. . 2
éCNCRETE PI.LES . 12122241 Thlsilnventlon relates to concrete J
piles and is particularly concerned wth-concrete piles of thﬁZﬁJZ%%Zin

are drirven and cast in situ. It iWCG in many nmet _
-insgalling 5 concrete piles that ; cast- in situ to form - at
the 1 owernost end of the concrete pile during its installation, an enlarged
or “bul bous base which will serve to distribute any domnmardly conpressive
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t ube have the serious age arge and heavy equi pment is
required to withdraw the ‘tube while charges of wet concrete are being
driven downwardly and, because such large and heavy equi pment is required,
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probl ems of access arise. 'S an object of the present invention to

provide angi rreaa&%@aaetﬂmmwetakbl 851 0 WP G i | 0B ithe o bt ch

is driven and cast in situ, which nmethod enpl oys 25 |ighter equi prent and
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proposed and used
installation, an enlarged or bulbous base which will

serve to distribute any downwardly compressive load to
which the pile will be subjected. It is also common
-10 practice.when.installiog'piles.offthis kind_to.drive a
' metel'tube-downwardly-into~the-ground'and, at some later
'stage during introduction into the tube of charges of
wet concrete and compaceion of the concfete,lto-withdraw
the tube gradually upwardly. Installation methods
lshﬁemploying a.withdraﬁable tube have the serious
disadvantage-that_large and heavy equipment is required
‘to withdraw the-tube"ﬁhile charges of wet concrete are
being driven downwardly and, because such lasge and
- -heavy equipnent is required, such installa.'tioo
" 20 techniques cannot always ‘be employed at sites where

problems of access arise.

It is an object of the present invention to provide an
improved method of instelllng a concrete pile of the kind
which is driven and'east in situ, which method employs

25 1lighter equiﬁmeng ahd is less expensive  to carry out than

methods of installation hitherto proposed and used.



According to the invention the nethod .conprises the steps of driviﬁg a
Nbe of nmetal or netal alloy closed at its | owernost end downwardly into '
e ground; the tube having in its ci¥cunferential wall over a part of 5.
~'ts length close to but spaced fromits | owernost end a plurality of
- circunferential Aceardiaghbrethe inventsion the|mathodhcompninesfthet
concrete into the tube to a depth such that it substantially fills at |east
a subst ant B&engaf dirkwiagpar tobs af mekak oF ratal,pdloy MkPsednering-3;
downwardly on said charge or charges of wet concrete to force wet concret
radial |y ogtwditd® (LAWRTRgst: G wWardhe inkeykher greuwmdmahe of the
tube to form a bul bous g&ss of concrete at. a position close to but _spaced
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substantial part of said perforated length of the tube

—

10 and hammering downwardly_on'said charge or charges of
wet concrete to féfqe wet concrete radially outwardly
thrbugh the holes in the circumferential wall of the
tube to-fbfm.a bu1bous mass. of concfete-at a position
close to but spﬁced'frcm the~lq§ermost end of the tube;

15 introducing a pluraiit&-of charges of wet concrete into
the tube and hammering downwardly on successive charges
of concrete to compact the concrete; and, when the tube
is substantially filled with compacted concrete,

permitting the concrete to set.

20 - Eref&ribly; the-circumfereﬁtially spaced holes in
 the perforated Iengﬁh'pf the tube are in the form of a

plurality of circumferentially spaced slots extending,h""
lengthwise of the tube and preferably, also, the h
lowermost enq of the hammer employed to hammer

25 downwérdly on the charge or charges of Qet_concrete
filling.the perforated length of the tube is so shaped
as to force wet concrete radially outwardly througﬁ-the

circumferentially spaced slots or other holes. To this

&
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_filling the perforated |l ength of the tube is so shaped as to force wet (32?
concrete radially outwardly through the- circunferentially spaced slots or
ot her. holes. To this 3 end, preferably the | owernost end of the hamer
usd for this purpgose is of a shape appoximating te an.inverted frustum of
atone. Arranging for the circunferentially spaced holes in 5 the
perforated | et ) pfeférabliye the Howsrmost cerdt 0l fthes hagumer;|esed for
extendi ng | engt hwi se of the tube has the inportant advantage that, downward
hamfreri ng of twis cpurpese sy dfe cfshapedapproxinating do amainvertaduet
concrete-is forced radially 10 outwardly, wet concrete also forces
radi al | y out virusyumhofeapsone.of the tube extending |engthw se between
the slots, thereby providing a firmanchorage for the tube in the ground.
Furthernore, this particular arrangenent offers good security agai nst
ground water 15 problens. The part of the tube between its closef L
| ower nost end and Avvapging: fioax) the girewmfarentpally #ARacedphgles in
substantially filled with dry concrete prior to the_introduction of the

charge or Thathesperfarated deanath of therEpRs §° 8% dry concrete is in

“the formof a precast concrete plug and the upper t end part of th
pr ecast _ cigcumferentiallngpéhed slots ggteg%ingrheéathwzse o%
’ _ the tube has'the-iﬁportant advantage that, downward

hammering of wet concrete may'bé effected with such
force that, when wet concrete is forced radially
10 outwardly, wet concrete also forces radially-éutwardly
-ﬁhose-parts of the tube extending lengthwise between
. the slots, thereby pfoviding a firm anchorage for the
tube in the ground. _Furthermbre, this particular
- arrangement offers good.security against ground water

15 problems.

The part of the tube between its closed lowermost .
' end and the perforated length of the tube is preferably
substantially'fille& with éry cphcrete prior to the
-introduction of the charge'ot*chérges of wet concrete.
20 Preferably, the dry coﬁcrete is in the form §f a precast
concrete plug and the uppermost end part of the precast
concrete plug may be of a shape approximating to a
frustum of a cone or of other preformed shape which will
serve to assist in forcing wet cchcrete radially
25 outwardly through the circumferentially spaced slots or
other holes when the wet concrete is hammered

downwardly. Alternatively} a precast concrete plug in



concrete plug may be of a shape approximating to a frustumof a cone or
_ Iler preformed shape which will servwe to assist in forcing wet concrete
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ally 25 outwardly through the cijcunferentially spaced slots or other "
es when the wet concrete is hammefed downwardly. Alternatively, a -/
précast concrete -plug in 4 the shape of a frustum of a cone separately

formed with respect to the dry concrete may be introduced into the tube -
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havi ng a bore through which the or each reinforcing menber will protrude
during 15 the hammering operation. In this case, preferably, at |east two
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is fol ded g0 ofdN 1ikely to be subjected to uplift loads, as may be
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20

‘&.transversely‘eztending foot bearing against the upper end

the case where the-pile is to form a part of the foundation
of a tower of an overhead electric transmission line,
preferably,_prior to introduction of any charge of wet .
concrete, at least one elongate reinforcing member is
introduced into, and 1;1é?ranged{substantiallf centrally
of, the tube andlhamméring of the charge or charges of Qet
concrete is effected by a hammer having a bore through
which the or each reinforcing member will protrude dﬁring
the hammering operation. In this case, preferably, at

ieast two elongate reinforcing members are introduced into

the tube after the dry concrete has been introduced, the

lowermost end of each reinforcing member is folded to form

of the dry concrete. Where a separately formed precast :
concrete frustum of a cone is eﬁployed it will be of

tubular form and will be threaded onto. the reinforcing

members prior to introduction of any ¢harge'of wet

concrete.
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a. transversely extending foot bearing against the upper end 20 of the dry (1&
concrete. Wiere a separately forned precast concrete frustumof a cone is
enpleyed it will be of tubular formand will be threaded onto the '

r ewaf orci Nng menbers prior to introduction ofgany charge of wet concrete.

/AN f desired, after formation of the bul bous mass of concrete and prior to

the introducti on T# dedbredpnafees’ FormAitivti SHNEREG! BulBbusCafdlssdee charge
dry concrete may be introduced into the tube to soak up any 5 water that

may have gachamoretsd amd ppper eodthe tihtroddstionnef sabsequendice the
risk that any wet concrete may be forced upwardly between the hamrer and
t he i nt er nakchandex opfwebeconbrete; oty tleastsodohe charge b€ drgessary to
seal the 10 holes 'in the tube tenporarily to prevent water entering the
t ube whil e iconcreis mayrbecintFoduceds imtposhke tubéectablspakpniporaryp
driving the tube into the ground, a plate of netal or netal alloy is
at t achedSt owalterothat suay abavef galthenede athcthw cupperhendl ef &heeal ing 15
material, for exanple a mastic, being used to form & seal between each
pl ate and t baliche ndss andctot reduceorthel riak athytoanyawes tdonmurgte he
holes, it displaces the sealing material and forces the plates radially
out wardly. may be forced upwardly between the hammer and the internal

surface of the tube.

In certain soils it may be necessary to seal the
10 ﬁoles in the tube temporarily to prevent water entering
the tube while it is being driven. For this purpose,
preferably, prior to driving-the-ﬁube-into thé grbund. a
. plate of metal or metal alloy is attached to the outer
surface-of‘the-tubefané oveﬁ each hole, a sealing
15 material, for example a maétic. being ﬁsed to form a seal
petween each plate and the tube. When concrete is forced
radially outwards through.thé.holes, it displaces the
sealinq-material and forces the plates radially outwardly.
The plates are preferably aﬁtached to the outer surface of
20 the tube by tack welding the upper and lower edge of each

plate to the tube.

The invention is'further illustrated by a
description, by way of example, of the preferred method of
installing a concrete pile.thaé ié-driven and cast in situ

25 with reference to the accompanying diagrammatic
drawing which shows sectional side views of three stagés

of the concrete pile installation.
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plates are preferably attached to the outer surface of 20. t he tube by
wel di ng the upper and | ower edge of each plate to the tube The o
ntion is further illustrated by a description, by way of exanple, of . |
e preferred method of installing a concretg pile that is driven and cast”’
in situ 25 with reference to the acconpanyi ng di agrammati c drawi ng which
shows secti-onal side views of three stages of the concrete pile .
i nstal |l ati on. 6 Referring to Figure 1, a steel tube 1, closed at its &
| ower nost end 2 lﬁé&gﬂ@dtgapiéurles 19 iavededdl deabl 1) ogEPWEE {xand a
plug 4 of dry concrete 1s hammeréd dowwardly by a hanmmer 5 into the -

| over nost  efdweehiost ehd '® bybe welawdidai3}) hest @eevén R ESHEN Y
upwardly of the plug 4 has a plurality of cCircunferentially spaced slot 6

extendi ng | ¢ROtHY Prsind he aHBCa ALY @Vof Mafy JdbAcZeteWd sSiitaimered
reinforcing rods 7,” each folded at its |lowernost end to forma transversely

10 extendi ggwhiird oy Navhasmekh5eddah Othd htowatmosta endeRirt ebf
formed precast. tubul'ar concrete plug 9 in the shape of a frustrumof a
cone, arg i pheodykl | MOLéAGLhUBE thetdiubé b immediakely agaardly hef
upper end of the dry concrete plug 4. Charges 10 of wet concrete are then
15 introdugné igluy t4ehdsbe plurallithofetircanferentiklly spaced

slots 6 extending lengthwise of the tube.

" As shown in Figure 2, two steel reinforcing rods 7,
each folded at its lowermost end to form a transversely
10 éxtendiﬁg—fbot 8 and having, fh:eaded on.ﬁhe-rods, a .
.separately formea'precast:tubuiar concrete plug 9 in the
shape of a frust;um of a cone, ar;-introduced into the
tube 1 until the feet 8 bear against the upper end of the
""" dry concreﬁe plug 4. Charges 10 of wet concrete are then
15 4dintroduced into the tube 1 until the wet concrete fills
the perforated length of the tube and the wet concrete is
hanmered downwardly by means of a tubular hammer 11
‘having at its lowermost end 12 a shape approximﬁting to
an inverted frustrum of a cone to force wet concrete
20 radially outwardly through the circumferentially spaced
slots 5 and to forée radially outwardly those parts 14
(Figure 3) of the tube extending lengthwise between |
the slots thereby forming a bulbous mass 15 of concrete
at a position close to but.spaced from the lowermost end
25 2 6f'the tube and providing a fi:m anchorage for the tube

in the ground G.
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the-perforateq. | ength of the tube and the wet concrete is hanmered

“downwar dl y-’ by neahs of a tubular hammer_ 11 having at its |lowernost end 12 a
shape-approximating to an inverted frustrumof a cone to force wet concrete

20 radially outwardly through the circunferentially spaced slots 5 and to
fored radially outwardly those parts 14 (Figure 3) of the tube extending

| engt hwi se between the slots thereby form ng a bul bous nmass 15 of concrete
at .a ‘position close to but spaced fromthe | owernost end 25 2 of the tube
ad@;providing,a firmanchorage for the tube in the ground G 7 Figure 3
shows the stage at which wet concrete 10 shown in Figure 2 has been forced
radially outwardly through the slots 6 to formthe_bul bous nass 15_of
concrete and to dFigyxe r%adil'&‘ﬁ/ e waEage Akoyhich twel sconcpetendOt ube 1

between the s]ots and at which the tube is ready for introductiqQn and

conpacti on b§he¥R ABNFLIUre2 has oeen: forsedeFadiably QREVRrelyThe

i nproved net hod of the present invention has the_additional |nBortant
a

advant age t hBREPRIY FBe kR 16 18P cEREMetBep DUdhous; AR PaPEy the sane
i ‘| f il I i I
et o2 ahgiSte” it %o ' BhEE 2aB4000%° TRShY BiSELCLENS T
5 of the tube 1 between the slots and at which the tube is
ready for introduction and ‘compaction by the hammer 5 of

subsequent charges of wet concrete.

The improved method of the present invention has the
additional important a@vantagerthat it gives to each
10 concrete pile of.substantially the same diameter at a
lower part of the pile a bulbous mass of a predictaple ;
and fepeatéble sha?e.

W
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A talllngaconcrete pile of the kind which . .
_if |ven and c mm ml ! met hod conprises the steps of driving a
of metal ysc *osed at 8ts | owernost-.end downwar dl y |nto
"‘the 5 ground, the tube having in. its circunferential wall over a part of -
its | engt ICIAEMS8st 0 but spaced fromits lowernost end a plurality of
"circunferentially spaced hol es; introducing at |east one charge of wet
concrete into the tube to a depth such that it substantially 10 fills at
| east a substantial part_of said perforat ed length of the tube and
hamer i ng lrownwar dby BEthedd hainfcallingr gesobenmiie @kt P tBeforce we
concrete radial I%;out wardly through the holes . in the circunferential wall

of -the tudetrd fhaigyAxdiyen ARE 1Gashi 1R Ad e YRich JBRERPEN cl 0se to

Bﬁgrzggcg?ﬂ%&) hgrlsﬁ\ée%ster%g ‘%B’et e tuber In:ﬂfod'léjﬁ?ﬁl%g a pI ural ity of

?2"2332%2%#1%3%8?@83%8% e a‘“ %89 parrazdiy, aﬁm“@ﬁ{%et Concret o

tc?rgﬁ:n‘ser@ﬁ?"gll$y ( gﬁ%ﬁoiﬁglﬁféj t-i% &gt ?F%F@ﬁ%g@%{f Yail: B&8%are in

Tgﬁgt ﬁ\r/\nmsg lupal kL eng":i:hC' S8 eLenb ! ! ¥ascoe%ceflrsl Of §4 €%t endi ng .
lowermost end a plurality of circumferentially spaced
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holes; introducing at least one charge of wet concrete
into the tube to a depth s-uch. that it substantially -
10 £ills at least a substantial part of said perforated
| length cf the tube and hamering downwardly on said
charge or charges of wet concrete to force wet concrete
radially outwardly through the holes in the
circumferential wall of the tube to form a bulbous mass
15 of concrete at a position close to but spaced from the
. lowermost end of the tube..r. introducing a plurality of
charges of wet concrete into the tt.lbe-' and hammering
downwardly "on successive éhi&rges of concrete . to compact
. the concrete; and, when the tube is substantially filled
éo with compacted concrete, permitting the concrete to

set.

2. - A method as claimed in Claim 1, wherein the
circumferentially spaced holes in the perforated length
of the tube are in the form of a plurality of

25 ci::cumfe‘rentially spaced slots extending lengthwise of
the tube. |
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. the tube. - 9 3. A method as clainmed in Caim2, wherein hammering

downwar dl y on the charge or charges of .wet concret®@ substantlally filling

. at least .a substantial part of said perforated |eng “ E I“uﬂru“ﬂy
‘effegted 5°with such force that, when wety concrete t| Iu r“ﬂ n ,

Outwardly, wet concrete also forces radi al |y outwardl*y tthose harts *of the -

tube .extending | engthw se between the slots t hereby providing a firm

anLhorage for the tube in the ground 10 4. A method as clained in
any one of ghe precgg énn§£e of t he hanmer
enpl oyed to hanmer downwar y on the C arge or arges o xﬁ concrete

filling the (hé@?gg ﬁ?ﬁg UeiE et
concrete ra Mé}ﬁgtfmrd y 15 & E.>?|&rough@':"]'+te Cclrcu eﬁtlagl y spaced slots

or other hol®nerete subékﬁﬁiﬂﬁil?sfirﬁﬂﬁajdﬂ‘flé%ﬁ“é s¥betant ildie

| ower nost end of the hamer is of "a shape "approximting to an 1 nverted

frustum of NSf %4hid Oper foratelPliltRigtds &f ANElthBed Ry FFedtdd'e
preceding Clai ns, wherein the part- of the tube between its closed | owernost

end andst hewieh" ¥uRitedEd 266t Ehat, t ekt contréedt 18l priced ed wth dry
concrete prior to the - _
radially outwardly, wet concrete also forces radially
_6utwardly those parts of the tube extending
lengthwise between the slots, thereby providing a firm

anchorage for the tube in the ground.

10 4. ~ A method as:claimed_in'anf'ane-of'thé-preceding
c1aihs, wherein theﬁlowefmost'end.of'the.hammer eméloyed
to hammer downwardly on'the charge or charges of wet ’
cohcrete-filling the perforated length of the tube is so
shaped as to force wet concfete-radially outwardly

15 ghrough“the circumfeﬁentially spaced slots or other

holes..

5. A method as claime&lin Claim 4, wherein the
lowermost end of the hammer is_of a shape approximating

to an inverted frustum of a cone.

20 6. A method as claimed in any one of the preceding
Claims, wherein the part of the tube between its closed
lowermost end and the perforated length of the tube is
substantially filled with dry concrete prior to the

introduction of the charge or charges of wet concrete.

N el



a

I -nf oduct i ofof—the bualge oT uharges of ‘wet concrete 7. * A et hod
as élalned | n t he dry concrete is in-the formof a preoast
co et.e plu ‘Immnj“ od as claim@® in Caim?7, wherein.the

/Dpper nost en

approximating to a frustumof a cone or of other preformed shape which will
serve to assist in forcing wet concrete radlally outwardly -t hrough the
circunferenfiral |y spadatrhodtasorlaimed lal iladmrbi hwhereinortheetdry s i
hanmered downwardly. 10 9. A nmethod- as clained in daim6, wherein %#
precast con@?&?Eﬁ&ﬁn}qri@fﬂh%hﬁ?&mopfaafmm§9§ﬁtﬁchcnﬁtes@A@EateIy forned
with respect to the dry concrete is introduced into the tube after the dry
concrete has been introduced and prior to introduction of any charge 15 of
wet concrete: 10. A method as clainmed in any one of Clainms 1 to 6,
wherein, prer to if mMRRRIG @S oFladpedndng£lF#imel, cwhereds, the | east one
eIongate rei nforcing nenber is introduced into, and is arranged

subst ant i al PRPSEM °§gnt$’£ |BRGE  of hthey FEesasth FARATee oPLue ishafye@ or

char ges of met concrete js. effected %¥ a hammer having a bore through

which the of %&Eh%%%ﬁ%e? Plstpﬂot‘?ﬁjck @R ngrt RE PERAT i ng

oper ati on.
0P preformed shape which will serve to assist in forc:Lng
wet concrete radially outwardly.through the
c:.rcumferent:.ally spaced slots or other holes when the
wet concrete is. hammered downwardly. " |
10 9. ' A method as claimed in Claim 6, wherein a

precast concrete plug in the shape of a frustum of a

cone separately formed with re_spec.{: to the dry concrete
is introduced into the tube after the dry concrefe has
been introduced and prior to intreduction of eny eharge

15 of wet concrete.

10. A method as claimed in any one of Claims 1 to 6,
wherein.. pr:ior" to 'int:odﬁctien of any charge. of wet
concrete, at least one elongate reinforcing member is
introduced into, and is eri'anged 'substantiaiiy
20 centrally of, the tube and hammering of the charge or
- charges of wet concrete is effected by a hammer having a
"bor._'e through wh_:.ch the or each ‘reinforcing member will

protrude during the hamering operation.

- W

@& precast concrete plug is of a 5 shape - (O



11.- - Anethod-as clainmed in daim6, wherein, prior.to introduetien of
any charge of wet concrete,-at |east tw eIongate reinforcing nenbers are -
“introduced into.the tube after the dry concrete bas ﬂmmumumaﬂmﬁmthe 5
. | owernost end of each reinforcing menber bgijng fol de

't Fansver sel y extendi ng foot bearing agai nst the upper *end df f'he’ dry '
concrete. 12. ° A method as clained in daim1ll, wherein, a precast
contréte plug in the shape of a frustrumof a 10 cone separately f ormed

wi O respect 49 the dry FEERES! §a28d adindaiiyl 014106 16] SwhBEeadgd haigk t he

r-ei nf.orci ng menbers and | ntroduced Into the tube prior to |ntroduct|on of

any charge of vl §é€iod 3of any”\ Rl o wéel é@ﬂctété'}y %nQ.égstt he
preceding 15 Cains, wherein, after formation of the bul bous nass of

concrete and waelt&aéi'@e'f‘éiﬁﬁéﬁbhﬁ@ elenfp 815 et 1 A BR6E08 8l 1D the
concrete, at |east one charge of dry concrete is introduced into the tube.

14. A et haberafiert Mife | Argnonttetle His Hewie dintrd@uceizi Ehe
wher ei n, prlor to driving the tube into the ground, a plate of netal or

Jret al al | 08 | Jowerdstl énd(Of QutR’ rednfrtitly ilembebebaitgo\Eldsl ko -
*hol e, a-sealing material being used to forma seal between each

form a transversely extending foot bearing against the

upper end of the dry concrete. .

12. A method as claimed in Claim 11, whereiﬁ, a
precast concrete plug in“the shape of a frus??uﬁ of a

10 cone separately formed with respect to the dry concrete
and of tubular fomm is threaded onto the reinforcing
‘members and introduced into the tube prior to

introduction of any charge of wet concrete.

13. A method as claimed in'any ocne of the preceding

15 élaims, wherein.‘after_fbrmation.of the bulbous mass df.
‘concrete and prior to the introduction of subsequent
" charges of wet concrete, af least one charge of dry

" concrete is introduced into the tube.

14. A method as claihed in aﬁy one éf the preceding

20 Claims, wherein, prior to driving the tube into the
ground, a plaié of metal or metal alloy is attached to
the outer surface of the tube and over each hole, a

- sealing material being used to form a seal between each
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pl at e and the tube—=ae wherein wet concrete forced radlally out wardl y
ough ward hamrering di spl aces the seali'ng material --and
rces tmmlm" 'Wﬁ y outwardly. 5 15. A nmethod as clainmed im |
Cl ai m 14, *wher el nne ate is attached to the outer surface of the tubes
by tack wel ding its upper and | ower edg%% to the tube. 16. A et hod of

installing a .concrete pile of the kind which is driven and cast in situ
substantially as 10 herei nbefore described with reference to the

f‘t.
ﬁgfﬁggag?/gﬁrf%%?gnam ugqe erﬁgqo ‘é@%ﬂ?ﬁﬁAﬁgoncr#er}ceréﬂ le installed by the/

forced radially outwardly' through the holes by downward

hammering displaces the sealing material and forces
the plates radially outwardly.

S 15. ' A method as claimed in Claim 14, wherein each
plate is attached to the outer surface of the tube by

tack welding its upper and lower edges to the tube.

16. - A method of insta_lling a concrete pile of the
kind which is driven and cast in situ substantially as
10 hereinbefore described with reference to the '

accompanying diagrammatic drawing.

17. A concrete pile installed by the method claimed

in any one of the preceding Claims.




