2217366 1 PILE DRI VI NG APPARATUS This invention relates to.pile driving
apparatus, in particular to jack piling systens. Jack sz 3%3)5 at uses
are- usually conflned to situations where pi |l es nust be t he
ground>and no significant vibration and noise is pernitted. Several pile
driviwg apparatuses have been proposed in the past. Several are discussed
in ™"Pile Design and Construction Practice", Yhird edition by MJ Tonl i nson,
publ i shed in 1987. Previously used jack piling apparatuses enploy the use
of a jack which bears down directly onto the top of the pile to be driven -
into the ground These systens are frequently referred to as 'jack-in
piling systens". These systens are mainly used for underpinning -

f oundati ons, but-omﬁng to their relatlve coaneX|ty, are not conpetitive
wi th conventional piling systens Bf GARRARARUS] in new pile

f oundat i on works. One previously used Jack p|||ng apparatus I-nvol ves
inserting a jack between the foundations to be

-This invention relates to ﬁile driving apparatus, in

particular to jack piling systems.

Jaék piling apparatuses are usual;y coﬁfined to
situations where piles must be driven into the ground
and no_sigﬁificant vibration'ahd noise is permitted.
Several pile driving'appaiatﬁses have been broposed in
the past.-ISeveral are discuséed in "Pile Design gnd
Construction Practice", third edition by

M J Tomlinson, published in 1987.

'Previously used jack piling apparatuées employ the use
~of a jack which'bears down directly onto the top of the
pile to be driven into the ground.. TheSe.systems are
QJ : frequéntly_Eeferred'to-as "jacgfin piling systems”.
Thé#é-syStémé are'mainly.used for underpinning
foundations, but owing to their relative complexity. are
not competitive.with convéptional'piling systems and so

are seldom used in new pile foundation works.

One ptevibusly used jack piling apparatus inﬁolves

inserting a jack between the foundations to be



under pi nned and the top of the pile to be driven into the ground: -In this
kind of system the foundations thenselves provide the reaction force,to

-the jacking. These systens are subject to many di sadvantages. In - c
particular, the set up and positioning of the pile, and nobilization of-th
Kent| edge or ballast to provide the reaction is slow GCenerally, a "I

hydraulic jack is used, but are restricted2to shorter strokes. This néghs

t hat extensive use of dolly sections is required, at least six tines to

jack down oneunderpimned ahé pheetopbo€othe phaert tandesdetdiveni Latsecti ons

must be used, which nmeans that the apparatus is only really suitable for

| ar ger beari ngheapeennd. pi [astiizackind 40 syaten.abbecfounidiatnjonsad). These

systens are al so di sadvantageous in that the extention gilq procedure is

sl ow, and thethemsehyessPEsVideuthecrpariionoferrer tof thgudackingene by

wel ding, is inefficient. Such jack-in piling systems can only install two

pile positions per working day. This nmakes such jack-in piling systens

unecononi cal %or extenéive Use YEN i@ Ehe gresgmt Qile foundat&on_narket.-

3 - These systems ate subjec c many disadvantages. n

. 'partiéﬁlar. the set up and positioning of the pile, and.
mobilization of the Kentledge or ballast to btpvide the
réactioh'is slbw. Generally, a hydraulic jack is used,
but ate'restricted to shorter strokes. This means that

- extensive use of dolly sections is required, at least

'8ix times to jack down one sectionlpf'the pile. .
Moreover short and stout pile'sectiohs must be used,
which means that-;he apﬁaratus is only'really suitable
for larger bearing capacity piles (such as 40 tonnes

- above working load).

These5systams-are also disadvantageous in that the
e!téﬁﬂiﬁn'pile procedure is slow, and the joining of
donsecutive piles together, frequently done by welding, o/

"is inefficient.

Such jack-in piling systems can only install two pile
positions per working day. This makes such jack-in
piling systems uneconomical for extensive use even in

the present pile foundation matket.



It is an aim'of the present invention to provide a pile driving apparatus
whi ch overcones the aforenentioned di sadvant ages. Accordlng to the present
invention, there is; prOV|ded a pile driving apparatus for driving piles
into the ground conpr|S|ng jack means for exgrting a pile driving force in
one di*&ction onto a p|Ie to be driven via transm ssion neans; and reaction .

means for providipoyd LRoElhogs! heCpkBabhE. Rhbentibh 2 bok %ga{awg pEag the

| ongi tudi nal axi’s o e pl ies s Iy paral I'e

apart fromthe qaﬁiﬁiﬁécépﬁﬂraéﬂd %ﬂfchré@é?béﬁbg”tHEaQ%oESmSQQRb&HEed to
transmt the driving force fromthe one direction to the top of the pile

t hr oughout t he paigadfaﬂt@?egperatlon t hereby enabling at | east a part of
the jack nmeans to extend ongside the pile. The pile driving apparatus
preferably includes a colum for receiving the pile along its |length on one
side thereof, the I ength of the pile substantially corresponding to the
length of the cohemordiihg fackheepreseny bavénkidn otbezecid prkovhdedoaum
on the side of the colum which is opposite fromthe side receiving the
pi le. pile driving apparatus for driving piles into the ground
comprising.

‘jack means for exerting a pile driving force in one
direction onto a pile to be driven via transmission
means; and reaction means for providing a reaction force
to the pile dAriving force, wherein the longitudinal axis
of the pile lies substantially parallel ‘to but spaced
apart from the one direction, and the transmission means
is configured to transmit the driving force from the one
direction to the top of the pile throughout the pile
driving operation thereby enabling at least a parr of

the jack means to extend alongside rhe pile.

The pile driving apparatus preferably includes a column
for receiving the pile along ite length on one eide
thereof, the length of the pile substantially

corresponding to the length of the column.

The jack means may be fixed to one end of the column on
the side of the column. which is opposite from the side -

receiving the pile



‘A The transm ssion neans may conprise a first thrust nenber for “receiving a
pi ston of the jack neans, a second thrust nenber for urging against the
free end of the pile, and a transm ssion nenber which |inks the first and .
second thrust menbers via an aperture extending along the l'ength of the
colum. The piston of the jack neans is preferably capable of pushing tbe
first thrust nenber along substantially half of the length of the colum in
a single stroke, thereby permtting drivirmfcﬁ the pile in tw strokes of
the jack neans, A base franme is-attached towards the-]ower end of the

col um, and c?frﬁ?r iTANSMARFHAN REARS MAY SHRFIESP thiF bk, and

| evel ling neans for levelling t.he base and ensuring, the colum is at |east
subst anti al | y "% elrcfl%.r S raarﬁa‘ﬁ%'br‘géetr%lva MRy td support

bal | Kent] f i di : e drivi
Force. the RSy foudt el di difiid QAT iy fegiody 94 7' ™

Kent | eldge and-lpfge ﬂﬁ_(‘e}ﬁ 2% A Vti@arféiﬁscsq!dﬁnhembeé which links the

first and second thrust members via an aperture

extending'along the 1engtn of the column.

The piston of the jack means is preferably qépable of

pushing the first thrust member along substantially half  ;)

of the length of the column in a single stroke, thereby
permitting driving of the pile in two strokes of the

jack means.

A base frame is ;ttached_towérds-the-loWer“end of the
column, and comprises.suppért meahs fdr supportihg the
apparatus; and levelling ﬁeans for-levelling the'bése
and ensuring the column is“ég:least substantially

vertical.

Th§ h$se frame ié'preferably arranged to sﬁpport ballast
or Kenfiedge for’providing'tne:reaction'force to thé
pile driving force, the reaction force being transmitted
between the ballast or Kentledge-aﬁd the jack means vi#

‘the column.



The colum-may- be in the formof a‘steal "H" cross-sectional colum. The
base frame is constructed so as to be sufficiently stiff to resist.
distortions due to the reaction force which occurs during pile driving. A
pile lvading device for loading piles into g pile driving apparatus may be
provised. The pile |oading device may conprise an elongate cradle which is
pi votal |y conneahabled1timd MaPRRAMH Ushe Edhftof e sl @ gan be noved

bet ween horizontal and vertical positions, and a jack for noving the cradle
about -the pivot glropgi-alecttiaifll rediamtiradle is configured to receive a pile
when in the horizontal position, and to be noved into a vertical position
by 6 neans of the jack thereby enabling positioning of the pile for
driving into the ground. The loading device is preferably provided with
means for gui di fhet basenExsimeg e Fons hussed s ashdgibeotsalf Mol axitlyhe
cradle for locating it with the exposed end of the previously driven pile.
The pile | oadi ngté%\ﬁ &o ixesdisH Hehoxhians dne hadihe reashiiion dnree
partlally drlve%h&%%?bccurs during pile driving.

A pile ioading'aévice for loading piles into a piie
driving apparatu§ may be provided. The pile loading“
device may_compriséwén elongate cradle whiéh-is
pivotally bonnectable-to the apparatus so that the
_cradle;can be moved betweenhhorizontal and vertical
positigﬁs,'and a jack for moving the cradle about éhe'_
pivotal point, wherein the cradle is configured to

receive a pile when in the horizontal position, and to

. be moved into a vertical position by



The gui di ng nmeans may be adjustable to acconmodate different“pire~profiles.
The pile | oading device and/or base franme may be incorporated into the pile
driving apparatus as defined hereinbefore. Enbodi nents of the i nvention ey
include a jointing apparatus for connecting gdjacent piles ‘end to end, and

for restraining relative novenent between the piles in the 3 degrees of\r

I d | I .
apparatue. prof Ie'I‘)%‘b?%n%Iwgﬁ?s%%gg E8eBby.5RRELEbarhsk: EERPEs B Hh8Lonar o

substantially t h h I o] i ven, bondi ng nmeans
le 36 i?% & Fn@b £nb ﬂggﬁﬂ&

extending from ne Sl ate arou I ch the pile is cast thereby
enabl i ng bondi ng of the plate tp the pile, and a channel forned in the
pl ane of the plate and for receiving a leg of a substantially "C'" or "U

shaped clip suopnéhpéad edéﬁﬂcbeiﬁopreférahﬁy”?f@ﬁ?&édbﬁiﬂﬁeﬂeiﬁe £bkp
and the plate. The other leg of the clip can be received by a corresponding

recesses of a ogmiGSw@nﬂhagepdaoE thetplneochooebertﬁltne pPostal oendg of
the plate clip in
of the cradle for locating it with the exposed end of

the previously driven pile.

The pile loading device is also: configured for placing a

dolly onto a partially driven pile. - : ;;

The guiding means mey be:adjnsteble'to accommodate

 aifferent pile profiles.

'The pile loading device and/or base frame may be _
incorporated into-the pile driving apparatds as defined

hereinbefore.

Embodiments of the invention may include a joiptiné' o~
-apparatus for connecting adjacent‘piles end to end, and e
for restraining relative movement between the piles in

the 3 degreee_of rotational motion, and the 3 degrees of

translational motion.

The jointing apparatus preferably_comprises a plate

having a cross-section corresponding substantially to



this way joins the piles.and prevents relative novenent therebetween. A
plurality of channels may be formed in end plate for receiving a
correspondlng nunber of clips thereby providing extra security agai nst
rel ative novenent bet ween adj acent piles. The,pile driving apparatus of the
preselk inventi-on, which may include the base‘frame and/or the pile |oading

of ot g ?ﬁgsﬁﬁﬁﬁn SR BnPhLBaER PPaNELVERG HRPAHAS EoREY ﬁ’étgrﬁéﬁfs‘égad
Foact o For ce streioohe; §1 8 68 AR BLAELChEBbalcliLb Sndl BILETLE Bage

provide S'gn'f'C?I&r§9¥38h39f§nevﬁénﬁ§§g g Egeu?ﬁﬂté?fB tﬁeg?ifeﬁraxana

systens. A significant advantagé I1s a e driving apparatus
of the present |gNgRheQNfOYMEE L8 the prehacet eaalpratéoan&f fébe driving
force fromthe jack neans to the pil The advantages are as follows: a
smal | er but |ongeecpiveng a leg of a substantially "C* or "U" shaped
clip such that there can be no relative movement between

the ¢lip and the plate.

The other leg of the clip can be received by a
corresponding recesses of a corresponding plate cast

' into another pile. Positioging of the ﬁlate-clip in
this way joins the pilés anderevénts relative ﬁovement

. £herebetween.

A plurality of channels may be formed in end plate for
‘receiving a corresponding number of clips thereby
providing extra security against relative movement

between édjacént piles.

The pile drjiving apparatus of the presept invention,
which may include the base frame and/or the pile loading
-device, méy be suspended from or attached to a.mobile

crane.



el ement having a pile bearing capacity ranging from 10 tdg 40t onnes
(working | oad) can be driven; the ballast or Kentl edge can be sinply and
qui ckly mobilized; the pile extension procedure can be carried out quickly "
wi t hout nmuch manual |abour; piles may be joined together sinply and

I nexpensi vely; the hydraullc jack can install the section of pile by oy
two stokes thereby reducing the nunber of dolly usages (this leads to a
speeding up of the overall pile driving process); and since at |east a part

of the jack ans i ran g to tend al ongsi de t pile, the I ngth of
the pile elegzﬂf Eaﬁ gB A3 § paPARATt Paﬁlg ﬁ@hgf ®h in
t | eads t I f di t
of the pr Zseﬁ?BPﬁ%Eﬁﬁﬁéﬁﬁﬁﬂﬁkeks'“gﬂé | 38ed s Z#ﬂ%@ RS R @5'5?33 a faster

piling extensyaRchr fagdune &%g@ WlhcOko! B2 oVINENENAN eAReiA Al | about

20 pi-le positions in a wor |ng ay. Enbodi nents o t he present invention

are thereforeggpeh 88NBAbLWH 18 wigh et her existing p|Ie systens which are
not. general |y designed for underpinning works. Mreover, enbodinments of the

present invention do not preclude the use of twin or: nultlple hydraul i c
jack _ B _ :
' Embodiments of the present invention provide significant
~advantages over previously used jack-in pile driving

systems.

a significant advantage is afforded by the pile driving
apparatus of the present invention owing to- the indirect
applicatxon of the driving force from the Jack means . to

the p11e.

The advantéges.até as follows: a smaller-but longer pile
element having a pile bearing capaéity ranging from 10
to 40 tonnes (working loadi can be driven: 'the ballast
or Kentlédge can be simply and quickly mobilized: the
pile extension_ﬁrocedure can beﬁcarried out quigkly
without much manual labour; piles may be 5pined together
simply and inexpensively; the hydraulic jack can install
the section of pile by only two stokéé-thefeby-teduting
the number of dolly usages (this léads to-a speeding up
of the overall pile driving process): and since at least
a part of the jack means ié arranged to extend alongside .

the pile, the length of the pile elemént can éorrespond



assenblies for providing the pile driving force. Enbodi nents of the present
i nvention may be ‘used for pre-stressed concrete pile elenments of various
cross-sectional shapes, for exanple, triangular, "V' shaped square, round,
hexagonal or tubular. Pre-stressed concrete pile elements are preferably
pre-t'ensi oned using a single pre- stressing wre along the central

| ongi tudinal axis of the pile. Several pre-stressing wres can also be
used. Piles of 125 mmto 225 mmin |ateral dinension nay be used.

Enbodi nents of nventL use_of Bre stressed rete ile

el enent s haV|ng£3f Et?V§1SP8? BE%Q‘B?“reg 1fRaARtRER. 9? EstRafe of
h | he- d
Simg onbod renFLeaFefrathPRELL" oRE LR, BRYVERACPRSeRP' BERE\ 0l crentshuy

for.exanple be between 3 and 6 netres long. The invention will now be
further described by way of exanmple with reference to the acconpanying

drawi ngs, in Weghoabhents d£i tnd seeLbREAnPLABI¥hCYRERKEP 8haBYet he
lines. A-A (of Figure 2) of an enbodi nent of the present invention;
’ longer jacking strokes and a faster plllng extgns1on
procedure. 'EmbbdimeﬂtS'df the invention_can instail

about 20 pile positions in a working day.

14  ) . Embodimeﬁts of the present invention are therefore cost
competitiﬁe with other existing.piie'gystems which are
not_generally designed for,underéinnin§ works.
Moreover, embodiments of tﬁe pieseht invention do not
preclude the use of twin or multiple hydraﬁlic jack

assemblies for providihg the-pile driving force.

Embodiments of the preéént invention may be used for
- " pre-stressed concrete pile elements of various
cross-sectional shapes. for_ekamplé. t;iangular, “Vf.
‘shaped square, round. hexagéhal or tubular.
Pre-stressed concrete piie elements are preferably
pre-ténsioned using a sing1e p:é-- | | |
st:essihg wire along the centra} lqngitﬁdinél axis of
the pile. Several pre-stressing wires"cén also be
used. Piles of 125 mm to 225 ﬁm in lateral dimension

may be used.



Figure 2 is a sectional side elevation taken along the |ines'B-B-of Figure
1; Figure 3 is a detailed sectional plan view of part of the’enbodi mnent of
the present invention; Figure 4 is a part sectional side eIevatlonaI Vi ew -
of the enbodi nent t aken along the lines B-B of -Figure 3; Figure 5is a__
schematic view of an enbodi ment of the invention supported by a nDblle\the
machi ne; Figure 6 illustrates an enbodlnenhoof the invention nounted on a
static base frame which is positioned using a nobi'l e crane; and Flgures 7a

and 7b respecgp¥8limeheY of R @nliQ@n%h@% %l 3 %%% d%'ﬁg%;%&:%s dgp for

clipping adjacent piles toget Fi gures ust an embodi ment
of the invent beac\e/etehEeqapm%ﬁ%n%sbﬁswnrga@%:%c*ﬁwenq,&-@ﬁte‘s%r Ge3 for

supporting ballast or Kentledge.5. The base frane 1 is preferably

constructed ofesseehageet MPAS OPileecmadlealoes owhiedh mate rially @u lag sti ff
to prevent any significant distortions occurring when the reaction force is

appl i ed duringimbee brstzlekdt may. alse basdrfivaie ihtios theuigroathdusing
| evel ling device in the formof jacks 7 positioned at each corner thereof.
Each jack 7 cembbdimeéntst off ithecpeesent! \invendienanolieagths of pile

elements may., for example be between 3 and 6 metres long.

The invention will now be further described by way of-
~example with reference to the accompanying drawings, in ;;

which:

Figure 1 is a sectiona1 pian view taken along the lines .
A-A (of Figure 2) of an embodiment of the present
"invention;

'Figurg 2 isla sectional side élevation_téken along the
lines B-B of Figure 1;

Figure 3 'is a'de;ailedisectional pran view of part of

the embodiment of the present invention;

'Figure 4 is a pait sectional side elevational view of
the embodiment taken alpn§ the lines B-B of Figure 3;
Figure 5 is a schematic view of an embodiment of the
invention supported by a mbbiie'base.maehine;

Eigﬁre 6 illustratés an embodiment of the invention
'mounted_pn-a static base framé which ié-positioned using

'a mobile crane; and Figures 7a and 7b respectively show



so as to ensure that the base frame lies substantially horizontally, and in
particular, to ensure that a pile 8 (see Figure 3) to be driven into the
ground i s vertical with respect to the ground. The Kentledge or ball ast
may be weights totalling 40 tonnes. One 10 tonne wei ght 9 may be

posi fyoned at each corner of the base frane 1 above a jack 7. The pile
driving apparatus conprises a colum 11 positi oned substantially

perpendi cular with respect to the base frame 1, .and supported in position
by means of  plansasdl sidgpeievationBla¥iieysmefnar £119 fo SAIPPAAS on. t he
base franme 1 in order to enhance the stiffness of the apparatus. The colum
11 will be desafiipe@ntnPddesi LOPELBRTWi th reference to Figures 3 and 4. At
the top of the colum 11 is provided a lifting point 17 which can be
attached to the hook of, for exanple, a nobile crane thereby enabling

i ch consi st <FOFOE o8 AABdaPm: 19 WRLAFY S0t B TaL00 00 1T

S pivotally nount at point 21 to

:)'ggi P?gﬁear grnmti%}ge%ttitogev)hq\éﬁr M rsddS %gm:jajme A Wadigy i€ jack 23 is

platfqrm.3_for supporﬁigg ballast Qr Kentledge 5. The _
.base frame 1 is preferably cdhstructed of steel sections .
| or steel plates which are sufficiently stiff to prevent
any significant distortions occurring wheh_the-reaction

force is applied during pile installation.

The base:ftame i is eéuippgd with a levelling_deviCe in
the-fb:mlof jacks 7 posipionedfat each cornet thereof.
Each jack 7.can be'adjusﬁed indépendently of one ahothgr
s0 as to ensure that the base frame lieS'éubstantially

~ horizontally, and in particulaf. to.ensu:e_that a pile 8
(see Figu:e_Bj tbmbe driven into the gropnd.is yertical
with respect to the ground. | _ -
Thé;kentledge or ballast may be weight; totalling 40
tqnnés; 'One'lostonne weight 9lmay be_positioned at each

" corner of the base frame 1 above a jack 7.

The pile driving'apparatus_gompriées a column 11
positionéd substantially perpendigular'witn respect to

‘the baée frame 1, and supported in position by means of



r

base frame 1 and conprises a hydraulic piston 25 which is connected to the

cradle arm 19. The operation of the cradle armw || be di scussed, bel ow
Figures 3 and 4 illustrate the colum 11 of the pile driving apparatus in- ¢
nore detail. The colum 11 is constructed of a steel "H' profiled columa

which is.of sufficient strength to transmit the reaction force froma j\ack
nmeans to the Kentl edge. The jack nmeans is i@ the f.ormof a hydraulic
cylinder 27 and a hydraulic piston 29. The]hydraulic cylinder 27 is fixedly
attached to the tqop_end of o side of, the colum 11. This side of - 13
the ool umm 11 8P e SHERGEeRuee | R BTRIRE IS (9 Fravifedion
apparatus. Th t her, .si f .t m, 11 faqr t 1.6 artnent 31 of-
the pile dri Vl%l’rll% %%6& afgéén% 'F‘htel%pi_qgég'%arﬁnﬁ%ﬁc%%ﬁ}egcseﬁﬁ?% ile 8 for
driving into- : transm ssion neans transmts the pile driving
force fron1thgh%y ngﬁggﬁéjlinder 27 to the pile 8 contained in the pile
conpartnent 31. The. transm ssion -neans conprises a jack thrust plate 33
onto which the driving | oad of the hydraulic piston 29 bears. The jack"

t hrust The column 11 will be described in detail below with
reference to Figures 3 and 4.. At the top of the column
11 is ﬁrovided a lifting pdint“17 which can be attached
to the hoék of, for éxample.-a mobile crane thereby

enabling positioning of the apparatus. _' : _ QJ

The apparatus includgs a pile loading device which
consists of a cradle-arm 19 which is pivotally mounted
at point'21;to the base frame 1, at the:lowér end of-ﬁhe'
"column 11. A hyd;aulid iack 23 is positioned on the.
" base frame 1 énd coﬁprises a hydraulic pision 25 which
is cpnﬁected to the cradie arm 19. The operation of the

'ctadle arm will be discussed below.

Figureé 3 and 4 illustrate the column 11 of the pile
dri#ing’apparatus id more detail.' The column 11 is
constructed of a steel "H" p;ofiled-column-which is of
sufficiént strength to transmit the reaction force from
a jack means to the Kentledge; The jack means is in the
‘form of a hydraulic.cylinder 27 and a_hydraulic ﬁiston
29. ‘The hydrauiic cylinder 27 is fixedly attached to

the top end of one side of the column 11. This side of



plate 33 is rigidly connected to a‘'transmi ssion plate 35 by neans of a
shear plate 37 which is welded onto the transm ssion plate. The higher end
of the transmission plate 35 is rigidly connected to a pile thrust plate 39
by neans of another shear plate 41. The web portion 43 of the colum 11 is
provi®ed with an elongate slit running along the |ongitudinal |ength

t hereof for accommbdating the transm ssion @ate 35 and for permtting the
transm ssion plate to nove along the length of the colum 11. As can be

seen from Fi guthes codMuvam tle Sorisad inydraatldc 2Phak gesmpbrviwaitdlof agad nst
the jack thrust plate 33 in the -direction of arrow.A. a corresponding _
downwar d t hr ustpiile drdvima tappadatushe . 14 transnission plate 35 to the
pile thrust plate 39. The configuration of transm ssion neans is such that
the hydraulic cylinder 27 and the hydraulic piston 29 can extend al ongsi de
the pile to be driven intg .the ground. Consequently, piles having a length:
substanti al |y d&er &Sp@Tdiside Ot rden&Sogpmmpfl s forams e Pilday be driven

into the ground with enbodi_ments of the present invention. In order; to

enhance the sticPMPALEImSAY 3d Of Hh¢ Pile driving apparatus. The pile

cohpartment 31 receives the pile 8 for driving into the

ground.

A_transmissibn.means transmits thé pile driving forcé
from ﬁhe hydraulic cylinder 27 to the pile a_contained
‘in the pils compartment 3i} -The ttansmission means
comprises a jack thrust piate 33 onto which the driving
load of the hydraulic piston 29 bears. The jack thrust
plate 33 is rigidly connected to a transmission plate 35
by means ofqa shear plate 37 which is welded onto the
‘transmission plate. The higher end of the transﬁission
plate 35 is rigidly connected to a pile thrust plate 39
by means.of anotne; shesr_plate 41. The web portion 43 -
§4‘ : of thescolﬁmn 11 is provided with an elongate slit

| running alonq7the longitudinal length thereof'for
ascoﬁmodating the transmission_plapé 35 and for
permitting the transmission plate to move along the
length of.the columnlll. As can'be seen from Figure 4,
when the hydraﬁlic éistoq'29 urges doﬁnwardly against
the jack thrust plate 33_in.the direction of arrow A, a

- corresponding downward thrust is transmitted via the



stiffener plates 45 are wel ded along the | éngth of the web portion 43 of
the columm 11. 1Ih the hydraulic jack conpartnment of the colum 11, there _
is provided a channel section 47 which acts as a guide for the transmission
plate 35. The channel section 47 also reduces the possibility of the
transm ssion nmeans twisting wwthin the slit formed in the web portion 48/

The pile thrust plate 39 has a cross-sectiqq whi ch corresponds to the
cross-section of the pile 8. This thrust plate 39 nmakes contact with the

i be driven_into.th . Th d | i ¢ pi 29 | apabl f
Oxtending to EEABSRAPRAPR BARE TR HeC BN sa e FERe Baatendtchy 15

driving half the length of the pile into the ground in one stroke. This
enbodi nent is provided with the pile | oadi ng device which conprises the

cradle arm 19ryi €lnkglrueial ¥eRANANIAE 10A widndl i3] shidef RAaASRS rame ’

1 at the |ower end the colum 11.  The operation of the pi g.
~device is as h9llr@wlicTk914hadlre 29 AnkO the hPaRatdicdpiERIRS 20f dae
hydraulic jack 23 -and piston 25, into a horizontal position as
extend alongside the pile to be driven ‘into the ground.
Consequently, piles having a length substantially
-corresponding to the height of the column 11 may be
driven into the grouhd with'embodiments of the present

invention. ' ' <

In order to enhance the-stiffnessjof the column 11,

stiffener plates-45 are welded élohg the léngth of the

web p&rtion 43 of the column 11. 1In the hydraulic jack
'compartment of'ihe-coiumn 11, there is prdvided'a
_.channel section 47 which aéts'as a guide for the

transmission plate 35. The channel éection 47:also

reducés the possibility of the transmission means

twisting within the slit formed in the web portion 43. B

_ - _ : <

" The pile thrust plate 39 has a croés-section'which.

cortesponds to the cross-section of the pile 8. This

thrust plate'39 makes contact with the pile to be driven

‘into the ground.

‘The hydraulic piston 29 is gdpable of extending to

substantially half the length of the pile 8, théreby



illustrated in Filgure 2.. The pile-‘elenment 8 is then lifted and pl aced

hori zontal ly ,onto the cradle arm 19 either manually or by crane. The
hydraufic jack piston 25 then retracts causing the cradle arm 19-to sw ng
into a-.vertical position together with the pile elenment to be |oaded into
the pw¥e compartnment 31 of the colum 11. A guide 49 is provided on the
cradl e arm 19 which ensures that the | owernos® end of the pile elenent is
correctly | ocated above the correct position on the ground or if the pile
elemrent is an @&iarigiorhayif cthe hengkiptef tite epile ebntdathe herdwadr imst end
of the pile extension accurately |ocates with the top of the pile el enent

al ready. dri ven 9nf B%IRXYyr ound. 16 The guide 49 may be adjusted to

accomodat e piles of different profiles and sizes. Figure 5 illustrates the .

pile driving apparatus of the present enbodi ment nounted on a nobile base

rachi e 20, TSt Slidd SRR SRRy Eek USRI S BNt bE dBVILe

which i's pi vot SIS e B T g Fo ABF 19 idh P R ERLHY ©

: _ ' mounted at the point 21 to the base frame 1 at the lower
end of the column 11. The operation of the pile loading

' device is as follows.

The cradle arm 19 is lowered, by means of the hydraulic
jack 23 and pis;on,zs. into é_hqrizoﬁéal position as
illust;ated in Figure 2. The pile elementla is then
lifted and piaced-horizontélly onto the cradle arm.19-
eithgr manually or by crane. The-hydtaulic jack'ﬁistpn
25 then rettécts causin§ the cradle arm 19 to swing into
a vertical posiLion ;oge;het ﬁi;h the pi1Q element';o be
loaded into the pile coﬁpartment"31 of the column_ll.' A
guide 49 is provided on the éradie-arm 19 which ensures
L/'" . that the lowermost end of the pile'element is correctly
loéétgd Abqve.the correct pgsition.oﬁ the:gronnd.:or if
the pile element is an extension pile, the adapter 49
.ensures that the lowermost end of the pile extengion.
accurately locates with the coé of the éile element

. already driven into thé ground.



machi ne 50. The pile driving apparatus can*be depl oyed by neans of the
hydraulic arm 55. During depl oynent, the nobile base machi ne’ 50 can be
stabilized by nmeans of a stability jack 57. Figure 6 illustrates the pile*
driving apparatus nounted on a static base franme which is positioned using

a nobile crane 52. The nobile crane also | oads the Kentledge onto the befSe
frame. The columm 11 is suspended fromthe ygpbile crane 52 by neans of a

hook attached to the lifting point 17 of the colum 11. The hori zontal

posi tioning ofpplcheniase oy A %&%ﬁf‘stﬁﬁ‘t{&' %ﬂo rm | lsppie@ gpsition

control attachment” 59 which can be cont | 'ed e crane 52. 17 -
The install at igag f@fr edit! @5 dPA i AP odiz@nt of the invention wll be '

described as follows. The nobile base machine. or crane may be capabl e of
lifting a 10 tonne 1oad. The bearing capacity of the pile may be 16 tonnes
wor ki ng- | oad, and the pile length per elenent .may be 5 netres. During
i nstal | ati on, Filgareolsurii 1k tarat esadched rpriniee A mineidg ragpdsdtusl ofhtthel ace
.and positioned . over the desired |ocation. The four 10 tonne Kentl edge
pi eces are thosesiente enbod izientemdunted on a mobile base machine 50.
The pile driying apparatus may be transported by the
'mobile_basg machine 50 as illustrated in Figure 5. The
column 11 is supported on the mobile base machine 50 by
means of a steel hollow section column 51 which is W
ﬁivotally supported at a-point 53 of the mobilé base_;
machine 50. ' The pile_dfiving-appatatus can be deployed
by means of the hydfaulic'arﬁ 55, 'During deployment,
the mobile base machine 50 can be stabilized by means of

a stability jack §7.

Figure 6 illustrates the pile driving apparatus mounted
~on a static base_frame.which is posit{oned'using a
mobile crane 52. :The mobile crane also loads the
Kentledge ont§ the base t:ahe. The,column.ll is
suspgnded-from_the ﬁobile-c:ane 52 by means of a hook
attached to the lifting point 17 of'the-column 11. The
horizontal positioning of the base frame 1 can bé
.controxled by means of a.position'control attachment 59

- which can be controlled by the mobile crane 52.



~position on-the base franme 1 to formthe Kentledge. Levelling of the base
frame 1 can then' take place in order to ensure that the colum 11 is
vertical. Wile this i's being done, the cradle arm19 is |lowered to the
hori zental position in order to receive the pile elenent. The hydraulic
jack+3 and 25 then lifts the cradle arm 19 and pile elenent into the pile
conpartnment 31, and the pile thrust plate 387is.|ocated on the top end of
the pile. The hydraulic cylinder and piston 27 and. 29 can then drive the
pile element, The ihetahliaticn 9ﬁck1h98fbYthﬁeeNDGdbmenheOfanﬁt|on until,
for exanple, half of the pile elenent is driven into the ground. The
hydraul i c pistbevestiom whith be desenibed a8 feileWegi nal position when
the | oading of the pile took place. During retraction of the piston 29, the .
cradle arm 19 is again |lowered to the horizontal position in order to

receive a steel dolly, The cradle.arm 19 then lifts, the doghg égot shown)
into the pile EBﬁpﬂ?ghﬁﬁtbéiemP?ﬁh?ﬂﬁ 86|F§38ﬁde§sPFn§aPP the hal f

Tho dor 1y pushEAEFRRS; arafnPRERRapEaF - RS BRakInbnERpRGLE TR LRET 0 o
cradle arm 19 S%TetHEG B YgefohRekCWB¥Ring load, and the pile length

| per.element may.be S metres. During installation, the
column 11 and ﬁase frame 1 are first lifted into place

and positioned over the désiréd location. The four 10

tonne Kentledge pieces are then lifted and placed into
position on the bése frame 1 to form the Kentledge.
Levelling of the base frame 1 can then take élace in

6rder to ensure that the ¢olumn 11 is verticél.

While this is belng done. thé'cradle arm 19 is lowered
to the horlzontal position in order to recelve the pile
element. The hydrau11c_)ack 23 and 25 then_llfts the
cradle arm 19 aha piie eiement:into the pile compartment
K/‘ _ 31, and the pilé_thiust plate 39_is located on the top

end of the pile.

" The hydraullc cy11nder and p1ston 27 -and 29 can then
drive the p11e element, v1a the 1ndxrect ]acklnq force
.method of the invention until, for example, half of the
pile élement is driven into the ground. Theahydfaulic

- piston 29 can then be retracted to its original position



the dolly and further extension pile elenents can then be driven'into the-
ground using the above procedure. Once the required pile penétration ar
beariing capacity has been reached, any pile elenents protruding fromthe
ground can be cut by neans of an appropriate special cutter. The Kentl edge
can then be unl oaded fromthe base frane and the apparatus then |iftedaeb
anot her pile position for repeat procedureﬁ Adj acent ends of extension
pil es may be connected together by nmeans of the "clip in" jointing system

of the preseni,iLaventl Qaad Qgs th% 51%“ qaig.nggﬁﬁgéﬁnlmﬁll be

descri bed bel ow. a and ate nment of

clip-in jointipg ra¥eiem 3@0%@' pq-skg\x}t g p-&%ge%&a'd%e%&&f'ig IEh%éJg%iqn“ ng

assenbly conprises a substantia or triangu sha ate 61

having the Sa'waEEﬁaSt%e‘ihbo?xo%izb'iﬁaﬁ' lpasqlt%%ntint %:la%:dw%de'l% ghe
ground. A recess 63 is forned on each of the three sides of the plate 61

~for receivi ngs@ekiln@oNgyRor rhen ctaddle armuhst amenalllitsUther do@iyshaped
clip 67. A plate 69 is welded to the plate 61 at each of the recess points
63, and provi astashbannelintd mmehghaefcmmpartment 31 with the dolly

end testing flat on the half embedded pile element.

The hydraulic piston 29 is ;hen'activated again'ahd the

doliy pushes the—temaining_half_bf ihe pile element </
downwards.. The.éradle arm 19 can then be used to remove |
the'doily aqdffurther extension pile eleﬁenté can then

be driven into the Qrouhd héing the above procedure.

Once the required pile penetration_or_bearing capacity
"has been réached, any pile elements protruding frém the
ground can be cut by means of an appropriate special
cutter. The Kentledge can then be unloaded from the
base-framg-and the”appératus then lifted to another pile -

position for repeat procedures.

Adiacént ends of extension piles may be connected .
together by means of the "clip id" jointing system of
the present invention. An example of such a jointing

system will be described below.

)

]
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receiving a:-leg 73 of the clip 67.° A bonding bar 75 is welded to each of
the \pl ates 69. The end of the concrete pile is cast-around the bonding bars
.75 .t her eby securely bondi ng the plate 61 to the pile el enent. Tensile
stress resultants ‘are transferred fromthe . concrete: .pile elenent to the
bondikpg bars 75 by interface bond. These stresses are in turn _
transferred through the- channel shaped pl atgy 69 and “the V- shaped or
%Llangﬁlar tshaped plate 61 whi ch have been wel ded: to the bondi ng bars 75.
hrough cont act , S$n [ &EH6 rred
via the clip 6 ]tgﬁh{{é adjaaﬁc&(;g{ﬁ ed%§$%€ ?lxm I araié%%\xgtt’ %ﬁt?%ﬁﬁs{@ 20 For -

conpr essi-ve' st &S gl i én éé’@@@aﬁ 666 E6h @\l B e 680 S BV ©TH 601 OUTHhe
di'rect contact stresses g@?&een t he V-shaped pIJ?E 61 of adjacent pile

el-enents. Duri nghimsing | #64amb Dy @mmﬂmtmbmmmlm tVit-shaped | e
el.ements have been positioned end to.end, the two-legs 73 of the clip 67

can -be sinply agg eﬁsanqulmsesmaﬂbdnpbatmeéhhhmwemg vne ﬂﬁ%ecllp 67 is
sllghtly proflled during manufacture to
Cross-— sectxon as the pile element to be dr1ven into the
ground. A recess 63 is formed on each of the three
o sides-cf“the-plate-sl for receiv1ng a 11nk1ng portlon 65
".dof:e_sntstantially nge crs"C“-shaped.clxp 67. A plate
\,/.-- .e 69 is welded toftne plate_sl at. each of tne recess
| . | ' po1nts 63..and prov1des afcnannel 71 or hole for
. rece1v1ng a leg 73 of the?c11p 67‘ A bondlng bar 75 is

'welded to each of tne plates 69 -: AT

. The end of the concrete pile 1s cast around the bonding

-’a? bars. 75 tnereby securely bondlng the plate-el to the

'”frp11e element.imd””
rom the.

] -2 l These stresses are 1n turm transferred

.':;dth ougn:tne channel snaped plate 69 and tne V—shaped or
vdtrlangular shaped plate 61 which have been.welded to the

. bond1ng bars 75. anough contact stresses. the tensile
stress resultants are. transferred-v1a the c11p 67 to the

adjacent‘p11eﬁend ofﬁs;mxlar;constructlonz-



provide a slight interference or press fit during insertibn at the joint.
Three or nore clips 67 are positioned in order torigidly secure the pile
end t-ogether thereby restraining relative novenent therebetween in each of-
the 6 degrees of freedom (ie 3 rotations and.-3 translations). The Ly
advant ages afforded by enbodi nents of the present invention can be g
contrasted with established jack-in pile sggtens as follows. Existing =
jack-in pile systens are restricted to. relatively short pile elenents,

typically of QOZGCBﬁp}eg g@krgirbgslﬁgghq€@Wt$g %%Fkges%Qbsf _the pil e

el ement to be manoeuvre human strength Iarge

nunber of J0'EESnQQbBQeHeQHkBQGht@1&%%&ab0%tBbE3str@§§E@ m@ﬂﬁ%éﬂ
i nvention enable the use of relatively long pile elenents, typlcally 3 to

6..metres - in egghbedi paateh@1polte aagaceatmpiileulealeg@nty .t he machinery .
.instead of relying on human effort. Also, fewer joints are required. Al so

i n enbodi ments of the invention, noderate side dinensions of piles may be
-enpl oyed, for exanple 100 nmto 200 mm whereas in established systens
300 [err] During 1nstallat1on of pile elements, as soon as the two
“pile elements have been pos1tioned end to_end. the two
'legs 73 of the clip 67 can be simply and easily inserted

into the channels 71.

The clip'67 is slightly'profiled during manufaciure to
provide a slight intetference or press fit during

insertion at the joint.

Three or more clips 67 are positioned in order to.
rigidly secure the pile end together thereby restraining
‘relative movement tnerebetﬁeen in each of the 6 degrees

of freedom (ie 3 rotations and 3 translations).

The advantages afforded by embodiments of the present
" invention can be contrasted with established jack-in

Pile systems as follows.

Exlstlng jack-in pile- systems are restricted to
.relatively short plle elements. typ1cally of" 0 76 to 1.2
‘"metres in length owihg to the ability of thenp1le

element to be manceuvred by human strength. This leads



e

precast concrete pilees are used. In existing systens, the existing
foundation is ofteen used to provi de ‘the reaction for the- jacking forces.
However , enbodlnents of the invention enable Kentledge to be placed on a -
nnbllernachlne or on the base frame of the apparatus itself. The Ker
tledgggcan easily be noved to a new p[position where required and is not
restricted to the. position of: the eX|st|ng--2bundat|ons - Enbodi nent s of
the invention are‘al’'so advantageous in that 'they pernmit a long stroke of
the jack, for evcampllarde humbekr net rmnmrmyanrﬁdungemnt@rﬁms&pl ae _
elenent to be-installed in tw strokes. 'In contrast, conventional systens
have a short j i et r Bwbafiménys efamiie, nﬁrmtimnmabherﬂbq useuofing a
mul tiple number = 22 of strokes required to install a single pile el ement .
Enbodi ment s . of ReHaGiKakK i kangrni i coverente. t¥PE¢ably 3 j L né imetsest em
descri bed hereinabove which enables the joints of adjacent piles to be
establ i shed spééhlll%ﬂg%ls:i%tq"h%t%lwt%’brb%rmﬂl’el’%#%ﬁfbe‘%n%%e wher ei n

precast concrete elenments, are bonded together i nserti short steel bars
'nto the | ongi MARHASTeASReHbIRE SHAY S Jém SR ng AbeBr i th
cenent' fewer.]ornts-are required.

Also_insembodimentsrof_the_inVentidn. ﬁoderate~side/
dimensions'of piles may be employed, for example. 100 mm
- to 200 ‘mm, whereas in estab11shed systems 300 mmz

precast concrete piles are used. L

' In exlstlnq systems. the exxst1ng foundatxon is often
':used to provide the reactlon for the ]acking forces.ﬁ

.:tﬁowever. embodlments of the. 1nvent10n enable Kentledge _"

tf;to_be plac d_on a mob11e macn1ne or on the base frame o£~

| j'-"f--"_l':'.‘ml:':oéi"i'me''m:"s'-''of'the-:'Lmrenti.'on'ai:e'also advantageous in

e_.that they permlt a long stroke: of the Jack. for'examplewﬂ
r 1 5 to 4 metres thereby enabling an entire p11e element
'-to be 1nsta11ed in two strokes. In contrast.~
'convent1ona1 systems have a short Jack stroke of. for:

_example. 0 25 metres thereby requlrlng a: mnltlple number"



Enbodi nent s ‘of the present invention enable full use of the avail:able
headroom the headroom correspondi ng substantially to the I ength of each
pile element to be used. For exanple, a 3 netre length of pile element may v
be installed in the headroomof only 3.1 netres. This contrasts with the,_
prior art in which working headroomis required to accommbdate both thew
| ength of the pile elenent and the hydraul#@tjack pl us any packi ng. For~
exanpl e.. a working headroom of about 1.8 res enables installation of

only a 1.2 nmetre length of open-endeq steel tube. Another difficulty with
prior art arraﬁgéﬁéﬁg§si§eﬁﬁéfephé° L @ siaglePike 18 kRPeRist  be

removed before another pile el ement can be added to the previous el enent.
- already jacked into the ground. The jack'is - 23 then put into position.

n contrast. EhyoRladniRNLE thel HGvERtSUH WAy NadBdbdde I b and 29,

remains in position unti e entire pile is’ir d _'ﬁepth
or bearing Ca%,‘ihﬂngp%kr%rt.gﬂ\rhe%rcrﬁ%%mﬂétr%ﬁ{a%oﬁ%suﬂi@t?%rf 1d5%Hd
under pi nni ng éxi sting foundations However, enbodi nents of the I nvention
make it conpelolinte ¢ Ba jaceatf Pi1e8Wto be established speedily.
- This contrasts with prior art arrangements wherein
precast concrete elements are bonded together by
inserting short steel bars into the longitudinal central

hole, and subsequently grouting.thgm with cément. ' N,

Embodiments of tﬁe present inventién enab1é7fu11 use of.~
‘the available headroom, the headroom corresponding
.substantially'to the length_of éach pile element £o be'
used. For example, a-3 metre length of pile element may
be installed in the headroom of only 3.1 metres. This
 coht£asts with the prior art ih which working headroom

is required to acgommodate both the leﬁgth of the pile

elemént-and the hydraulic jack plus any packing. For .
.Qxample, a workiné,headrdom of ébout 1.8 metres.enables ™~

installation of only a 1.2 metre length'ot oPeh-ended

steel tube.

Another difficulty with prior art arrangements is that
the hydraulic jack and packinq must be removed before
another pile element can be added to the previous

element alreédy jacked into the ground. The jack is



*bU|Id|ng foundati ons. Enbodi ments- of the invention are not only cheaper
and faster when used for underpinning.existing foundations, but they wll
find substantial use for new foundations-and are not restricted to
under pi nni ngexi st'ing: foundations. Enbodi nents of the invention. also
enabkgsthe use of twin or multiple 'hydrauIiC'jacks to..be used for
providing the * jacking force .- ' 23 - .. 24 CLAIMB:- 1. A
pile driving apparatus for. dr|V|ng piles i nfo the ground conprising: jack

means for exer%§§?_§uglkgtgr?%s A", C€ 1N cORR rdiskeCliinORmBd gﬁm%ntQ'Bﬁ to be o

driven via tra I'on~mean réaction neans for provi-ding a reaction

force to the pihﬁy%%h%qo}.%ﬁ% hyagatild hadkonyi d 29, Pewaitls ke pile

| i es substantia paral I'el” to bufl spaced apart .fromthe one direction, and

the transm ssi ?Bs'ﬁ%ﬁ h%tciqnfth%%%d.xtr% piaRs st inbtadlied n@ force fromthe
one direction to the top of the pile throughout the pile driving operation

t her eby enabllgg @hrbeaabpahpamtb@h:ﬁhg jcaplacireans to extend alon95|de t he
pile. 2. Apile 3r|V|ng appar at us accordlng to claim1,

_ Prioe.att_arrangemehts are'testrieted for use in
;:underpinning'existing'feﬁndetionsa. Howe#er; embodiments
'of the 1nvent1on make 1t compet1t1ve to be used for new
‘L;f . _.bu1ld1ng foundat1ons. Embodlments of the 1nvent1on are
| not only cheaper and faste: when used for underplnning
7_ex1st1ng foundatlons. but they w111 f1nd substantial use{_'
for new foundat1ons and are not restricted to o

jundetpinnlng exlstxng foundatlons. -

K _Embod1ments of the 1nvent10n_also enable the use of tw1n

"no: multlple“hydraulic Jac' 3 'be used'foz p:ov1ding the;




including a c

thereof, the length of the pile substantially corresponding to the |ength

ol um. for receiying the pile along its length on one side

offthe colum. 3. A pile driving apparatus according to claim2, wherein

the jack means is fixed to one end of the colum on the side of the cqunn

whi ch is oppo
apparatus acc

site fromthe side rece|V|ng thg pile. 4. Apile driving >t
ording to claim2 or 3 ™wherein the transnission means

conprises a feﬁﬂiﬁgwust menber for receiving a pi-ston of the jack neans,
second t hr ust—e#per—Fer urgi ng agalnst the free end 25 of the pile,

o P g STOrE WP PERg R FoF arTinaTbelds Lhks) cBRTV

and a transm
by an apertur
appar atus acc
- capabl e of pus

the length of the jdkimeans aféi‘r@*@rﬁiﬁ@k&pibérﬁbﬂvﬂﬁgnfbrbégiﬁl’ brieng of

thé pile int

‘ﬁ?&dﬂhtéb fggané. mhereln the piston of the jack neans.

i's

ing the first thrust nember along substantially half of

wo strokes of the jack nmeans. 6. A pile driving apparatus

a

accordi ng todﬂractﬁmnoontbearpnle to be dohpensiig arbnsmiésaon attached

t owar ds

means, and reaction means for providing a reaction force
to the pile driving force, wherein the longitudinal axis
of the pile lies substantially ‘parallel to but spaced

apart from the one direction, and the transmission means

is configured to transmit the driving force from the one

direction to the top of the pile throughout the pile
driVing operation thereby enabling at least a part of

the Jack means to extend alongside the pile.

2. 'A'pile driving apparatus,according to:claim 1,

including a column'for receiving.the_pile along its

length on one side thereéof, the length of the pile

substantially corresponding to the length of the column.

3. A pile driving apparatus according to claim 2,

wherein the jack means is“fiXed-to one end of the column
on the side of the column which is opposite from the

side receiving the pile.

4. A pile driving apparatus according to claimlz or 3,

wherein the transmission means comprises a first thrust

member for receiving a piston of the jack means, a

second thrﬂst'member_for urging against the free end

BT

bl
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the | ower end of the colum, -which base frane conprlses support neans

for/ supporting the apparatus, and levelling neans for levelling the base
:and ensuring the- columm is at |east substantially vertical. 7. A pile '
driving apparatus--according to claim6, Kentlgfge for providing the
reachjon force to- the pile driving force, the reaction force being

transmtted betvxete iﬁ%”%parar m,ﬁ %o@?%eﬁﬂ'éerj i%mqﬁﬂﬁ‘ i@nd h

colum. 8. A pl us ~accor . one.o e prece |ng

cl ai ms, wherein ﬁ'e o ar ‘{Oaae{?% rﬂi{fu%‘t”gnem %ﬁtamé St EYd Ok

for supporting.t riven into t e gr and supporting the

jack means. for- Cg’ﬂdﬂq;gg{é’lqetﬂdtql IJ® GH edImd,  and for supporting ballast
or Kentl edge for pro Ing aTreaction force to t he j ack neans, wherein the

base frame includes |evelling.jacks operative to- adjust the base frame so
that the pile can be made to be substantially vertical. 9. A pile driving
appar atus accor §.ng X @ideideifinghapparatus facoording dsteliaied,so as to
be sufficiently stiff to resist -distortions due to the reaction force:
occurs durlng|mwharbmnuthe plston of the jack means. is capable of _
pushing the. first thrust ‘member along substantially half
of the length of the column in a single_strokeL thereby:
"permittingidriving of the”pilesin two;strokes of the.

- . jack means.

6. A pile driving apparatus according to any one of
-tg-_claims 2 to 5, comprising a base frame: attached towards
" the lower end of the column, which.base-frame comprises

ﬁ”fsupport means for supporting-the apparatus, and

' &ilevelling means for levelling the~base and.ensuring the ih.*

base frame is arranged:to support'ballast orf__f¥57

tledge for providing the reaction force to the pile f“ N
:”driving force, ‘the reaction‘force being transmitted ':"
r- between the ballast or-Kentledge and the jack means. via '

lthe column )

f_a;' A pile driving apparatus according to any one of the:.

'preceding claims, wherein a base frame comprising

) 0



10. A pile driving apparatus according to any one of t:he preceding clains
conprising a pile |loading device for loading piles into the pile driving
apparatus, the pile | oading device conprising an el ongat’e cradle which is
pivotally connectable to the apparatus so th%t the cradl e can be noved =
bet ween horizontal and vertical positions, a & a jack for nmoving the cragbe
about the pivotaLagoint, wherein the gradle is configured to receive the”

pile when in th® PFEoHFa'Pspé:sih PFBE{?-d&ﬁdflpa S&DP %Mlqifnﬁéﬁ i'zga:be :
It by .of the _jack there enahl i ng posi,tioning of the pile for
BTving i nto ¢ naThP8ananthEbe' GFoRRM, 5?&3@%%;@3&%@@%@% ng to
| ai m 10, ' L.k D fa ui; di.ng e t | | e closest, to. . .
Sharm 10, provided il buMganhe! 811U ARROCLIC SRR Wi Hebe iRt AP
previ ously drl V8R1Ph6E. ot2kefitPblfelFok BITRAINY ° AGKUIUD Sl T 10
or claim1l, wherein the pile loading device is dal so configure or placing

a dolly onto a gR&tjabkymdan¥enwhbkeinl@ne AbRblbS fiams AhARRRYAL US
according to any one of the preceding clains, including a jointing
apparatus levelling jacks operative to adjust the base frame so

that the pile can be made to be substantially vertical.

9. A pile driving apparatus according to claim 8, -
wherein the frame is COnstrﬁcted so as to be _ \.j.
sufficiently stiff to resist distortions due to the

. reaction force occurs during pile driving.

10.. A pile d:iving apparétus according to.any one'of the

: p?eceding claims comprising a'pile-loading device ior
loading piles into the pile driving:apparatus; the pile
loading devibe comprising an_elongate-cfadle which is
pivotally dénnéct#ble to the apparatus so that the |
-cradle can be mdved betweén.horizontal'and_verticai
pbsitionsL and a jack for movihg the cradle about the
pivotal point, wherein the cradle is configured to
receive the pile when in the horizontal position, and to
be moved into a vertical posifion Ey means of the jack

'the;eby enabling positioniﬁg of the pile for'driving |
into the ground. ' |
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conprising a plate having a cross-section corresponding substantially to
thgt of the pile-to be driven, bonding means extending from one: side of the
plate around which theé pile is cast. thereby enabling bonding of the ptate
to the pile, and a channel fornmed in the plarg of the plate and for o
receg_gng aleg of a substantlally "C' or "U' shaped clip such that there_
can be no rel atijye FoWg dpp et AYedrE iy A cldim 10,A pile
driving apparatus accor ing. to cl ai-m 13,.-wherei n the other l.eg of the clip
can be recei vedphyva dedl WAHRORYE e SFuidi iy At eapdral thep il cast

I nt o- anot her Fé t hereby preventing relative novenent between-joint piles.
28 15. A pile dbubsegtanmamﬂmugﬂmnhalﬁenﬁtuf(ﬂharnrhﬁlnnﬁnxsioqpting it
plurality of channels formed in the plate for receiving a-corresponding
number of cli pswildr &he Exposedherskiafs & anaviopnsdgnideiven pklerse novement
bet vieen adj acent piles. 16. A pile driving apparatus substantially as

her ei nbef.ore described with reference to: Fi gures 1 to 6 of. the acconpanyi ng-

draw ngs. 17. A p|.I e %rill\g r&griél})p%r a;[plpsaraactcu()sr da[cn a{-_o étaim 10 or

claim 11, wherein the pile loading device is also _ _
configured.for placing a_dolly:onto1a_partially driven

13. A pile driving apparatus according to any one of the

preceding claims, including a jointing apparatus -

comprising a plate haVing a. cross-section corresponding'j
drsubstantially to that of ‘the pile to be driven, bonding~';
': means extending from one side of the plate around which;"-

‘the: pile is cast thereby enabling bonding of ‘the plate ;.r;,

jﬁto the pile,_and a channel formedﬁin the plane of the e

'ffplate andifor receiving a substantially‘“C“:$

NJ%:.14n;A:pile driving apparatue-acccording to claim 13, |
"wherein the other leg of the clip can’ be received by a
L . o corresponding recess of a corresponding plate cast into“
: another ‘pile thereby preventing relative movement

. between joint piles.

A B N



conprisfng a joiﬁting apparatus éubskanfialiy as herehnbefbre'desofibed
mﬁgh reference to Figures 7a and 7b of the acconpanylng_dramﬁngs.'
28 - ' ,,:_}*
15. A pile driving apparatus adcording to claim 14 |
comprising a plurality of channels formed in the,piate.
for receiving a cérrespondin§ nﬁmber'of clips thereby
providing extra security ggainst'relative movement

between adjacent piles.

16. A“pile driving apparatus substantially as
hereinbefore described with reférenée-to Figures 1 to 6

of the accompanying drawings.

17. A pile driving apparatus according to claim 16
_compriéing'a jointing'apparatus substantially as
heréihbefore described with reference to Figures 7a and

7b of the accompanying draﬁiﬁgs.
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