential settlement of a piled raft foundation. The large raft stiffness,
the small differential settlement of a piled raft, and vice versa. Therefore, raft
thickness determination is very necessary. For rectangular rafts, Horikoshi K
and Randolph MF [3] suggested the following equation to estimate the relative
flexibility of raft.

Ey1—ug (B\™® £ 3
) &)

Where E and E_ = Young's modulus of the raft and the soil, respectively; u,
and u = Poisson’s ratio of the raft and the soil, respectively; B and L = breadth
and length of the raft, respectively; t = thickness of the raft.

According to Horikosh and Randolph, [3] the raft is flexible when K _ ranges
from 0.01 to 1.0. Basile F [18] recommended that rafts of K _ ranging between 5
and 10 are rigid; Furthermore, Reul and Randolph, [13] suggested the ranges
of fully flexible and fully rigid K _ to be 0.008 and 54, respectively.

Effect of raft-soil relative stiffness shows a similar effect on both connected
and non-connected piled raft foundation as shown in Figure 8. Figure 8a
shows that the maximum settlement initially decreases with the raft thickness
(stiffness) and increases very slightly after reaching a limiting raft thickness
(around K _ of 1.182 for 9NC1.0 and 3.988 for 9PR in this study). i.e. tr = 1.5
and tr = 1.25 m. This is because increasing the raft thickness beyond the limit
(optimum thickness) gives excessive weight to the raft and leads to additional
settlement. As a comparison, the performance of non-connected piled raft is
better than connected piled raft in case of the large piled raft (Br/Lp > 1).

However, as the raft thickness increases the normalized differential
settlement (AS/Br (%)) of both non-connected (NC) and connected piled raft
(PR) significantly decreased (Figure 8b). But the rate of decrease in differential
settlement seems to disappear at some specific K _ (around Krs of 3.988 for in
this study) i.e. tr=1.5m.

Regarding this, recently Gebregziabher HF and Achmus M [14] reported
that stiffening the raft excessively may not guarantee the effective reduction
of the differential settlement, especially when the piles are closely spaced. A
similar finding has been also reported by Sinha A [15]. To sum up, increasing
the raft stiffness is effective in primarily reducing the differential settiement.
Increasing the raft stiffness may be also useful in resisting the punching and
shear [16].

The raft thickness has a very small effect on the load carried by the non-
connected piles as shown in Figure 9. Whereas for connected piles, as the raft-
soil relative stiffness (K ) increase (as raft thickness increase), load sharing

s

ratio of piles (cpr) decreased.

Piles in connected piled raft share a greater portion of the total load
applied as compared to non-connected piles due to transfer of load from the
raft to piles directly. However, in non-connected case insertion of cushion
layer changes the load transfer mechanisms of the foundation, as the cushion
redistributes the load.

Similar observations regarding the effect of raft thickness on the load
sharing at small settlement levels are reported. Oh EYN, et al. [17] stated
that raft thickness has slight effect on the load sharing percentage of piled-raft
foundations on sandy soil. Similarly, Basile F [18] pointed out that except for
thin rafts, the load sharing between the raft and the piles are little affected by
the raft-soil relative stiffness (Tables 2 and 3).
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Effect of cushion thickness: To study the effect of variation in cushion
thickness, NC was modelled with 4, 5, and 9 piles with pile length of 20 m
and normalized spacing (S/D) of 5. As a comparison connected piled raft
(PRF) with 4 5, and 9 piles have been modelled. For the NC case, the cushion
thickness was varied from 0.5 to 3 m for parametric studies. The effects of
cushion thickness on the behavior of NC foundation such as the settlement
of raft, pile axial force, and subsoil settlements in comparison with unpiled raft
(UR) and PR foundation were analyzed.

Figure 10 shows the variation in the subsoil settlement vs. the cushion
thickness. The result shows that the maximum settlement of the subsoil
decreases with the increase of the cushion thickness. As compared to raft
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Figure 8. Effect of raft-soil relative stiffness on (a) normalized differential settiement AS/
Br (%), (b) normalized maximum settlement, Smax/Br (%).
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Figure 9. Effect of raft-soil relative stiffness on a load sharing ratio of piles.

Table 2. Geometric configurations used in the validation.

Geometry Model dimenstion (mm) Prototype dimension (m)
Raft width (B) 15 75
Pile length (Lp) 292 19
Pile diameter (Dp) 8 0.5
Pile spacing (S) 38.5 2.5
Thickness of cushion layer(hc) 15.4 1

Table 3. Cushion and subsoil properties used in the validation.

Material type

Parameter
Cushion Layer Foundation Soil
C'(kPa) 0 0
¢'(0) 35 35
Yy (kN/m3) 16.67 15.3
E,,“, (MPa) 20 15
E,.; (MPa) 20 15
E,, (MPa) 60 45
m 0.55 0.5
Vur 0.2 0.2
v(0) 5 5
K\ 1-sin @' 1-sin o'
OCR 1 1
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Figure 10. Variation of normalized subsoil settlement with the cushion thickness.

without piles, a non-connected piled raft with 3.0 m cushion thickness has a
greater settlement reduction. But as compared to a connected piled raft, NC09
with 3.0 m cushion thickness has a lesser performance.

In Figure 9, as the cushion thickness increases, the settlement efficiency
ratio increases. However, the connected piled raft has a better performance.
Cushion thickness has a significant effect on the reduction of raft maximum
settlement up to 1.5 m but the further increment of the thickness has no
significant effect. This result is in agreement with Baziar MH, et al. [9] reported
that the optimum thickness of the granular layer in the pile raft systems in
sandy soil is suggested as 1.5 m.

It shows that the axial load at the pile head decreases as the thickness of
the cushion increases. As the cushion thickness increases, less force has been
transferred to the piles and the settlement of the piles is reduced compared
with the soil.

For any Hc value, negative and positive skin friction, whose border at z=zn
marks the neutral plane associated with the maximum axial force. As Figures
4-19 show, the position of the neutral plane tends to shift downwards as the
thickness of cushion (Hc) increases, while the maximum axial force (N ) in
NC is always found to be lower than in PRs. We can see that for PR cases
the maximum axial force (N,,) generated in piles are higher than the piles in
the NC case.

As the cushion thickness increases, the load sharing percentage of piles
increases up to He/Dp of 4. However, further increasing of the thickness is
insignificant. It may be deduced that the load sharing between the cushion and
the piles is affected by the thickness of the cushion.

Beyond the state of art, practically many projects have been constructed
with a cushion layer of 3 m depending on the site conditions. For example,
the innovative foundation system of the Rion Antirion bridge consists of three
90 m and one 80 m diameter piers and includes the use of up to 30 m long, 2
m diameter non-connected steel piles to reinforce the weak foundation soils,
designed with 3 m cushion layer [10]. Similarly, ICEDA (Mattsson N. et al),
which is a French project constructed with 2.75 m cushion thickness under mat
foundation for nuclear waste storage plants.

ASIRI, (2012) recommends a cushion thickness of 0.4-0.8 m to design a
raft, particularly intending to reduce bending moments. However, the thickness
suggested by ASIRI may be site-specific and particularly for raft bending
moments. It didn't address settlement efficiency and load sharing ratio of
piles and overall foundation performance. Similarly, Baziar, MH et al. [9] and
Rasouli HA, et al. [11] reported that by increasing cushion thickness more than
a certain value (about 1.5 m), the decreasing rate of raft settlement becomes
quite small and a further increase in cushion thickness will not be significant.

Therefore, Hor B, et al. [5] concluded that the designer shall evaluate the
economic and technical considerations between thickening the cushion layer
and strengthening the raft.

Cushion and subsoil stiffness variation: The founding soil
characteristics such as cushion and subsoil stiffness slightly affect the load-
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bearing behavior of piled rafts [11]. Practice shows that the cushion layer
inserted between the raft and piles can adjust the load-sharing ratios of piles
and subsoil, and enhance the strength of subsoil among piles [9].

To investigate the effect of cushion stiffness on the performance of the
unconnected piled raft system a wide range of values of stiffness was used.
Length of piles was varied from 7 to 20 m, composing both small and large

0.40
0.35
0.30

e

0.25 T
0.20
0.15
0.10
0.05
0.00

Settlement Efficiency, n

9NCO0.5 O9NCI.0 9NCI1.5 O9NC2.0 9NC2.5 9NC3.0 9PR

Cushion thickness variation

Figure 11. Comparison of settlement efficiency ratio for different cushion thickness of
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Figure 15. Effect of cushion stiffness on typical corner pile axial force for subsoil
E%ref=18 MPa (a) Lp=7 m), (b) Lp=14 m, (c) Lp=20 m and (d) Effect of subsoil and
cushion stiffness on a load sharing ratio of piles (9NC1.0, and Lp=20).

Page 6 of 8

Load, KPa
. 0 100 200 300 400 500 600
§ 0 o —e—NCO4
< 0.5 —e—NC09
E 1 —e—NC16
:}: < 15 NC25
< ~ 2 —e—PRO4
‘; 2.5 —e—PRO9
§ 3 —e—PR16
§ 35 —e—PR25
4

Figure 16. Comparison of a normalized maximum settlement of raft for NC and PR with
several piles (Lp=20 m, S/Dp=5).

09 - == NC0OO

== PR

0.75 A
0.6
045

Settlement efficiency ratio,

4 9 18 25
Pile Number, Np
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Table 4. Summary of Parameters for subsoil and cushion stiffness effect.

Raft Dimension  Raft Thickness Number of Cushion Stiffness (E50ref)

(m) (m) Piles kN/m?
12 x12 15 9 24,000
40,000

60,000

82,000

Subsoil Stiffness (E50ref)

KN/m? Pile Length (m) Output (Response)

13,000 7 Load-settlement (Sgttlement efficiency
ratio)

18,000 14 Axial force distribution

24,000 20 Load sharing Ratio

Table 5. Tabulated value of pile number effect on load sharing of piles.

Load Sharing Ratio of Piles (%)

Np Non-connected Connected
4 8.75 20.87

5 11.16 25.55

9 17.87 41.24
16 26.81 64.05
25 35.54 73.58

piled raft foundations (Table 4).

Figure 14c shows that increasing subsoil and cushion or load transfer
platform (LTP) stiffness increases the settlement efficiency ratio
(n). For subsoil stiffness (E*ref) of 13 MPa, increasing the cushion
stiffness (E%ref) from 24 Mpa to 82 Mpa, increases n value from
0.28 to 0.365. Similarly, for a cushion stiffness of 60 MPa, increasing
subsoil stiffness from 13 MPa to 24 MPa increases the r) by 77.4%.
Increasing subsoil stiffness from 13 MPa to 24 MPa increases n by
80% with high cushion stiffness (E¥ref = 82 MPa), the raft settlement
of connected piled raft has no significant difference with that of the
non-connected piled raft. For instance, for subsoil stiffness of 24 MPa,
and 20 m pile length, settlement efficiency (n) for the connected and
non-connected piled raft is 0.648 and 0.635 respectively.

For a pile length of 14 m, a similar effect is pronounced (Figures 4-19).
Rasso and Viggiani (1998) grouped piled raft foundations into two
broad categories of small (raft breadth to the pile length ratio, Br/Lp
<1) and large piled rafts (B/Lp >1). For large piled rafts, increasing the
stiffness of cushion decreases the settlement of non-connected piled
rafts(NC) even more than that of connected piled rafts(PR). Figure 14
indicates that the settlements of non-connected piled rafts with Br/Lp=
1.7 are lesser than the conforming cases for a connected piled raft. A
similar result has been reported by Baziar MH, et al. [9].

In the disconnected piled raft foundation, existence of a cushion between
piles and raft allows the relative deformation between piles head and soil
beneath the raft. Put differently, if the stiffness of the cushion is not sufficient,
the bearing capacity of piles will not be completely mobilized and the loading
capacity of the non-connected pile raft foundation can be less than that of a
connected one.

Effect of pile number: To analysed the influence pile number, simulation
was performed with 4, 9, 16, and 25 piles having a length of 20 m and S/Dp
of 5. Figure 16 shows raft maximum settlement vs. the number of piles for
connected and non-connected piled raft system. The raft maximum settlement
was reduced as the number of piles increased. As predicted, assessment
of the following cases of Figure 16 shows a decrease in the rate of the raft
settlement, which causes a minor difference in the settlement. Increasing pile
numbers from 4 to 9, 9 to 16, and 16 to 25 are 14%, 15%, and 12% results
settlement reduction in the disconnected case. Similarly, for connected piled
rafts 22%, 32%, and 25% respectively (Table 5).

Numerical modeling was used to evaluate the effectiveness of non-
connected settlement reducer piles under the raft foundation (NC) in terms of
settlement efficiency ratio, load sharing ratio of piles and axial load distribution
along the pile length. This research also compares performance of connected
settlement reducer piles (PRF) with non-connected piles. The results of the
parameter study show that installation of non-connected settlement reducer
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piles with load transfer platform (cushion layer) under raft. As compared to raft
without piles (unpiled raft), non-connected piled raft shows greater settlement
efficiency. It reduces the settlement up to 40% for 16 numbers of piles. Besides
the result shows that non-connected piles carry about 30% of the load. The
following conclusions can be drawn for conducted parametric studies.

Conclusion

« Non-connected foundation system mechanism is likely to be governed
by the interposed layer stiffness and thickness.

« Inthe PR, the maximum load occurred at the top of the pile, and the
axial load decreased with depth. It is also confirmed that the effect
of negative skin friction of the NC, which changes the pile axial load
distribution form.

» Byincreasing the cushion stiffness, the ratio of the sum of pile loads to
the total load increases. Also, parametric studies show that the lower
the cushion stiffness, the deeper the location of the neutral plane.

«  For small piled raft (Br/Lp <1), non-connected piled rafts show less
stiffness than connected piled rafts, and the soil is highly stressed and
show greater raft settiement. Whereas in case of large piled raft (Br/
Lp >1), non-connected piled rafts show greater settlement efficiency.

« As the stiffness of the cushion layer increases from 24 MPa to 82
MPa, the load-carrying capacity of the pile decreases 49%. Cushion
stiffness was realized to be more substantial for a non-connected
piled raft with shorter piles than one with longer piles.

» Effect of raft-soil relative stiffness shows a similar effect on both
connected and non-connected piled raft foundation It shows that
the maximum settlement initially decreases with increase in raft-soil
relative stiffness and increases very slightly after reaching a limiting
raft thickness (around Krs of 1.182 for 9 NC1.0 and 3.988 for 9 PR for
in this study). i.e., tr=1.5and tr=1.25m.

« However, as the raft thickness increases the normalized differential
settlement (AS/Br (%)) of both non-connected (NC) and connected
piled raft (PR) significantly decreased. But the rate of decrease
in differential settlement seems to disappear at some specific Krs,
around Krs of 3.988 (tr = 1.5 m) for in this study). It can be concluded
that increasing the raft thickness (stiffness) is effective, primarily, in
reducing the differential settlement.

« The raft-soil relative stiffness (raft thickness) has a small effect on
the load carried by the non-connected piles. Whereas for connected
piles, as the raft-soil relative stiffness (Krs) increase (as raft thickness
increase), load sharing ratio of piles (cxpr) decreased..



Melese FW, et al.

J Civil Environ Eng, Volume 11:12, 2021

Acknowledgment

Great thanks deserve to Dr.-Ing Henok Fikre for his guidance and for Bahir
Dar Institute of Technology for sponsoring master’s program.

References

1. Burland, John Boscawen, Bengt Baltzar Broms, and Victor FB De Mello. "Behaviour
of foundations and structures." (1978): 495-546.

2. Randolph, M. F. "Efficient design of piled rafts." Proc. Deep Foundation on Bored
and Auger Piles, Ghent, Belgium (1993): 199-130.

3. Horikoshi K., and M. F. Randolph. "A contribution to optimum design of piled rafts."
Geotechnique 48(1998): 301-317.

4. Wong I. H., M. F. Chang, and X. D. Cao. "Raft foundations with disconnected
settlement-reducing piles." In Design applications of raft foundations (2000): 469-486.

5. Hor, Boramy, Myung-Jun Song, Min-Hyung Jung and Young-Hun Song et al. "A 3D
FEM analysis on the performance of disconnected piled raft foundation." Japanese
Geotechnical Society Special Publication 2(2016): 1238-1243.

6. Tradigo, Fabio, Federico Pisand, and Claudio di Prisco. "On the use of embedded
pile elements for the numerical analysis of disconnected piled rafts." Comput
Geotech 72(2016): 89-99.

7. Cao, Xiao Dong, Ing Hieng Wong, and Ming-Fang Chang. "Behavior of model rafts
resting on pile-reinforced sand." J Geotech Geoenviron Eng 130(2004): 129-138.

8. Fioravante, Vincenzo, and Daniela Giretti. "Contact vs. noncontact piled raft
foundations." Can Geotech J 47(2010): 1271-1287.

Page 8 of 8

10.

12.

13.

14.

15.

16.

17.

18.

Azizkandi, Alireza Saeedi, Habib Rasouli and Mohammad Hasan Baziar. "Load
sharing and carrying mechanism of piles in non-connected pile rafts using a
numerical approach”. Int J Civ Eng 17(2019): 793-808.

Biesiadecki, Gregory L, Ricardo Dobry, George E. Leventis and Ralph B. Peck.
"Rion-Antirion Bridge Foundations: ABlend of Design and Construction Innovation."
(2004).

Rasouli, Habib A, Taghavi Ghalesari, M. Modarresi, and A. Hasanzadeh. "Numerical
study of non-contact piled raft interaction under static loads." In Civil Engineering
and Urban Planning: Proceedings of the 5" International Conference on Civil
Engineering and Urban Planning (CEUP2016) (2017): 750-762.

El Sawwaf, Mostafa. "Experimental study of eccentrically loaded raft with connected
and unconnected short piles." J Geotech Geoenviron Eng 136(2010): 1394-1402.

Reul, Oliver, and Mark F. Randolph. "Design strategies for piled rafts subjected to
non-uniform vertical loading." J Geotech Geoenviron Eng 130(2004): 1-13.

Gebregziabher, Henok Fikre and Martin Achmus. "Influence of raft rigidity for piled
rafts resting on stratified subsoil." Int J Geotech Eng (2020): 1-8.

Sinha, Anup. "3-D modeling of piled raft foundation." PhD diss., Concordia
University (2013).

Ata, Alaa, Essam Badrawi, and Marwa Nabil. "Numerical analysis of unconnected
piled raft with cushion." Ain Shams Eng 6(2015): 421-428.

Oh, Erwin Y. N, Q. M. Bui, Chanaton Surarak and A. S. Balasurbamaniam.
"Investigation of the behavior of piled raft foundations in sand by numerical
modeling." In The Nineteenth International Offshore and Polar Engineering
Conference. OnePetro (2009).

Basile, Francesco. "Non-linear analysis of vertically loaded piled rafts." Comput
Geotech 63(2015): 73-82.

How to cite this article: Melese, Wubetu Fekadu and Henok Fikre
Gebregziabher. “Behavior of Structurally Non-connected Settlement Reducing
Piles under Raft Foundation” J Civil Environ Eng 11(2021): 428.



https://d1wqtxts1xzle7.cloudfront.net/33593043/Geo_Report-with-cover-page-v2.pdf?Expires=1640250948&Signature=OH-U0UGu~ForsLGCsWODY2euzdazr4ozZKKtxAwYo0IvRdicFIIzPbMQu~2wDL6LnPABxVAvJzbp01SfrasGnW-jsH3Jr0aVSq1wZ-4y~i7HwRxIa0TQa1NrsDFFjx1~0~PYo-8~AAdDHMpxjf7mayFs0gxNcIVpr7g0rWXMNgPXIkpniB1dC0kOdP6NKKvHarL4N1wK6R~ZF9YGRVenjmIXMBpCkMi9ifwepcqXxI3J6~XN~5vSDiWz3aX6aEhMWP5dhnWH1kSxlR-2MqReUhDbW8bYLRQ3CPLAlHJUuNSX1wfYRiG0EWTlwf4ZipIE1NUhDofupG06W5x3C-4cdQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/33593043/Geo_Report-with-cover-page-v2.pdf?Expires=1640250948&Signature=OH-U0UGu~ForsLGCsWODY2euzdazr4ozZKKtxAwYo0IvRdicFIIzPbMQu~2wDL6LnPABxVAvJzbp01SfrasGnW-jsH3Jr0aVSq1wZ-4y~i7HwRxIa0TQa1NrsDFFjx1~0~PYo-8~AAdDHMpxjf7mayFs0gxNcIVpr7g0rWXMNgPXIkpniB1dC0kOdP6NKKvHarL4N1wK6R~ZF9YGRVenjmIXMBpCkMi9ifwepcqXxI3J6~XN~5vSDiWz3aX6aEhMWP5dhnWH1kSxlR-2MqReUhDbW8bYLRQ3CPLAlHJUuNSX1wfYRiG0EWTlwf4ZipIE1NUhDofupG06W5x3C-4cdQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://ci.nii.ac.jp/naid/10012348939/
https://ci.nii.ac.jp/naid/10012348939/
https://www.icevirtuallibrary.com/doi/abs/10.1680/geot.1998.48.3.301
https://www.icevirtuallibrary.com/doi/abs/10.1680/geot.1998.48.3.301
https://www.icevirtuallibrary.com/doi/abs/10.1680/daorf.27657.0017
https://www.icevirtuallibrary.com/doi/abs/10.1680/daorf.27657.0017
https://www.jstage.jst.go.jp/article/jgssp/2/34/2_KOR-21/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jgssp/2/34/2_KOR-21/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jgssp/2/34/2_KOR-21/_article/-char/ja/
https://www.sciencedirect.com/science/article/abs/pii/S0266352X15002359
https://www.sciencedirect.com/science/article/abs/pii/S0266352X15002359
https://www.sciencedirect.com/science/article/abs/pii/S0266352X15002359
https://ascelibrary.org/doi/abs/10.1061/(ASCE)1090-0241(2004)130:2(129)
https://ascelibrary.org/doi/abs/10.1061/(ASCE)1090-0241(2004)130:2(129)
https://cdnsciencepub.com/doi/abs/10.1139/T10-021
https://cdnsciencepub.com/doi/abs/10.1139/T10-021
https://link.springer.com/article/10.1007/s40999-018-0356-2
https://link.springer.com/article/10.1007/s40999-018-0356-2
https://link.springer.com/article/10.1007/s40999-018-0356-2
https://core.ac.uk/download/pdf/229074871.pdf
https://core.ac.uk/download/pdf/229074871.pdf
https://core.ac.uk/download/pdf/229074871.pdf
https://www.worldscientific.com/doi/abs/10.1142/9789813225237_0058
https://www.worldscientific.com/doi/abs/10.1142/9789813225237_0058
https://www.worldscientific.com/doi/abs/10.1142/9789813225237_0058
https://www.worldscientific.com/doi/abs/10.1142/9789813225237_0058
https://ascelibrary.org/doi/abs/10.1061/(ASCE)GT.1943-5606.0000341
https://ascelibrary.org/doi/abs/10.1061/(ASCE)GT.1943-5606.0000341
https://ascelibrary.org/doi/abs/10.1061/(ASCE)1090-0241(2004)130:1(1)
https://ascelibrary.org/doi/abs/10.1061/(ASCE)1090-0241(2004)130:1(1)
https://www.tandfonline.com/doi/abs/10.1080/19386362.2020.1809839
https://www.tandfonline.com/doi/abs/10.1080/19386362.2020.1809839
https://spectrum.library.concordia.ca/id/eprint/977288/
https://spectrum.library.concordia.ca/id/eprint/977288/
https://www.sciencedirect.com/science/article/pii/S2090447914001579
https://www.sciencedirect.com/science/article/pii/S2090447914001579
https://onepetro.org/ISOPEIOPEC/proceedings-abstract/ISOPE09/All-ISOPE09/ISOPE-I-09-098/7354
https://onepetro.org/ISOPEIOPEC/proceedings-abstract/ISOPE09/All-ISOPE09/ISOPE-I-09-098/7354
https://onepetro.org/ISOPEIOPEC/proceedings-abstract/ISOPE09/All-ISOPE09/ISOPE-I-09-098/7354
https://onepetro.org/ISOPEIOPEC/proceedings-abstract/ISOPE09/All-ISOPE09/ISOPE-I-09-098/7354
https://www.sciencedirect.com/science/article/abs/pii/S0266352X14001621
https://www.sciencedirect.com/science/article/abs/pii/S0266352X14001621

	Abstract

