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Piled raft foundation (PRF) is a combination of pile and raft that provides adequate bearing capacity under the allowable
settlement. This research aims to optimize the PRF design for a 48-story Commercial Bank headquarters building in Addis Ababa,
Ethiopia, by conducting parametric study on various pile configuration using FLAC3D (Fast Lagrangian Analysis of Continua in
three Dimensions) software. We analyzed 28 piled raft configurations and found that increasing the distance between piles
increases the raft load sharing distribution by 11.5% while reducing settlement. Despite variations in pile length and diameter,
a close load sharing between the pile and raft is accomplished at a separation of seven times the pile diameter (7D). The largest
settlement decrease achieved was 9% for a 2-m pile diameter by doubling the pile length from 10 to 20m, indicating that increasing
pile length is ineffective for settlement reduction. We also proposed two new pile configurations that share load equally among pile
and raft, and slightly increase total settlement below 10-cm limit. The results show that the first configuration exceeds differential
settlement limit, but the second configuration reduces it by 95% and saves 40% of piles. This study provides a useful reference for
designing PRF for high-rise buildings in similar soil conditions.

1. Introduction

In conventional foundation design, it was customary to con-
sider first, the use of shallow foundations like strips, com-
bined, or rafts. If it is not adequate, a deep foundation which
is a fully piled foundation is used instead. The scarcity of land
in urban areas, intention for future purposes, advancement
in technology, to use as a landmark has boosted the construc-
tion of high-rise buildings in the hub of Addis Ababa. In
shallow foundations, it is supposed that a load of the super-
structure is transmitted to the underlying ground directly by
the isolated footings. However, in deep foundations, espe-
cially pile foundations, the entire design load is supposed to
be carried by the piles [1]. The concept of piled raft founda-
tions (PRFs) in the design of pile group was adopted and
described by several authors, including Katzenbach et al. [2],
Mandolini et al. [3], Poulos and Bunce [4], Poulos [1, 4, 5],
and Reul and Randolph [6] among many. Analysis of PRF is
useful to assess the ultimate load capacity for a vertical and

lateral load, maximum differential settlement, raft moments,
and shears. The analysis method ranges from a simplified
method involving hand calculations to a more rigorous
methos that uses numerical methods [5–9].

Considerable research has been done to understand how
PRFs respond to static loads using numerical [8–16] and exper-
imental [17–20] methods. Even while the raft’s significance as a
load-bearing element is maintained by the traditional design,
the experimental results show that the proportion of load car-
ried by the raft is substantially higher than 20% [17–19] and
can be further adjusted by widening the space between piles
[2–4]. Reul and Randolph [6] have discovered installing piles in
the center and using longer piles than a large number of piles
has resulted in a decent change in settlement reduction. Sinha
andHanna [8] have conducted a numerical analysis to examine
the effect of the key parameters governing the performance of
PRF on homogenous soil during loading and, accordingly, the
load shared by the piles and the raft. Their results show an
increase of spacing beyond 6D leads rafts to carry the whole
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load, they also discovered thinner rafts may lead to a nonuni-
form load to be shared by the pile.

Moayedi et al. [21] have studied an analytic investigation
on the performance of floating piled rafts on compressible
soil layers for controlling angular distortion. They found that
the angular distortion is lower when floating piles of different
lengths are used rather than uniform lengths. Ko et al. [22]
proposed a 3D interactive analysis of superstructure and PRF
at once. They found iterative and interactive analysis gave
similar results of settlement and raft bending moment com-
pared with finite element analysis. Bernardes et al. [10] stud-
ied the use of PRFs for settlement control in grain silos, by
performing numerical analyses with instrumented structures,
and from this they found out the geometric factor equals 0.09
as a proposed optimized solution to reduce differential and
total settlements. More research on PRF under stratified soil is
necessary to reduce expenses from the overconservative
design method. This is done through a thorough parametric
study under various pile numbers, lengths, diameters, spac-
ing, and raft thickness.

Although a great deal of effort has been made to study
the performance and response of PRF under static loads,
most works focused on clayey soil and one soil type or lay-
ered soils modeled as equivalent homogenous soil [6, 22]. In
addition, limited research is available on the optimization of
piles through a parametric study of on layered soil. A lot of
studies are focused either to reducing the settlement to the
allowable limit, or to estimate the load sharing between pile
and raft [10]. The main objective of this study is to provide an
optimized piled raft configuration based on the result of a
thorough parametric study without compromising the design
benchmarks. Numerical method has been a firsthand tool to
investigated the bearing behavior, and total and differential
settlement of PRF by various experts [23]. FLAC3D numerical
software is used to conduct a thorough parametric investiga-
tion on various pile number, length, diameter, spacing, and
uniform raft thickness is done. Appropriate constitutive
model was selected considering; ability to get the desired
parameter, capability to handle 3D condition, and quality of
the model to fit with the observed experimental test [24].
Result of the numerical solution heavily depends on reprodu-
cing the true in-situ stress condition through following the in-
situ construction sequence of PRF. The selection of piled raft
geometry is taken from recommendation of EBCS-7 (1995)
for bored piles and common practices [2, 8, 25]. Significant
piled raft geometric components are pinpointed, and an opti-
mized layout of PRF is proposed.

2. Materials and Methods

This methodology is driven and formalized from the kinds of
literature reviewed and it is mainly plotted into the following
generalized procedures as shown in Figure 1.

2.1. Description of the Study Area and Geologic Conditions of
the Site. The commercial bank of Ethiopia (CBE) building
site is located around Biherawi along Ras Dest Damtew Road
with an area of 527 square km and elevation of 209m in
Cherkos Sub city, Addis Ababa. The CBE headquarter has

three buildings namely: tallest building and two 5-story
buildings. The CBE headquarters skyscraper (tallest build-
ing) has 48 stories and 20-m-deep underground parking lot
(four basement levels) and two 5-story podiums as depicted
in Figure 2. The subsurface exploration discovered that the
underlying geologic condition is highly stratified consisting
of silty clay to hard basaltic rock. Loose variegated, poorly
graded fill material was encountered above 6.5m while the
second layer has 15.5-m thickness with a relatively dense silty
clay soil. The third layer is a medium weathered basaltic rock
of 6-m thickness underlaid by 9-m thick dense silty clay soil
with a mixture of scoriaceous basaltic rock. The last layer is
located at 47m below the natural ground level having strong
basaltic rock increasing in stiffness with depth. The ground-
water table was encountered at an average depth of 6.5m
below the ground level in the majority of the boreholes.
Table 1 depicts parameters that are used to model the geol-
ogy conditions at the site for numerical investigation.

3. Mathematical Model and Constitutive Model

The equation of motion by applying a continuum form of
momentum yields Cauchy’s equations of motion (Equation (1)).

Selection of sofware

Parameters for material model 

Constitutive model

Geometry of pile and raf

Simulation of single pile

Writing code

FIGURE 1: Procedure for the numerical study.

FIGURE 2: Commercial bank headquarter building.
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This law governs the motion of elementary volume when
subject by a force. ρ is the mass-per-unit volume of the
medium, b is the body force per unit mass, dv/dt is the mate-
rial derivative of the velocity, and σij; j is the stress tensor.
Hence, this equation governs the motion of any medium
under both static and dynamic forces [26] as follows:

σij;j þ ρbi ¼ ρ
dvi
dt

: ð1Þ

For static analysis of continuum, the equation of motion
will be changed into Equation (2) as follows:

σij;j þ ρbi ¼ 0: ð2Þ

A geologic material especially, soil is a complicated mate-
rial that behaves nonlinearly and often shows anisotropic
and time-dependent behavior when subjected to different
loading types [27, 28]. Lade [24] pointed out criteria for
selecting an appropriate constitutive model. These are the
ability to get the desired parameter, the ability to handle 3D
conditions, the quality of the model to fit with the observed
experimental test and simplicity. Based on these criterions
an elastic perfectly plastic Mohr–Coulomb model has
selected to model the soil and an elastic model was selected
to model hard rock and concrete. This model was used by
different studies; Sinha and Hanna [8], Giannopoulos [9],
Alhassani and Aljorany [12], and it is found effective.

3.1. Simulation of Single Pile Capacity. The pile capacity for
the axial load can be approximately calculated using an anal-
ysis method driven from empirical formulas which depend
on the soil type, the method of installation, the pile type, and
others. Considering this, it is possible to determine the pile
capacity approximately and subsequent simulation on
FLAC3D V6 is possible. The skin friction involves transfer-
ring force through the rough surface of the pile in cohesion-
less soil and the cohesion between the pile and surrounding
soil in cohesive soil. Equation (3) is used for clay and sandy
soils under effective and total stress analysis [29].

QS ¼ ∑
n

1
Asfs; ð3Þ

where As = effective pile surface area on which fs acts; fs is the
shear stress capacity along the pile shaft which depends mainly
on the unconfined shear strength of the soil (fs) for fine-grained
soils. The shear stress fs of bored and cast in place pile on
weathered and coarse-grained soil is calculated using the corre-
lation with standard penetration test in Equation (4) [30].

fs ¼ aþ bN ≤ 200 kPa; ð4Þ

where a= 20; b= 2N; and N= SPT—number of blows. Since
the soil is highly weathered rock; fs= 200 kPa. The total skin
resistance of the pile Qs ¼ As fs ¼ 6; 280 kN. The tip resis-
tance of this pile is calculated from the unconfined compres-
sive strength of the bedrock. Goodman and Kulhawy [30] in
the 1980s proposed Equation (5) for bearing capacity of a
pile standing on a rock. Where Nϕ ¼ tan2 45ð þϕ0=2Þ¼ 4:11
and qu deisgnð Þ ¼ 37:8=5¼ 7:56MPa are the design unconfined
compressive strength of the rock and it is laboratory result
divided by a factor of five, ϕ0 ¼ 37:4° is drained angle of
internal friction of rock. Using the Goodman and Kulhawy
[30] formula, the end resistance of pile Qbð Þ is 30.3MN .
Using a factor of five to account for discontinuity in the rock
mass the allowable end resistance is 6.06MN . The total load
capacity using a factor of three for the skin resistance is
8.15MN [11, 31].

qp ¼ qu designð Þ Nϕ þ 1
� �

: ð5Þ

The interface between the pile, the surrounding soil, and
the base rock has both cohesive and frictional nature. These
properties are called the shear and normal coupling spring.
The shear coupling spring consists of the shear spring stiff-
ness (Ks), shear direction friction angle (∅′s= tan-1((2/
3)× tan∅′)), and shear direction cohesion (c′s= 2/3c′). The
normal spring stiffness (Kn), normal direction friction angle
(∅′n= tan-1[(2/3)× tan∅′]), normal direction cohesion
(c′n= 0.9c′) are used to model the interface in the direction
to normal to the pile periphery. The above interface param-
eters are determined through a parametric study (trial and
error) until the required bearing capacity and allowable

TABLE 1: Soil parameters for base model.

Layer υ (-) E (MPa) G (MPa) K (MPa) c (kPa) ϕ (°) ρ (kgm−3) SPT

1 0.32 16.45 6.23 137.10 25.3 19.5 1524 28
2 0.35 34.94 12.94 349.42 27 21.3 1743 38.5
3 0.3 45.99 17.69 344.89 28 37.4 2359 43
4 0.25 1027 410.80 684.67 5000 40 2626 49
5 0.32 265.5 100.57 245.83 25 35 1871 36
6 0.25 1680 672.00 1,120.00 5000 45 2886.7 >50
Conc. C-35 0.15 31,368 13,638.26 14,937.14 – – 2500

υ=Poisson’s ratio; E= young’s modulus; G= shear modulus; K= bulk moduli; c= cohesion; ϕ= internal angle of friction; ρ= density of material; SPT= the
number of standard penetration test for 30 cm; Conc. C-35= a concrete used for both pile and raft.
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settlement are achieved. Different study indicates that the
interface parameters for initial simulation can be approxi-
mated instead of initial assumptions [32–35]. While the
shear and normal spring stiffness (Kn, Ks) are approximated
and shown in Equation (6)

Ks ¼ Kn ¼ 10 − 100ð Þ × K þ 4
6G

ΔZmin

� �
: ð6Þ

Interface parameters are determined through a paramet-
ric study (trial and error) until the required bearing capacity
and allowable settlement is achieved. The variation of the
above interface parameters will be varied until 1% and 10%
of the pile diameter is mobilized for shaft and end resistance,
respectively [34]. Considering the above criteria, the simula-
tion result of single pile for 10-mm pile diameter is shown in
Figure 3. The simulation result shows that the settlement
increase with increase in load up to 0.72mm then constant.

3.2. Sensitivity Analysis and Grid Independency Test. Sensi-
tivity analysis is a useful parametric study to obtain the opti-
mum boundary size, mesh size, and mesh quality [28]. The
finite number of mesh and distance of boundary from the
piled raft will influence the results. To investigate the influ-
ence of the above-listed condition on a settlement, bearing
capacity, and load sharing of PRF a sensitivity analysis was
conducted.

Considering the above conditions four different bound-
ary sizes and mesh quality are investigated and their influ-
ence is studied in detail. The settlement at the center and
edge, an axial load of the pile at the center and edge and
lateral load at the center and edge were investigated. Depending
on the result a boundary size of 50× 50× 60m (length×
width× depth) and 142,800 number of zones was selected for
further parametric study under vertical loading (Tables 2 and 3).
This selection has a very good aspect ratio (>0:7 ), volume
ratio (>0:9 ), and orthogonality (>0:7). Therefore, further

parametric study is valid and results are not highly influenced
by the selected mesh fineness, mesh quality, and boundary size
(Figure 4).

3.3. Analysis Procedure via FLAC3D. In this finite difference
analysis, the soil and rock are modeled as eight nodded brick
elements including wedge-shaped meshes. The long-term
behavior of the geologic condition was taken since the water
was pumped out before installation of pile, higher static ver-
tical load results in the expulsion of water from the pores of
the soil medium. The result of the numerical solution
depends on the reproducing true in-situ stress condition
and general procedure for the construction of PRF. Figure 5
shows the procedure used for the simulation of all 27 PRFs
under vertical static load.

3.4. Parameters of PRF. In the parametric study square, both
unpiled rafts and piled rafts with plan length of B= 39m had
considered. Each three unique pile spacing, length, and dia-
meters were considered with a combination to 27 different
piled raft arrangements. The geometric variables of the PRF
that undergone numerical investigation is summarized as
shown in Table 4. The headquarters uniform pile thickness
of 3m subjected to a distributed load of 926.7 kPa was taken.

3.5. Validation of Numerical Studies. The American Society
of Civil Engineers (ASCE) Technical Committee-18 (TC-18)
report by Poulos [1], has been used in this numerical study
for the validation purposes. The results of the simulated
model through different rigorous and simplified method
have a settlement of around 50mm. While in FLAC3D V6
the piled raft has a settlement of around 59mm which is 85%
accurate (Figure 6).

4. Results and Discussion

The main aim of this pile raft configuration is an investiga-
tion of the response of different pile geometric positioning
under the raft. The magnitude of the superstructure load is
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FIGURE 3: The plot of force versus displacement for a single pile having end and frictional resistance.
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represented by a distributed load on the surface of the raft.
This lumped mass of the superstructure on the foundation
method was previously us by Reul and Randolph [6], Sinha
and Hanna [8], and others. In this numerical parametric
study, the soil is modeled using the hexahedral element
(brick) and pile and rafts are models using a structural ele-
ment of pile and shell, respectively. The number of piles will
vary hence depends on the available space on the raft. Due to
the bisymmetric nature of the PRF (square) quarter of the
foundation was taken to reduce very high-computational
effort.

4.1. Unpiled Raft Foundation. The behavior of unpiled raft is
taken as a reference for evaluating the performance of PRF in
terms of the settlement and bearing capacity. The variation
of settlement vs. step (the model analysis time) for uniform

load is shown in Figure 7. The settlement profile is at the
center, at some point and edge of the raft. The settlements at
the center of the raft and edge are 196 and 104mm. This
results in a higher differential settlement of 92mm. Accord-
ing to Boussinesq [35] the distribution of stress in an elastic
medium by a point load decrease toward the edge resulting in
a higher settlement at the center than at the edge.

The maximum positive bending moment is observed at
the corners of the raft having a magnitude of 2. 25MNm
(Figure 8). The negative maximum bending moment is −1. 1
MNm located at the midsection of the raft in both x and y
directions.

4.2. Influence of Pile Spacing. The center-to-center distance
between two consecutive piles determines the number of the
pile and the overall structural stiffness. Three different pile

TABLE 2: Influence of boundary size on the PRF foundation.

Boundary size (X ×Y ×Z) m No. of zones
Settlement (mm) Axial load (MN)

y-Lateral load
(MN)

z-Lateral load
(MN)

Center Edge Center Edge Center Edge Center Edge

40× 40× 60 13,606 39 29 8 19 −0.2 −0.8 0.2 0.84
45× 45× 60 21,756 40 29 8 18.7 −0.2 −0.8 0.2 0.82
50× 50× 60 24,864 41 30 8 18.6 −0.2 −0.8 0.2 0.78
60× 60× 60 29,008 43 30.5 8.2 18.4 −0.2 −0.8 0.2 0.78

TABLE 3: Influence of grid number on the PRF analysis.

Trial No. of zones
Settlement (mm) Axial load (MN)

Time taken (hr)
Center Edge Center Edge

1 17,234 33 22 11 21.3 0.5
2 24,864 41 30 8 18.6 1
3 142,800 46 40 7.2 15 4.5
4 306,516 48 45 6.5 13.4 13.5

ðaÞ ðbÞ
FIGURE 4: (a) Model of piled raft and (b) overall boundary of the analysis.
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spacings (3D, 5D, and 7D) as a function of pile diameter are
considered. Since most PRF systems in Addis Ababa have
spacing of 3D and above. Table 5 depicts that increasing the
spacing results in the increase of differential and total settle-
ment. Especially at a spacing of 7D the differential and total
settlement increases abruptly to 53 and 93mm, respectively.
This indicates that the pile spacing lower than 7D should be
considered to alleviate settlement-related problems.

Where total settlement factor (ξs) is the ratio of the total
settlement of un-PRF to PRF; differential settlement reduc-
tion factor (ξΔs) is the ratio of the differential settlement of
un-PRF to PRF; αpr is the ration of the load taken by the pile
to the raft. The reduction of load sharing is due to a decrease
in the number of piles resulting in load to be shared by the
raft. Load sharing of the raft has increased by 11.5% consec-
utively as the spacing increase. This result is close to the
numerical result obtained from Reul and Randolph [6]. For
all piles, the maximum bending moment and normalized
lateral displacement were observed near the pile head, which
decreased with an increase in the depth of the pile. The raft
maximum and minimum bending moment are observed in
the connection between pile–raft and corner of raft, respec-
tively. A pile of 10-m length and 1-m diameter with different
spacing consisting of three different spacings shows that
increase of spacing results in to increase in bending moment
of both pile and raft.

4.3. Influence of Pile Length. Pile length is a very crucial
geometric component for skin friction piles. Hence the pile
tip ends on hard rock, the majority of the loads transfer to
soil largely through end bearing and in small fractions
through skin friction. To capture the effect of pile length
on the overall performance of PRF three different pile
lengths (10, 15, and 20m) are considered. The selected range
of piles are commonly used in Addis Ababa specifically at
Commercial Bank, Nib Bank, and other.

Due to modest increase in frictional resistance created by
the pile skin, Figure 9 demonstrates that increasing pile
length decreases overall settlement at varied rates. This
reduction rate is very high for a pile diameter of 1m due
to smaller spacing between piles. The effectiveness of increas-
ing pile length depends on the spacing between piles.
Increasing pile length by 5m from 10m with a spacing of
3D reduces differential settlement is by 1mm. Therefore,
increasing pile length for the reduction of differential settle-
ment is not significant.
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Installation
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Connect raf
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on raf 

Monitoring
point 

Run
analysis 

FIGURE 5: Static analysis procedure using FLAC3D.

TABLE 4: Summary of parametric values for numerical study of PRF.

Parameters Unit 1st trial 2nd trial 3rd trial

Raft plane (B× L) m×m 39× 39 39× 39 39× 39
Raft thickness M 3 3 3
Pile length M 10 15 20
Pile diameter M 1 1.5 2
Pile spacing M 3D 5D 7D
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FIGURE 6: Settlement of piled raft for validation of software.
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FIGURE 8: Maximum positive bending moment in unpiled raft foundation (MN.m).

TABLE 5: The results of the parametric study under different pile spacing.

Spacing UPR 3D 5D 7D

No. of piles (–) – 144 64 36
Length of pile (m) – 10 10 10
Total settlement (mm) 196 69 57 93
Differential settlement 92 15 39 53
Ξs – 0.35 0.29 0.47
ξΔs – 0.16 0.42 0.57
αpr – 0.76 0.67 0.53
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The load sharing behavior was also modified due to an
increase in pile length. A pile of diameter 1.5m, 5D (five
times the pile diameter) spacing, and 10-m length share
37% of the total load, and the addition of pile length by
5m increases the load sharing by 8%. Further increase of
pile length by 10m leads to increase of the load sharing by
6%. Hence, the pile raft coefficient increases when there is an
increase in pile length with a relatively small percentage.

4.4. Influence of Pile Diameter. In this parameter, three dif-
ferent pile diameters (1, 1.5, and 2m) are considered. A pile
of 10-m length and 1-m diameter and nine number of piles
has a total settlement of 93mm. While the same number and
length of the pile but a diameter of 2m has a settlement of
63mm. However, a pile of size 1.5m and spacing of 5D has a
higher settlement of 113mm due to higher center-to-center
spacing and long raft edge size. Figure 10 shows the variation
of pile raft coefficient for a pile of 15-m length spaced at 5D.
A diameter of 1m has 64 total pile and piled raft coefficient
of 0.87. Increase of pile diameter to 1.5m reduces pile num-
bers to 36 and the coefficient to 0.45. This shows further
increase of diameter leads in reduced pile raft coefficient to
increase the load carried by the raft.

4.5. Influence of Raft Edge Dimension. The raft considered is
a square of dimension 39× 39m and 3-m thick. The spacing
between several piles determines the outer edge dimension of
the raft. This intern influences differential and total settle-
ment. As frequently observed from this numerical paramet-
ric study higher settlement is recorded either at the center or
at the corner of the raft. A PRF having 20m pile, 4.5m
spacing (1.5 diameter and 3D), and 0.75-m outer raft length
has a corner settlement of 51mm. However, the addition of
the outer raft dimension by 3m increases the raft corner
settlement by 13mm. The general settlement trend is depen-
dent on the center-to-center spacing of pile and raft edge
dimensions.

4.6. Optimized Design of PRF. The foundation design
depends on the geologic condition, load type and magnitude,
foundation type, and intended purpose. The optimized
design is providing a small total pile length with an accept-
able limit of design requirement. In the previous parametric
study, it has been found that the main parameters that con-
trol total, differential settlement, and load sharing of PRF are
the pile spacing and raft edge dimension from the pile
periphery. Hence, to achieve an optimized design a new
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pile configuration, piles are placed under the center of the
edge of the raft is proposed (Figure 11) and its performance
was be evaluated (Table 6).

The modified pile configuration B (Figure 11(b)) has
achieved a maximum economy by saving 41% of the piles
used. In this configuration differential settlement was only
4mm (has reduced 95% differential settlement) due to the
addition of the second round of piles around the raft edge. In
addition, Table 6 shows the modified pile raft configuration
B transfer 50% of the superstructural load to the raft and the
rest to the pile which is usually appreciated.

5. Conclusion

Based on the study, the following conclusions are drawn:

(i) Generally, pile length and diameter have little use in
reducing settlement. However, the fundamental fac-
tors that affect settlements are pile spacing the
extended distance of a raft from the outermost
pile. The raft settles at the center more than any
other portion of the PRF in the shape of a bowl.
The differential settlement is governed by the
extended distance of raft from the outermost pile
periphery. Hence, pile diameter should be balanced
with raft edge dimension to control differentials
settlement.

(ii) Spacing has a considerable effect in raising the load
shared by the raft. Extending pile length has reduced
the load shared by the raft. The total settlement
increases from 57 to 93mm for spacing increases
from 5D to 7D mm. Load sharing of the raft has

increased by 11.5% consecutively as the spacing
increase from 3D to 7D. Despite variations in pile
length and diameter and controlled settlement, a close
load sharing between the pile and raft is accomplished
at a separation of seven times the pile diameter.

(iii) The installation of piles results in increases in the
negative bending moment of the raft compared with
an unpiled raft due to variability of stiffness in
underneath soil and pile. Generally, bending
moment in the raft increases as the spacing and
pile diameter increase. The piles bending moment
has shown an increase with the length and diameter
of the piles due to high-slenderness ratio.

(iv) An optimized design of PRF depends mainly on the
pile center-to-center spacing and raft outer edge
dimension from the periphery of the pile. Optimized
design of piled raft is attained by placing piles at the
center and edge of the raft. While pile length and
diameter variation have no significant influence on
optimized design. Optimized piled raft configura-
tion B (piles covering an area at the center
AG=AR ¼ 0:25 or quarter of the raft area is covered
by piles and two rounds of pile around the edge of
the raft) proposed has reduced the number of piles
by 41% and differential settlement by 95%.

6. Limitation and Future Prospective

This study is conducted on one specific case study which is
commercial bank headquarter skyscraper. Experimental
study and comparison with the numerical method are

TABLE 6: Results of optimized piles raft configuration.

Parameters Uniform pile Configuration A Configuration B

No. of piles (–) 144 88 84
Total pile length (m) 1,440 880 840
Apr 0.76 0.53 0.49
ξs 0.35 0.4 0.4
ξΔs 0.16 0.32 0.04

Confguration A
3 m

3 m

3 m

ðaÞ

Confguration B
6 m

3 m

3 m

3 m

ðbÞ
FIGURE 11: Modified pile configurations (a) pile at the center and edge and (b) pile at the center and two rounds of edge.
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beyond the scope of this study that may be addressed for the
future works.
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