
Geotechnical EngineenngJournal of the SEAGS&AGSSEAVol.52No. 1March2021 |SSN0046-5828

Geotechnical Engineering Journat of the SEAGS & AGSSEA

Vol. 52 No. t Manch 2$21
r5 b t\ uu4b-582tJ

$ponsored by

|:1,\1rr r:\: i)!! r., r,:{)ri1 rj};ii..ii

L,:: it i.. ! \:rtrf,ir'ii i1!iri

u,l
t., v

zone {} l

Il":i:ii Z!':l* :; Pit:tt: Zrrrr

listimating Pile Arial Ilearing Capacitv bv e-$ Derived fronr pressurcmeter
lcst. atler T-L. Gcur {2{i2l)

Neri- Solutions 1o Geotechuical Challenges for Cloastal Cities. al"ier
Chu er al. (202 1 )

Volcanjc Colrcsive Soil Behar.iour under Static and Cvclio l,oading. allcr
(rrm:rnini fr "l /lnllr

Jack-in Pile I)esign and Construction l'or High-rise Buiidings - A
Mala_""sian Consultilg l,.ngincer's Perspecljve, atier C. M. Cholv and y.C

Tan l20l I )

GEOTECHNICAT
ENGINEERING
Joumal of the

S EAGS /
loutheqst Asion /
Geolechnicol 5ociety

AGSSEA
ry&,ffiKu*"*u,,,,*,

lndexed by

El ,.,,,.,. tsto
SCoPut :,at,.,'2A01

ESCI :tu,, r 2017

l(t Ka ilx*
lrc fr !w

*-..8* "f ,:; *'



Geotechnrcat EnEneenng Joufiai or the sEAGs & AGSSEA Vot. 52 No. 'r March 2u21 issN 0046_5828

T'T!IT(\P -I]U-T-IlrI['['vri-ir !- vIiiLi

2020 - Present

Dr Kuo Chieh Chao
\sian Institute of fechnology
ll,"ilarrd

Prof. Za-Chieh Moh (Tairvan)

llr. l erk Aun 0or (Malaysra)

Prof. A. S. Ralasubramaniam (Australia)

Dr. Edward W. Brand (U K )
Prof. Kwet Yern Yong (Singapore)

Prot. Harry G. Poulos (Austraha)

Dr. Chin-Der Ou (Taiwan)

Prot. Paulus P Rahard.;o
Parahyangan Cathoiic University
Indonesia

Dr. Limin Zhang
Hong Kong University of
Science anri Technoiogy
Hong Kong

Dr Erwin Oh
Criffrth Universitv
Australia

20rc ^ 2019

Dr. Teik Aun Ooi (Malaysia)

Prof. A. S. Balasubramaniam (Australia)

EDITORIAL ADVISERS

Dr. Suttisat Soralump (Thailand)

Dr. Wen Hur lrng (Malal,sra)

Dr. John Clrien-Chung Li (Taiwan)

Dr. Chung Tien Chin (Taiwan)

Prof. Pedro Seco E Pinto {portugal)

Prot. I)ennes'I'. Bergado (Irhrttpprnes)

EDITORIAL PANEL

Dr l)omrnrc Ong
Griffith University
Australia

Dr. Apiniti Jotisankasa
Kasetsart Universitl
i-iraiianci

Dr Jie-Ru Chen
National Chi Nan Universiry
Taiwan

l)r. Phung Duc Long
Long GeoDesign
Vietnam

Dr. Darren Chian
Natronal University of
Singapore
Singapore

Dr Avirut Puttirvongrak
Asian Institute of Technology
Thailand

GEOTECHI{ICAL EN{GINEERING



Geotechntcal Engneenng Journal ofthe stAGS & AGsStlt vol. 52 No. 1 March 2021 ISSN 0046-5828

Paper Contrib:rti+*, Tech:lical Fictes, e:ld Bis++ss!+:ls

| ;r()tccl'rtico! [ingineering is the official loumal of the Southeast Asian Geotechnical Society and the Association of
Gecrtechnicai Societies in Southeast Asia It is publrshed four times a year in March. June, September. and December
and is liee to members of the Society Please visit our w'ebsite at http://wr.vw seags.ait.ac.th for the membership
rnibrmation.

SE.\GS & AGSSL,A encourage the submrssron ot scholarly and practtce-orrented artrcles to rtslournal. 'l'helournal

rs pubhshed quarterly. Both sponsors of the.;ournal, the Southeast Asran Geotechnical Socrety and the Assocratron
ol Geotechnical Societies in Southeast As1a. promote the ideals and goais of the Internalional Society 1'or Soil
\lechanics and Geotechnical Engineering in fostering communications, developrng rnsights and enabling the
a.i\ancement of the geotechnical engineering discipline. Thus, the publishing ethics followed is similar to other
leadrng geotechnicaljoumals. The standard ethical behavior ofthe authors, the editor, and his editorial panel, the
-c\ rewers. ancl tne publlshers is followed

Betbre you submit an article, please reviewthe guidelines stated herein for the manuscript preparation and submission
procedures, The paper template is available upon request.

Geotechnical Engineering Journal accepts submissions via electronic. The manuscript file (text, tables, and figures)
rn both r.vords and pdf format. together *'rth the submission letter, should be submitted to the Secretariat and copied
Lr,, iiie CirieiEditor uf Geoiecirriiuai Engiriccrirrg iuur riai. Einaii. s-a-juurrrai@aii.ac.iir.

The guideiines fbr authors are as follows:

1. 'Ihe manuscript rncluding abstract of not more than 150 u,ords and references must be typed in Times New
Roman 9 on one side of 44 paper '"vith a margin of 25 mm on each srde The abstract should be written
clearly stating the purpose, the scope ot' work, and procedure adopted together with the ma.1or lindings
i-^1,,.t;-.- ^r-a!"^ ^^-^1..-i^--iilviuuiiiS d -uiiiiiid J ui !ri! !u!rliuJrvtrJ.

2. The paper title must not exceed 70 characters includrng spaces.

3. The rnaximum length of papers in the print fomat of the Journal is l2 two-column pages in single-spaced in
Times New Roman 9 includrng figures and tabies. A Journal page contains approximately 1,040 words.
Authors can approximate manuscript length by counting the number of words on a typical manuscript page
a-nd rngitiplying that 11;r !!3 s,.14!er rf tcta,l pages (e:cept for tatrle,. a"nd flgr-:re:r'l Adr! r,ror -eqr,ril,a-lelts fir
fi::ures and tah!es hr,'esfimalin:r !he nnninn o1'the iorrr-nal na,,e each r.ii!l ocr-rrn..,r..,lren reduced tc llt cn a

160 mm x 240 mm journal page. A figure reduced to one-quafier of a page would be 260 word-equivalents.
When reduced, the figure must be legible and its type size no smaller than 6 point tbnt (after reduction).

4. Figures. Line art should be submitted in black ink or laser printed, halftones and color should be original
glossy art. Figures should be submitted at the tinal w{dth, i e., 90 mrn for one column and 185 mm lbr two
coiumns fhe font of the iegencis shouici be in Times i\ew Roman anci shouici use capitai ietters for the first
ietter of the first word oniy and use iower case ftrr the rest oithe rvorris Backgrounci screening anri gncis are
not acceptable.

5. Each table must be typed on one side of a single sheet of paper

6. All mathematics must be typer,ritten and special symbols identif-red. Letter symbols should be defined when
iircy firsi dppeil.

7. The paper must have an introduction and end with a set of conclusions

8 Practical applications should be included, ifappropriate.

9. If experimental data and/or relations fitted to measurements are presented. the uncertainty of the resuits must
be stated. The uncertainty must inciude both systematic (bias) errors and imprecisions.

l0 Authors need not be Socrety members Each author's tull name, Socrety membershrp grade (rf apphcable),
present trtle and afllliation, and complete maihng address must appear as a fbotnote at the bottom of the l-rrst

page ofthe paper.

1 l. JoLrrnal papers submitted are sr.rbject to peer review before acceptance for publication.

GEOTECHNICAL ENG INEERI I\G



Geotecnnrcal Lngtneeflng Jaurnal ot the sEAGs & AGSSEA vol. 52 No. 1 Marcn 2u21 issN 0046-582u

1l Each author must use SI (Intemational System) units and units acceptable in SI. Other units may be given in
parentheses or in an appendix.

A rnaximum of five keywords should be grven.

Rcierences

American Petroleum Institute (APt (1993). Recommended Practice for Planning, Designing. and
Constructing Fixed Offshore Platforms - Working Stress Design, API Recommended Practice 2AWSD
(RP 2A-WSD),2fth edition, 1993. p 191

Eafih. J.B., and Geo, W.P. (2011) "Asran Geotechnical amongst Authors of Conference Publications,"
Proe eeding: cl Iet, Ccqlererce cn Asian Grttethrice!- pLrblis!:er, firy, pp ! ll-! l7

l'inn WDL and Fu.lrta N (lOUl) '-Pries rn lrquetrable sorls seismrc analysrs and desrgn rssues-' 5orl
Dynamics and Earthquake Engineering, Z2,Issues 9-12, pp 73 l-7 42

l5 Discussions on a published paper shall be made in the same lbrmat and submitted within six months of its
appearance and closing discussion will be published within twelve n-ronths.

F or addrtronal rntbrmatron, please wrrte to.

Dr. Kuo Chieh Chao
Hon. Secretary-General
Southeast Asian Geotechnical Society
Emai i : s-a-; ournal @ait.ac th
\\:ebsite: http:l/wmv seags ait.ac th

Ir. Peng Tean SIN
Hon. Secretary-General
Association of Geotechnical Societies in Southeast Asia
Email: pengtean@grrail com
Website : http, //rvww. agssea. ors

13.

1jl



-1.

Geotechnrcal LnEneenng Journai of the sEAGs & AGSSEA vor. 52 No. 1 Marcn 2021 issN 0046-5829

TA llt E ftF f:fINTIr'N'reat-ilLtu vi uva-t!i- - j

List of Papers

i.

Estimating Pile Arial Bcaring Capacitv b:. c-0 Derivcd fiom PressuremeterTost
By T-1.. Gouw

Volcanrc Cohesrve Sorl tschavrour uncier Statrc and (.r chc Loadrng
By W. U Sumarltnr. H. Htrzartktr.'I Kokusho. tutci 5. ishrbcrsiu

Reliabilitl'Asscssment on Deep Brace d Excavations Adjaccnt to High Slopcs in Mountain Cities
B),R. H. Zhang. W G. Zhang. Z. J. Hou. crntl W Wng

Effect of Compaction Ratio- Frequencr,. Stress Amulitude and Cvclic Stress Ratio on the Dvnamic
Characteristic of Sea Sand Material under Vehiclc Loading
By ('. L. Ngtt1,en, H. H. Ngw,en. Q. l'. Ngu1,e,. l).H Ngo. und D. M. Ngu-ven

Thc Use of the Obsen'ational Method in Deep Excavations for thc Realization of a Residential
Compound in a Complex Hvdrogeological Context
B),M. ('ara.ssini, ],. Bucci, owl A. Atttigct

Pcrtonnattce of Heltr Ptlecl Raft Foundatron rn Tropical F'rbrous Peat Sorl Under lratlic Loads
t\,A. Ars)taci. A. It. Muhicidut. 'l'. Harusnto. E. llucltqnto, P. Songle. anci A. R. i,irmansyah

Application of Distributed Fibre Optic Sensor (DFOS) in Bi-directional Static Pile Load Tests
.B-r,,\1 (1 Le e. B.P. Tee, lV{. 1,. Chong. H. ll,[ohamad. K. A. Ang. and 1,. P. Rahardlo

Numerical Studv of Ground Surface Settlement [nduced bv Diaphrasm and Buttress Installation
l)-r A. Lim and I'. Hsieh

Ner.r Solutions to Geotechnicai Challenges for Coastal Cities
R),J. Chu. S.l.) W, H. Chen, X.H. Pan. antl K. Chictm

An Investigation of the Elastic Modulus of Cerncnt-Stabilised Soil b1,Wet Mixing Method for Sand
rl.^,,r;
!lt,H-D.Iro. I -N. P!nn. A-L). Plt*ru, P-N. Htt,'tt!t. {gtt! lt-.{)h''J " -

Jack-rn Pile Design and Construction for High-rise Buildings - A Malavsian Consulting Engineer's
Perspcctive
B.t'('. M. Chow ancl Y.C. Tcnt

C,omprcssibriin' Eehaviour of Sapnc Pcat ur Doubie Drainagc Constant Rate oi Srrain 1CR.S1 Test
8",- D. ii. i). iinoi. A. iiasan. A. G. Anucia, anci F. Sahcl

Cover Photographs

Estimating Pile Axial Bearing Capacitr." b1 c-6 Denved from Pressuremcter Test
lly 7-L. (iouv,

Volcanic Cohesive Soil Bchaviour uuder Static and C1'clic Loading
B),Wl O Sumarttni, H. Hazarika.'[ Kokuslto. ancl S. Ishibctshi

Neiv Solutions to Geotechnical Cliallcnges for Coasttl Cities
p,, t rL., <: l;' !r1., Lr rL.,," v'r-r D."!,. 4'4.t k' /,t ;"*"

Jack-in Pilc Design and Construction for High-rise Buildings - A Malavsian Consulting Enginccr's Perspectir c
By C. M ('hovt ctttcl I.(). 'llut

Page

l -t0

i-t-18

t9-2-5

26-31

1-t-41

48-54

55-60

61-66

67 -74

75-94

v5- lUu

35-42

aJ.

9

i0

li

iz.

3.

4.

GEOTECHNICAL EI{GINEERTNG

l.



Georechnica! b-.ngireering Jomnai oJ the 51:.4(iJ & ,.luJl\t-4 Vol. 52 No. I March 2U2l ISSN OOj+6-5ullJ

Performance of Helix Piled Raft Foundation in Tropical Fibrious Peat Soil flnder
Traffic Loads

A. Arsyadl, A. B. Muhiddin', E. Budiantol, P. Sangler, and A. B' Firmansyah'
jl)e\tartment 

oJ {livil }.}ngineering. Famlty ty' Eng,ine ering. Hasanuddin {iniwrsity. Mctkassar, Indone sict

E-nrail'. ardy. arsyadG?unhas. ac. id

ABSTRACT: This papcr preserts the investigation of seltlenient bascd perlomrancc of helir piled raft lbundation under traffic load thtough

piled raft is computed fron the stilTness of hclir pile and rafl u ith a certain helir piled raft interaction l'actor. in this stud1 . the stif{hcss of
irelix pile to peai soil is estimated by-using a modified Randolph and Wroth equation. incorporating the mechanical bchaviour o{helir pilc.

On r1e otheihand. the stiffness of iaft is detemrined b1 using Richafl et al cquation. In the nuncrical modcl.3-dinension FEM rnodel of
6elix pi1e4 ralt is uldertaken in rvhich hclix pile is modeled as fixed etd anchor. and ralt as a plate above soft peat soil. The el'fect of helix

pile nunber on the bcaring capaci6' and settiemcnt of helir piled raft tburrdation s1'stem is invcstigated. The results reveal that the stiflhe ss

ot-h"li* pile is too small comparcd to the stiffiress of raft tith the ratio llrorr l/6 to tl-1. The hehx pile stifiress is much influcnced b1'- the

nugrber of helice an6 the radius of helicc in a sinslc helir pilc. Since thc stiffness of lrelix pilc is srnall- such critical number ol helix niles is

pccdcd to har.e cffect on thc folndation s]'sterl1. Belo.w this nrutrber. helix pite is insignificant to har.e effect in the helir plicd raft foundation

s1'stem, and the elasticiS. of the raft plal s imporlant role. In gcneral. horvever. it is obvious that the incrcasing numbcr of helix piles can

decreasctheelasticsettlemeltofhelixpiledraftfoundationlr.hcnitissubjectedu,ithtrafficload. hrthestiffircssratioofhelirpiletoraltat
li6- the ircreasing nlmbcr of helir pile can reduce the se{tlernent up to 807o. rvhereas that in thc stif-fness ratio heiix pilc to raft at1,/4 can

redgce the settlement b1.' 65%. T1rese hnding s *'ould beneficial for delelopment of altcrnati'r'e helix piled raft foundation for road

rnfi'astmctnre in tropical hbrious pcat soil.

KL,YWt RDS: froprcal tlbrious peat soil, Helrr prlcd rat1. Strtfness. Elastrc scttlenlellt.

1- INTRODUCTION

Pcat is a tlpc of soil. couposcd of high contents of llbrous organic

ilaieriais. ?iiis soii is uir:lrgcci ard iussiiizvd irr wei.iands uucier

appropriatc climatic (ECil and Dl:c';ran, 1931: \{unro" l(x}5.i Peat

soil has such problematic mechanical behaviour since it has lon'

sl,ear strength. high compressibilitv and higli rvater content. Tltcse

characteristics harc contributed to subgrade problem in
development road infrastntctures rvith abundant peat soil dcposits in
most lou.land areas in lndonesia such as East Sumatera. Central and

Scutli Kaliii.,aatnii. ;r.d \r,r.3t S-;la;';;i.
Tlpical peat sail depcsrt rs lela ll'.lck. trp lo --r0 rreters' TLis

condition has led to such difhcultl. in irnplemcnting ser.cral soil

improvernent mcthods such as soil replacement and piled gcotertile
reinforcement soil (Arst-ad et al.- 2013). Nloreoler. the application

of PVD niethod is also diffrcult since the pemreabiiit-'.' of pcat is

about 100t.) r pcmreabilitS. of soft clar'(1\'lesri and Allouni- 2007).
d lthnrrnlr tlrr annlinctin'r nf 'rilcrl 'rl-t ir nr:t q.i! is ':1ill nLa!lon'ti'':"
--r:::ir!:;ii :::; ;.ijjrr:i-r: ; ii. -i f vg-

(Huat et al..20l:l). r,ery'lou gndrainer! shear strerrgilt and erecps of
peat soil neccessitates lery deep pilcs for obtaining sufficient
bearing capacity (Kazenian et a1., 2{.}l l).

Altematrl method ol cornbining raft foundation u ith helix pilcs

in peat soil is needcd to be inrcstigatcd. This is due to prr-r'ious

studies just lbcus on bcaring capacitl" of hciix pile in fibrous pcat

:oil IAtli er al 2(ll6: Parlarr el al Tolf-l Hclit niled raf] ma. nrescnl

bettcr perfomrance compared to.iust onlv helix pilcs. Tirereolore.

this studl inlcstigates the perlonnance ofhelix piled ralt lbundation
rvl.ren it is loaded rvith traffic ioadcd- in tropical pcat soil.

2. I{ETHOD

1"1 Stiffness of Helix Pile

Screu' Pile or helix pile is a pile foundation u'liich consists of helices

fired to thc shaft a1 specific spacing (Arup Geotechnics. 2005).

Hetix pile is uscd to courpressive and lateral loadings *-ith
overtuming nloments (Schniidt and Nasr. 2004). Anallsis used io

cstimatc contpressive and tcr.rsile bearing strength of helix pile in
cohcsivc soils can be derivcd from a function ofbcaring strength of
the end of the oile- helir nlatc bem-ing and the frictional rcsistaace

ofl-ered b1'tlre shalt-soil interlace (i\{oonc1'et al." 1985: Narashitra
et al. 1993;. Thc lonnulation ofbearing capaciry' for conrprcssron is

shorvn in Eq ( I ).

Q, = Sf(nDL,)cu + ArcuN, + ftdHef f qcu (1)

s'here p. is ultimate pile compressirc capacitr'. Sr is spacing

ratio lactor. l-. is distance behr,ecn top and bottorn helical plates:,4ri

is area of the helir- zr is adlresion tactor. (1,, is undrained shear
-+-^-^+L ^f -^il Li ;. ^^!*-.^.-i..^ L^4qin.! ^rer^ir.- {lrt+- f+r
-aiviigari Ui oJii. ri! i. vurtrPrvitrrv uluru5

eohesive soils. H"ris effeetile lengtb of pile abor.e top helix (H"x:
H D),Il): dianreter of hclixplate.

Stiffncss of helix pile to pcat soil can be estimatcd r,ith
head load-settlcntent b1' using a urodified model o[ Randolph

Wroth (1978) Hou,eler- for hclir pile- thc model rvas modified to

accomodate the behaviour of helix pile. Due to arial loading" soil

belou the helical plate- at soil along the c1'lindrical shear area- and

along shaft pile r.vill defonn (Figurc l). For shallor.v helir pile. shalt

resistance is too srnall comparcd to others resistatrcc (Mohalcncri et

al. 2016). As a result- thc defomration along thc shatl pile does not

signilicantll' contribute to pile settlcnent. The stiffuess of helix pile

can be detcrmined based on defonnation of soil belou'irelical plate

anci tirc deibmration oi soii aiong cf iindncai sireur faiiure as

expressed in Eq. i2)

P, I 4 ?nL,tdnh(/L..rl l. qt,tunnlpt.) l-t
|-Tl!T--_--:---:-:-|

cr,;wt t,lr ,l -i;/L,. I t ntt-t)ft/rtyL, l

1.. E
ltL.: - i -,o rJ _q/,

rvherc
Pt : pile load
G : shetn modulus olpe at soil
r,,* : radius ofcl'lindrical helix failure zone

v i : settleraent of Pile

pilc
and

(2\



{i!Otechnitai tinginttering,}ountal d the };P,..1(i}) <v A(iJ,*.1 vol. j2 N0. I Nlarclr 2ul1 lSSN utt46,j326

irlin,lr,.nl rheqlot

I

Figure 1 Bearing capacrl] ofhelis pile under a conrpressir,e load-
defonnation irattems of helix pile in the upper and lor'rer soil la1'ers

2.2 Stiffness of Helir Piled Raft and Load Sharing

n

(

Raft stiffness to peal soil rvas estimated
{1970). as describcd bl Eq. (3).

K, - i-*-!-,P,rfkn)

rvhcre /'pr is sliffncss of piled rafl: Krry is
pile group: l is stiffiress of the raft alone,

- Poisson ratio ofpeat soil.
- Soil hclir prlc stiffncss ratio. Ep/G

- rolctinn hnrr..'orr thn ..,.1i,," ^f ;.fl,'..^^ ^f rh^ I'.1i. ,'il^

and thc radius of thc hclh plate. ln lr,nlt'o+)

,rit r =jii = r -:r F : I -.i-1r,i:=

3. RESULTS

Analr sis of bearing capaciti' and settlemert of hclir piled raft in
peat soil ulder arial loading \ras conducted bl incorporating
modiired Randolph and Wroth (i971{) method into Rurdoiph (i994).
Poulos and Dauis (1980) FEIvI anall'sis rvith PLAXIS 3D u,as also

utdL,rr-akcii to cornpr.--ircnd ihc rcsult.

i.i The Stif,fntss of Hclix File to Pcat Soil

Eslimation of the strffiress of helix pile to peat soil nas undertalien
for hontogcneous pcat soil. In this casc. y: 7 .94 kNlm3- cu : -5 kPa.

&,*,- l50kPa-r,-{}15 and {;-65.12 kPa. Thehclixpile has3
irclices rvith spacing distance oi ii.ii) nr- helix radius of ().35 m- and
length of 2 m. This has resulted in the sti ness of helir pile to peat

soil at 334.612 kNrm If this stil'fuess l\ias conpared to the

sxperincntal studl' based helix pile sti ness to peat soil (300 kNlm)
as inr,cstigatcd by' Parlan ct al. (2016). the result is quite closcd. It
should be noted that the dimension of helix pile is silnilar betrveen

anall tical and experirnental- LLL50. hr the case of LL30 rnodel, the
stiifness obtained tirougir anail'ticai rnethod rvas founci at 3i2-4-l
kN/m. rvhich has relati'r'elv closed to esperimental based helix pile
.r;tT--.- -] IAO l: l..Ni,/,-

The effect of number and radius of helices on thc stilfncss ol
helix pile n'ere also examined- As shorryn Fieiuc 2- the increase of
number of helices in helix pile rould increase its stiffness. In
addition- the increasc ofhclicc radius also rvould incrcase hclir pilc
strllness (ligurc 3). Thc stillhcss of hclix pile to peat sorl dcpcads
on ]oung modulus of peal soil.'Ihe larger 1'orurg rnodulus of peal
^^:l .1.^ l.:^1.^- l.^l:-. -:l^ ^.:l'A-^^^ -..:ll L^surr. (rrL rrrSrrur lrLrl.\ PrrL srrUllLSs rrrlr u!.

*--fi

J
+*
{irl
d
ll

I
I
l
I

ti

t
A
I

t
t

b1 using fuchar1 et irl

t4)

stiffness of the helix
and, pnp is rall - pilc

*-.**d *:;"-"-*

(3)

u'hcrc: G, is tLe shear modulus of the soil: ri is the Poisson's
ratio of lhe soil: and I is tlre lhickness of tire rafl- and c and c/ are

coelfi cient ralt dirncnsion.
Rancioiph (i994) introciuce<i iirai piies are iocaieci siraiegicaiil,

rvith the ralt in order to reduce differential settlement- Load sharing
hnlrrnnn rhn rrfi r.rl rlrn nilnr non hn nctirrre,nrl "ci,r,, ci',',\1. rrrnilrnrl

u lrqurs vl!rHr!

Randolph (1994). and Poulos atrd Dar.is (198t)). shotn in Eq.(4).

T

t

+[ ; :'atlF]

+t.xs}
'-Ft. ?:8P.

-Jt, s*:rru

"T:!' L!Et{r.
-et. ffi*J|i

+E = 15O kPa

.a-E = 2$kpa

."i!*E-25OkPa

+€: 300 kPa

+E = 350 kP3

-**E = 4m kPa

!.r'.te. !1 4er,.e5 i I

Figure 2 The eil ect of nuuber of helices on the lieiix pile stiffiness
to peai soii

ltDO

interaction factor.
The proportion of the total applicd load carried b1'the helix pile

rafi is in Eq (-i)

,l-1

! r,rlo
z
o

o

E lcr'

(j)

0.2 / rr. \/7:-lrl

r o r/ r' \ \xn,'/
\(1,, /

Tri-linear clrn'e \\ as generated b-v computing mobilization of the
helir pile capacih, according to Eq (6)

P, -?
Pnr-$vrP<Pu,
P,:P-P7,,

uhcre P4 is ioad on hciir piies, P. is ioad on die rait, Pup is tirc
ultrmatc bcaring capaci11. of helir pile group.

c,1 ii.1: 0.: {-t.:._, ir I 0.-1i a-i,L 0,1'r il 5

Radtus of Helix Pbte {m}

Figure 3 The elTect ofhelice radius on thc hclix pilc stiffness to
pcat soil

Raft stiffness rr'as estimated in this shrdl'. For the raft r.vilh area
of I 0t) mr. in peat soil rlith shear modulus of 6i.21 7 kN/m2 and v of
0. i5. is 1.687 kN/lr Thc raft stillhcss incrcascs as thc dimcnsion o1l

:l':= :a! :;:d ihe :l.:e;: ii:ci'.ilii: +f p;ai:c:l :slc l:rci.::e. Pcl '.h+ r*i1

rAi

(7)
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with area of .100 urr and the shcar modulus aL 173.913 kN/rn2. {re
ralt stilfncss would bc at 8.184 kN/m- and that rvith area of 90{) rnr,
the stiflhess is 12.276 kNlm.

J.l Sctllcmcnt ol Hclt\ Ptlcd Kalt rn Peal Sotl Un(ler I ratltc
Loati: Analyiicai iliotirl

W'e anall'sed the eftbci ol the nunrber of helir pilcs on elastic

scttlement ol helix pilcd raft foundation s,vstern. A segment of ralt
rvith dirnension of 10 tr rx l0 m ,r\-ith a 0.2 m thick'lras nodeled and

subiecled rvith truck loads of 65 tons. The raft lies ovcr a very soft
peai soil *ith soil propertics (a : 150 kPa. 'r, : 0.15 and L',, : 5 kPa).

ln the model. thc helix pile stiffness uas assurned at 100 kN/n. The

result is shot'n in Figurc "1. It is lound that increasing nuurber of
hclix pilc qould reduce the elastic sefilement of the foundation

s1-stern under trafllc load. Horrerer- since the helir pile has a quite

lou'er stiffness cotrpared to the raft (116 to '/^). the efTect of hclix
pilc is onll seen rrith rninilrum number of helix pile ofi about 12

piles. It means that belorr thal quantit). thcrc is no cffcct of hclix
pile and raft foundation is stil1 rrorking as a single foundation

sl.stem rvithout an) support frorn helix piler.

i,irr lJ\11,,)r,l \l,ir ii,a ::.,,ni

.: iiii, l1l. i,r t/' i irrj , f,rl .it;:rl

rtsl 1ri!lrj,.") ,tljl): \irl \t.lil

Sdlt 2'1,:tl,')l lirit !i! l.rr!,'rl

ii.ill :1_i,/,!l,,,.1 ti.1; - ,rtli.r il'ji.)

l,rir .1,-,r.'i',, .) i frij - Sil-r !r!- r:

ii:it -,:j.,)ii r _' 1i:r .1il'.,!;i

Io!!r|,er ol llclir Pite

Figurc 4 The effect of number of helix piles on tlie elaslic
^^rl^-.^,., ^Cl,^l:.. -:l,, *^G f^,.-l^r.^- ,,^-l^- r-^t'f,^ l^^i .. irL l,^1i..JLralLrlrulrt ur lrglr.\ PlrLu ldr ruLrrludrlurr urruLr rrdrr! rudu r! rrrr rrLrr \

pile stiffircss from 300 kNln to 900 kN/m

In Figure 5. it can be seen that load sharing carried br.helix piles

is.lust 109i, of thc total load at thc minirnum number of 12 helix
piics. Tlris u.ill increasc as thc nurrber of helix piles increases. At
the 25 helix piles under the rafl foundation- the load sharing can'ied

bl hclir pilc achiclcs 65% {Figurc 6) It should be noted tliat tlre
ratio ofa sinqle hclix pile stiffness to the raft stiffness is onh. 0.18 at

a single pile" up to 0.89 at 2-5 helir piles,

If the raft dimension and the stiffness of helix pile increase. the

elastic settlement rrould decrease. The more helix piles under the

ralt, thc loucr clastic scttlemcrt rvould be (Figure 5). It is obvious
that therc is oritical number ol hclix pilcs lherc belond this

nutrber. their effects on the elastic settlement seems to be

unchanged. '[ire cntrcal nunber rs rruch rnlluenced b1- helrs pile

stiflhess to peat soil. fhe larger helix pile stilthess to pcat sorl. lJrc

smaller critical number olhelir piles required. l'he critical nrunber

of hcfix pilcs is about l0 piles rvhen the helix pile stiflness at 90(i

kN/m, rvhereas that is about 21 piles rvhcn thc helir pile stiflhess at

400 kN/rn to peat soil.

Figurc 7 prcsvrris iirc eiicei uiireii.r p'riv quairiii-. un iirc ciasiie

setiierlcui of hcii.r piicri rait foundation s1.'siem uniier traific ierad.

rith larger helix pile stiffiress and raft dinrension. Similar results

vr,crc found that the morc helix piles, the lou-er elastic scttlement of

helix piled foundatiorr uould be. The elastic scttlerncnl bccomcs

about ltl cm then 2-5 helix piles installed under raft foundation.
Load sharing ratio has becomes significant at large stiffncss ofhelix
rila Ir rqa L4 e.^r in Fir!!1"o f. h41i-. ni14 eri+rn..a ^l"l!(la! Ltri/r ron

c,,^^^il rh^ro rl,"^ (tlo.; nf rLn rnrol l^..1 ",,^^^d..1 h. ^.1, 
I l'^l;.

pilcs installed. Load sharing increases to 90o/o rvhen I I helix piles

installed undcr rafl. Ho*'cvcr" helix pilc stilfness under l00t) kN/m.

the load sharing ratio seems to bc much lorver than lhat lor helir pile

stilhess above 1000 kNlm.

W:tr,Jl
tl/tI

rr_i nt ue!;r plf

Figure 6 Load sharing ratio carried b1'lielix piles at'r,aries helis pile
stiffness to peat soil
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Ftg:ure 7 The effect of number of helix piles on the elastic
scttlcmcnt of hclix pilcd raftfoLndation undcr &affrc load, with

helix pile stif&ess varies from 1000 kN/m to 1500 kN/m

3.3 Elastic Settlernent of Eelir Piled Raft iu Peat Soil: FEM
Model

A three-dimension FEM nrodeling of helir piled ralt fourrdation in
peat soil n,as underlaken. The tralfic load on the helir piled raft
foundation u'as modeled as dyramic load rvith amplitudo 235 kNlm:
rvitir saurple pulse at ().20 sec duration. or 5 Hz frcqrLcncl'. Thc

traffic load of 235 kN/m: is based on a load of full loaded 1.2H

truck uith i:l tons and equiralent radii of lirc contact arca ol 2i{}
rrm (back s'heels). Horer-er. since the raft is ven rigid. so the load

is distributcd to thc ground as line load of 60 LN/m. Meanwhile. the

helix piles under raft lbundation configurates a ccrtain pattcrr

distribution plans as shorrn Figure 8. The pattem distribution of
helir piles's-ith raft fourdation varics frorn 5. 9, 16, and 2-5 piles-

The helix pilc itsclf u.as modcled as fised end alrchor r.vith stil'firess

(EA)- rrhereas. the raft tbundation 6 mx (r rn u'as modelcd as plate

rvith rTof 0.20 m- Jol25 kN/m3. and Eol2.l x 106 kNiml. and'r.,of
0.1 5, indicating a very rigid plate.
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Figurc B Hciix pilcs *'ith raft foundation distnbution patterns p1ar1

For tropical fibrous peat soil. the niodel cmplo)ed solt pcat soil

based on hardening soil oonstituti',,'e model n'ilh sereral mcchanical

pararrr;ters inchiding & ]unsar of l0 kN/mr. ],* of 12 kPa. Eso of 1200

kPa- E*r of 1200 LPa. and E* of 3600 kPa. The undrained

cohession is I kPa. riith shear angle of 27". The soil ptoperlies aru-

tvpical mcchanical pararnetem of peat soil in Bereng Bcngkel

Central Bomeo (Susila ct al.2t)12).

Several stages of construction were curploved in the FEM

modcl. I1 consists of rnitial phase. helir piled raft constructiorl.

loading uith traffrc load. The pcrlbmrancc ol- lrclir piied raft u.as

invcstigated including elastic and consolidation settlemenl. Thc

el1'ect of helrr prle number on thc clastrc settlcncnt olhe lrx prle ralt
foundation rlas csamincd. Il car be secn that. the increase of helix
pile nurnber uould decrease the elastic settlemerrl of the foundation

sr stcm (Figurc 9). Tire larger helix pile stiffness gererates the lorver

settleuent of the helir piled raft fbundation slsterx. Thc stiffncss of
helix pile to the peal soul is cntical at 1500 kNnt. Bcl'ond that. tlte

4l , ' : :t egllccr rs rilsrgiriricaila. rIe cr'lllcar iltrilrDea oI fieil\ plre is aDonr J

heiix piies. The seiiienrent ai iiris numbcr oihciir piies is iess tiran

5 cm.

In regards of consolidation settlcment (Figr"rc l0). similar
results is obtained that the critical stiffncss of helix pilc at 150{)

kN/rrr. Hou.cr'cr. the crilical number is t helix piles rvhich can
-.^-^-^r^I ^^-^^l;l^ri^- ^^Hl^-,^-, l^-^ ,L^- i ,,-, D^-^l ^- rl,^-^
Sul'el drLu rutrlw'rr!rrr r!rr rrrdr -: rrrr. uorLu

results. tlie hclix pilcs spacing under raft foundation lbr better

pcrlorniancc rvith small settlement is about 2 m to 3 m.

\o oi He1;x l,les1 '

Figure 10 Thc cilbct of numbcr ol hclis pilcs on the consolidation
^^el^..,^,,i ^f I.^l:. ^:l^i -^f, l^,,.,1^,:^- ^Lr^i,,^,1 r-^.,. trEil/,.,^l^li!(arLrlrrrr{ vr rrlrr \ prrlu rdr I ru(lrru(rrrurr uu(drrrLu rrurrr r L,ir rrruuLl

.I. CONCLT]SION

. The incrcase of numbcr ol liclix pilcs under raft foundation in
-^-r .-^il ^-- --r,,^- rl.- -l-^{- ^o!l-,r.^-} ^f +'!.^ P^',-J-1;^-
Pvu. -uii

l-rcrrr C.59l+ to 8094.

. Critical number of heiix piie is lbrind at about 10 piles to 2i
piles. depending of the stil-firess of helix pile. Bel'ond this
lumber. the reduction of claslic settlemcnt is lcss signilicant.
Fron FEM Model. thc cdtical nrurbcr of helix pilc is lrom 9 to
l6 piles. rrith minimurn strthess at 

.l 
500 kNlur.

- I ^-J -1.-.-:=.,, --.:i-t L= t.^ti- ..:t- - -.-:^* 1",-^... Itto/ /1 -:t^\ r^

65ol (25 niles! Thrs is ilfluenced L.r-the ratio stiftless of hclix^
pile to ral1. The larger stilfness ratio of hclix pilc to ra-l'l. the
larger load sharing caried b1' helix pile u'ill be.
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