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ABSTRACT

Conventional piled foundation usually provides adeg load carrying
capacity to limit the settlement within allowablenits. However, in deep layer of
soft compressible subsoil with settling platfornijst foundation system faces
numerous problems namely requiring very long pilesver pile capacity due to
downdrag forces, and hollow gap formed beneathskhle of piled structures when
the earth platform settled causing services tokbesal poses health hazard. This
research proposed an analysis and design methgdfmogn alternative foundation
system of ‘floating’ piled raft (FPR) with same \aarying pile lengths to resolve the
problems stated above. The design objectivescaceritrol differential settlement,
angular distortion and bending moment rather thaly 6miting total settlement.
The proposed analysis and design methodology lwitlye research gaps of using
piled raft in soft compressible subsoil. This immarate long term settlement in the
analysis to cater for piles of varying lengths aad be used by practicing engineers
for design works. Parametric studies were carrigdm verify the proposed analysis
and design methodology through modelling of ‘flogti piled raft with different
numbers of piles, lengths configurations, spacihgites and also different raft
thickness. The vertically loaded pile rafts anatysare 3x3, 6x6 and 9x9 number of
piles respectively with total combination of 108ses that cover different pile
lengths of same and varying lengths, different @@cing and different raft
thickness. The research findings showed that pdédwvith combination of varying
pile lengths is generally more effective in redgcutifferential settlement, ratio of
(Ap/pmay, bending moment of the raft and angular distort{®) compared to pile
raft with similar pile length (even with longestlgs). The findings from the
parametric studies contributed to a better undedatg on the performance and
behaviour of ‘floating’ piled raft in soft compreske subsoil especially on the piled
raft of varying piled lengths. The proposed analymd design methodology in this
research has also been successfully used to dékigting’ piled raft foundation
system in deep and soft compressible subsoil tpatugow rise buildings of 2-
storey to 5-storey that have been constructed andpied for more than 10 years.
This confirmed the benefits obtained from this eesk to have a realiable and
efficient analysis and design methodology througditds understanding of the
performance and behaviour of ‘floating’ piled ré&dtindation with same or varying
pile lengths.
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ABSTRAK

Asas cerucuk konvensional biasanya mempunyai ke#maynenanggung
beban untuk menghadkan enapan pada had yang diaenavalaubagaimanapun,
di dalam lapisan lembut yang dalam dengan pelgatag mengenap, sistem asas ini
menghadapi pelbagai masalah seperti memerlukan cuderwyang panjang.
Keupayaan cerucuk yang rendah akibat daya serdialk@h dan ruang kosong
terbentuk di bawah papak disokong oleh cerucuk ilgpalkelantar tanah mengenap
menyebabkan laluan perkhidmatan pecah dan mengakesimatan. Hasil kajian
mencadangkan analisis dan metodologi rekabentukkusistem asas alternatif
menggunakan asas rakit bercerucuk ‘terapung’ (FB&hada dengan panjang
cerucuk yang sama atau panjang cerucuk yang pelbagamenyelesaikan masalah
ini. Objektif rekabentuk adalah untuk mengawal pedan enapan, sudut herotan
dan momen lentur berbanding hanya menghadkan jumtepan. Analisis dan
metodologi rekabentuk ini menjadi hubungan bagangrdalam kajian penggunaan
asas rakit bercerucuk dalam lapisan tanah lembdehboampat. Ini menggabungkan
enapan jangka masa panjang di dalam analisis, ménl@a cerucuk dengan
panjang yang pelbagai dan boleh digunakan pengguratera dalam kerja
rekabentuk. Kajian parametrik bagi mengesahkansamalan rekabentuk ini melalui
permodelan asas rakit cerucuk ‘terapung’ dengaanbdn cerucuk, konfigurasi
panjang, jarak antara cerucuk dan ketebalan rakitgyberbeza-beza telah di
laksanakan. Asas rakit bercerucuk dengan bebarkpragay dianalisis adalah 3x3,
6x6 dan 9x9 bilangan cerucuk dengan 108 jumlah buoasi kes; merangkumi
panjang cerucuk yang berbeza-beza samada dengmmgaerucuk yang pelbagai
atau sama, jarak antara cerucuk yang berbeza dabakan rakit yang berbeza.
Penemuan kajian menunjukkan asas rakit berceruemigash kombinasi panjang
cerucuk yang pelbagai secara amnya lebih efekidndanengurangkan bezaan
enapan, nisbahAp/pmay, Momen lentur rakit dan sudut herotds) Herbanding
dengan rakit bercerucuk yang mempunyai panjangcukryang sama walaupun
dengan cerucuk yang paling panjang. Penemuan darigajian parametrik ini
menyumbang kepada pemahaman lebih jelas tentangtapiredan sifat rakit
bercerucuk ‘terapung’ dalam tanah lembut terutarmaoptuk rakit bercerucuk
dengan pelbagai panjang. Cadangan analisis dandategp rekabentuk di dalam
kajian ini telah digunakan dengan jayanya untukekabentuk sistem asas rakit
bercerucuk dalam lapisan tanah lembut dan dalamnbagampung beban bangunan
setinggi 2 hingga 5 tingkat yang telah dibina datuduki lebih daripada 10 tahun.
Ini telah mengesahkan manfaat yang diperolehi liasipada kajian ini iaitu untuk
menambah baik metodologi analisis dan rekabentulg yaoleh dipercayai dan
efisyen melalui pemahaman terhadap prestasi sédbt asas rakit bercerucuk
‘terapung’ dengan sama panjang atau pelbagai.
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K soil-total,r,i=0 - Stiffness of soil support beneath each section
of raft (unit in kPa/m)

Pratt r.i=0 - Uniform load acting on each section of
raft (unit in kPa)

Oraft-total r,i=0 - Total combined settlement of the pile raft at
the midpoint of each section of raft (unit in m)

r - Reference number for each section of raft

E - Young modulus of soil. E 200g to 400g
for soft clay

Nqg - " tarf(45+@/2)

VS - (Ng-1)cotp

Ny - (Ng-1)tan(1.4p)

S - 1 + 0.2K(B/L) ; for any@

S=S - 1 + 0.1Ky(B/L); for ¢>10°

H=S - 1; for ¢=0°

a - Adhesion factor

S - Undrained shear strength (in kPa)

N¢ - Bearing capacity factor = 9

Qag - Allowable geotechnical capacity

Qsu - Ultimate shaft capacity 3’ (fsux Ag)

i - Number of soil layers
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Ultimate base capacity 5,fAp

Unit shaft resistance for each layer of

embedded soil

Unit base resistance for the bearing layer of
soll

Pile shaft area

Pile base area

Partial Factor of Safety for Shaft Resistance of
‘floating’ pile as settlement reducer =1.1to 1.2

Partial Factor of Safety for Base Resistance of
‘floating’ pile as settlement reducer = 1.5 to

2.0

Global Factor of Safety for Total Resistance of
‘floating’ pile as settlement reducer = 1.2 to

1.5

Pile raft coefficient

Sum of piles resistance

Total imposed load
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CHAPTER 1

INTRODUCTION

1.1 I ntroduction

Conventional piled foundation, commonly designed aonstructed in
Malaysia, is usually designed for buildings/struetuto provide adequate load
carrying capacity, to limit the overall settlemeand hence indirectly control
differential settlement to within tolerable limits.Piles are often installed into
competent stratum or to ‘set’ (terminate) in haagler. Therefore to date, design
methods commonly used by practicing engineers itaj# still concentrate on
providing adequate axial capacity from the pilesctory all the structural loads
without detailed evaluation of pile settlement. ualdy, the estimation of settlement
is considered as a secondary issue and sometimeedybecause of the nature of
load transfer between pile and soil, particularllgene shaft resistance provides a
major component of the total pile capacity whicHlwutomatically lead to small
acceptable settlement. However, this conventiatedign methodology faces
numerous problems over the years when adoptedep @ger of soft compressible
subsoil of alluvial and marine deposits. This typle geological formation is
commonly found in majority of the areas along tbast of Peninsular Malaysia and
also East Malaysia namely the infamous clay at &laMuar and Sibu.
Neighbouring countries such as Thailand, Indonasth Singapore also have similar

alluvial or marine deposits.

As the country develops, good competent ground (&gl residual soils) are
becoming scarce and development especially forihgu®specially for low and



medium cost houses and flats) and also for indilaisage (e.g. tanks farm, factory
and plants) have to be constructed in the low lyingwampy areas with deep soft
compressible subsoil. In these areas, hard comipgti@tum is sometime as deep as
40m to 60m therefore making conventional methodiirewy long slender piles. To
make things worse, at these low lying areas (sonesti water logged) the
earthworks platform for the buildings has to beediby earth filling above the flood
level. The weight of the earth fill on top of theftscompressible subsoil induces
both primary and secondary consolidation settlematht time.

The conventional piled to ‘set’ design methodolegyy addresses the short-
term problem associated with soft clay as the alue pile capacity (allowable load
to be imposed on the piles from the building) v significantly reduced because
the allowable geotechnical capacity has to be doadeyl to cater for negative skin
friction (down drag) induced by the settling softngpressible subsoil. This often
reduces the cost-effectiveness of such ‘conventisolution’ as the pile capacity
(both allowable geotechnical and structural capachas to be downgraded
(reduced) thus requiring more piles or larger pies for same loading compared to
piles that are not experiencing down drag. OthHeantbeing uneconomical,
conventional method of piled to ‘set’ also causmgylterm serviceability problems
such as large abrupt differential settlement betwte piled buildings/structures
and the surrounding earth platform on compresshlesoil that is still undergoing
settlement with time. The abrupt differential kettent with large enough
magnitude causes problem such as breakages of aadesewerage pipes. The
hollow gap formed beneath the building, due to dargettlement of the earth
platform compared to the buildings supported byegilnstalled into competent
stratum, becomes a health and safety hazard fouthlec as mosquitoes, rats, snakes

and other animals can make this area their hadstahown in Figure 1.1.
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Figure 1.1 Problems for buildings with piled to ‘set’ fourtaa on soft ground

1.2 Problem Statement

Being aware of all the problems associated withveational method of
piled to ‘set’ in deep layer of soft compressikldsoil, it is important to propose an
alternative foundation method of ‘floating’ piledft (FPR) foundation system that
would eliminate all the problems stated above. sbmmary, the proposed
foundation method shall be economical, technicallitable, safe and satisfy both
ultimate and serviceability limit states of the Iduigs to be supported. This
foundation system would benefit the constructiodustry in particular and the
development of the country as a whole. Howeverpnder to achieve this, the
proposed foundation system shall have practicalysisaand design methodology
that practicing engineers in Malaysia would findiser friendly and not too difficult

so that it can be widely used to carry out daydg-dnalysis and design.

Therefore, when developing the analysis and desigthodology for the

proposed foundation system, it is necessary to nsakee practical simplifications



and realistic assumptions, but the proposed metbggoshall not lose the
correctness of the proposed method that can beératdd by actual site
measurements of the buildings construaed performance of the actual buildings
such as no architectural, structural or servicesatdge. This is like carrying out very
costly full-scale actual test to prove the usekdk and appropriateness of the
proposed analysis and design methodology. Mangareees may not have this
luxury and opportunity as it would be very costhdaime consuming. Fortunately,
this is possible for this research as the researtineugh his consulting firm was
involved in the actual projects in Malaysia and dnesia that adopted the

researcher’s proposed analysis and design methgpgolo

1.3  Research Objectives

Although extensive research in piled raft has bemmied out and published
as presented in literature review, however, thiofohg issues have not been fully
addressed which will form the research objectives:-

I. To look into the possibility and suitability of ugj ‘floating’ piled

raft (FPR) foundation system in soft compressiblessil for low rise
buildings.

il. To develop an analysis and design methodologyri@li@rnative
foundation system of ‘floating’ piled raft foundaii system of same
or varying pile lengths that take into considenatod the long term
settlement of the subsoil. The proposed analygisde@sign
methodology should be able to be used by practieimgineers for
day to day design works.

iii. To solve long term serviceability problems of comvenal piled to
set foundation system in soft compressible subbgil allowing
‘floating’ piled raft to settle together with théagform.

V. To understand the performance and behaviour ddtifig’ piled raft
in soft compressible subsoil especially on thedorkgt with

combination of varying piled lengths.



1.4  Scopeof Works

The scope of works for this research are as follows

I. For vertically loaded piled raft in soft compressibubsoil only.

il Proposed analysis and design methodology can foaiteiles of
varying sizes, lengths and loads.

iii. The piles shall be ‘floating’ piles which meartse piles are not
installed into hard stratum.

Iv. Terzaghi’s consolidation theory is used for theleaton of the
magnitude of consolidation settlement.

V. For parametric studies, the vertically loaded prigits analysed are
3x3, 6x6 and 9x9 number of piles respectively watfal combination
of 108 cases that cover different pile lengthdedgnt pile spacing
and different raft thickness.

Vi. Case studies on two completed projects designet ise proposed
methodology and constructed:-

a) 2-storey terrace houses at Bandar Botanic ,gKlan

b) 5-storey medium rise apartment at Bandar Botaiang

15  Significant of Study

This research was carried out to focus on the dewetnt of analysis and
design methodology for the proposed alternativendiation system of ‘floating’
piled raft (FPR) foundation system of same or vagypile lengths. The design
objectives are to control differential settlemeatigular distortion and bending
moment rather than only limiting total settlemefhe estimations of differential
settlement and angular distortion are the mosicaltiissues in the design of large
sized pile raft which the raft behaves as flexitaift, these movements are the main
culprits causing a building to crack and lose utsction and even collapse. Piles of
varying lengths can be provided under the raft nteo to limit settlements (both
total and differential) to an acceptable level tlachieving the required angular

distortion.



Based on the analysis and design methodology deselin this research,
parametric studies were carried out to model theating’ pile raft (FPR) of
different numbers of piles, lengths configuratiosisacing of piles and also different
raft thickness. The results obtained from thesaletimg will be presented and
discussed in detailed to show the application ef phoposed analysis and design
methodology. The results also provide a better tstdeding on the performance
and behaviour of ‘floating’ piled raft in soft comgssible subsoil especially on the
effectiveness of piled raft with combination of yiag piled lengths to control
differential settlement, angular distortion and dieg moment. Finally, the analysis
and design methodology developed can be used loyigng engineers for day to
day design of piled raft in soft compressible sulbshich will help the development

of the engineering practice in Malaysia.
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