1 PIPE PILE STRUCTURE FIELD OF INVENTION The present invention broadly relates to a pipe
pile structure installable through soft soil below a seabed and to a method of building a pipe pile
structure in soft soil. 10 BACKGROUND Seawall systems gain importance as communities try to
maximise the use of geographical resources. Seawall systems can be used for port development work
or deep reclamation of land. In some cases, communities may want to make 15 improvements around
existing navigation channels. Seawalls can also be used as wharves, providing recreational activities
and a livelihood for residents of the communities. However, current approaches to building seawall

systems are impractical or impossibleg,j m i itions, limiting the desired usage of
available resources. 20Examples of %l}%éér? apﬁ%ﬁ)%qé?es 0 segv#all systems include cellular

cofferdams and double wall sheetpile structures. A cellular cofferdam is a gravity structure that can be
cantilevered to a limited height on firm foundation ground. Straight-web sheetpiles are fixed or jointed
together in cellular form. The sheetpiles form a circular structure or cell which contains sandfill. The
dead weigHtigLih ©FINs&EITIICINSIde the circular cell resists lateral loading. The cellular cofferdam
must be founded on firm ground such as layers of sand and dense sand. The flat sheetpiles of a
cellular cofferdam _have minimum structural bending capacity and the depth of embedment below

seabed is limited. Ft5r R'G88BIWAN PR RFRLIBRIRS fRovAIRCaRIR AR (B5EIRNBY 30
transverse gheetpilechiudkihéaiiswon sy diecrbdsdindavadings tof ooiiting a gipapite fthlsetneen the walls.
Lateral loading i§;partly resisted by the action of gravity on the soil contained by the two walls and
partly by the passive soil resistance on the lower parts of the walls embedded below the foundation. A
double wall sheetpile structure 2

10 BACKGROUND

Seawall systems gain importance as communities try to maximise the use of
geographical resources. Seawall systems can be used for port development work
or deep reclamation of land. In some cases, communities may wanif to make

15 improvements around existing navigation channels. Seawalls can aiso be used as
wharves, providing recreational acftivities and a livelihcod for residents of the
communities. However, current approaches to buillding seawsall systems are
impractical or impossibie in some geographic conditicns, limiting the desired usage
of available resources.

20 Examples of current approaches to seawall systems include celiular
cofferdams and double wall sheetpile structures. A cellular cofferdam is a gravity
structure that can be cantilevered to a limited height on firm foundation ground.
Straight-web sheetpiles are fixed or joinied together in cellular form. The sheetpiles
form a circular structure or cell which contains sandfill. The dead weight of the

25  sandfill inside the circular celi resists lateral loading. The celiular cofferdam must
be founded on firm ground such as layers of sand and dense sand. The flat
sheetpiles of a celiular cofferdam have minimum structural bending capacity and the
depth of embedment below seabed is limited.

For a double wall sheeipile structure, two walls are connecied together by

30 transverse sheefpiie bulkheads or by tie rods and wailings to contain a granular fill
between the walls. Lateral loading is partly resisied by the action of gravity on the
soil contained by the two walls and partly by the passive soil resistance on the iower

parts of the walls embedded below the foundation. A double wall sheetpile struciure



can be built on a layer of clay and silt, with embedment into a firm stratum. However, the sheetpile
section cannot be driven into very hard stratum or bedrock. The double wall sheetpile structure has
better bending capacity action, but is not adequate in deep deposits of soft clay. 5A common
disadvantage with the current approaches is that such approaches require a firm seabed. These
approaches cannot be used in deep soft clay or other soft subsoil, unless extensive soil improvement
work or dredging and sand replacement is performed. A massive sand key would be necessary in

order to providebsuBB(?trt for thre strrucgturedaHowrgle esrminua%me sgugtioe%, S il igng;ove@gtn%qlo IS
impractical‘iaagcaﬁse L Peifhs sBarcd®r aredgln’g IS prghn?bi ad'58 dre8g|ng Obstrict hn existing

navigation tlesrsvel, dnesmeldinstabiing epancéistilysednialvernbaib s saiuotupe bRAras&rmore,

anchoring amihesipisidaiotaapravwalsnay Misbspessibledihg ShMMARYion, Kanesaspect of the
invention provides a.Bi%gepilg stru&turgsinﬁtglllable through soft soil below a seabed, comprising: pipe
010

piles intercgﬁﬁ%%‘:%‘(:[:%1 MWRREoF Said plpeéypile structure, and said pipe piles axially extending

through said soft goildorhe@0editriigettgra stthtuindocarsaniclonpiaahssit $oil tiehertipheach pipe

pile of said HiproBRlRsdTRINPEd0RHR MRS drilrddnia salskslEatuannoalt RIpeRiedisucidre may have

a cross-sectlional sQﬁge ofa reDctan le 25Thet rectangle] cross-sectiopal spacpe of said piplg pile
Cigy OF O r sofl su ?i! gm]ess X ehSEV? Ol ImMprovement Wor I are ac_?mﬁ a
structure may-’bé a’square. ald"pipée pile structure ma\?have a cross-sectiondaf shape that

includes magipleeeEeeigry. 3Eerforsgd plhephe wraend &ayayNivea cappmgéamristated at a
top of said RiRRIESHIIYFEfor the structure. However, in some situations, soil improvement

10 is impractical because sand is either scarce or dredging is prohibited as dredging
obstructs an existing navigation channel, or creates insiability to an existing seawall
or nearby structure. Furthermore, anchoring on the dry side of the seawall may not

be possible,

15 SUMMARY

One aspect of the invention provides a pipe pile structure installable through
soft soil below a ssabed, comprising: pipe piles interconnected to form walls of said
pipe pile structure, and said pipe piles axially extending through said soft soil to be

20 embedded in a stratum located beiow said soft soil, wherein each pipe pile of said

pipe piles is embedded in holes drilled into said stratum.
Said pipe pite structure may have a cross-sectional shape of a rectangle.

25 The rectangle cross-sectional shape of said pipe pile structure may be a
sguare.

Said pipe pile structure may have a cross-sectional shape that includes
muitiple rectangles.
30
Said pipe pile structure may have a capping beam located at a top of said

pipe pile structure.



3 . Said pipe piles of said pipe pile structure may be connected to said capping beam by a
reinforced concrete plug. Said pipe piles of said pipe pile structure may be steel pipes. 5 Said pipe
piles of said pipe pile structure may be interconnected by interlocks, each interlock comprising two
cylinders that are mutually locked. Each cylinder of said pipe pile structure may have an open slit
parallel to a 10 centre axis of said each cylinder, afd said each cylinder extending through a
corresponding open slit into an interior of the other cylinder, in order to achieve said mutual locking.

Grouting may substantially fill a velume of space shatred by interiors of sali cyli s of said
pipe pile structure;§ald p@%& ”Isef?a E%abcf &&id Bf%‘e%ri@ t&%ﬁé&%ﬁa@ﬂ%@e@jﬁ’%ﬁ gﬁ? tion Test
value (SPTyeamoey 20aFiMeRY eRpEet®PHe present invention provides a method of building a pipe

pile structure in soft soil, comprising: embedding pipe piles through said soft soil into a stratum located

below said soft sojl; and interconnecting. said. pi jes to for lls of said pipe pile structure,
wherein said pipe%ai%nsp gareepezir%%g%s Jﬁi?og }gg%eg%‘%{%%’ iﬁ‘t‘?'j%s%:ef:‘c\ll{Sy %F%t%‘ﬁ%%% The method may
furtherkcomprise said pipe pile structure may have a cross-sectional shape of a rectangle.

Said pipe piles of said pipe pile sfructure may be interconnected by

interlocks, each interlock comprising two cylinders that are mutually locked.

Each cylinder of said pipe pile structure may have an open slit parallel to a
10 centre axis of said each cylinder, and said each cylinder extending through a
corresponding open slit into an interior of the other cylinder, in order to achieve said

mutual locking.

Grouting may substantially fill a volume of space shared by interiors of said

15  two cylinders of said pipe pile structure.

Said stratum of said pipe pile structure may have Standard Penstration Test
value (S8PT) > 160.

20 A further aspect of the present invention provides a method of building a pipe
pile structure in soft soil, comprising: embedding pipe piles through said soft sail into
a stratum located below said soft soil; and interconnecting said pipe piles to form
walls of said pipe pile structure, wherein said pipe piles are embedded into holes

drilled into said stratum.

25
The method may further comprise said pipe pile structure may have a cross-
sacticnal shape of a rectangle.
The method may further comprise said rectangle may be a square.
30

The method may further comprise said pipe pile structure may have a cross-
sectional shape that includes multiple rectangles.
The method may further comprise placing a capping beam located at a top

of said pipe pile structure.



The method may further comprise said rectangle may be a square. 30 The method may further
comprise said pipe pile structure may have a cross-sectional shape that includes multiple rectangles.
The method may further comprise placing a capping beam located at a top of said pipe pile structure.
4 The method may further comprise said pipe piles are connected to said capping beam by a
reinforced concrete plug. 5The method may furthey comprise said pipe piles are steel pipes. - The
method may further comprise interconnecting said pipe piles by interlocks, each interlock comprising
two cylinders that are mutually locked. 10The method may further comprise each cylinder having an
open slit parallel to a centre axis of said each cylinder, and said each cylinder extending through a
corresponding opéhslitigttuod nniate riortioéthepothes\dmdeapipe piles e methedtedayofurditer comprise

substantiallyfiling a v meofinarsd 2ehared by nteriors of said two cylinders with grouting. The
method may further comprise said stratum has SPT > 100.
5 The method may further comprise said pipe piles are steel pipes.

The method may further comprise interconnecting said pipe piles by

interlocks, each interlock comprising two cylindars that are mutually locked.
10 The method may further comprise each cylinder having an open siit parallel
fo a cenfre axis of said 2ach cylinder, and said each cylinder extending through a

corresponding open slit into an interior of the other cylinder.

The method may further comprise substantially filling a volume of space
15 shared by interiors of said two cylinders with grouting.

The methed may further comprise said siratum has SP7 > 100,

20  BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the foliowing written description, by way of

example only, and in conjunction with the drawings, in which:

25
FiG. 1 illustrates a pipe pile struciure, according to an embodiment.
FiG. 2 iHustrates & side view schematic of the pipe pile structure, according to an
embaodiment.

30

FIG. 3 iliustrates a iop-down view of the pipe pile structure, according fo an

embodiment.

FiG. 4{a) and FI&. 4(b) combined illustrates a schematic diagram of a cross-sectional

35  view of pipe pile structure, according ic an embodiment.



20 BRIEF DESCRIPTION OF THE DRAWINGS Embodiments of the invention will be better
understood and readily apparent to one of ordinary skill in the art from the following written description,
by way of example only, and in conjunction with the drawings, in which: FIG. 1 illustrates a pipe pile
structure, according to an embodiment. FIG. 2 illustrates a side view schematic of the pipe pile
structure, according to an embodiment. FIG. 3 illugtrates a top-down view of the pipe pile structure,
according to an embodiment. 5 FIG. 5 illustrates a P-P interlock, according to an embodiment.  FIG.
6 illustrates a side view of the pipe pile structure with a capping beam, according to 5an embodiment.
FIG. 7 illustrates a double box pipe pile structure, according to another embodiment. FIG. 8 illustrates
bending re§iktafdéusiaigsge piéntatedrdregasiag ErapsumprRALa®. FIG. 9 illustrates induced bending
moment distribution for pipe piles forming a box pipe pile structure, according to an embodiment.

FIG. 10 illustrates, a method of buildin ipe pile structure in.soft soil, accordin n 15embodiment.
DET AILEDEIgEEEéHﬁHﬁ%I\? side view oq %cg ;Ptpep p;?e sttrur}ure with a capp{’ngcoeam, 'g:ft:.%r%mg ‘lf_’o
5  an embodiment.

FIG. 7 illustrates a double box pipe pile structure, according {o another embodiment.

FIG. 8 illustrates bending resistance of a pipe pile, according to an embodiment.
10
FIG. 9 illustrates induced bending moment distribution for pipe piies forming a box pipe

pile structure, according to an embodiment.

FIG. 10 iflustrates a method of building a pipe pile structure in soft soil, according to an

15  embodiment.

DETAILED DESCRIPTION

Embodiments of the invention will be discussed hereinafter with reference to the

20 figures. FIG. 1 iliusirates a pipe pile structure, according to an embodiment. In FIG. 1, 5
pipe pite structure 102 is constructed using pipe piles 104 driven below the seabed 106.

The pipe piles 104 are preferably fabricated in exact length for every individual pipe pile.

Each pipe pile is preferably instalied in two operations. A first pipe piie is pressed into

the ground with accuracy by a push-in method using a hydraulic machine. A second

25  pipe pile is driven in after driling out the material below the holiow of the pipe pile. The
pipe piles 104 are interconnected and substantially arranged according to a cross-
sectional rectangle shape to form pipe pile structure 102, in some embodiments, the
cross-sectional rectangle shape is a square. Each single pipe pile member of the pipe

piles 104 has a cross-section substantially in the shape of a circle. To adjust the

30  strength of pipe pile structure 102, the pipe piles’ bending capacity can be adjusted by
choosing the diameter and thickness of the pipe piles. When viewed from the top-down
perspective, the cross-sectional square shape of pipe pile structure 102 forms the four

side walls of the pipe pile structure 102, creating a “box pipe pile-structure”, also referred

to herein as a “box pipe pile structurat wall”.



Embodiments of the invention will be discussed hereinafter with reference to the 20 figures. FIG. 1
illustrates a pipe pile structure, according to an embodiment. In FIG. 1, a pipe pile structure 102 is
constructed using pipe piles 104 driven below the seabed 106. The pipe piles 104 are preferably
fabricated in exact length for every individual pipe pile. Each pipe pile is preferably installed in two
operations. A first pipe pile is pressed into the grognd with accuracy by a push-in method using a
hydraulic machine. A second 25 pipe pile is driven in after drilling out the material below the hollow of
the pipe pile. The gipe plles 404, areqpiercannegied.and subsianially puanged apcording fo a
cross-sectional rec angﬂe shape to form pipe pile structu t182 n'some em O(ﬁmensfs, e
cross-sectidRaliferariivetiasatiscasquariE seriehgieipp eilsiaiv@ripdOsianallyipsits 104 has a
cross-sectigisigasiantinly 108he shapseddgirelsyrdy adinskihs 30istrangthpel pipemikstructure 102,
the pipe pies bending capagiiy.can be adiysied by, chopsing ths diameter and thickngss of the pipe
piles. When viewed trom the top-down perspective, the cross-sectional square s apegofoplpe pile
structufe 16Fa6MSYRE F6lesigsivalisorinstpipeisiOstiviefgferapy, taisghdesixpipepile
structure”, pigoreferted torcedivhasial T pipepie stewetural wallbs@ntalP e piecstasssure 102 has
a cantilever height bout 11.5m above the seabed 106 in one embodi t, and a middle portion of
mine pil SCURITE ToA L I, B e R i S e e B8 e o oo
110. Pipe phetBtrittons fomeairpesemistegatel, Deinsdaed, inteharl stpatliewith Sps 30000, including
rock 5 stragumngughiaskpdseskeRipmpilecspustnre-30Riisrpreferabhsembaddrddiemmenrough into the
strong foungdati iL110 ard stratum,.t stantially. ensure exterpal ility., External
stabili é is ﬁ%?é%@&ﬁ%ﬁ%éud@g%t%i e om jgé' é g@ﬁﬁ é%éwré%sqsogﬁ% éi}eg §%§§ %t}tg{gétion soil,
despite a sigHFRERE IEgIRSPpIBEIPRBSHRICRRE RiR Ttk dRrolitne IR tayreo8. ‘Bédtechnical
failure can sisbstantialphsigbminalieshielbondiiid 12 ipeontaisncascdest] Wweightnatidringhe walls of
pipe pile structure 102 .increasing. the, later i fpi ile structure 102. Pi ile structure
102 is forméd with” z(a%nd sﬁh eeiﬂig%ga?ég gt%n%’i%@%ﬁ%§ p%%@%r%ﬁattrj ge%aﬁ‘fleRgegcﬁﬁlf%%ﬁ % is carried
out of the |&Hasiecte 187d landside 114 exerts lateral pressure against pipe pile structure 102.

15FIG 52 illustratesia. std@ngesisschesmatioenf fipaiRaipite slsusiieild 2ilidarsl}oacgaaling to an

embodiment. In E1G. 2, pi ile sfructur IS, ' cappi . Pipe piles 104 of
pipe pile straucgt%r?én%a %H;GB ﬁégl)%%r%gtr%inéﬁc%égqéy %§§ m%%@é%?foﬁﬁgﬁ%%%ﬁ% s%#ﬁler%}s at the top
of pipe pile2gaTtiefe- 16PoPRsidHbR esuPEaFAfEErpipBORES YUY a RS FRABIECBMSBBRIE Interlocks
igg F:FOVi?%iéidzngQahv%@kﬁﬂltdﬁ&Ué@[ fﬂﬁﬁé&séﬁetﬁgt%tﬂ_ ée&ﬁbwwvfrﬁs@u@amgtom%i@fp@we str_:Jcture
. Interlocks exible tensile.c rs [ | nal tensile
support to t%?%?nﬁ%%zéﬁﬁ(f L%go{ g%c%%hnf‘?%% tce t %‘%%ﬁivgi&%g)? Gg%%{gﬁog\){f%}?%%e EE)I %%%ﬁ(%g Likewise,
pipe Fles 1%@@#6%rm§i'8réf6?@miéféﬁ?ﬁ%&%%ﬁa@ﬁ?%ﬁ%’bﬁ(ﬁr?%d’ﬂﬁ BRI Cthe
contributionrpédbexstrmetuial teagile capasivsahdbrr23dnpdoske20b4Pipe piesdtOddaaiens through

seabed 106, (e sl ¢ A08, 44 e eriesded i stang [pundain solLA10, /A ling machine

may be use _nt% %ﬁﬂﬂ%}es into the strong foundation soi to allow the em ing of pipe piles 104
into the strafigsfoliddatiokeuiiel PiPforirrcHONB SRR bilasuic kifEcied Bsldabganasieh a landside
114 and a segpite 206l e pipatile stechhrid@deasitaies shecteelpraation c3p-enihe kasdside 114
and fujctions a3 & 'ilt%? %B&"gh’ee% W&%‘éﬁqﬁkﬁ&%%e&%%&?% ﬂ}c}‘c‘?tﬂ%‘ﬂ% ?%ﬁ%é@'&?&"' 1121s
contained by pipe pile structure 102. Pipe piles” 104 diameter and thickness are chosen to have a
sufficient b€AWREIEEJAEKPES feursdtatipn reriahh@tich Taldral PresEtR ey re saditR AriiARi€€ombination
with the grawity eighif sardiicl2avithio theahox pipespilestingturep@2pilateniockstpreterably are
installed strong foundation soll 110 for anchoring. Pipe pile structure 102 is placed between a
iandside 114 and a seaside 208, The pipe pile structure 102 contains the reciamation
30 onthe landside 114 and functions as a high cantilever structure at the seaside 206. The
gravity weight of sandfill 112 is contained by pipe pile structure 102. Pipe piles’ 104
diameter and thickness are chosen o have a sufficient bending capacity to resist the
reclamation lateral pressure from landside 114 in combination with the gravity weight of

sandfill 112 within the box pipe pile structure 102. interlocks preferably are installed



7 above interlock line 208. The interlock line 208 is defined as the depth at which the interlocks will not
be damaged during the hydraulic press-in method. The interlock line is normally set at 2m above a
Giken line i.e. the limit of the push-in capability of the hydraulic press-in machine. The installation of
the interlock within the soil is preferably 5 accomplished with precise positioning of the pipe pile and a
25mm tolerance of the P-P interlock. The strength of the box pipe pile structure in the example
embodiment is derived from 1) the high bending capacity pipe piles; 2) the contained dead weight

within the injeylacked box pipe,pile Scire. ) fhe empedmentinta e syong foundation; and 4) 10

the capping beam that connécted the pipe piles asrigid joints. A'strong boX pipée pile Structure or

multiple boksitecisileibthaterdandsd drsamireintciioereaniievetieettolaheighvot Peens or more in

a deep softelayateResib: Costhhans extarsiveremovalofisafitstlayapdsreplacpaimnt withrsand is no

longer necessary, Such remova}IT.may_H]e imgo&s{ible tp carry o th a avgﬁation chanpel Tor example.
chine e ingiaflation of.ihe imleriec b

A massive S4nd K&y IS Ho 15" 16nGer necessary. allowing poﬁré’eve‘?’gp[rfﬁen? JOHE e 86D reclamation

that wés nGoseewRbeRM piSsiksioe pratirrnowhiée ke p rovemermmddierarmotbe Petformed, or
where anchgengern the dry side of the seawall system is prohibited, the pipe pile structure may still be

cantilevered to a height of r more in deep soft clay osits. Deep reclamation is thus
advantageously p%%sgi%gfg.n %F?nét?@rﬁf]ﬁ(sﬁig?e%dg ?gﬁ-cé%r\?vr%l 3@%‘%??1 eep?pebgl &§ r?fgtg%t (FIG. 1),
according téoah Bntitr digte AendITFGamRgHp &ipiadlanLatbs gostangdlyeat avrjett tifomitte pipe pile
structure 1Q4anBEkaccheg LRRCHRNShaRe of RSAHARIMINEMIS dberdipeniaAlbickg 4also can be
descr%ed z?aeac'; mgle';bggr)é QH%% élenggtu%t re. lEnesolrirég ggn’tl)(llglmﬁ?gs, E}']Qt? O&lleg )1(04;1 %reif:‘éubstantlally
arrangéd to ormthe Ipe pile structure %5 108" With ' cross%edtional s ape thatiiciidBsa square.
Since the cydustigectionsltistmpexatipiprilpiktrastuicorn Fecrsdigd shativambersriiearedighaut the

structure, theiéppcQuRbeWdtehiHa SeabRripre e slpdsiire daR alsd depisiscrsabaiesskape. Pipe pile
structure 10? con&gir}s §andfill Jfl\%.tlnterlocks 204, between each of p@e ﬁ)il%s 104, allow for resisting

outward ex%gﬂs?on of Bl%%erﬁ}f%ﬂstrdc u?%nfof Pﬁei%?r?gfe %%%??)?63/ pile sfucre % REuld be of
sufficient siFePRseitladneEGHICWUDN froRfgBlPIsahense 150 e Riexbadsgiceteprd daajsatity of the
interlogks 20dg#thsneabapine: Mileisdrpeturesloddnasnt wnrSosarlipn A shapgdnatseserbies the shape
of a square, pipe, plle strygiure 102,45 not jmited Io,a cross; seetional shaps thatresemples the shape
of a square’?rgﬁe Cros: 5égsec ional shape of pipe pi structure%'ﬁsmay reserﬁ‘%ﬁe other Shapes as
well, such adereigiehsrinsciemdhe dry side of the seawall system is prohibited, the pipe pile
structure may still be cantiievered to a height of 20 m or more in deep soft clay deposits.
Deep reclamation is thus advantageously possibie.
20 FIG. 3 illustraies a top-down view of the pipe pile structure 102 (FIG. 1),
according to an embodiment. In FIG. 3, pipe piles 104 are substantially arranged to form
the pipe pile structure 162 with a cross-sectional shape of a square, which is a box pipe
pile structure, also can be described as a “single” box pipe pile structure. In some
embodiments, pipe piles 104 are substantially arranged to form the pipe pile structure
25 102 with a cross-sectional shape that includes a square. Since the cross-seciional shape
of pipe pile structure 102 is substantially uniform throughout the structure, the top-down
view in FIG. 3 of pipe pile structure 102 also depicts a sguare shape. Pipe pile structure
102 contains sandfilf 112. Interlocks 204 betwesen each of pipe piles 104 allow for
resisting outward expansion of pipe pile structure 102. The single box pipe pile structure
30  should be of sufficient size in dead weight, but preferabiy is not so large as to exceed the
tensile capacity of the interiocks 204. Although pipe pile structure 102 has a crose-
sectional shape that resembles the shape of a square, pipe pile structure 102 is not

limited to a crogs-seciional shape that resembles the shape of a square. The cross-



FIG. 4(a) and FIG. 4(b) illustrate a schematic diagram of a cross-sectional view of pipe pile structure
102 (FIG. 1), according to an embodiment. As depicted in FIG. 5 4(b), a pipe pile 402 is spaced
approximately 247.8 mm apart from an interconnected pipe pile 404. Pipe pile 404 is interconnected to
a pipe pile 406 and similarly spaced approximately 247.8 mm apart from pipe pile 406. An interlock
408 connects pipe pile 402 with pipe pile 404. An iterlock 410 connects pipe pile 404 with pipe pile
406. The remainder of the pipe piles in pipe pile structure 102 are also generally spaced apart with 10
an approximatte di§ts nce g 247.8Hmr§;£1',uvc\:/tiﬁheiq Io%k gonn%g%rgﬁgpg%alleed between the gige piles as
appropriates.ec O §HEWAIPADRP pipe plfe structure 169 medstired aaBp?oaxsir\r’]Vg e@”i@é‘ cm from the
centre of a@ipe pileetidrdied "Cl" to the centre of another pipe pile labelled "CT, and the other side

v;/]alls havel apkprommatalm tﬁﬁsﬁmemwatsﬁ:’mmﬂ%ﬁ@%ﬁ%@|éﬁ@lfo%§u§@i|i@fﬁt? %y eE'le)h f;lave
three interlocks conpecting to three different pipe piles. As depicted in the example of EIG. 4(a), the
width of ea%ﬁ%\?aell%%tﬁguﬁﬁéepﬁléﬁs{ﬂgfur fgé%fg% pf?o%m%qgl?/%neegtam%s, \)/é\/?t%' gﬁi b?p%;%iles forming
each wall. #i8. dirnesivasid8picrrgtad-rerueinaisty RHS & 1) epeddpandivivsecempeidinent, and
other embaghanentspay pipisediferen divensiarsder xampige d@Natesiempodipgeal 20 pipe
pile structure 102 ma ]hgxx;g Iessgr n ¥nber of pi e QHES meirrﬁor?gg(c%%to form each w?ll of pipe pile

structure 15‘5%?( Eﬂge [Xile Strultiréd Fﬁrgy%% a greater humber of plp(éoﬁﬂggt“?n?éor%c?ﬁﬁected to

form each W withipeepiltestiifctoreintopodné! Bipenpiets wiag alsoddveigitient didPfetéhs and/or
thicknesseseilindaribugieates iR rNpEonk, AcLAIEING 1 AR bedinanspatedesks: 2ok 25 (FIG. 2)
allow pipe piles 104 to be interconn forming walls of pipe pile structur 2 (FIG. 1). InFIG. 5,
o e S e SR T A B e et T T e PR 8 Woerioci as
depicted inFREPHE AERIIRIGESs located between tubular steel pipes of pipe pile 402 and pipe pile
404. The distancesadigwegfarthednpipdenk betimeen the twudarsteghripasisianproxipsaly 247.8 mm.
The thickness 30 502 of each.circular of the interlock 408 is approxjmately 15 mm. Grouting 504
fils the oares TALE e oF 16 FESTRI A ML B B8 ROLRE B e REaler oS 13 e respective
tubular stedhPbeTHes M@IHOBRCPP IERFEHIYSHIAMS MRRS HieMensilésiieipg tilem@ prRikbility, in
combimatioroitathedenging eapaciieefithseipire pderstciue thid torepsiaindbeseadAreight of
sandfill 112, and to.prevent the ou d expansion. of ipe pile structure 102. Interloc 04 are
oreferably (PN R SR o e aapIoe S o b RIS S ez,
The pipe pileppPfaiatertenfetred Wihinesrisiiles paeHoEAo ckeebnistisingaviitsiieess that are
pIpe p

mutually logkediach eylinde508:b Hidavingjagprepsiit 9420 Sddiearnaliel taacemes axis 516,
518 of each C)élcié%ge%ﬁgnd eacgrct:3 "QQT%V extending through a correl%p?rpdin(% open %Ici}tdsr%é 512 into an
o]

interior 520?'73 & ol r%y inder, of t e'PGv%‘c'ﬁﬁ‘ﬁderé}f’i%’%‘er%r to afiﬂlesertﬁr(]aﬁE mutua ibcking. The
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number of pipe piles interconnecied to form each wall of pipe pile structure 102, The

pipe piles may also have different diamelers and/or thicknesses.
FIG. 5 ilustrates a P-P interlock, according to an embodiment. Interiocks 204
25 (FIG. 2) allow pipe piles 104 to be interconnected, forming walls of pipe pile structure
102 (FiG. 1). In FIG. 5, an interlock such as interlock 408 is depicted in greater detail.
Interiock 408 can be a P-P interlock as depicted in FIG. 5. inferlock 408 is located
between tubular steel pipes of pipe pile 402 and pipe pile 404. The distance ailowed for
the interlock between the tubular sieel pipes is approximately 247.8 mm. The thickness
30 502 of each circular part of the intertock 408 is approximately 15 mm. Grouting 504 filis
the gaps in the centre of the interlock. A filiet weld 506 attaches each circular part to the
respective tubular steel pipe. The interlocks 204 preferably should have the fensiie
strength and fiexibility, in combinaiion with the bending capacity of the pipe pile structure

102, 1o contain the dead weight of sandfill 112, and tc prevent the ouiward expansion of



10 the strength of the interlock. Each open slit 512, 514 of each cylinder 508, 510 measures
approximately 35 mm along the circumference of the cylinder in one embodiment. The grouting
substantially fills a volume of space shared by interiors of the two cylinders. The filling of grout in the
three gaps of the interlock advantageously eliminates the tolerance of the P-P interlock and ensures
tightness. There is preferably 15 very limited strugtural contribution from the grouting of the P-P
interlock. The three gaps of the P-P interlock may be drilled and soil flushed out, before grouting.
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Include MU S R O SRS SRy are Mptallnd ahove ok ¢ Foam 202
can be custom manufaciured as necessary to accommaodate the shape and dimensions
of pipe pile structure 102. A concrete plug is preferably iocated between the pipe piles

25 104 and capping beam 202. The pipe piies 104 are preferably rigidly connected 1o the
capping beam 202 by the concrete plug. The concrete plug is preferably sirongly
reinforced. The rigid capping beam 202 provides siiffness at the top of pipe pile
structure 102 to ensure that all the pipe piles 104 are rigidly connected. The rigid joints
created at the top of pipe pile structure 102 restrains the capping beam 202, maintaining

30  the inclination of pipe pile structure 102 in a vertical direction despite lateral movement
due io reclaimed soil. Such tateral movement, due to lateral pressure from reclaimed
land, is depicted in FIG. 6.

FIG. 7 illustrates a doubie box pipe pile siructure 700, according to another

embodiment. As depicted, the double box pipe pile structure 700, with a cantilever



FIG. 8 illustrates bending resistance of a pipe pile, according to an embodiment. In FIG. 8, bending
resistance in two directions of a pipe pile 802 is illustrated. Pipe pile 20 802 has a circular
cross-section. In other words, the cross-section at any point along the.length of pipe pile 802 has the
shape of a circle. Pipe pile 802 can be, for example, a single pipe pile member of pipe piles 104 (FIG.
1). Each pipe pile has a bending resistance in two girections, the directions being along both axes that
are orthogonal to the length axis of the pipe pile. In comparison, sheetpile wall only resists bending in

one 25direglion, ., 1. 3 lustates indged hending.mament distribuion for pipe piles forming a
box pipe pile structure; according to an embodiment. Pipe piies forming a’box pipe pifé Structure, such

as pipe pileesthegtae DB aatirnstdgetipiondisitiBdte tHadendng Anmés misretefitienti(dhan a
doubli fOV\;aih;&‘@tﬁH@N%'HdWrﬂﬂﬁ?cﬁ%@EB%&%rM%tﬁﬂﬁ B eI ot 3drBmRibRNeHI0g moment is
2360 kNm/m for the box pipe pile structure. For.c ari purposes, using a.comparative double row
sheetpile w%ﬁn t%eeerﬁ"%ﬁérﬁ%gn'%?gn |ﬁ% sr;]rgtn%rgnwg? %E%Su?%@ ’ré'ﬁlé Eggtﬁ)?f%kv%arﬁ%gjn gé’&@haﬁp to 5580
kNm/n®.  bemreekl Gitligstreak da driked defofsUuiRimgiaippéopilestaligbairefithe sfeesileeomprising
embedding pipe M%mﬁ%gmgai?mgmqiﬂ [0y cﬁagmatum ||Q@)%t%(ﬂé3§d@w£u1é- Eaid-saftepikand
interconnecting.said pi iles rm walls qf said pipe pile structure, whereij id_pi iles are
embedded T A B A e A e B e e Y 2 T8 R m the ar
that numersige Paxatisns apeifmaielfidatRihs meg daghbeidad tie’ hPasamrirenais 43 diown in the

specific 5 embaslimentsavithauidanasitingfaach tbeepidbasiscone ghéhgiinventorcasdoraadly

gﬁz‘ﬁ) efe-s é‘@@;ﬁ%@&%o e A G RN 9P & SRR PLR LN AL TGRPRET 9 B llustrative
pipe pile structure. In some embodiments, stili additional box pipe piles may be added
for stronger structures, | the structural stress of a single box pipe pile structure is
exceeded, multiple box pipe pile structures can be built 1o handle the excessive
structural stress. The cross-section of a multiple box pipe pile structure will include

15  multiple rectangies. In some embodiments, the cross-section of a multiple box pipe pile

structure will inctude multiple squares. Interlocks preferably are installed above interiock
fine 712.

FIG. 8 iHusirates bending resistance of @ pipe pile, according o an embodiment,

In FIG. 8, bending resistance in two directions of a pipe pile 802 is iliusirated. Pipe pile
20 802 has a circular cross-section. In other words, the cross-section at any point along the

length of pipe pile 802 has the shape of a circle. Pipe pile 802 can be, for example, a

single pipe pile member of pipe piles 104 (FIG. 1). Each pipe pile has a bending

resistance in two directions, the directions being along both axes that are orthegenal to

the length axis of the pipe pile. In comparison, sheetpile wall only resisis bending in one
25  direction.

FIG. ¢ iliustrates induced bending moment distribution for pipe piies forming a
box pipe pile struciure, according to an embodiment. Pipe piies forming a box pipe pile
structure, such as pipe pile structure 102, advantageousiy distribute the bending
moment more efficiently than a double row sheetpile wall. in the example box pipe pile

30  structure, the maximum bending moment is 2360 kKNm/m for the box pipe pile structure.
For comparison purposes, using a comparative double row sheetpile wall, the maximum
bending moment of the double row sheetpile wall can reach up to 5580 kNm/m.

FIG. 10 illustrates & method of building a pipe pile struciure in soft soi,

comyprising embedding pipe piles through said soft soil into a stratum located below



1.A pipe pile structure installable through soft soil below a seabed, comprising: pipe piles
interconnected to form walls of said pipe pile structure, and 5said pipe piles axially extending through
said soft soil to be embedded in a stratum located below said soft soil, wherein each pipe pile of said
pipe piles is embedded in holes drilled into said stratum. 102.The pipe pile structure of claim 1,
wherein said pipe pile structure has a cross-sectiopal shape of a rectangle. 3.The pipe pile structure of
claim 2, wherein said rectangle is a square. 154.The pipe pile structure of claim 1, wherein said pipe
pile structure ,gas 3 Cro s-sgclttj‘?enralospl%ggnthagéi%clljldgs Wéjs!ti%efcrg%tangtlieségs.grilg (E! 5 pi'!g structure of
any one of the p?gce?flaﬁgaaaims, firherds prlsm%% c%pplng beam located at &t pBof ghid pipe pile
structure. 28r&:tMse Wissehil et bvarbieh cing Bhbatiaeintoaie s erpiesreseirhpteted to said
capping beam by g {ginfrcaheengERtePlHdperson skilied in the art that numerous variations

and/or modifications may be made to the present invention as shown in the specific

5 embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, 10 be considered in all respects fo

be illustrative and not restrictive.



7. The pipe pile structure of any one of the preceding claims, wherein said pipe 25piles are steel pipes.
8. The pipe pile structure of any one of the preceding claims, wherein said pipe piles are
interconnected by interlocks, each interlock comprising two cylinders that are mutually locked. 30 9.
The pipe pile structure of claim 8, wherein each cylinder has an open slit parallel to a centre axis of
said each cylinder, and said each cylinder extending through a corresponding open slit into an interior
of the other cylinder, in order to achieve said mutual locking. 13 10.The pipe pile structure of any one
of claims 8 to 9, nggﬁ%@@routing substantially fills a volume of space shared by interiors of said two
cylinders. 511.The gipe pile structure of any one of the preceding claims, wherein said stratum has
SPT >100. 12. A method of building a pipe pile structure in soft soil, comprising: embedding pipe

piles through said £fpsQiliinéa-a-airatiwaidpastethhalow saidspBdonci sapgdateapneatng said pipe
piles to form walls of SAId ine Ble SHSHIGISTSNRISEPIRE Blisesrg gmpedded into holes drilled
into said stratumn.
5 said pipe piles axially extending through said soft soit to be embedded in a stratum
iocated below said soft soil,
wherein each pipe piie of said pipe piles is embedded in holes drilied into said

siraturm.

10 2 The pipe pile structure of claim 1, wherein said pipe pile structure has a

cross-sectional shape of a rectangle.
3. The pipe pile structure of claim 2, wherein said rectangle is a square.

15 4. The pipe pile structure of claim 1, wherein said pipe piie structure has a

cross-sectional shape that includes multiple rectangles.

5. The pipe pile structure of any one of the preceding claims, further comprising

a capping beam locaied at a top of said pipe pile struciure.

6. The pipe pile struciure of claim 5, wherein said pipe piies are connected o

said capping beam by a reinforced concrete piug.

7. The pipe pile structure of any one of the preceding claims, wherein said pipe

25  piles are steel pipes.

8. The pipe pile structure of any one of the preceding claims, wherein said pipe
piles are interconnected by interlocks, each interlock comprising two cvlinders that
are mutually locked.

30
8. The pipe pile structure of claim 8, wherein each cylinder has an open slit
parallel to a centre axis of said each cylinder, and said each cylinder extending
through a corresponding open slit into an interior of the other cylinder, in order o

achieve said mutual locking.



13. The method of claim 12, wherein said pipe pile structure has a cross- 15sectional shape of a
rectangle. 14. The method of claim 13, wherein said rectangle is a square. 15. The method of
claim 12, wherein said pipe pile structure has a cross- 20sectional shape that includes multiple
rectangles. 16. The method of any one of claims 12 to 15, further comprising placing a capping beam
located at a top of said pipe pile structure. 2517.Thg method of claim 16, wherein said pipe piles are
connected to said capping beam by a reinforced concrete plug. 18. The method of claim any one of
claims 13 to 17, wherein said pipe piles are steel pipes. 30 19. The method of any one of claims 13 to
18, further comprising interconnecting said pipe piles by interlocks, each interlock comprising two
cylinders thHt.are hingtugithe |odke ¢trictire. Pheamethod of cladainso Sfurther admpsigirigadicty cylinder

having an epeRighkially fills a volume of space shared by interiors of said two cylinders.

5  11. The pipe pile structure of any one of the preceding claims, wherein said
stratum has SFPT > 100.

12. A method of buiiding a pipe pile structure in soft soil, comprising:

embedding pipe piles through said soft soil into a stratum located below said soft
10 soil; and

interconnecting said pipe piles to form walls of said pipe pile sfructure,

wherein said pipe piles are embeddad info holes drilled into said stratum.

13. The method of claim 12, wherein said pipe pile sfructure has a cross-

15  sectional shape of a rectangle.
14. The method of claim 13, wherein said rectangle is a sguare.

15. The method of claim 12, wherein said pipe pile structure has a cross-

20  sectional shape that includes multiple rectangles.

16. The method of any one of claims 12 to 15, further comprising placing a

capping beam located at a top of said pipe piie structure.

25  17. The method of claim 16, wherein said pipe piles are connected o said

capping beam by a reinforced concrete plug.

18. The method of claim any one of claims 13 to 17, wherein said pipe piles are
steel pipes.

30
19, The method of any one of claims 13 to 18, further comprising interconnecting
said pipe piles by interlocks, each interlock comprising two cylinders that are

mutually locked.



parallel to a centre axis of said each cylinder, and said each cylinder extending through a
corresponding open slit into an interior of the other cylinder. 521.The method of claims 19 or 20,
further comprising substantially filling a volume of space shared by interiors of said two cylinders with
grouting. 22.The method of any one of claims 13 to 21, wherein said stratum has SPT > 100. 10

14

20. The method of claim 19, further comprising each cylinder having an open slit
parallel 10 a cenire axis of said each cyiinder, and said each cylinder extending

through a corresponding open slit into an interior of the other cylinder.

5 21 The method of claims 19 or 20, further comprising substantially filing a

volume of space shared by interiors of said two cylinders with grouting.

22. The method of any one of claims 13 to 21, wherein said stratum has SPT >
100.
10



