1 Debond Foundation Pile Field of the Invention The

present invention relates broadly to a nethod of

constructing a debond foundation pile, and to a

debond foundation pile structur&. Background 10

St andard foundation piles, such as foundation concrete

bore piles, are installed into the ground of

construction sites to support buildings and structures

as desired. A skin friction force typically acts

along the full |ength Sebonsd Couadatien Rilee i n cont act

wth the soil, whilst an end bearing force acts on the
bottom end of the concrete 15 pile. Both these forces

st abield efthejaventiolrt ure of the foundation pile

%Mderground constructions, such as tunnels for train
racks or roads, are on the increase to provide

gr eTihee preseminventiorcrelates broanly tor amethadny condtucting a debond foundation
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foundati on bore piles to be constructed near a tunnel.

Ano ityation in which standard foundati on bore
pilhggﬁ'%hhut be adequate is in places where poor

1@round conditions are experienced, as can for exanple
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full length of the bore pile, rather only on a

OlesilJrn‘agrg‘@@lfrlf:j %sltrﬁ&%ng; s§c91 as tunnels for train tfracks or roads, are on the
increase to provide greater convenience for the travelling public. Building
authorities, such as the Singapore Land Transport Authority (LTA), do not allow

20 standard foundation bore piles to be constructed near a tunnel. Another situation in
which standard foundation bore piles may not be adequate is in places where poor
ground conditions are experienced, as can for example typically be the case where
pillars for a viaduct are to be constructed. In such construction sites, only debond

foundation bore piles are allowed to be constructed.

25
in order to prevent negative loading of the surrounding ground onto a structure via
the foundation pillar and vice versa in such construction sites, debond foundation
bore piles are designed such that the skin frictional force does not act over the full
length of the bore pile, rather only on a desired working length.

30

Conventionally, debond foundation piles are constructed using a number of long
steel casings of different diameters and lengths which are permanently placed in the
ground, to separate the skin of the foundation pile from the surrounding soil.



Conventional Iy, debond foundation piles are
constructed using a nunber of Iong steel casings of
di fferent diameters and | engths_which are pernmanently
placed in the ground, to separgte the skin of the
foundation pile fromthe surrounding soil. 2 In such
cases, the nunber of steel casings consuned can be
subbit suthicabed, themaunyberpif Istsel easingo corsuroers can decslbsHrital if many
is an U S age. r es, .
I
es pebichMillresulhinehighheorstrattionfcostseespecalinsighbe the carboftsteet is high.
known arrangenent involves wapping up the debond
|l ength of a steel <cage with thick plastics sheets.
AddAnotben knewr @maogémenisinvolyes eaapping eipctherdabdnddength of a steel
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wi t theazdfjes and jaisisemtergiredshee. pr esent i nvention, there is
10orovi ded a nethod of constructing a debond foundati on
pile, the nmethod conprising the steps of 15 boring a
fi r Sumntdrg didhe myeatidhanet er | arger than a di aneter of
the foundation pile into the ground up to a desired
debond I ength depth; inserting an inner casing having
a di anet kv accomlanteanith al first aspad oftibe prased invartion, tbéret ik gorovided a
f 0“%?%&1 U cBﬁAﬂ%e’fir@s# ggbéflae‘fo{.\ﬁd'a%gn E)%%h% H?e'ﬂnéd“ n‘gﬂp the steps of
annul"us space i's defined between an 'outer surface o
18 heborimgerfirgtdwlermvingch didreetemaiger théan aldianietersaf thedoendation pile into the
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fi riormingltie fouhdatfonmile insaleché dmeg casigty a desired combined working and
debond lengths depth; and extracting the inner casing.

The boring of the first hole may comprise inserting an outer casing having a

25 diameter substantially equal to the diameter of the first hole into first hole for guiding

an auger during continued boring of the first hole to the desired debond length

depth, for stabilising an opening of the first hole, or both; and extracting the outer
-casing after the forming of the foundation pile inside the inner casing.

30 The debond length may be chosen such that the first hole is self standing.

The outer casing may extend along the depth of the first hole.

One or more sacrificial centralizer elements may be positioned between the

35 outer surface of the inner casing and the wall of the first hole.



an auger during continued boring of the first hole to
the desired debond I ength depth, for stabilising an
opening of the first hole, or both; and extracting the
outer casing after the forning3of the foundation pile
inside the inner casing. 30 The debond | ength may be
chosen such that the first hole is self standing. The
outer casing may extend al ong the depth of the first

b posi { PBREE B AL tasulifkodialief e pinu EhER RrE ntearaly

I nneith thesnmey casidgt he wall of the first hole. 3 One or

nore of the sacrificial centralizer elenments may be

formed integrally wth the inner casing. 5 A

g oundat i Arfolraiatiopibbee pikeymag bediormeel] inskiedbe titmericasieg. The working

casin The wor ki n Lengt.h ma t hat .
e cBRANTIRL BRovIRSR b Rt Soaphcic) Witk frhg' 8! offing of the
f oufodadation bory gilepndide thednrebe chding isrselfistapadigng i s sel f
standing. 10 15 A driven concrete foundation pile may
be fornmed inside the inner casing. A driven steel beam
f oundat i Aniripert eoragte tieurfdatiore pile may de farmediimsids thedasnargasing.
1The material for the debond sl eeve nay conprise a
0m'xture of a debond material and a rel ease agent. The
mat er i al Afdaven steeidmaomibustatongilamiaycbariatreed aisidedhe irtmer casing.
foundation bore pile my have substantially the sane
material densities. The inner casing, the outer
casi ng, Uhe bbwitérjal Harythieedetondsskdxive mby eompgide a mixture of a debond

em’i‘%ﬁe{ﬁ%‘%@ %Felgacs%()#%ﬁpce Wi th a second aspect of the
pre e ’

i on, ere is provided a debond
15 oundation pile structure conprising a foundation pile
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pile may have substantially the same material densities.

The inner casing, the outer casing, or both, may be re-usable after
20 extraction.

In accordance with a second aspect of the present invention, there is provided a
debond foundation pile structure comprising a foundation pile formed in the ground,
and a debond sleeve structure formed in the ground and arranged directly on an

25 outer surface of the foundation pile.

The foundation pile may comprise a foundation bore pile. The foundation pile
may comprise a driven concrete foundation pile. The foundation pile may comprise a
driven steel beam foundation pile.
30
In accordance with a third aspect of the present invention, there is provided a
debond foundation pile constructed utilising the method as defined in the first

aspect.



25 outer surface of the foundation pile. 30 The

foundation pile may conprise a foundation bore pile.

The foundation pile nay conprise a driven concrete
foundation pile. The foundationpile may conprise a

driven steel beam foundation pile. In accordance with

a third aspect of the present invention, there is

pr oBridbdestriptiehafdhé duawiagson pil e constructed

utilising the nethod as defined in the first aspect.

4 Brief description of the drawi ngs The invention is

her Bheintestioni i aérehydmbed by ey lof nbt-limging>exeiples, with réference to
r ef grence to $ acco r]_?u ng drawi ngs, in which: 5

Fi gliP&se timp%nsgnga "EWIERe cross-sectional view

glrawi ngs illustrating construction of an in-situ

gte 2 Edieglsyeﬁ\glia{eggcrﬁgat {;) gcgﬁ%see#{):lﬁaﬁ ély#\l\téglmngg :ﬁustrating construction
enbefd andasitu Jdéb@ﬂdi alldevd foasdatiopttove pllkewitto nsusabdd isteel casings in
of a debond Ll e havin Ena debond sl eeve forned

i n- 8FPFRRWM aH& amgleféﬁb& @eel casings in an

exanpl e enbodi nent will now be described with
1¢ef LERCS to Figures 1, 2 and 3. Turning initially to
igﬁ-ﬁé—f—%ﬁ—%ﬁﬂ—%ﬁ steel casing 3 having a 15 suitable
outer dianmeter is inserted into the bore hole 3a after
an T tonatrudtion bhg debhomdduotepile Having taadiibbnd sleéVecfoopezhinsigu and using
a and to guide.a sub
ovelarala s o L Perud el AW BB eneriong it reference

3a iorAgutes tth2 and3er Tweaing irdtiaBy tosFiganat 1, nare dutentsidel aasing 3 having a
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| evielstabilise tHergpening oEttie boredbleodearsd tmgdudeawgbseqﬂent b‘earsmed boring.
Pl-gg %lér%%tacli %g%?s g elgg..o(fﬁrée; Egle' aelﬂtsklg 'tr?edo&& Qgﬁﬁé @ is %ontlnued until a

depth equal to the desired debond length 4 is reached.

20  Ahole 3ais than bored downwards from the ground level 10 using a predefined oversized
auger at the construction site location identified by numeral 1. The term "oversized" here
refers to the fact that bore 3a is of a larger diameter compared with the diameter of the
foundation pile being constructed. In typical examples, the diameter of a foundation
bore pile may be between about 600mm and 2500mm, and the diameter of the bore

25  hole 3a in such examples may be about 200mm to 400mm larger than the diameter of
the foundation bore pile. It is noted that in different embodiments, the bore hole 3a may
not be self standing, and longer outer casings may be used in such embodiments.

The depth of oversized auger bored ("overbored") hole 3a can range from about
30 10m to 30m in example embodiments, and the hole 3a is self standing, on good
ground in the example embodiment. A self standing hole does not require any
additional steel casing support along the depth of the hole. Subsequently, an inner
steel casing 2 having a diameter which is smaller than the diameter of the outer
casing 3, and having a desired length, is co-axially inserted inside the oversized hole

35 3a, thereby forming an annulus space 5. The inner casing 2, in the example



refers to the fact that bore 3a is of a larger

di aneter conpared with the dianeter of the foundation

pil e being constructed. In typical exanples, the

di ameter of a foundation bore Pile may be between

about 600mm and 2500mm and the di anmeter of the bore

25 hole 3a in such exanples nmay be about 200mmto
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The in-situ debond sleeve material 12 is temporarily supported by inner casing 2.

25 Next, the size of the auger is changed according to a desired diameter of the inner
casing 2 and boring inside the inner casing 2 is continued to a depth until the bottom 16
of a desired working length 28 is reached.

The depth of the inner hole 19 is chosen to make the bore self standing, on good
30 ground, without having the need for any additional casing support, in the example
embodiment. In fypical examples, the working length 28 may be from about 6m to 40m.

After the inner hole 19 is bored, a standard steel cage assembly 20 is lowered
inside the inner casing 2 until the bottom part of the assembly 20 touches the
35  bottom portion 16 of the hole 19. The steel cage assembly 20 is held in position from the



drilling mud, bentonite, polynmer or oil-based
products. The debond nmaterial and rel ease 15 agents in
t he exanpl e enbodi ment are chosen to ensure easy
non-stick renoval of steel casfngs fromthe ground
and to provide frictionless surface contact between
the foundation pile skin and the soil at a desired
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descri bed above, to prevent concrete from 20 seepi ng
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steel cage assenbly 20 is | owered inside the inner

casing 2 until the bottom part of the assenbly 20
15 oupp&s rénievaBbf thet inoen ¢irg 2 nthé Gvedfcohdreteh?2? encks théhie-situ debond
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concrete m xture may be of any desired grade in

respective
After the concrete 22 has set, the positioning casing 3 is also removed for reuse. A

complete in-situ debond sleeve 25 directly arranged on the foundation bore pile (set
25 concrete 22) is thus formed.

In different embodiments, different construction procedures can be employed for the pile
construction inside of the inner casing (compare with the casing 2 in Figure 1). For
example, rather than employing standard bore pile construction procedures as

30 described above with reference to Figure 2 and 3, driven concrete or steel beam
foundation piles techniques may be employed to a desired working lengths. In such
embodiments, the inner casing 2 is similarly removed upon completion of the

. construction of the driven concrete or steel beam foundation piles, allowing the in-situ
debond sleeve to be formed directly around the driven concrete or steel beam

35 foundation piles.



enbodi nents. 10 In the exanple enbodi nent, while the
concrete mxture 22 is wet, the inner casing 2 is
gradual |y extracted, e.g. by using a service crane
(not shown), for reuse. In the brocess, the
sacrificial centralizers 6a are automatically

di sl odged. The sacrificial centralizers 6b are
renoved after the inner casing 2 is extracted, in the
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t hecawirig copstalchidres. 22 and the debond material 25. After '

t he concrete 22 has set, the positioning casing 3 is

10;1'so renoved for reuse. A conplete in-situ debond

sl eay the2debdhd elebley 2% s casfindkita rant lirevofvesi flebdible @rodesses which can suit

pi | set 25 concrete 22) is thus forned. ln .
G + FE0rBR; corBuiPas ind kol pRasiiBortitay fifuire less resources to
pr ot inrsiis debouribsiesve! io redgrbod Adagahist the conmeritionaltyl used pre-wrap
inside of the inner_casing (conpare with the casing 2
in ?—‘Fﬁ&’r‘%e ?Bn.Str?'-‘g'Pnog?g‘?‘rpl e, rather than enpl oying
15st andard bore pile construction procedures as 30
desgri bed apove with. reference to Figure 2. .an .
i i g e ity B HeC gt bR eBye sfifllaton pie in terms of
t echpi preentimy negateeploayied inothe deshpleemnudimey was found to be
I en In, suc di ts, the.,inner. casi.
si

ths. h . . 2
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1 ow he iLn-situ. debgnd t f or med o
203 1% Piptho oh doSikypd o ACEuRL R galth BRre P as slesgbed in the
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reduction in overall construction costs.

25 The debond sleeve in example embodiments can be made from common construction
materials such as e.g. comprise granite chips in sand (Aggregate Sand) or copper slat for
the debond material, and e.g. comprise driling mud, bentonite, polymer or oil-based
products for the release agent. The debond sleeve has a good mechanical strength
to withstand the wet concrete and surrounding soil pressure.

30
The in-situ debond foundation pile construction with re-usable steel casings in example
embodiments can be applied for foundation piles of all diameters.

It will be appreciated by a person skilled in the art that numerous variations and/or
35 modifications may be made to the present invention as shown in the specific



bearing that effectively elimnates skin friction
forces between a desired debond |ength of the
foundation bore pile surface and the soil. 5 The gui de
or positioning steel casing 3 ahd inner steel casing 2
in the exanple enbodi mrent may be reused for
constructing other debond piles. This results in

et ghbedideteStithbay dagstivg Romapappiriedr wédpe fdhe @nvientioraas broadly

per mane eel bl casing c ructlons '
P heSgREbnr THE SEeRens SBodEREs Fh. CRHTH 7 1o e PBLa n all respects
f 1 epsidel irushiatveeasEaotwhstattivean suit di fferent
construction sites, the exanple enbodi nent may require
| ess resources to cast in-situ debound sleeve in the
gmround as agai nst the conventionally used pre-wap
'~ steel cage construction off-site. 15 The fini shed
product quality of the in-situ debond sl eeve
foundation pile in terns of e.g. preventing negative
| oading in the exanpl e enbodi nrent was found to be
conparabl e to permanent steel casing constructions,
and superior to pre-wap type. 20 The net hod of
constructing a debond foundation bore pile as
described in the exanple enbodi nent may be nore
econom cal and easier to construct when conpared to
conventional methods, and may increase productivity,
efficiency and reduction in overall construction
costs. 25 The debond sl eeve in exanpl e enbodi nents can
be made from common construction materials such as
e.g. conprise granite chips in sand (Aggregate Sand)
or copper slat for the debond nmaterial, and e.g.
conprise drilling nud, bentonite, polyner or oil-based
products for the rel ease agent. The debond sl eeve has
a good nechani cal strength to wthstand the wet
concrete and surrounding soil pressure. 30



The in-situ debond foundation pile construction with
re-usabl e steel casings in exanple enbodinents can be
applied for foundation piles of all diameters. It wll
be appreciated by a person skilfed in the art that
numer ous variations and/or 35 nodifications may be
made to the present invention as shown in the specific
8 enbodi ments wi thout departing fromthe spirit or

scope of the invention as broad descri bed. The
present enbodi nents are, ther , to be considered
inall respects to be illustrative and not

restrictjve. 9 Al 1. .A et hod, of nstructi
hebond f bumdal W%Pl Q,PCPH%"” 6 G deBondh folpiatan, il the method
55t eggnpvikingltedteyg o first hol e having a diameter |arger
t han a dj anet f.the foupdation pile ipto.th . .
or ound G T deler g Gl RGP haR st fhe fqyndaton pie
an ih!l?nﬁédgmaﬁd tStolzadesinagi debdndiergte dethibst anti al |y equal
to the dianeter . of the foundation.,pile jnside th .
e st noleriigcan infes o BAVHH A ciietBedbstanis bristydFipghe diameter
bet ofethe faindztibe pils undide eheofirst helei suohrthatian rapnaled dpaee is defined
wal | .of the fjrst hale,,and such th a tt
10horhtBion At pHist Siteia g tad Roe” $&hg T bewall b ALnst bgle. and such
potm;ezmb@ttdmpemibabf theranaulde bpa is belsstantially sedldd:
annul us space; form the fqundation,pile inside the
i nner ca %'agﬁd“%eeﬂﬁ%i %%'3’%@?’1‘3@88 i Ianﬂﬁlu?a%gadcgebond
| engt hs fdenihg; therfauridatien pile dtsideg tHehimnen oasing &s iangomBined desired
The nget hod clainmed jn.clajm1, wherein the boring
of “V‘ﬂ%’"? iapg?esq%ﬁdien%ésﬂhsg%d i nserting an outer casing
18havi ng aexttaetimgtiey insarloasimnt i al |y equal to the dianeter
of the first hole into first hole for guiding an auger

during continued boring
2. The method as claimed in claim 1, wherein the boring of the first hole

comprises insetting an outer casing having a diameter substantially equal to the
diameter of the first hole into first hole for guiding an auger during continued boring

20  of the first hole to the desired debond length depth, for stabilising an opening of the
first hole, or both; and extracting the outer casing after the forming of the foundation
pile inside the inner casing.

3. The method as claimed in claims 1 or 2, wherein the debond length is
25 chosen such that the first hole is self standing.

4. The method as claimed in claims 1 or 2, wherein the outer casing
extends along the depth of the first hole.

30 5. The method as claimed in any one of claims 1 to 4, wherein one or
more sacrificial centralizer elements are positioned between the outer surface of the
inner casing and the wall of the first hole.

6. The method as claimed in claim 5, wherein one or more of the
35 sacrificial centralizer elements are formed integrally with the inner casing.



20 of the first hole to the desired debond | ength
depth, for stabilising an opening of the first hole,

or

bot h; and extracting the outer casing after the

forming of the foundation pilel@nside the inner
casing. 3. The nethod as clainmed in clains 1 or 2,
wherein the debond length is 25 chosen such that the
first hole is self standing. 4. The nethod as clained

in cl a| ei n_ the outer casing  ext

along th dep{"ﬁe 6‘?9\1\%"@ ap; flaimed g any §Ng. &Tﬁla'rq‘?eﬁ hté?ds’a¥,"he”'e'n a
cl afiolréhtion baky piyie fermedlindidesthk ibrer4asinger ei n one or

nore sacrificial centralizer elenments are positioned

bet ween the outer surface of the inner casing and the

sval | of ghe fThemdiddeas G!alnTédélriTaiWOﬁb af clalnai7iadiefein the working
claim erein one 35 sacrifi.ci

cerlePa s BRosen g Tt & see n ed ghng A pEic fldhe foundation
I NNigdre AS inBide tHdinder chBRgeédiDstamding.| ai med in any one

of

claims 1 to 6, wherein a foundation bore pile is

fornmed inside the inner casing. 5 8. The nethod as
C| ai ned g.n anYhé)fh%terd #d @himed.in \ahyroaé f thainsvotk B/gherein a driven

b

i.s.ch at .a. ond hole formed during

eSHFSHE YGRS (TR A= BRTeB GPans! de  he

inner casing is self standing. 9. The nethod as
clained |n a one, of, c
10" concr Whe 1 B Bt s nEeddn 2By f 9 et ! fyf WiciBin a ariven
caséteg.behmh follhdativh e & fammed insiaedhé imnanyastmye of cl ai ns
1to 6, wherein a driven steel beam foundation pile
is formed inside the inner casing. 15 11. The nethod

15as cl ai n’e'd | NTivYnettnel aé cidiraedrsn hny @ng0of oiimsel to tIDewherein the
rrater or,_the de d sl eeve conpri m Xt u

o Bplsil rbitos REpothglesve cambises Ayphdurs £ o sRhofiErRiagal and 2
as .@Ieasgggentn any one of clains 1 to 11, wherein the
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35

12.  The method as claimed in any one of claims 1 to 11, wherein the
material for the debond sleeve and a material for the foundation bore pile have
substantially the same material densities.

13. The method as claimed in any one of claims 1 to 12, wherein the

inner casing, the outer casing, or both, are re-usable after extraction.

14. A debond foundation pile structure comprising
a foundation pile formed in the ground; and
a debond sleeve structure formed in the ground and arranged directly

oh an outer surface of the foundation pile.

15. The foundation pile as claimed in claim 13, wherein the foundation

pile comprises a foundation bore pile.

16. The foundation pile as claimed in claim 13, wherein the foundation
pile comprises a driven concrete foundation pile.



20 material for the debond sleeve and a material for
the foundation bore pile have substantially the sane
mat eri al densities. 13. The nmethod as clained in any
one of claims 1 to 12, wherein the inner casing, the
outer casing, or both, are re-usable after extraction.
25 14. A debond foundation pile structure conprising
a foundation pile fornmed in the ground; and a debond

sl eeve sfructure . formed in th round_ and,arran )
i rootty on hE SRR o, el e B v 8hA8E WRRES tae foundation
30 file cohfprisés anitia¢n steeldrdam fmaindatamnmpdld. i n cl ai m 13,

wherein the foundation pile conprises a foundation

bore pile. 16. The foundation pile as clained in claim

513, wher t8.n t Aelebonthfdahdation @l qnbieudedptilisswsha ntsthaccas claimed
congcrete foynpatifﬁ%?%le. 11 17. The foundation pile

as 1A 188 9 K% , Wherein the foundation pile
conprises a driven steel beam foundation pile. 5 18. A
debond foundation pile constructed utilising the

nmet hod as clainmed in any one of clains 1 to 13. 10

10



