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5 | TITLE: PILE DRIVING

10. ' . BACKGROUND OF THE INVENTION

15 FIELD OF THE INVENTION

The invention relates to pile driving, and wore
particularly, but not‘ exclusively, to underwater pile
driving, e.g. for stabbing piles directly into the seabed.

DESCRIPTION OF THE BACKGROUND ART

20 - It is knowh to provide a guide for aligning a pile
with the surface of a_substrate into which the pile is to
be driven and to provide stability for a piling hammer.
Particularly when piling underwater there is the problem
that after the pile has been introduced into ﬁhe seabed or

25 the like, the guide must be removed to allow the pile to
be driven into its final position.. This guide-}emoval is
time consuming and thus expensive. Accordingly, the

present applicant proposed in International patent
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;tion W99/ 11872 a pile guide which allows pile driving to continue
rt to finish without any need to interrupt driving to renove the
gHowever, the pile guide disclosed in W99/11872 may not be suitable
relatively short piles (less than 20min |ength) because a laterally
ding coupling for a tether located at the trailing end of such piles
the pile guide before a sufficiene'length of pile is enbedded in the
egbed to emsomwossdrabi |ity. 10In practice; it nmay al sordmodshnedht ant to
,;fentate the pile so that its laterally protruding coupling will be
i gned in a predetermned direction according to the intended use of the
JPile A set pile orientation may be achieved using so-called orientation
'pl ates on the piles 15 which engage a guide plate systemin the pile guide
nmenber of t abpieatipn dEO99ThES.r | @npdlfowuitiat édighe 3363¥2 i BAEY on the
P"l es | n a kcﬂ‘?\\lrmi]ngo ri’loer}:to%i:al.r?une I:f?:lo%t ét)_/aertt %ot (::fnish without any need
to interrupt driving to remove the guide. However, the
pile guide disclosed in W099/11872 may not be suitable
5 with relatively short piles (less than 20m in length)
because a laterally prbtruding coupling for a tether
located at the trailing end of such piles fouls the pile
guide before a sufficient’ length of pile is embedded in
the seabed to ensure stability.
10 In ‘practice, it may also be important to orientate
the pile so that its laterally protruding coupling will be
aligned in a predetennined direction according to the
intended use of the pile. A set pile orientation may be
achieved using so-called orientation plates on the piles
15 ‘which engage a guide pl.ate gystem in the pile guide member
of the pile guide. The .orientation plates are positioned
on the piles-in a known orientation relative to the
tether/riggings couplings provided on the piles. 1In use,
the orientation plates will engage the guide plate system
20 as- each mis-orientated pile is introduced into the pile
guide member. The guide plate system forces the
orientation plates to follow a helical path as the pile is
further lowered through the pile guide rnembér, causing the
pile to rotate about its ‘axis until the desired
25 = orientation relative to the base frame is achieved.
“The present applicant has appreciated the need for a

pile guide system that allows piles with laterally

protruding couplings to be driven into a substrate, at
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Fation plates to follow a helical
gh the pile guide nenber, causing the pile to rotate about
_ the desired 25 orientation relative to the base frane
/ presentVapPIeYRt has appreciated the need for aPGIVGRI00§0¢4d%8 syst em t hat
ows piles with laterally protruding couplings to be driven into a
B at WD 2007/ 066078PCT/ GB2(06/ 004490 3 | east to a point where
: hey are self supporting and stabilised, wthout fouling the pile guide.

¢ DI SCLOSURE

'ggi ngs couplings provided on the piles. In use, the orientation

engage the guide plate system 20 as each ms-orientated pile is
into the pile guide nenber. The guide plate systemforces the

path as the pile is further |owered

its axis

i s achi eved.

QE LNVENTI ON Lgn@cglgggeangge}\f/\noyrleasfellrst asgei%:I of tgle pr esent

there is pro d a'systemtor allgnlng
stabilised, without fouling the pile guide.

DISCLOSURE OF INVENTION

In accoxrdance with a first aspect of the present
invention, there is provided a system for aligning a pile
during pile driving, comprising: a pile having a laterally
protruding coupling for a tether; and a pile guide for
supporting: the pile asi..,i'.-i'_:_ié driven into a substrate,
comprising a base frame and a pile guide member mounted on
the base frame, the pile guide member having in its
periphery a slot which is configured to allow the
laterally protruding coupling to pass therealong as the
pile passes through the pilé guide} wherein the pile and

pile guide member comprise two pairs ‘of slidably

interfitting profiles which are configured to resist

gaping in the slot of the pile guide member as the pile is
driven therethrough into the substrate.

The slot in the pile guide member allows the pile to
be driven further into the seabed wi.thout the laterally
protruding coupling fouling the pile guide. The applicant
is _well. aware that tlhe pile _guide member is inherently
wedk due to the presence of the slot in its periphery.
Indeed, without remedial steps, it may be difficult. to
prevent a pile bursting out of the pile .guide member
through the. slot during pile driving. Accordingly, the
solution proposed' by the preéent invention is to use
interfitting profiles on the pile and pile guide member

which are configured to resist gaping of the slot.



pi l e driving, conprising: a pile having a laterally protruding

g for atether; and a pile guide for supporting the pile as ,it is
into a substrate, conprising a base franme and a pile guide nenber
ed on 10 the base frane, the pile guide nmenber having in its periphery
t which is configured to allow the laterally protruding coupling to

t hereal ong as the pile passes through the pile guide; wherein the pile
0 pile gWPAWHEASer conprise two pairs of slidabl J¢HEBIPHEHP t ti ng

Egf ofiles which are configured to resist gaping in the slot of the pile-

fui de nenber as the pile is driven therethrough into the substrate. The

soabed W (UL e 810 ALY (R0 o VOhIGARUBLA LRI Ll o1 | o ou de
~due to the preseeae @ftd ppsked surfacespehi gl paikndeeprofiilebout renedi al
steps, it may be difficult to prevent a pile bursting out of the pile guide
menber ‘abutting to prevent catastrophic outward movement of the
| pile guide member relative to the pile during piling.
5 - Bach pair of interfitting profiles comprises a_firsﬁ
. part mounted 6n the pile and a Sécond part mounted on the
pile guide member. The first parts may comprise a pair
of elongate plates, aligned parallel to each other and to
the longitudinal axis of the pile. The first parts may
10 be spaced away from a leading end of the pile, towards
the laterally protruding coupling. The first parts may
be disposed substantially symmetrically_ either side of
the laterally protruding coupling. The first parts wmay
be angularly épaced apart by about 120° relative to the
15 longitudinal axis - of the pile, with the laterally
protruding.coupling therebetween. |
The second parts may each define a surface aligned
parallel to and facing aﬁay from the slot. Fbr example,.
the surfaces may be part of flanges or groéves provided
20 on the inner periphery of the pile guide member, adjacent
and extending parallel -to the slot. The surfaces may be
disposed substantially symmetrically on.opposite sides of
the slot and subtend an angle of about 120° relative to a
central axis of the pile guide member. |
25 - The pile and piie guide member may further couprise
élidably interengagable profiles which are configured to

'axially rotate the pile to correct any misorientation of

the laterally protruding coupling relative to the slot in

slot in the pile guide nenber allows the pile to be driven further into the.
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the slot during pile driving. Accordingly, the solutlon proposed
esent invention is to use interfitting profiles on the pile and

i de nenber which are configured to resist gaping of the slot. WD
66078PCT/ G112006/ 004490 4 Specifically, two pairs of interfitting
#ides are provided, wth opposed surfaces in each pair of profiles

ifing to prevent catastrophic outward novenent of the pile guide member
Ative towPQ&\,w“j,,g during piling. 5Each pair of i npEF f;fsztoﬁsoﬁ'ﬂwm()f' | es
prises a rirst part nounted on the pile and a second par{ nount ed on the
/| e guide nenber. The first parts may conprise a pair of elongate plates,
fl i gned parallel to each other and to %he |ongitudinal axis of the pile.

he first parts nmay 10 be spaced away from a | eading end of the pile,
towards the latersahby goias r wshng: C%/'o?QmaIﬁ@alfd r$t pPadis Y pe di sposed
substantlally symetrically either side of the aterally protrudlng

‘coupl i ng. Therfeptationr o§ ey loseaablyt arbyrspiaredoapaiig elabows 1200
relative to het£5 I? glt %Qal |s oﬂithengile, with the Iaterally
pI‘OtI‘UdI ng COUp| ere e guide member. Details of the

slldably interengagable profiles are fully described in

5 the present applicant’s international application
W003/074795.. Such slidably interengag.ab'le' profiles'
include a member or members located towards the leading
.end of the pile so as to rotate the pile to align the
.coupllng with the slot, and the pairs of interfitting

10 proflles. | |

Iq accordance with a second aspect of the present
in_vention,_ there is prqvided a pile for driving into .a
‘substrate, comprising: an elongate body with a
longitudinal axis, a leading end and a -trai.ling end; a

15 1laterally protruding coupling for a tether, the coupling
- being located towards the trailing end; and a pair - of o
elongate plates mounted on the elongate body towards the
.trailing end: the eiongate plates being parallel to each
other and to the longitudinal axis of the eldngat_:e body,

26 being disposed substantially symmetrically on opposite
sides of the laterally projecting coupling, and being
apgularly spaced by about 120° relative = to the
,longitudinal axis of the elongate body. Each elongate
-PpPlate is configured to resist a force exerted on one side

25 thereof in a circumferential direction away from the
laterally projecting coupling.

A pile may also be envisaged, substantially as

hereinbefore defined but without the laterally protruding



fohd parts may each define a surface aligned parallel to and facing
Omthe slot. For exanple, the surfaces may be part of flanges or

o5 provided 20 on the inner periphery of the pile guide nenber,

Bnt and éxtending parallel to the slot. The surfaces may be di sposed
gsyantially sycimetrically on opposite sides of the slot and subtend an

gfe of about 120 relative to-a central axis of the pile guide nenber.

he pil e WAAWHPE8gui de nenber may further conpri SECTEGH20MI004990

4 ft er engagabl e profiles which are configured to axially rotate the pile to
gorrect any msorientation of the latgrally protruding coupling relative to . .
the slot in WD 2007/ 066078PCT/ GB2006/ 004490 5 the pil e gui de nenber,

/ and/or maintain a predetermined orientatjon of the laterally protruding
coupl i ng rel S¥9RMo t hEUShof i knecpii® Boi inedbeiuripet #ils of t he

slidably intgrangadable dieObile%ake byl ddrEBEELNE el Iy t HA LR eSent
applicant's international application WO03/0/74795. Such slidably

i nt er engagabtke prloti Festheqilee gaideniegbesr noreigjes kosaiddlt awar ds t he

| eadi ng end of the pile so . as to rotate the.gile to align the coupling

with the sl otilHAE%t F&SpFTE df° i Bt eFFIYEH NG e FEPER ediito the | ‘
actordance widxraazgecond aspect of the present invention, there is provided
a pile for driving into a substrate, conprising: an elongate body with a

| ongi t udi nal BREEFs DESCRIFIIPNORMRARINES trailing end; a 15 laterally
protrudi ng coupling for..a tether, the caoupling. being |ocated towards the
trailing end; anénae'f)}%ﬁqlmc‘?f‘t'e‘?ﬁﬁ&ﬁt SBTHTEES Hg{f‘r]trt?d' BR f¢FeéP6Agat e body

tovards 't he iy aidyi 88 eghpid\andl QraRtRclkahes iy Uatallalshg each o her

and to the longitudinal axis of the elongate body, bei'ng di Sposed

subst anti al | §rassipget ¥1 c@liky: on opposite sides of the laterally projecting
coupl i ng, 4 and bgiF.ri]%ff;in Iarl%dglt%aced_ by gbout, 20 rl;geatui ve E.r? :-Enhe :
| ongi tudi nal axi s T he &1 d & B8y, Bach Bi ohght s
system embodying the present invention;
. Figure 2 is a front elevation of the pile guide of
Figuré 1;
Figure 3 is a schematic front.elevatidn of a pile
15 based in a system embodying the present invention;
_ Figure 4 is a schematic sectional view of the pile
of Figure 3 along line IV-IV;
Figure 5 is a.éectionai view showing detail of pile
guide member of the pile guide of Figure 1;
20 ' Figure 6 is a schematic sectional view of the pile
guide.member of Figure 5 along line VI - VI;
Figure 7a is a partial secﬁional view showing the
pile of Figure 3 in the pile guide of Figure 1; and
Figure 7b shows detail of interfitting parts of the
25 pile and pile guide of Figure 7a. i

DESCRIPTION OF EMBODIMENT OF INVENTiON

Figures 1 and 2 show a pile guide (10) comprising a

base frame (12) and a pile guide member (14) mounted on
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may al so be envi saged,

, ubstr at e.
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configured to resist a force exerted on one side 25 thereof in a
direction away fromthe laterally projecting coupling.
substantially as hereinbefore defined but

ut the laterally protruding WD 2007/066078PCT1GB20061004490 6

ling. Such a pile could be guided during pile driving with the pile
fde as hereinbefore defined, with the sl ot
nger esSEMOHICKH al | owi ng the pile to be driven ROT&IBOKP@EHGh i nto the 5
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driven into the substrate (18), e.g. a seabed. The pile
{16) has a laterally protruding coupling (20) for a
tether towards its trailing end (22}. The pile guide
member  (14) has a slot (24) in its periphery to

accommodate the coupling (20) as the pile (16) is driven

_into the seabed (18). Thérpile (16) and the pile guide

‘member (14) have two pairs of interfitting profiles (see

below) which are configured to resist gaping of the slot

- (24) as the pile (16) is driven into the seabed (18).

The Pile (16)

The pile (16) has a cylindrical body (50) with a
pair of elongate plates (S2) mounted thereon. Plates
(52) are aligned - parallel to eéch other and the
longitudinal axis LL of the pile (16). The plates (52)
are located away from a leading end (54) of the pile

(16), towards coupling (20). The plates (52) are

angularly spaced by about 120° (i.e. subtend an angle

alpha of 120° at the longitudinal axis LL) and are
symmetrically arranged around - but axially spaced from -
the coupling (20). The pile (16) has additional parts
(56,58) located towards the leading end (54) and in a
known orientation relative to coupling (20) for
correcting misorientation and maintaining ‘ corrected

orientation of the pile (16) during pile driving. A

complete description of the role of the parts (56,58) in

correcting/maintaining orientation is included in




Is a schematic sectional view of the pile of Figure 3 along |ine
Figure 5 is a sectional view showi ng detail of pile guide
of the pile guide of Figure 1; 20Figure 6 is a schematic sectional
of the pile guide menber of Figure 5 along line VI - VI; Figure 7ais
rtial sectional view showing the pile of Figure 3 in the pile guide of
ure 1; and Figure 7b shows detail of interfitting parts of the 25 pile
d pile owpd@redkoe7si gure 7a. DESCRI PTI ON OF ENMBODI MENIGE2B06/0M¥BNTI ON .
gures 1. and 2 show a pile guide (10) conprising a base frame (12) and a
il e guide nenber (14) nmounted on 7gthe base frame (12). A pile (16) as
shown in Figure 3 is supported by the pile guide nenber (14) whilst being
driven into the substrate (18), e.g. a seabed. The pil edé)16 has a
lateral |y pEehiernatirpadouprPhiFat2or 0340841 he°t of@r ds* 56 t rai | i ng end
(22). The pil Ld r 0, chtidd s periphery to-
acconmodat eeﬁgg(g:léh%? Fﬁ’g??z%% Jggére{?ﬁﬁen %ﬁ’% %plééc)%ﬁgé%&rc%l%/en I nto the seabed
(18). The, pihe pil6)cwime Mbebgr |(@apgui de menber (14) have two pairs of
interfitting profiles (see 10 bel ow) which are configured tq resi st gaping
of the slot (24ffhgs Phie pigeiders)mamdeyr i yak i nfRF t hd s8aBEFF'¢Y8). The Pile

(16) 5 cylindrical. body (80) with a flared top opening (82).

The slot (24) extends the full length of the body (80)

and is wider than the coupling (20) to allow the latter

to fit through the fofmetfés the pile (16) passes through

the pile guide member (14), e.g. when lifting the pile

10 guide (10) from around a pile (16) which has been.driven
into the_seabed (18). The body (80) of the pile guide
member (14) has a substantially C-shaped cross -section as -
illustrated in Figure 5. The body (80) has dinner
periphery (84) includiné réaction stops (86) disposed on

15 either side of slot (24). Each reaction stop (86) defines
a surface (88) facing away fro‘m the slot (24). The inner

- periphery '('8"4) also includes parts (90,92) for engaging
with parts (56,58) respectively on the .pi_le_ (16) for
correcting wisorientation and maintaining corrected
20 orientation of the pile (16) during pile driving. Once .
again a full description of. the rol_e of parts (90,92) is
includea in International publication WO003/074795, so no

further explanation shall be given in this specification..

In use, the pile guide (10) is _positioned. on the

25 seabed (18) with slot (24) orientated abcording to the
direction in which the tether coupling {(20) of the pile |
(16) is going ‘to be aligned. A pile (16) -is then

introduced into pile guide member (14). Interengagement




(16) has a cylindrical body (50) with a pair of elongate plates
punted thereon. Plates 15 (52) are aligned parallel to each other and
ngi tudi nal axis LL of the pile (16). The plates (52) are |ocated away
a leading end (54) of the pile (16), towards coupling (20). The pl ates
are angul arly spaced by about 120 (i.e. subtend an angle 20 al pha of
at the longitudinal axis LL) and are symetrically arranged around -

"~ axi al | Yos0e7¢0e@78 r om - the coupling (20). The pilper/chSbsddas, addi tiona
rts (56,58) located towards the |eading end (54) and in a known
rientation relative to coupling (20} for 25 correcting msorientation and
mai ntai ning corrected orientation of the pile (16) during pile driving. A
conpl ete deggg& éﬁ on of t@e role of the parts (56,58) in .

correcting/ Hai Mt ai MNgSorPENt St | BRY| &1 fdPudRidei (163 |amderprattsona

“publ i cation(3MG@3) 0 e Si - X natJd shall be given in this
specification. The Pile stl?lélggl\/é%%%g%rfﬁ) HJ‘1'?Lhe':’tjpiqir}be g?filcfe Hefer (14) has a
general | y 5R¥SHSEndi#cainshodytlB0)hei tbud ifbanes) tie) vepeghGnt82) . The sl ot
(24) eXte”@%yEEﬁeL I&iéeggtp Qf the body (80) and is wider than the .
coupling (20) to a | SW FEotafttr 3D $hemy RRoB§B e & -or ST ths the pile
(16) passespiler oumd) t he FHuk-endrli 4 (214)., . When li.fting the pile
10 guide (10) fromaround a pile ?Egﬁﬂaﬁﬁcﬁﬁﬁﬁg g%%an?FvéWl fito the seabed
(18). The U6EPersdy4di the plheegyuilsiz) nembsr (ikderBas aiswbshantially '
C-shaped cr gtiggq;jog ?Esill%stgated in Figure 5. The body (80) has inner
periphery (84) includfng r&acti-ofi"&§tRpe (186) eHgpssed oirst3nal t her si de of
~slot (24). flcach wRAGKEORiSEOBU{SS) copf i fies SAUr 88) facing away from
the slot (24). The inne? per?phery(€§4)ﬂglggai%%%%gggﬁpg%t§§f§0,92) for :
engagi ng . wi 1) paths eBBLBR) (88Ipett ithel yeastidie gidpe ((B6) QL1 correcting
m sori gnt atJ . i nt ai ni corrected 20 orientation of the pile (16)
duri nge{)‘”ﬁ | é“le rgi \%?%Ig&cﬁté‘% 8%%?‘# a‘rsr?& PRYeBRisht PBRVd tiewemette of parts
(90, 92) isdfnthadpilid Ruliat ehdrdddoNak) PHY4:G3LT PO é’i?@%!ﬂé“(?gy so no further
expl anation shall be given in this specification. [n-“use, e pile guide
(10) is posiFi 6htrl vyt hbe 25i bealvéde (d&)beani t(has| Hd1 (e upBhi £ at ed
accordi ng nghgugiEgcéion in,which the tether coupling (20) of the pile .
(16) is gofng to Be al FHREFe K5igtabiis)y 28dt g disyr oduced into pile guide

menber (14). Interengagenent 9 between parts (56,58) and on the pile (16) = - -

and parts (90,92) on the inner periphery (84) of the pile guide nmenber (14)
ensure that the coupling (20) is brought into alignment with slot (24) as.
shown in Figure 7a. As the : : _



' ' ' ' —de—rerber—(14)—the -
(52) snugly interfit with the reaction stops (86). If the pile (16)
5 a "bursting” force on the pile guide- (14) in the direction of slot
/- the surface (88) of the reaction stops (86) will 10 bear against the
) es (52) and resist outward novenent of the pile guide nenber (14)
efative to the pile (16). In this way, the pile guide nenber (14) relies
fupcn the pile (16) to enhance its stakdlity and rigidity. 10 CLAIMS 1.A
stemfor aligning a pile during pile driving, conprising: a pile having a
terally'grotruding coupling for a tether; and a pile guide for. supporting
ghe pile O5 it is driven into a substrate, conprising a base frane

/@and 7r- vna pile guide nenmber .munted on the base franmg, cq rn. VD :
" Whar act er iqs‘e_d n g}ﬁ%ﬁe"{h °hi 13 1ghtad naErrBéEeh Ling; (R1%S %)rb&l_??)hery a
\®l ot which.j af L gured,.t | t he Ly Q.. pratrydi oupling to .
"Pass therg:élllm ﬁgggébf hg g)il!lg ?.ng?gggl% die%teg??(%ggﬁ%oﬁgm%f] ecggf}ggﬁi‘gand in -
that the pidre Anddlerg Gwidde PTREIGUGABPELSE sUPBoPELRG Ofie Shifabhy
nterfitting profiles which are configured to resist gaping of the slot of
‘obhe pil & dgui des mamilyen astbhe pubstistelricoeprtilsengt br bagh iEnéeet ded '
:ﬁybstrate.

a pile gquide member mounted on the base frame,

o

Sg characterised in that the pile guide member has in its
-] o ' '
53 periphery a slot which is configured to allow the laterally

protruding coupling to .pass therealong as the pile is

10 guided through:the.pile guide} and in that the pile and
pile guide member comprise two pairs of slidably
interfitting profiles which are configured to resist gaping
of .the slot of the pile guide member as the pile is driven
therethrough into the substrate.

15 2. A system accérding to claim 1, in which each pair of
interfi;ting--pfofiles comprises a first part pfovided on
the pile and a second paff provided on the pile guide
member. |
3. A system according to claim 2, in which the -first_

20 parts comprise a pair of.félongate plates mounted on the
pile, the elongate plates being angularly spaced apart and

.aligned parallel to the longitudinal axis of the pile. .
4, A system according to claim 2 or 3, in which the first
parts are spaced awayslfrom a leading end of the pile,

25 towards the laterally protruding coupling.

.5. A system according to claim 2, 3 or 4, in which the
- first parté are disposed substantially symmetrically on

opposite sides of the laterally'protruding coupling.



A —A-whi-ech each pair of interfitting

' 4 Lés conprises a first part provided on the pile and a second part

#vi ded on the pile guide nmenber. ‘A system according to claim?2, in which
irst 20 parts conprise a pair of elongate plates nounted on the pile,

fle /el ongate pl ates being angularly spaced apart and aligned parallel to

he | ongi tudi nal axis of the pile. _ A .system according to claim2 or
‘in which the first parts are spacetlaway froma | eading end of the pile,
towards the laterally protrudi ng coupling. A system according to

aim2, 3 or 4, in which the first parts are di sposed substantially

%n’met ricably dn oppest AN Iofta RNy aple aPfy BréPFudi P cdupinng. 11
A system according to any one of clains .2 to 5, .in which the first parts

" WRe angul aMiFRs Pt dt U (PARFSafFR 330 ard actP&to 2PALEY | gﬁgiagﬁﬁf:nal axi s

\@ the pil o . e c ing,tQ.any.Qne-o | ai 2to 6, inb5

Whi ch t he g%%oﬁ 1%€¥?%§%%c %dggﬁﬁlEEhld%l i pE ;hg :ﬁ§ . :

away fromjhe ¢ ofystdh AU iBP AL UMY NGné 008! d1MiMs i2n whi ¢h the second
rts conprise a f%ange or groove provided on the inner periphery of the

1 e guislesHiRIMerhelOs&cdnsy Pagsaceactdli nipfiimec| ai Nnsdrfaced, ailignhdch t he

Slur f aces are di sposed substantially symetrically on opposite sides of the
ot, wtlpanmaldegutar aspafdgigdbewagefirometmursflates of about 120 relative to

encentral axis of the pile guide nenber. 15_10. A pile for driving into a
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