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ABSTRACT

This paper presents a nonlinear computer program called PILEDRAFT to analyze piled rafts
embedded in different soil profiles. The analysis method is based on the hybrid finite element-elastic
continuum-load transfer method. The method of hybrid developed here extended to take into
account the nonlinear behavior of the soil beneath the raft, nonlinear pile load-settlement
behaviour, nonhomogeneous soil profile, multilayered soils and piles of different diameters, lengths
and stiffness. Compared with results of the available published literatures, the developed program
provides reasonable results. The program PILEDRAFT is used in a parametric study to investigate
the effect of different parameters on the performance of a uniformly loaded piled raft. The study
shows that the piles configuration beneath the raft has a profound effect on the overall and
differential settlements and the bending moment of the raft. The reduction in the area occupied by
the piles beneath the central area of the raft can reduce the overall and differential settlements and
increase the induced bending moments of the raft. Moreover, the effects of the raft thickness,
modulus of elasticity of the supporting soil and length of the piles on the behavior of piled raft are
investigated. The results of this study may provide general guidelines for practical engineers to
produce economical design of piled rafts.

Keywords: Piled rafts, piles configurations, nonhomogengod, multilayered soil, parametric
study

INTRODUCTION

Piled raft is a common foundation system to suppit-rise buildings to be constructed on soils
of low bearing capacity (i.e., soft clay, loose ¢amnd sabkha soil) because of their efficiency in
controlling the total and differential settlementie conventional design of piled raft is based on
the assumption that the piles, ignoring the beacmgribution of the raft, support the total load o
the superstructure. This results in a conservagisttmate of the foundation performance, and
therefore an overdesign of the foundation. In tgathe loads of the superstructure are transferred
to the soil not only by the interaction between o and the piles but also by the interaction
between the soil and the raft. A different approactolving the use of piles as settlement reduycers
has been reported by Randolph (1994), Burland (19Bbulos (2001), Sanctis et al. (2002),
Fioravante et al. (2008), El-Garhy et al. (2013heThasic concept of this approach is that the
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foundation comprises only the number of piles the¢ necessary to reduce settlements to a
tolerable amount and the loads from the superstrecre transmitted, via a raft, in part to thegil
and in part to the supporting soil (load shareavben the raft and the piles). This approach allows
the piled raft design to be optimized and the nunolb@iles to be significantly reduced.

The analysis of piled rafts is very challengingduexe of the complexity involved in the interaction
between the soil, the piles and the raft. Rand@894) reported the different numerical techniques
that can be used to analyze piled rafts. Thesérate element method, boundary element method,
hybrid load-transfer method, and finite or infinleeyer method. Three-dimensional finite element
analysis may be used for complex pile groups becatithe high computational requirements.

Chow (1986) developed a hybrid model based ondaé-transfer approach for homogeneous soil
that developed by Randolph and Worth (1978) foingle pile and Mindlin’s elastic continuum
solution for interaction between piles. Clancy @ahdolph (1996) and Horikoshi and Randolph
(1999) used the hybrid method for analysis of gieups and piled rafts embedded in Gibson soils.
The finite layer method has been employed for amadypile groups and piled rafts in layered soil
(Ta and Small, 1996; Zhang and Small, 2000; Choadv&mall 2008).

Recently, a number of researchers developed asafygthods for piled rafts using different
approaches (e.g., Huang et al. 2011, Nguyen €04B, Lee et al. 2014 and Jeong and Cho 2014).
Huang et al. (2011) proposed a nonlinear solutmartalyze the response of a vertically loaded
piled raft in layered soil. Based on the elasti@sic analysis of a single pile in a layered dbi
shielding effect between a receiver pile and theistaken into account to modify the conventional
interaction factor between two piles. An approxienapproach with the concept of the interaction
factor is employed to study the nonlinear behagiquile groups with a rigid cap.

Nguyen et al. (2013) proposed a design method fulled raft considering the interaction effects. In
this method, the raft is considered as a plate @i by a group of piles and soll, the ultimatedo
capacity of the pile group is taken into accountafculating the settlement when the foundation is
subjected to a large vertical external load. Iniald this method supports estimation of the
nonlinear behaviour of the piled raft by considgrihe nonlinear behavior of the piles.

Lee et al. (2014) proposed a load-sharing modahtdyze the load sharing behavior of piled rafts

using a normalized load-settlement relationship tlescribes the combined load responses of raft
and piles and takes into account the settlemergragmt variation of load sharing behavior. Lee et
al. (2014) conducted centrifuge load tests forausgimodel foundations to check the validity of the

proposed load-sharing model.

Jeong and Cho (2014) proposed a nonlinear 3D arellyhethod for piled raft foundations by
considering raft flexibility and soil nonlinearityin this method the load transfer approach
usingp-vy, t—zandq-z curves is used for the analysis of piles and atytinal method of the

soil-structure interaction is developed by takintgpiaccount the soil spring coupling effects based
on the Filnenko-Borodich model. The method of Jeand Cho (2014) was verified by comparing
its results with the results of other numerical moelis and field case studies on piled raft.

There are numerous factors controlling the behavaduthe piled rafts such as raft thickness,
modulus of elasticity of the supporting soil, lemgif the piles and piles configurations. It is
necessary to consider these factors in the desigileal raft to achieve the objective of economic
construction with satisfactory behavior.
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This paper consists of two main parts. The first pertains to the development of a nonlinear
computer program for the analysis of piled raftsduh on the hybrid finite element-elastic

continuum-load transfer method. The method emplaetithe program developed is validated by
comparing its results with the results of otherlgsia methods available in the literature including

more rigorous results of 3D finite element analyBisthe second part of this paper the developed
program is used in a parametric study to investighe effect of different parameters on the

behavior of piled raft. These parameters includektiess of the raft, modulus of elasticity of the

supporting soil, length of the piles and piles ogunfation.

MATERIALSAND METHOD

The numerical method of analysis described higrebased on the hybrid finite element-elastic
continuum-load transfer method, which has beeeveldped specifically to minimize the
amount of computation (Griffiths et al. 19@lancy and Randolph 1993, Clancy and Randolph
1996, El-Garhy 2002). Figure 1 shows the numeriegiresentation of the problem. One-
dimensional rod finite elements are used to modtiel piles, while the pile-soil contact is
represented at node points by potentially non-linead transfer springs (Chow 1986). Interaction
between piles through the soil is calculated usimgdlin's elastic continuum solution.

The raft is subdivided into two-dimensional thimgel bending finite elements (Smith and Griffiths,
1988), and the raft-soil contact is lumped intoeguivalent nonlinear soil spring at each node. An
equivalent soil spring's response is calculatedefmh raft node using an analytical solution fer th
average settlement under a uniformly loaded rectan@rea for different soil profiles. The elastic
settlement,w, at the center of a uniformly loaded rectangulexible area,bxl , can be calculated
from the following equation.

_ 2
o bpa-vd),

S

s (1)

(1) One dimensional pile element (rod element)

(2) Soil resistance at each pile node represented bynear t-z curve
(3) Two-dimensional plate-bending finite element raé&sin

(4) sSoil resistance at each raft node represented binear spring
(5) Pile-soil-pile interaction effects calculated bedangairs of nodes
(6) Raft-soil-raft interaction

(7) Pile-soil-raft interaction

Figure 1 Numerical representation of piled raftai@@ly and Randolph 1996)
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Where E, andv, are the elastic modulus and Poisson's ratio osdlile p is the uniform loadp
and| are the width and length of rectangular area bnds the influence factor (sometimes take
symbol |, in the literature). The nonlinear response of siod at the raft soil interfaces is
represented by the following hyperbolic relatiopshi

pw=_POPAVS) | )

R\ °
E{l— p fj
qult

Where Awis the incremental soil settlemetp is the incremental loadp is the current uniform
load, R; is the hyperbolic curve fitting constant ang, is the ultimate bearing capacity of the soil.

The value of the influence factot,,, is dependent on dimensions of rectangular areasan

profile. The present method of analysis consideus @ifferent cases of soil profiles. These are (1)
semi-infinite soil medium (Giroud 1968, Hirai 20082) finite soil layer (Hirai 2008), (3) semi-
infinite multi-layered system (Hirai 2008) and nilittyered system resting on rigid base (Fraser
and Wardle 1976).

The area of raft contributing to each node is dated by summing the area of each raft element to
which the node is attached, and by dividing thesadoy four (since each element has four nodes).
The contributing area does not necessarily cemtrine node itself and so the centre of this area is
calculated for each node. These center pointshareused to determine the interaction between raft
nodes through the soil, which again makes use ofiMi's equation.

The raft analysis and pile group analysis are caetbiby attaching piles to the raft via common

nodes at the connecting points. The connection detvihe raft and the piles are assumed to be
simple connections (i.e., only the vertical loadms$mitted from the raft to the head of the pilés).

is assumed that there is no raft-soil contact atabmmon nodes (i.e., pile nodes). Interaction
between pile nodes and raft nodes is calculatedyudindlin's equation.

The method of hybrid developed here extended te tako account the following additional
features: (1) nonlinear behavior of the soil benetie raft, (2) nonlinear pile load-settlement
behaviour, (3) nonhomogeneous soils where modulagases with depth, (4) multilayered soils
where each soil layer has a different soil modalng (5) piles of different diameters, lengths and
stiffness. The numerical method of analysis dewvadiopere is implemented into a nonlinear finite
element computer code named PILEDRAFT for the amslyf unpiled rafts and piled rafts.

PROGRAM VALIDATION

Poulos (2001) solved and presented a piled rafbleno for the purpose of comparisons between
the different analysis methods of piled rafts. Timaensions of the rectangular raft are 6mx10m, its
thickness is 0.5m and supported by a group of piiels a diameter of 0.5m. The raft has a bearing
capacity of 0.3MPa and the pile has a load capati}.873MN in compression. The piled raft is

embedded in a homogeneous finite soil layer withaalulus of elasticity of 20MPa and Poisson’s
ratio of 0.3. Figure 2 shows the properties offihed raft and the supporting soil. Figures 3, d an

5 show the piles arrangements for the three cdspited rafts that are considered in this example.
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Loads are applied vertically as concentrated Idadihe raft as shown in Figure 2. The present
program is used to analyze the three cases of mlesi(i.e., raft on 3 piles, raft on 9 piles anaft

on 15 piles) and the results are compared withpihiglished results from program GARP, the
Poulos-Davis-Randolph (PDR) method (Poulos 200gmam FLAC3D (Poulos 2001), program

APRILS (Chow 2007) and program ELPLA (Rabiei 2009).

In the present analysis, the limiting skin resiseaalong the pile length and the pile base resistan
are back calculated to be 78kN/and 1170kN/mh from the ultimate capacity of the pile, pile
dimensions, soil modulus of elasticity and the adbe factor is taken 0.6 as recommended by
Poulos (2001).

Figures 6, 7 and 8 show comparisons between tltedeilement curves obtained by the present
program and those predicted by other methods ®otlttee cases of piled rafts. Good agreement is
obtained with the published results of the othethoés as shown in Figures 6, 7 and 8.
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Figure 3 Case 1: raft on 3 piles
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Figure 6 Comparison of load-settlement curves faseCl: Raft on 3 piles
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Figure 7 Comparison of load-settlement curves faseZ2: Raft on 9 piles
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Figure 8 Comparison of load-settlement curves faseC3: Raft on 15 piles

PARAMETRIC STUDY

The program PILEDRAFT is used in a parametric sttmlyinvestigate the effect of different
parameters on the performance of the piled rafé dimensions of the raft used in the parametric
study are 20mx20m and resting on 25 piles. Thedpibdt is subjected to a uniform load of
100kN/nf. Figure 9 shows the properties of the piled raft the supporting soil. Figure 10 shows
the piles configuration beneath the raft.
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Figure 9 Properties of the piled raft and suppgrsail
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Figure 10 Configuration of the piles beneath the ra

In all the parametric study, the value of the uttimbearing capacity of the raé,, , is taken equal
to 6¢, (Poulos 2001) and the undrained cohesmnjs taken equal t&c,/ 25@Bowles 2001, Das

2010). The value of the limiting shaft resistandg,, , is taken equal tarc,(where ais the

adhesion factor that can be calculated as a fumaifothe undrained shear strength of the soil
(Bowles 2001)) and the limiting pile base resistaisctaken equal t8c, (Bowles 2001, Das 2010).

In all the parametric study, the nonlinear analisisonsidered and only one parameter is changed,
and all of the other parameters are held constatiiteabasic values as presented in Table 3. The
results of all the parametric study are presematin-dimensional forms as follows:

_ wg.D 3)

I
rw qBL
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w,E.D
| = ds” 4
dw qBL ()
m
= 5
=L ©)
_ A
= "2 6
pz qBL ( )

Where |, is the normalized vertical settlement of the pitaft, | 4, is the normalized differential
displacement of the piled raft, , is the normalized bending moment per unit lendtthe raft, | ,
is the normalized axial force along the pile,is the vertical settlement of the piled raft, is the

differential settlement of the piled raft)is the bending moment per unit length in the raftis the
axial load of the pileB and L are the width and length of the raft, agts the applied uniform
load on the raft.

Table 3 Basic values of various parameters
used in the parametric study

Parameter Value
Uniform load over the raft 100kPa
Length of the raft 20m
Width of the raft 20m
Thickness of the raft 0.5m
Modulus of elasticity of the raft 20000MPa
Poisson’s ratio of the raft 0.2
Modulus of elasticity of the sojl 20MPa
Poisson's ratio of the soll 0.3
Undrained cohesion of the sojl 80kPa
Number of piles 25
Diameter of the pile 0.5m
Length of the pile 10m
Modulus of elasticity of the pile 20000MPa
Poisson's ratio of the pile 0.2

Effect of raft thickness

Figures 11 to 15 show the effect of the raft thession the behavior of the piled raft. The thicknes
of the raft is varied between 0.5m to 2.0m anddtier parameters are kept constant at its basic
values as presented in Table 3. Figure 11 showgansons of the normalized vertical settlements
along the centerline of the piled raft at differeatues of raft thickness. As shown in Figure h#, t
normalized vertical settlements of piled raft desee as the raft thickness increases. As the raft
thickness increases from 0.5m to 2.0m, the maxirsettiement at the raft center decreases by 23%
that shows the decrease in total settlement isveoy significant. However, the decrease in
differential settlement is more significant as show Figure 12. The differential settlements (i.e.,
center-edge and center-corner) decreased by 88uPBX8%, respectively as the raft thickness
increases from 0.5m to 2.0m.
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Figure 11 Effect of raft thickness on the vertisattlement along x-axis of the piled raft
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Figure 12 Effect of raft thickness on differensaittiements of the piled raft

Figure 13 shows the effect of the raft thicknessh@nnormalized bending moment in the raft along

sec A-A (see Figure 10). The negative bending manmeneases as the raft thickness increases. At
the point located at 8.5m along sec A-A from rafige the bending moment increases by

approximately 627.7% due to the increase of ra¢ktiess from 0.5m to 2.0m. The rate of increase
of this bending moment with the raft thicknesshewsn in Figure 14.
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Figure 13 Effect of raft thickness on the bendingments along Sec A-A of the piled raft
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Figure 14 Effect of raft thickness on the bendingment at a point
along sec A-A at a distance of 8.5m from raft edge

Figure 15 shows the effect of the raft thicknesdhanload distribution on the piles. The loads on
three different piles are considered. These aesNl. 1 (i.e., corner pile), pile No. 3 (i.e., equle)

and pile No. 13 (i.e., central pile). The effectloé raft thickness on the load carried by edge igil
too small and can be negligible. However, the loadied by corner pile increases as the raft
thickness increases and inversely, the load cabiedentral pile decreases as the raft thickness
increases. The increase in the load carried byecqoile is approximately 11.8% and the reduction
in the load carried by center pile is 22.7% asr#ffethickness increased from 0.5m to 2.0m.
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Figure 15 Effect of raft thickness on the loadsiedrby corner, edge and center piles

Effect of Soil Modulus of Elasticity
Figures 16 to 20 show the effect of the soil moduti elasticityE,, on the behavior of the piled
raft. The value of E, is varied between 10MPa to 50MPa and the otheanpeters are kept

constant at its basic values as presented in Tablalues of the different parameters dependant on
the soil modulus of elasticity is calculated, ascdssed in section 4, and presented in Table 4.
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Figure 16 shows the effect of the soil modulus lef&city on the normalized vertical settlement
along the centerline of the raft. The vertical Isetent along the x-axis decreases as the soil
modulus of elasticity increases. The maximum settiat at the raft center decreases by 81.0% due
to the increase in the soil modulus of elastiaigni 10MPa to 50MPa.

Table 4 The value of different parameters usetiénstudy
of the effect of the soil modulus of elasticity

Parameter Value
Modulus of elasticity of the soil (kPa) 10000 20000 30000 | 40000 50000
Undrained cohesion (kPa) 40 80 120 160 200
Adhesion factor 0.94 0.788 0.692 0.596 0.5
Limiting shaft resistance (kPa) 37.6 63.0 83.04 365. 100.0
Limiting pile base resistance (kPa) 360.0 720.0 0108| 1440.0 1800.0
Ultimate bearing capacity of the raft (kPa) 240.0 804 720.0 960.0 12000
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Figure 16 Effect of soil modulus of elasticity agtttement
along x-axis of the piled raft

Figure 17 shows the effect of soil modulus of ét#ston the normalized differential settlements.
The decreases in differential settlements (i.e1tezecorner and center-edge) are 77.1% and 74.5%,
respectively due to the increase in soil moduluglasticity from 10MPa to 50MPa. The rate of
decrease in differential settlements decreasdseasdil modulus of elasticity increases as shown in
Figure 17. This means that the effect of soil madubf elasticity on total and differential
settlements is significant.
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Figure 17 Effect of soil modulus of elasticity on
differential settlements of the piled raft

Figure 18 shows the effect of soil modulus of étaston the normalized bending moment in the
raft along section A-A (see Figure 10). The vadfighe negative bending moment decreases as the
value of E, increases. At the point located at a distance®&h&rom the raft edge along sec A-A,

the negative bending moment decreases as the ghl&e increases up to a certain value after

which the value of the negative bending momenthtlijgincreases as shown in Figure 19. Also
from Figure 19, it is observed that the rate ofrdase in the value of the negative bending moment
decreases as the valueBf increases.
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Figure 18 Effect of soil modulus of elasticity oanling
moment along Sec A-A of the piled raft
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Figure 19 Effect of soil modulus of elasticity dretbending moment
at a point on sec A-A at a distance of 8.5m frofhedge

Figure 20 shows the effect of soil modulus of etétyton the load carried by the corner, edge and
center piles (i.e., piles No. 1, 3 and 13). At $healler value oE,, the load carried by the piles are
approximately equal as shown in Figure 20. As taleies of E increases the loads carried by the

piles (i.e., corner, edge and center piles) in@egsto a certain value after which the loads @n th
piles are approximately constant. The differencevben the loads carried by the three piles
increases as the value Bf increases (i.e., the central pile carry the maxmioad and the corner

pile carry the minimum load).

0.022 N v v v Al L) Al Al v v 1] v T T T ]
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_20.016 F 3
0014 F —s— PieNo.1 |]
0.012 E —— PileNo.3 3
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0010 bt e s T

0.000 0.001 0.002 0.003

EJE,
Figure 20 Effect of soil modulus of elasticity dretloads carried
by corner, edge and center piles

Effect of Pile Length

Figures 21 to 25 show the effect of the pile lenmththe behavior of the piled raft. Figure 21 shows
the effect of the pile length on the normalizedticat settlement along x-axis of the piled raft.
Generally, the normalized vertical settlement dases as the length of the pile increases. As the
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length of the pile increases from 10m (i.&,,/D = 20) to 30m (i.e.,L,/D = 60), the maximum
vertical settlement at the raft center decreasez6i3f6.
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Figure 21 Effect of pile length on the verticaltEghent along x-axis of the raft

Figure 22 shows the effect of the pile length am differential settlements of the piled raft. Ag th
length of the pile increases, the differential lsatents (i.e., center-corner and center-edge)
decreases. As the length of the pile increases f@m (i.e.,L,/D = 20) to 30m (i.e.L /D = 60),

the differential settlements (i.e., center-corned aenter-edge) decreases by approximately 30.3%

and 31.3%, respectively. From the above discussiaos,obvious that the effect of the pile length
on both total and differential settlements is digant.
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Figure 22 Effect of pile length on the differentsattlements of the piled raft

Figure 23 shows the effect of the pile length anribrmalized bending moment along sec A-A (see
Figure 10) of the piled raft. The value of the negabending moments along sec A-A decreases as
the length of the pile increasest the point located at a distance of 8.5m from ridué edge along
sec A-A, the negative bending moment decreasdseagalue of the pile length increases as shown
in Figure 24.
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Figure 23 Effect of pile length on the bending mame
along sec A-A of the piled raft
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Figure 24 Effect of pile length on bending momaertha point
located at 8.5m along sec A-A from the raft edge

Figure 25 shows the effect of the pile length amltad carried by pile No. 1 (i.e., corner pila)ep
No. 3 (i.e., edge pile) and pile No. 13 (i.e., cehpile). As the pile length increases, the load
carried by the piles (i.e., pile No. 1, pile Noad pile No. 13) increases. The rate of load irsgea
for the three piles is approximately equal as shiwFigure 25.
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Figure 25 Effect of pile length on the load carried
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Effect of Piles Configurations

To study the effect of piles configurations on geeformance of piled raft, three pile configuragon
below the raft with three differer/ D ratios are considered as shown in Figures 26 na728.
These configurations will be referred hereafterP&sl, PC2 and PC3 for simplicity. For piles
configurations PC1, PC2 and PC3, tRED ratios are 8, 4 and 2 respectively.
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Figure 26 Pile configuration, PC1, wi#D = 8
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A T
8m
ooooo%mL
O 0O00O0
20m oooooT
O 0O00O0
O O0O00O0
< 20 >

Figure 28 Pile configuration, PC1, wiD = 2

Figure 29 shows the effect of the piles configuradi on the normalized vertical settlements along
the x-axis of the piled raft. Generally, the veatisettlements along the x-axis of the piled raft
decrease as the area occupied by the piles betteattentral area of the raft decreases (i.e., the
S/Dratio decreases). There are two differential setlets along x-axis for piles configuration,
PC3, while, there is one differential settlemewingl x-axis for piles configurations PC1 and PC2 as
shown in Figure 29.

30



Basuony El-Garhy J. of Eng. & Techn. Res., 2014, 2(6):13:35

0010 E' LN B B BN N N B B R B B B B B R N B R NN AN R
0.011 : pC1 -:
0.012 o pe2 3

—— PC3

0,013
~ 0014
0.015
0.016

0l017Vllllllllllllllllllllllll
0.0 0.2 04 0.6 0.8 1.0

x/B
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Figure 30 shows the bar charts for differentiatieetents (i.e., center-corner and center-edge) for
piles configurations PC1, PC2 and PC3. The minindifferential settlements (i.e., center-corner
and center-edge) obtained with the piles configomatPC2 and PC3.
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Figure 30 Effect of piles configurations on the
differential settlements of the piled raft

Figure 31 shows the effect of piles configurationsthe normalized bending moment along sec A-

A of the piled raft. The values of the maximum pi@si and negative bending moments in the raft

increases as the area occupied by the piles bettfeattentral area of the raft decreases (i.e., the
S/ D ratio decreases).
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Figure 32 shows the effect of piles configuratiamsthe load carried by pile No. 1 (i.e., corner
pile), Pile No. 3 (i.e., edge pile) and pile No. (L., central pile). As shown in Figure 50, tbad
carried by the three piles (i.e., corner pile, edde and central pile) decreases as the area wxtup
by the piles beneath the central area of the egftehses (or as ti&/ D ratio decreases).
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Figure 32 Effect of piles configurations on thedoa
carried by corner, edge and center piles

CONCLUSION
Based on the results presented in this paperptloming conclusions may be drawn:

1. The method employed and the program developed peadgood comparisons with the results
of other analysis methods published in the liteegtdor piled rafts.
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2. Increasing the raft thickness leads to a reductothe overall settlement and a significant
decrease in the differential settlement. Converghb/bending moment in the raft increases with
increasing the raft thickness. The proportion @daarried by the raft and piles is insensitive to
the raft thickness whereas, the distribution of Itreds on the piles is significantly affected by
increasing the raft thickness. Increasing the tfaftkness causes an increase in the load on the
central pile, and a decrease in the load on theecqile. However, the load on the edge pile is
approximately not affected by increasing the aitkness. For the case considered here, there is
little or no benefit in increasing the raft thicleseabove aboutB = 0.075

3. The overall settlement, differential settlement apending moment of the raft reduced
significantly by increasing the soil modulus ofsleity. Increasing the soil modulus of elasticity
leads also to an increase in the proportion of loatied by the piles and a decrease in the
proportion of load carried by the raft. The disttion of the loads on the supporting piles (i.e.,
corner pile, edge pile and central pile) is apprately equal at low values of the soil modulus
of elasticity. However, the loads on these pilesrease as the soil modulus of elasticity
increases. Generally, for the case considered Heges is little or no benefit in increasing the
soil modulus of elasticity above abokt / E, = 0.002.

4. The overall settlement, differential settlement &edding moment of the raft reduced due to the
increase of the pile length. Increasing the lergftithe piles leads also to an increase in the
proportion of load carried by the piles and a daseen the proportion of load carried by the raft.
For the case considered here, the effect of tleel@iigth on the distribution of the loads on the
piles is insignificant.

5. The piles configuration beneath the raft has aqud effect on the overall and differential
settlements and the bending moment of the raft.rédaction in the area occupied by the piles
beneath the central area of the raft can reducevbeall and differential settlements, increase
the bending moments of the raft and increase theeptage of the load carried by the raft. The
loads on the corner pile, edge pile and centr& gédcrease as the area occupied by the piles
beneath the central area of the raft decreases.
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