-1- 1 MPROVEMENTS | N OR RELATI NG TO PILE-DRIVING This invention relates to

pile driving and in particular but not exclusively to driving pr&ag%$s 3%
concrete piles. According to the present invention there i,s discldsed a

met hod of pile driving in which a pile is progressively extended in | ength
by connecting additional pile sections and'c&nﬁrising the steps of 10
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the guide on a driven end of the pile section such
that the driven pile is substantially prevented by
the guide from bending, wherein the driving means
_comprises a reciproqétable ram driving each pile _
section in a continuous driving stroke and additional
" pile sections are connected to the pile between
successive driving strokes of the driving means.

An advantage of such a method is that a. pile
may be assembled from relatively short pile sections
which are relatively easy to handle and consequently
may be of relatively small cross section since the
pile sections do not need to withstand the bending

stresses experienced by longer lengths of pile during el

handling. Since a pile section of relatively small
cross section is being driven the need for hammering
is obviated and each section of the pile is driven by
a singyle continuous driving stroke of the drive means.
Preferably a detachable end portion of the
guide is embedded in the ground being worked. An
advantage of such an end portion is that it may be
embedded in the ground prior to connection with the
guide so as to facilitate accurate location of the
pile site and support the guide during pile driving.
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-2- Preferably adjacent pile sections are joined together by nmeans of a
tubul ar joint menber and conveniently the pile sections are adhesively
bonded to the joint nenber. 5 According to a further aspect of
the ipvention there is disclosed apparatus foréuse in a method of pile
driving in which a pile is progressively extended in length by connecting

ddi t I | e sections ¢ EP t ISl bular ui e 10
?orI t hgn& I gl (rareans for blﬁaslnasl ngﬂﬁg éj%f tBlg%s??‘F e°_€5n?g t IQLPRY: he
ground bei ng wor kedogether fay m¢ﬂn%dm®|mgt@bubcrlmolmt mehbernaﬁdthe gui de
i _
Sect i on 10 drve t poTVEhIMICIN SE 1Ll follk D £dfof1velY, Rohfen, .,
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Stﬁebe Advantageoﬁ?ﬂbfﬂgaﬂgaﬁg“aééﬁﬁ% YEARL S ofe 2 guide on a driven end
' : of the pile section to drive the pile section
15 .therethrough such that the driven pile section is
‘substantially prevented by the guide from bending,
-wherein the driving ?eans comprises a reciprocatable
‘ram for driving each pile section in a continuous
driving stroke whereby additional pile sections are
20 connectable to the pile between successive driving
-strokes of the driving means.
. Preferably the guide includes a detachable end
. portion for embedding in the ground being worked and
conveniently a side wall of the guide includes an
25 - access door for introducing a pile section into the
N, guide for connection to the pile.
Conveniently the drive means include a weight
attached to the ram for driving the ram in a downward
_ . direction during the driving stroke and lifting means
30 for lifting the weight during the return stroke. -
Conveniently the apparatus: includes auxiliary
drive means for further urging the ram downwards
- during the driving stroke.
_ Advantageously the weight is slideable on a
35 rail which extends substantially vertically in use
and - the guide is attached to a lower portion of the



35 rail which extends substantially vertically in use and the guide is
gttached to a | ower portion of the  -3- rail. Alternatlvely there is

di scl osed pile driving apparatus wherein the ramis hydraulically powered
by nmeans of a hydraulic cylinder connected £07t he gui de. 5

Preferably the cylinder and guide are slideable on a rail, which rai
ext ends substantlajiy vertically in use. Advantageously the apparatus -
conprises a fur tHer hydraulic ram operabl e between the rail and 10 t he

cyli nder whereby in useAlternytivedy ahergunéedmsplbsedr@adeuphﬁvwﬂqg(N
downwardly al O”Qa;fﬁ“@réé‘ﬁé wﬁéf@ﬂﬁrﬁxé Bhin §eﬁghQ-Qr\{3o a}‘%ﬁsrl h:%w%r‘n%zﬂ as

her ei nbef ore di sclosed nprise an el ongat
portion 15 dme%m5f%fn?chﬁg§a§éé9|6H1&ﬁ§e€n&°nﬁéﬁﬁﬁ@n§°0¢ @vdse .cross

section fog fitting intpracédapl rtﬁenewhaaes:uehdt i deh @ @A & O
the pile section the IongltudLnﬁ 1(ixtendl gf%pe qQf .the connector is
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A concrete pile section for use in
a method as hereinbefore disclosed may ;_;
comprise an elongate member having a middle portion

15 of uniform cross section and end. portions of reduced
cross section for fitting into a tubular connector
such that when qpnn#cted.to.the.pile section the
longitudinally extending surface of the connector is
flush with that of the pile section.

20 Advantageously the pile sections may include a
longitudinally extending bar providing reinforcement
and conveniently the bar may be prestressed.

Particular embodiments of the invention will
-now be described by way of example only and with
25 reference to the accompanying drawings of which

Figure 1 is an elevation of pile driving
apparatus mouhted'oh a tracked vehicle
Figure 2 is an enlarged sectional elevation of
30 a guide receiving a.pile,- _ '
Figure 3 is a sectioned elevation of a
connection between adjacent piles, and
Figure 4 is an-elevation of an alternative pile
driving apparatus having a hydraulically driven ram.
35

The pile driving apparatus 1 of Figure 1 has a



Figure 4 is an elevation of an alternative pile driving apparatus having a
hydraulically driven ram 35 The pile driving apparatus 1 of Figure 1 has a
-4- guide 2 nounted on a vertically extendlqg4rall 3, the guide having a
detachabl e end portion 4 enbedded in the ground being worked 5. A
reC|precat|ng drive neans 6 conprises a melght 7 attached.to aram8 with 5
an auxi-liary power diaxez%saﬁeea%ﬂga a(ﬂgt ﬁﬁ%@fﬁ [ ef, Iehd e
melght 7 by a puIIey systen1 00T

concrete pile sect?Bh ﬁa?aBénﬁoadéGtafbable end P°ﬂﬁk9ﬁw¥:?@hﬁﬁéﬁ¢nim

sections 12 and 13tnecgrwaﬂdmbbhna wbekeulee ZAaQQdﬁyﬂaaéd%h diivd nenber
14. A tinber pad 15 is_inpserted.between t rnDsF pile sectlon 12, and

the ram 8 to avoi d™33R8g& CEMPRASES 8 ¥els d@ﬁﬁif Hh@ AR &itith
portion 4 of515  ant hexglidey2poweat timilved prdntzirtlsﬁﬁg anthdtomogidt vel y

| ocated by neans o a r ? ent I.e..sections 12
and 13 joi ned by t%ggrébnggﬁgééteﬁ gg X ayer t ui (gﬁ%%$ %PWlIrn

19 is interposed b&Pween the pile 20 sectlons and the joint menber to
forman adhesive bond. | nrhbeqataapbensoun ddia Al eha%gxf%ﬁfﬁ of 3
(76.2mm dianeter and thg joi,nt nmenb er 14 recei ves each e section to a
depth of 3" (76.2nfiPnc¥rterBile segtion mayebe 49adedyr ned from 1/ 8"

(3.2m) thizk mild steel pﬁgarwlthﬁoﬂ&ryﬂmenséﬂiﬁﬁnstfflé?tlxﬁfﬁeeéired i
R T e
_ A timber pad 15 is inserted between the uppermost
k/ .__ pile section 12 and the ram 8 to avoid damage to the
pile section during driving. The end portion 4 of
15. the guide 2 is attached by bolts 16 and is positively
' located by means of a flange 17.

- Figure 3 shows adjacent pile sections 12 and 13
joined by the joint ﬂember 14. A layer of quick
setting epoxy film 19 is interposed between the pile

20 sections and the joint member to form an adhesive
bond. L
In the example shown the pile sections are of
3" (76.2mm) diameter and the joint member 14 receives
_ each pile section to a depth of 3" (76.2mm). The
25 joint member 14 is formed from 1/8" (3.2mm) thick
I\, ~mild steel pipe with a partition 18 at its mid

~point. 1In order to drive a deep pile the end portion
4 of the guide 2 is first driven into the ground at

. the precise location required and the guide 2

30 assembled with the end portion by means of the bolts

16. A pile section 13 is then loaded into the guide
2 through the door 12 together with the timber pad 15

~and the door is closed. The ram 8 is then driven
downwardly through the guide 2 by a driving stroke of

35  the driven means 6 in which the weight 7 pushes
- downwards on the ram 8 assisted by the auxiliary



30 assenbled with the end portion by neans of the bolts 16. A pile
section 13 is then |oaded into the guide 2 through the door 12 together
with the tinber pad 15 and the door is closed. The ram8 is.then driven
downwar dl y through the guide 2 by a driviT@ stroke of 35 the driven,
means 6 in which the weight 7 pushes downwards on the ram 8 assisted by }he
auxiliary -5- power, drive 9. Each pile section 12, 13 may alternatively
conprise a reinP& (ﬁrné’rﬂﬁ’re %(‘t ending centrally and longitudinally along the
bar. This bar nmay be 5 Each |pids resssteibmasl2 gqus reay &lhterhativppegr end of

the pile sectio S at ' shel ; | |,S and a
further pile se%ﬁ%r#l%faianﬁ%iﬁoztghﬁﬁ og]ﬁgg%ﬁiéﬁgl{'ﬁp%%d%???ﬁg&dggg 11 and
is joined to thdongddudiinallsealiang ttheybay. Thisaharomay peint nmenber

14.  The driving RIOAGRSSdS dd'edeiad ed and further pile sections added
as required until the required total length of pile_has been driven. The

|l ast pile section to bd™han e HBPRH i%ﬁt??gbﬁlaFi§§ﬁt§8na§2tésbétflush
with the 15 a0 'cutivebrei i th Qe ylik tHife eXdim p®risopadsed aha guifdetBetenoved
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correspondi ngl y &br 11 mmbeisdoined teptheriaver pike pectidni wisndpy
apparat ug g3l of ddditd Goft d PFOHEEEr ) | OTRY) 18494nd  plrBollBsCigt e Tam
8 is reciprocatingly received. e gdrayTLc cylinder 37°1s bolted onto
the upper end oftheR rgRerted sandsfuptherpilengegtipngsadded; pe gui de
thereby enablingrddiéiFédnént Pl sthdereguiréal tythlomengent eft palet has The
hydraulic been driven. The last pile section to be driven may /
conveniently be driven so as to be flush with the

15 ground surface and the end portion 4 of the guide 2
removed for reuse. = S |

An alternatigé pile driving apparatus 31 ‘is
shown in Figure 4 in which components corresponding
to the apparatus 1 of Figure 1 are correspondingly

20 numbered where appropriate. The pile driving
apparatus 31 of Figure 4 includes a hydraulic
cylinder 37 in which the ram 8 is reciprocatingly
received. The hydraulic cylinder 37 is bolted onto
the upper end of the guide 2 so as to be in line with

25 the guide thereby enabling the ram 8 to slide ‘
vertically from one to the other. The hydraulic o’

- cylinder and the guide 2 are both slideably mounted
on a vertical rail 3 so as to be moveable ih unison
upwards or downwardS'alonq the rail as required.

30 A further hydraulic ram 39 is provided at the
upper end of the cylinder 37 and comprises a further
hydraulic cyiinder 32 connected to a horizontal
projection 40 of the rail and to a piston rod 33
connected to the cylinder 37. By extending the

35 further ram 39 the cylinder 37 and hence the guide 2
are driven downwards along the rail 3. Cohversely



cylinder and the guide 2 are both slideably nmounted on a vertical rail 3 so
as to be noveable in unison upwards or downwards along the rail as
required. 30 ) A further hydraulic ram 39 is provided at the upper
end of the cylinder -37 and conprises a furtHer®Hydraulic cylinder 32
connéected to a horizontal projection 40 of the rail and to a piston rod 33

connecgted to the cylind 37 ext endi i he 35 ur.t her ram 39 the

cyl i nder 37 and heﬁkz’gp’t %éegtﬁ%‘? ]:'arreamhr:{%e]hs df)%ﬁﬂacftues‘; alﬁ'tb?‘lgcﬂ'l%n‘?%ﬂ:"é.
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which it may be raised into the vertical ™5 use Thpi
driving or | oweredfFRFoWBASHhdY MY &e FRdsathtintodhe ivertibealransit by

nmeans of a j8ck 42pokAtien iFordiise it RFile Wrivimy tdye Whwewrel Sihes yghicle
41 is positioned at tge required site with 10, the rail 3, i h

X n the
vertical position ZR& e FOFAANt Al RORATIOn HABFTans ik PEiRreaREd
condition so that bdth tjaekcyl2i.nder 37 and the guide 2 are raised. The

det ached end portion 4 of {th uide 4 s driven i nta, t. r d e
required site for pile 15 h q.:‘?%ertfg:’t r(.ia _|v§)gn aa?dht%eﬁgull }efgzﬁlyé; ?%é\'/‘é’&‘gdsssh%\s
to connect with th¥eBiglgorili &% Positdqnedial thel xeduinkd sitereitbwer ed

P Ehe g AT LI snene taE dam M paRR a1
t(r)\et gﬁi 32 2'pﬂ1rgagﬁ%ﬁgeﬁfog‘s’dfﬁuﬁiﬁé"%g}g 1 | e RRkRpeted 2Pnekbighi de 2
and the further. hydoathiat bath3®hetaydiatidy 37 dirlil e ppyddet® arge the
Cyfiﬂﬁer 37 and guEQ&s%d.n %ﬂ@”&&%ﬁéﬂéﬂréﬁéiégktion 4 of the guide is
- - driven into the ground at the required site for pile
15 penetration and the guide 2 is lowered so as to
connect with the end portion 4. The guide 2 and
cylinder 37 are lowe?ed by allowing the further
hydraulic ram 39 to extend. The guide 2 is bolted to
the end portion of the guide 4 and a pile section 13
20 loaded into the guide 2 through the door 11. The
door 11 is closed to seal the guide 2 and the further
hydraulic ram 39 actuated by hydraulic power to urge
the cylinder 37 and guide 2 in a downward direction
into positive engagement with the ground 5. 1In this
25 way the weight of the vehicle 41 is used to bias the
\_ N - guide 2 into positive contact with the'ground. To
| commence pile driving the hydraulic cylinder 37 is
actuated by hYdraulic_power to urge the ram 8 in a
downward direction thereby forcing the pile section
30 13 into the ground.throﬁgh the guide 2 and the end
~portion of the guide 4 in a single stroke.

At the end of the stroke of the ram 8 the
hydraulic_cylinder 37 is reversed actuated to raise
the ram 8 and a further pile section is loaded into

' 35_ the guide 2 through the door 11. The new pile
| section is joined to the previously driven pile



into p05|t|ve engagement with the ground 5. In this 25 way the weight
aof the vehicle 41 is used to bias the guide 2 into p05|t|ve contact with
the ground. To commence pile driving the h%draullc cylinder 37 is actuated -
by hydraulic power to urge the ram8 in a~dbwhward direction thereby
forcing the pile section 30 13 into the ground through the ?U|ﬂe 2 a E
the end portion _of ,t.he gquid a, sin e stroke. At the end of the st- e
of the ram8 thgeﬁﬁﬁgﬂj % ?éhﬁdfﬁb €t eversed actuated to raise the
ram 8 and a further pilThesentdlm is tepestedntntdd a sufhﬁcﬂrhdenambg&ough
t he door n t rgyious riven pile
-7- sectlon as g :e{beoc#e %‘%é é%é ﬁ?gl‘tr’g?)egﬁsg R? Pr gxggfflm ent -
nunber of pile §@deﬂ%n9u¥hnﬁhnth#|qu#d¢n201sh@egaghed foomothegemdi ch t he
guide 2 ig det aghed ilgr0) tHHa ¥Wised foPFéisBadisnla F%ﬁséh ar ggglocation
at another site. The crgss section of, the concrete e square or
circular or any other J&Y &HASR W%ﬁs@?s?%@?ﬁ??erﬁshﬁt§abha9ebe

obt ai ned using piguatel wlkcdﬂiﬂdwhmn Thrbﬂhaﬁ%ﬁveﬁhénﬁOaﬁé?éegaagelgay
10 be | ess th n n t e e

ton (10, 160Kg) 5%5[ Qﬁ“@’ulrc?%gtf (P by n‘\é\gég 53‘?{%%%5 ﬂ ofPthe pile
dependi ng on th609r76'ur(c17c70r&hm)l oirs . d imeeted. pdfjheoooﬁcnfte hpidei flay2 al so
serves t@qgl5 F t ur

operatlogg and Pﬁgﬁggﬁﬁﬁﬁﬁﬁ %J%h#ge%rEﬁl %ﬁ% T ?oﬁém§?€ %Xgend in
practice on thet Nﬂldﬁgséf (S’fet%eloslﬁ“?’hc(elq’a%/@ﬁ’xﬁ) @h%sgb'étmﬂhgbldgbmaked
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reinforced by styandt NG LHAYESs. . . W,
" The end portion 4 of the guide 2 also serves to |
15 prevent tilting of the guide during pile driving -

operations and the'required length of this end
portion will-depend;in practice on the hardness of
the surface layer of the ground being worked.
The ram is made of a high tensile steel which
20 may be further reinforced by strengthening brackets
(not shown). o
A particular advantage of the apparatus and
method disclosed above is that the need for hammering
is obviated so that noise and vibration are
25 substantially reduced. The cost of pile driving is
also reduced since relatively small pile sections are v/
more convenient to transport to the site and
generally will not require cutting to length.
A further advantage is that piles of small
30 cross section can be used in this method thereby
saving costs in production and handling of the
piles. Previously known systems of pile driving has
necessarily used piles of much greater cross section
in order to withstand hammering impacts and this has
35 incurred penalties in terms of handllng costs and
- production. '



(not shown). A particular advantage of the apparatus and net hod di scl osed
above is that the need for hanmering is obviated so that noise and
vibration are 25 . substantially reduced. The cost of pile driving is
al so reduced since relatively small pile secti®ns are nore convenient to
trangport to the site and generally will not require cutting to length. A
furthel advantage is _that piles of small 30 - cross section can be used
in this method theﬁ%@%ﬁghvrngicosts in production:and handling of the

pi l es. Previously known systens of pile. driving hae'necessarily used piles

of nmuch greater Cross sectjon i er.to.wf nd hanmeri | npact s_ and
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means acting within %fl ui de".on driven end seCt1on
such that the dri véﬁcgﬁ’rc’é‘ a’rﬂ’r%ltf rﬁ‘é’v@%t%‘&ﬁb@r%ﬁb"%uﬁ'—@l@ Piden
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WORESd comprises a reciprocatable ram driving each pile
section in a continuous driving stroke and additional
15 pile sections are connected to the pile between
. :successive driﬁing sFrokes of the driving means.
2. A method as claimed in claim 1 in which a
detachable end portion of the guide is embedded in
20 'the ground being worked.

3. A method as claimed in claim 1 or 2 in
which adjacent pile sections are joined together by
means of a tubular joint member.

25" ' y e g

N\, : " 4.” A method as claimed in claim 3 in which’
'the pile sections are adhesively bonded to the joint
member,

30 s, A method as claimed in any precedlng clalm
in which the pile is comprlsed of precast concrete
p11e sections : o

6. Apparatus for use in a method of pile

35 - . driving in which a pile is progressively extended in
' length by connecting additional pile sections, the
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3. A method as clainmed in claim1 or 2 in which adjacent pile sections

agre joined together by neans of a tubular, joint member. 25 4. A nethod as
claimed in claim3 in which the pile sections are adhe5|vely bonded to the ¢
jOInt menber. 30 5. A nethod-.ag clainmed in any preceding cljy

in which the pile is conprised of precast concrete pile sections 6. EJ
Apparatus for use in a nethod of pile 35 driving in which a pile is"
progressi vel y eppamd&dS|ndnynﬁSIﬂg/axxuhmnanggaﬂdetfowahhﬁlle%QCthﬂS

h th l.
bi assi ng rhe- oliradsl Eer bAA i RN RUEE IRto BsBkate, SoRERs0 kea,
means for |ntrua&blﬁ@ea&ﬁaﬂndnbﬂﬁnganrKQdo neéangufde indroducing means 5
acting within saetquhd%f0$faéﬂﬂ¢§§1§§§igﬁ1&@ ad §rigihgORehRsdr' Ve the

pile section therethrouy su&gl Iven pile Sec
substantial |y BF&}BA: ¥d uide romn aedBiven endr ofntheepddevi ng

means conpri segeetiofi Rood@atiakd etlfea fre déction éhb¥b@ﬁr8ﬁg§n§hg§e590t'0“

connectabl 6 o tPRE HbPe TR “{Xm%gmﬁéi%?“ Sxapshad s the driving

means. 15 prevented. by Ajhearguide Bron &M%S,Cbnbﬁ‘b?ﬁgmth\ﬁfgi CPOLES

bei ng worked. 8¢ 1 VIREONERAS Deei¥de Sk | e FEPRr a1y "rhmogor” O TG

t he mebfs for ﬂﬁnwonsceﬂghaniiﬂ|snctﬁoqninaartumthnugusddrdw&pglses an

access 000l | Nsgrakdewiidirety ddifi iUl pile S0PEIGhYSage © @i med In any

connectable to the p11e between successive dr1V1ng ,

strokes of the dr1v1ng means. i

15 | 7. Apparatus as clalmed in claim 6 in which
the guide includes a detachable end portion for
embedding in the the. ground being worked.

8. Apparatus as Claimgd-in claim 6 or 7 in
20 which the means for introddcing a section of pile
into the guide comprises an access door in a side
wall of the guide.

9. Apparatus as'claiﬁed in any of claims 6 to
25 8 wherein the ram is hydraulically powered by means o’
of a hydraulic cylinder connected to the guide.

10. Apparatus as claimed in claim 9 wherein

the cylinder and guide are slideable on a rail, which
30 rail extends substantially vertically in use and

wherein the means for biassing the guide into contact

with the ground comprises a further hydraulic ram

operable between the rail and the cylinder whereby in

use the cylinder and guide may be urged upwardly or
35 downwardly along the rail.

T



25 8 wherein the ramis hydraulically powered by nmeans of a hydraulic
¢yl ignder connected to the guide. 10. Apparatus as claimed in claim?9
wherein the cylinder and guide are slideable on a rail, which 30 r ai
extends substantially vertically in use and wh¥Pefrn the neans for biassing
t he \guide into contact with the ground conprises a further hydraulic ram

operat)l e between the rail, and the.cy]inder, whetepy.in use the c¢cylinder and
gui de”may be urged UpV\I&M'){:-;Té’ 'f?sth‘y‘i °r€o‘?/\h ré?&%ki}%nﬁ“gﬁéapﬁilguy as10-
11. ©~ A nethod of Pelreidbefiore desdritied|withsréferenbel evcageshownednwi t h

reference to as shown i ny .of the acconp i rawi ngs. 5 12.
Appar atus for use 38y &ﬁngaﬁqQﬁ?ﬂﬁhﬁﬂiﬁ%&t¢€¥vgg%€‘hereinbefore descri bed

with reference to and as shown in any of the acconpanying draw ngs. 10 15

20 25 30 3? 12. Apparatus for use in pile driving
substantially as hereinbefore described with
reference to and as shown in any of the accompanying
drawings.
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