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H.G. Poulos, Fellow, ASCE

Geosclences Pry. Ltd, & University of Sydney, Australia

gor of Civil Engineering, Department of Civil Eogineering, The University of
i Sydney, NSW., Anstralis, Tel: +61 2 9351 3640 Pax: +61 2 9351 3343
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tions where a raft foundation alone does not satisfy the design requirements, it
possible to enhance the performance of the raft by the sddition of piles, ‘The use
nted number of piles, strategically located, may improve both the ultiomte Joad
/ and the settlement and differential settlement performance of the raft. This
ntlines the development of a simplified method of analysis which can provide »
tool for pretiminary design of piled raft foundations. It involves two phases:
assessiment of the overall foundadon behavior

pssessment of the behavior under individual colurmn foads.

uth coses, use is made of simplified solutions to compute foundation stiffness
pacity characteristics. The selection of design geotechnical parsmeters is an
| component of both design stages, and some approximations for estimating the
4ry parameters are summarized, _

vigal applications to a case history of a piled raffand 10 model centeifuge tests
sribed, and it is found that the bebavior predicted by the simplified analysis is
consistent with the measured behavior,

ethon

pw well-recognized that the behavior of 4 mat or raft foundation can be enhanced
ivily by the addition of a limited number of piles. Such a piled raft foundation is
y wsefol in circumstances where the raft provides significant bearing capacity
ess, bui the compuled settlements and/or differential settlements exceed
able Jimits. A number of methods of analysis are available for analyzing the
tor of piled raft foundations (for example, Hain and Lee, (1978), Clancy and
iph (1993), Franke et al. (1994), Poulos (1994a), Ta and Small (1998), van Impe
u (1996}, Poulos et al (1997), El-Mossallamy and Franke (1997, Russo and
i (1998), Viggiani (1998), Yamashita et al. (1998), Anagnastopoulos and
dadis (1998), Katzenbach et al, (1998}, Prakoso, W. and Kulbawy, FH. 2001).
ost of the above methods involve the use of computer amilyses, in some cases,
Gomplex ones, and s such e generally only sultable for detailed design. In
on, most of the analyses have focused on the behavior of uniformly loaded -
ns, which represent a minority of cases in which such foundations nee
yed (for example, fluid storage structures). Most applications of piled rafts
@ & series of column foadings, as well as paiches of uniform loading. Some of the

E-3
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design charts which have been developed for uniform loadings, while useful to give
indication of overall load-settlement behavior, cannot be used for detailed analysis of
tocalized pile-raft interaction beneath column loadings.

Thiy paper summarizes o relatively simple design procedure for piled rafts whig
considers two main aspects:

1. Overall Joad capacity and load-settement behavior; _-
2. Localized load capacity and pile and raft behavior under individual coly

Ioadings.

The approach outlined is meant to be for preliminary design purposes, in particy
to provide a means of assessment of the feasibility of using o piled raft, and the pile
it requirernents. The caleulations do not involve the use of complex numeri
analyses, but can be programmed vin spreadsheet or muthematical programs such
MATHCAD. Examples of the application of the approsch o two cases are descrd
briefly.

Desipn Issues

As with any foundution system, the design of & piled raft foundation requires i

consideration of 4 number of issues, including:

1. Ultimate load capacity for vertical, Jateral and moment loadings

2. Maximum settlement

3. Bifferential settlement

4. Ralt moments and shoars for the structural design of the rafl

3. Pile oads and moments, for the structural design of the piles.
In much of the available literature, emphasis has been placed on the beardp

capacity, settlement and diffevential settfement snder vertioal louds, These are generi]

the critical aspects, and are considered in this paper. However, the other issues il

alse be addressed, at least a1 the detailed design stage, '
In assessing the feasibility of using a piled raft foundation, it is necessary first

assess the performance of o raft foundation without piles. Estimates of vertical 8

latoral bearing capacity, settlement and differential settlement migy be made

conventional technigues, If the rall slone provides only a small proportion of -

required load capacity, then it is likely that the foundation will need to be desigoed

satisly the settlement or differential settlement criteria, then it may be feasi
consider the use of piles 43 settlement reducers, (Burland, 1995; Randalph, 1994},
The most effective application of piled rafts ocours when the raft can proy
adequate load capacity, but the settlement andfor differentinl settlements of the il
alone exceed the allowable values. This penerally decurs when the near-surface 0
profile contuins relatively stiff clays or relatively dense sands. Conversely, considers!
caution must be exercised when vertical ground movementy are anticipated; these
ndversely affect the setterment performance of the foundation (in the case of settlemil
or induce nnacceptable tensile forces in the piles (in the case of swelling movements
The key design decisions which must be made for & piled raft include:
#  The required raft thickness;
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The type of piles 1o be used;

e required locations of the piles, and the pile diameter and length.

ould be emphasized that, in principle, different pile sizes can be used below the
depending on the design requirements. There should not be the expectation that ail
sieed to be of a sirilar size and length, or that they shonld extend 1o a strong

g stratum, The pile wequirements should be tailored to mest the design

veinents, and this is the spproach that will be followed in this paper.

I Vertical Load Capacity

assessing vertical bearing capacity, the witimate load capacity can generally be
a5 the lesser of the following two vilues:

‘sum of the ultimate capacities of the raft plus all the plles

he ultimate capacity of a block containing the piles and the raft, plus that of the
sortion of the vaft outside the periphery of the piles.

Pigure | llustrates the general problem, involving a layered soil profile and a typical
i colurs layout. In adsessing the ultimate Joad capacity of the piled raft sysiem,
following issuss need to be addressed:

The assessment of the bearing capacity of the raft on 4 layered soil deposit requires
engineering judgment, as thome are few well-established simple techniques available.
Two approaches can be considered:

#® Use of aversge strength parameters within the depth of influence of the raft
 {typically 1.5 times the smaller dimension of the rft);

#  Use of ithe average bearing capacity of the individug] Inyess.

U W the first approach is adopted, then, as pointed oul by Brinud et al (2000}, the
assumed distribution of strenpgth with depth can have an imporiant offect on the
computed bearing copacity. The author tends o adopt the second approach because
of the difficulties of assipning aversge parsmeters to a profile consisting of both
clays and sands,

iH_%_H%!Lg
f

Esi
3, iﬁr ]
B i |
. o 1o T & o
= Bl 1o © o o
ﬁsﬁ ”
Eg

Elevation Plan
Figure L General problem of plled raft on layered soil profile.
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In the assessment of pile capacity, the influence of layering below thepi
to be considersd carefully (Meyerhof and Sastry, 1978). The block.
capacity is more likely w be sffected by soft underlying Jayers timn
capacity of the individual piles.
A useful outcome of the analysis is & plot of ullimate capacily versy
piles, in order 1o assess the maximum number of piles which coul
employed.

Orvernll LoadSettloment Behaviar

For estimating the load-settlement behavior, an approach described b
oo be adopted. This involves an extension of the method proposed by Posil
{1980, using the simple method of estimating the load sharing between
piles outlined by Rm‘zcﬁgl;mh (1994), The definition of the pile problem
Randolph is shown in Figaee 2. Using his approach, the stiffness of th
foundation can be estimated as follows:

K (K o+ K (Lt £ (10 ? Kol Kid

where Ky, = stiffness of piled raft; K, = stiffness of the pile group; K, = stiff
raft alone; Oy = raft ~ pile interaction factor.

‘The raft siffness K, (for the center of the raft) can be estimated via l
for example using the solutions of Praser and Wardle (1976) or Mayne
(1999). The pile group stiffoess can also be estimated from elustic |
approaches such a8 those described by Poulos and Davis (1980), Fleming
Poulos (1989), In the latter cases, the single pile stiffness is computed.
theory, and then multiplied by a group stiffness e;ff‘imsm:y foactor whic
approximately from elastic solutions, Le. Ky = K. " where ¥y = stiffness of 8i
n = pumber of piles, w = group exponent, typically in the range 0.3-0;
with spacing.

J- fﬁ‘ﬁ& l Young's Modulus By
M Eg Egay Esi }Esb

i

Huil

|
|
|
|
|
H

Bmﬁﬁg
greatum ““”’"i !""“ ﬁ"“

Figure 2. Simplified vepresentation of pile-ralt unit.
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The proportion of the total applied load carried by the raft is:

Pel Pres Ky (1“%9) / {Kp + Ky (I”ﬁﬁp}} =X {2)

¢ Py load carried by the rafyy Py total applied load.
The raft - pile interaction factor o, can be estimated as follows:

R T INE VT EA )]

s 1 = average raciug of pile cap, (vorresponding to sn area equal to the raft area
d by number of piles); o= radiug of pile; § = In (1, / 1p )i ty= {02548 [2.5 p (L) -
E e B / B p o= By / By v Polsson's ratio of soil; Low pile Jeagth; By = soil
g's modalus ot fevel of pile tpl By = s0il Young's madulus of bearing stratum
fe tip; By = average soil Young's modulus nlong pile shaft,

The sbove equations can be used to develop 8 tidinesr load-setilement curve as
o in Figure 3, First, the stiffness of the piled raft is computed from equation (1) for
msber of piles being considered, This eriffness will remain operative until the pile
y-is fully mobilized. Muking the simplifying assumption that the pile load
lization vccurs simutltaneously, the total applied load, Py, at which the pile capacity
aﬂhaci is given by

Py Py (1-X) )

wp = ultimate load capacity of the piles in the grmpg A = proportion of load
y the raft {equation 2).

Beyond that point (Point A in Figure 3), the stiffness ﬁf the foundation sysiem is
e raft alone (K,), and this holds until the ultimate load capacity of the piled raft
ﬁa on system s reached (Point B in Pigure 3). At that stage, the losd-seitlement
hip becomes horizontal.

P e e . s o e s, e, s v o v B
13 # E E
Load E
%
? -
1 |
' i !
! i
Pile + raft ; ;
elastic ™ {Pile eapacity fully wtilized, 1 Pile + xaft oldmate
] I mafl clastic | capacity renhiod
n !
Settlement

Figure 3, Simplified load-settloment corve for prelimloary analysls,
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The load ~ settlement curves for a raft with various nwmbers of pil
computed with the aid of a computer spreadsheet or a mathematical progra
MATHCAD, In this way, it 15 sirple to compute the wlationship between
of piles and the avernge settlement of the foundation,

A key requirernent of using the equations developed by Randolph is tha
soil profile has to be simplified such that it is represented by o profile whoé
increases linearly with depth, and in which there i3 a uniform bearing stra
practice, it is usually adequate to compute a mean weighted sofl modulus along
shaft length, and to adopt @ mean stiffness and bearing capacity for the pile tip
the weighted values within an effective depth of 2 to 3 diameters of the tip:
19%4b), :

Despite the simple and approximate nature of the above approach, it
shown to provide load-settlement curves which are in good agresment with fhic
more sophisticated numerical analyses (Poulos, 20000 An example of 4 oy
with the program GARP (Poulos, 19944) is shown in Figure 4. A similar me
agreement hay alsy been obtained with resulis from the program FLAC 3D,

Estimation of Overall Differential Seitfements

Most analyses of pile proup setilement make one of the two following ek

assumptions: % _

L. The pile cap is perfectly rigid so that all piles settle equally (undder centric Tont
hence there is no differsatial settfement,

2. 'The pile cap is flexible, g0 that the distdbution of load onlo the piles is kn
this cuse, the differential settlements within the group ean be comiputed, ignot
eftect of the rafl. '

30 v P 30
% {1y 0.5 o Raft + 3 Piles
20 —

J

0 M 4 e 80 100 120 O

0 40 60 80 100 150

Contral Somlerent (mm} Crotral Setilement (nun)
40 . . —
& (3 0.5 m Roft + 15 Ples
§ 30} e
§ e . GRS
20 e eons SpnroRimse method
§ 10

G 20 4y & B {00 1A
Cemrad Sertlemnt (o)

Figure 4. Comparison between GARPS gnd approximate method (Poulos, 2000}




DEEP FOUNDATIONS 2002 447

In reality, the situation is usually between these two extremes. Randolph (1994) has
veloped useful design guidelines for assessing the differentinl settlement within a
iformly loaded pile group. Por a flexible pile cap, Randolph has related the ratio of
Ferential settlement 48 to the average group seftlement, Sa., to 8 ratio R, 23 {ollows:

ASS =R 14 for R4 {5u)
ASIS, =1 forRe>4 | (5}
here £ = 0.3 for conterto-midside, and 0.5 for center-to-comer;

R = (nsfl) {5¢)

& num‘l}ﬁr of piles; 5 = pile center-to-center spacing; L = pile length,

~ Por pile caps with a finite rigidity, the differential settlements will reduce from the
jove values (which are for perfectly flexible pile caps), and Randolph sugpests that the
pmst;::h developed by Randolph and Clancy (1993) be adopted, This approach relsies
& normalized differential settlement to the relative stiffness of the pile cap (considersd
raft). Mayne and Ponlos (1999 have developed 2 closed-form approximaton for
& ratio of corner 1o center settlement of a rectangular foundation, snd from this
proximation, a rigidity correction factor, fiy can be derived:

fee 11 {14217 Kp) {6n)
where Kps (BfBgy) Qi) ® (6h)

ntation flexibility factor; By = Young's modulus of pile cap; By, = reprosentative
i Young's modulug beneath the cap (typically within s depth of about hall the
juivalont diameter of the ¢ap); ¢ thickness of pile cap; d = equivalent diameter of pile
i {lo give equal ares with the actual cap).

The factor fp from equation is then applied to the maximum differential sattlernent
timated from equations (5).

tgn For Localized Behavior Under Individunl Columns
Huetion

§ section presents an approach which allows for an assessment of the maximum
10 Jondings which may be supported by the rafy without a pile below the column,
sa the requirernents for raft thickness and reinforcement.

A typical column on o waft is shown in Figare 3. There are at least four
mistances tn which a pile may be needed below the column

If the maximuny moment in the raft below the colwm exceeds the allowable value
for the raft

If the maximurn shear in the raft below the column exceeds the allowable value for
the raft '
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2c

ia ul It E&ﬁfi“v

Layer2 By , v,

Layerd Eg v,

Figure 5, Individual column load-raft on layered soil profile.
E ]

* If the maximam contact pressure below the raft exceeds the allowable design ¥
for the guil '
* 1 the local settlement below the eolumn exceeds the allowable value,
To estimuie the maximum moment, shenr, contact presswre and local seith
cansed by column loading on the raft, use can be made of the approach deseribe
Poulos (2001), who utilizes the elastic solutions summarized by Selvadurai (19
These are for the ideal case of a single concentrated load on & semi-infinite elas
supporied by » homogeneous elastic layer of great depth, but they do at least pre
rational basis for design, provided that the equivalent soil modulus and bearing
wre chosen appropriately, as described helow,

Soil profile idealization for tocal design

It is necessary to transform approximately the layered soll profile into an aquival
homogeneous soil layer by using the approach described by Fraser and Wardie {1
Referring to Figure 5, for the assessment of the equivadent modulug o be ye
column Joading, the average value within the effective depth below the raft shon
considered, As an approximation, the effective depth can be taken to be 3a, whet
charaeteristic length of raft, defined as follows: '

a=t 0B . ()76 B, (1w

where t = raft thickness; B, = rafl Young's modulus; E, = soil Young's modulus; v,
Poigson's ratio; v, = soil Poisson's ratjo,
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should be noted that this will generally be different from the value used for the
sient of oversll raft stiffness K, in equations 1 © 4. The estimation of the average
o soil modulus and the characteristic length s will generally be an iterative
e, a8 Ey and a are inter-related via equation 7,

milarly, for the estimation of the local bearing capacity of raft under a column,
erage strength parameters or bearing capacity values within a depth equal to 3a
Jd be used for the rafl,

moment criterion

aximum moments M, and My below a column of radius ¢ acting on 2 semi-
aft are given by the following approximations:

M,=A, . P {8a)

o5 [A - 0.0928 ( In {c [ 2} By = [B ~ 00928 (In (¢ / )} A, B = coefficients

ding on x/fa; X = distance of the column center line from the raft edge; a =
aristic length of raft, as defined in equation 7.

he coefficients A and B are tabulated in Table { for the limiting cases of interior

{pe columns.

Table 1
Factors for Local Reft Behavior Below,Column ,
Factor Central Columns ' Edge Columns
A o bse AL13
B N {1.59 (.15
Cy 7 1,00 1.64
q | 0.0 | 1 ]
o GAl _ 050

mum column load, Per, that can be carried by the raft without exceeding the
le moment is then given by:

Por = My / (larger of Ay and By) (9}
My = design moment capacity of ralt,

wm sheay eriterion

; :ﬁiimum shear Vg below a column can be expressed as:

Ve 5 (P o q 10 €7, O/ 2 (10)
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where q = contact pressure below raft; ¢ = column radius; Cq = shear factor, n8 give
Table 1.

Thus, if the design shear capacity of the raft is V,, the maximum column Togd, P,
which can be applied to the raft is:
B = Vg, 20/ Gy + gam ¢
where gq = design allowable bearing pressure below raft.
Maximam contacl pressave criterion
The maximum contact pressure on the buse of the raft, e CA0 be estimated ag follp
Qoo = Q. P72
where q = factor, given in Table | for interior and edge columans; a = charsctes
length dafined in equation 7,

The maximum column load, P, which can be applicd without exceedin
altowable contact pressure is then «

Pa=qgea’/{F. q) (13

whaere g, = ultimate bearing capacity of soil below raft; B, = factor of safety for con
pressire, '

Loval settdement criterion
The settlement below a coliomn (considersd 25 a concentrated load) is given hy:
§ =0 (v P (E, . 2)

where o = settierent factor given in Table 1. :
It should be recognized that this expression does not allow for the effep
sdjacent columms on the setfement of the column being considered, and so is 2
settlement which is superimposed on 8 more general setilement “bowl”.
i the allowable local settlement is §,, then the maximum column load, Py, .
not to exceed this value is then:

Py = 8y By a/ (0 (17 )
Assessment of plle requirements for o colwmn location

If the actual design column load a1 a particular location is P, then a pile will be rag
iF P exceeds the least value of the above four criteria, that is, if: '

Po Pog
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Po=  minimum of Py, Pe, Pa, or P,

f the critical criterion is maximum moment, shear or contact pressure (Le. Pug is
Pez or Pea), then the pile should be designed to provide the deficiency in load
city, Burland {1995) has suggested that only about 90% of the ultiromte pile load
ity should be considered as being mobilized below a piled raft system. On this
, the ultimate pile foad capacity, Py, ot the column location is then given by:

Pm; w111 Fp; E Pg*'“PmsE:] (1?}

gré Iy = factor of safety for piles.

When designing the piles as settlement reducers, Fy can be taken as unity,

If the crilical criterion i local settlement, then the pile should be designed w
ide an appropriate additional stiffuess. For a maximum Jocal settioment of 8, the
it gtiffness, Ko, of the foundation below the column is;

Koz P f 8 {18}

% a first approximation, using equation 1, the required pile stiffness K, to achieve
target stiffness can be obtained by solving the following quadratic equation:

Ky + Kp [ Ky (1-200) ~Kog] +otp”. K Keg= 0 {19)

oy = 1af-pile interaction factor; K, = stiffncss of raft around the column.

can be computed from equation 3, while the raft stiffvess K, can be estimated as
tiffness of a circular foundation having a radivs eguafto the chameteristic leugth a
ded that this does not lead to » total raft area which exceeds the sctual area of the

e bearing capaeity of raft and pile below a column

be required to demonstrate that the foundation mt each colurn has an adequate
of safety against beaving capacity faflure. This maoy be assessed by adding the
te-capacity of the pile(s) to that of the effective area of the raft contributing to the
haring. As o Finst approximation, this effective are may be assumed 0 have a
#, where g is defined in equation 7. Thas, the pltimate bearing capacity Py, below
HIU BT

P 7= Py + Py 787 (20)

Py = som of ultimate capacity of pile(s) below colummn; pe = local bearing
ty of raft below column (see Section 5.2); a = characteristic Jength of raft,

leal Parnsoeter Assessment
design of a piled raft foundation requires an asscesment of a number of

hnicyl and performance parameters, including:
ft bearing capacity
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»  Pile capacity
& 3oil modulos for raft stiffness assessment
#  Soil modulus for pile stiffness, :
While there are s number of laboratory and in-site procedures avallable H
assesament of these parameters, it is comumon for al least initial assessments to be
on the results of simple in-situ tests such ay the Standard Penetration Test (SPT) and
Static Cone Peneteation Test (CPT), Typival of the correlations are the following wl
the author has employed frequently are those based on the work of Decourt {
1995) using the SFT,

Raft ultimate bearing capacity: pe = KN, kPa (21
Pile ultimate shift resistance: fi = 8 [28N,+10) kPa (2
File ultimate base resistance; fo = Kis.Ny kPa {

Soil Young's modulus betow raft: Ee = 2N MPa (4
Young's modulus along and below pile: B, = 3N MPa (253

where N, = average SPT%Ng) value within depth of one-half of the rafi width: N,
SPT value glong pile shaft; Ny, = average SPT value close to pile tip; Xy, K = fae
shown in Table 2; a¢ = 1 for displacement piles in all soils and non-displacernent pile
clays, and ar = 0.5 - 0.6 for non-displacement piles in granular sofls. o

Tuble 2
Correlation factors Ky and K,
Soil Type Ki - Ky K
{Raft} Displaceinent Non-LDisplacen
7 ) Piles ) Piles
Sand a0 325 165
Sandy silt RO 205 115
Clayey silt 20 163 1
Clay 65 0 &

Application To Case History

Yamashita et al (1994, 1998) have described a well-instrumiented and documenied ¢
of a piled raft foundation for a S-stary building on stff clay in Japun, Figure 6 illustra
the geotechnical conditions, the basic parameters obtained from laboratory apd fi
lesting, and the building footprint which was rectangular, with sides 24 m by 23 m.
foundation consisted of & raft (inferred to be 0.3 m thick) with 20 piles, one under
column. The piles were bored concrete piles, either 0.8 or 0.7 m in diameter, with
central sleed Hepile inserted. The pile diameter and steel pile size depended o
cotums load, which ranged between 1.02 MN and 3.95 MN.
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Figure 6. Five-sttry building in Japan (Yamnshita et al; 1994).
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The simplified analysis described above was used to analyze this case, usin
values of soil Young's modulus mported by Yamashita ot al, The analysis
programmedd via MATHCAD, which allows ready caleulation of the effects of v
the raft and pile characteristics, and plotting of the results in a practically-usgab
The compuied average settlement was 3rmm while the measured settleme
across the raft ranged between sbout 18 mm and 7 mim. Assuming the total load ol
MN to be uniformly disiributed, the maximurm differential settiement (center.
was computed 1o be about 5 mm, while the center-to-mid-side differentisl se
wag about 3mm. The loads were ceriainly not uniformly distiibuted, but the e
differential settlements were of a simdlar order, ;

Considering the local behavior, the simplified analysis indicated that the
loads which could be sustained by the raft without pile support were 1.23 i
interior colunms. The actual interior column loads wery between 1,58 MN g
MN, and all had » pile supporting the column, so that the actiad design was cons
with the inclications from the analysis. For the edge columng, the analysis indicated
the maximum Joad which could be sustained without pile support was 0,76 MN.
actual edge column loads ranged between 0.96 MV (at the corner) to 3109 MN
again the simple analysis confirmed that piles were required for all columng arnum
edge of the raft, and hence, it would appear that it would have provided appro
guidance in the selection of locations for the piles required for the foundation.

The above case was also analyzed by Poulos (2001) using the computer pro
GARP. The settlements computed by GARP were in ressonable agreement |
although genernlly o litde larger than, the messured values, snd of » similar o
those predicted herein, Thus, the simplified approach sppears to be a vsefitl ool #
preliminary design of piled raft foundations. Tn particular, it offers & rapid m
assessing the feasibility of using relutively thin rafts with piles to economiz
Fouridation costs.

Application To Centrifuge Tests

Horikeshi (1995} has desoribed 8 series of centrifoge tests on piled raft
foundations, 10 investigate the effects of the number and configuration of pile
foundation porformance, Tests were carried out on o raft only, and a raft with 9, 214
69 piles. In prototype scale, the rafi was circular, 14 m in diameier snd 45 mm ihi
while the piles were 15m long and 0.315 m in diameter. The soil used for the teg
reconstituted clay, whose undrained shear strength s, increased approximately 1
with depth, sccording to the expression: 8, = 33 +1.22,, where 2, = depth below suf
on the prototype scale. This distribution of strength was adopted for the estimation
the ralt and pile capacities, while the Young's modulus of the soil was taken to.be
800 5, following the suggestions of Horikoshi (1995),

Caleulations were carried out to estimate the sfiffness of the piled raft with vl
mumbers of piles, and the calculations were compared with the experimental centrifll
data. The pile group stiffness was computed from the simplified expression given
equation 1, asauming & value of w = 045 for pile spacings of 3 dismeters, wi
correction applied for other spacings, as per Fleming et al (1992). :

Figure 7 compares the computed variation of piled raft ceniral stiffness W
number of piles with the measured values from the centrifuge tests, for an appl
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centrifuge tosts.

sure range of O - 50 kPa. There is reasonable agreement between the measured and
ed values, although there is some variability in the measured valugs for the
- numbers of piles. Nevertheless, it would appear that, discretely used, the simple
seh can provide reasonable first estimates of piled raft setlement performance.

vaper has outlined a simplified method of carrying out a preliminary feasibility
cand design of g piled raft foundation sysiem. It omploys closed form or
ximate solutions for raft and pile stiffness, and for the estimation of the combined
n stiffness, taking raft-pile interaction into account. By using simple solutions
lastic plate subjected to concentrated loadings, it is also possible to estimate te
g column louds which can be sustained by ¢ ralt without piles. An attractive
of the analysis i that it can be programmed gither vig a spreadsheet program or
matical program such as MATHCATD,

plication of the approach to a cuse history and to a series of centrifuge ests
ate that is can give a reasonable estimate of the order of magnitude of setdoment
erential settlement of the foundation.
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It should be emphasized that the piled raft foundation solution is not suits
every cireumsiance. It is unlikely to be very effective if soft clays or loose san
near the surface, and it is generally not a suitable option if ground movemaents s
t agcur below the raft, However, in cases where the sofl conditions allow the
develop adequate capacity and stiffness, the piled raft solution may be very suitab
the simplified approach offers a rapid means of preliminary design in such’
provided that, as always, appropriate parameters can be assessed for the geotes
and foundation models.
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