60030.569 Pile and Pile Installaticn Method 5 The invention rel ates
to a drilled pile and a method of i-nstalling such a pile. It is knomn to
provide drilled piles - generally known as minipiles - having dﬁa

the range from 10 150 to 250 nmand a | oad carrying capaC|ty up to a outy(\

1400 kN. Wbrking | oads up to about 600 kN are standard. M nipil es general
consi st of steel reinforcenent embeddedtiTi grout. Such mnipiles can be
install ed %goggp%gé in excessiof 30 mthrough many.types of soil and 15
rock and a ularly useful for projects where access is difficult or
space restricted. They are used, for exanple, for underpinning sensitive

bui I di ngs, for bU|Id|nglgétgga(yyiénghgeé1mswlggpgggﬂggcnw However ,
mnipiles do not provide a solution oundat1 on probl ems where the
piles need to have a | oad carrying capaC|ty substantially in excess of the

nor mal 5 maxi mum wnpadhwnﬁmm(maidteé ntbhas drdilladry e eandeagi neers have

to conS|der gh § t&ve aﬁﬁph astglspéacegent piles which are driven into
t he ground v r|H5 ]Fg}d% Btafeter bored piles. These
alternatives are not al ways acceptabl e or even possible, however, because

of the associ at g w,tcg : gés &Ig_q_@g&g_%gm@ g;@ag use there (
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L Minipiles generally consist of steel reinforcement
embedded in grout. Such minipiles can be installed to
depths in excess of 30 m through many types of soil and
15 rock and are particularly useful for projects where
access is difficult or space restricted. They are used,
for example, for underpinning sensitive buildings, for
building extensions and for new construct;ons. However,
minipiles do not provide a solution to foundation
20 problems where the piles need to have a load carrying
~ capacity substantially in excess of the normal maximum
capacity of 1400 kN. In those circumstances, engineers
have to consider alternatives such as displacement piles
which are driven into the ground by hammering, or large
\_ 25 diameter bored piles. These alternatives are not always
acceptable or even possible, however, because of the
associated vibration, ground disturbancg and noise,'or
because there is insufficient space for the access of
large equipment.
30
Viewed from one aspect the invention provides a
drilled pile having a diameter greater than 300 mm and
an allowable load capacity exceeding 2500 kN, which load
capacity derives mainly from a bundle of longitudinal
35 members comprising solid steel bars located in a drilled
hole. .



hole. -2- Viewed from anot her aspect the invention provides a nethod of
installing a pile, conprising drilling a hole and inserting therein a pile
.- having a dianmeter greater than 300 mmand an allowable |oad capacity
exceeding 5 2500 KN, which load capacity derivesmi:nly froma bundl e of

| ongi tudi nal menbers conprising solid steel bars. Because the pile is

dri Med there can be a m ninum 10 - of ground di sturbance and noi se, whil st
a high |oad capacjty can be achieved. Preferably, the bundl e of .l ongitudi nal
menbers i ncl udeViewedefrgmognothsr agpect Hhe Hinygntion PERVALRS & |y the

sane di arretnﬁtrﬁfd tde ERstdl3ingl abpile Th!dinpmbsheg udedllldngntr deblee grout

into the dril]ed holge er abl t t hol
has al r ead PP %’é‘g ﬁbe%gfpgﬁailﬁﬁpﬁ’tsﬁy% égggu% tee}if s e
partlcuIaHQhanhanmagnoundlaneai&pwa@hﬂu&odﬁ)capnpwadexsgegunﬂtrun t he
pile ofy betyegy e %%&aﬂsahhﬁggwegr act it aRh i1 gUErbmba may for

exanple be “an outeft tube-a-manc ut tube., Ip the preferred

embodi nent undike of | horgitpdinad QR§M9QPR¥&%&nQr59 idegtestal greater
than 15 00G,dy@ar]. Thus, three or four round bars of 90 nm di ameter nmay be
provi ded, to give total cross-sectional areas of about 19 100 nmm®2 and 25
5Q0 [err] respectively. 30 - It may be possible to arrange the solid
st€el bars in vapécwaseayhe pdleciandrdlldd ttleebendan be a minimum

10 of ground disturbance and noise, whilst a high load

capacity can be achieved.

Preferably the bundle of longitudinal members
includes a steel grout tube, which may be of '

15 substantlaily the saﬁe diameter as the solid steel bars.
This may be used to introduce grout into the drllled
hole, preferably as a post grouting step after the hole
has already been grouted by a tremie method. The steel

~ grout tube'is particularly advantageous in ensuring that

20 no voids exist within the pile or.between the pile and

) the ground. The steel grqutitube may for example be an

outer tube-a-manchette grout tube.

, In the preferred embodiments; the solid steel bars

—/ 25 have a total cress-sectional greater than 15 000 ymf,
Thus, three or four round bars of S0 mm diameter may be
provided, to give total cross;sectional_areas of about
19 100 mm? and 25 500 mm? respectively.

30 It may be possible to arrange the solid steel bars
in various ways. For example, if the bundle of
longitudinal members comprlses four members, these may
be arranged in a square. Preferably, the bundle of
1ong1tud1na1 members comprises a group of inner members

35 arranged substantially centrally of the bundle, and a
plurality of outer members arranged outwardly of the
group of inner members. In a preferred embodiment the



| ongi tudi nal nenbers conprises four nenbers, these may be arranged in a
square. Preferably, the bundle of |ongitudinal nenbers conprises a group

of inner menmbers 35 arranged substantially centrally of the bundle, and a .
plurality of outer nmenbers arranged outwardly of the group of inner

menbers. In a preferred enbodi ment the - bundle of |ongitudinal nenbers -
conprises four inner menbers arranged gbgut-the central | ongitudinal axi s™/
of the bundle such that when viewed in'cross-section their centres define

the cor nensiugil & éﬂ%ﬁgle@dlﬁawmaﬁbé%éconein%serf fie efll Sposed
outwardly of .the i1nner: nepbers, ‘eachipair of quter, ers ‘belng arranged
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ene can, 1 neat intg-a circular dri-tled hole.. \Were a
steel grodt® rfq'[ﬁ)ees %e%’rb?/l 9, coﬁnér grgfg%]i’a'or?é‘ fLOWE PRHES }
| ongi tfudi i oulrdne meembers hiisgosed ouhwlaardllm eff etheneimnehe central axis

of the bupglg, dﬁgn G ELE e TBDRY, Redibile Wind SOShLANEHch @ sPace

15 bet ween adj acent rs out er. Ion It ers may have a
di ameter sthat & tha‘fﬂ-?vl%d sbhnj areﬁéeﬁeﬁamns&hqwa%omexs t@fedsily in the

avai | abl e %ldeﬂWe@ebfﬂﬂﬁeQr @leﬁt&e@ SRS ddMkredhssgrout tube )
may be us ql aaﬂ out ¢nlt|al ﬂ?@gt ‘ng bé Qﬁ trem e nethod, 20
Pr ef er abl y-h9 HIBET BpBberSy: aSR, At ARAARISHORboSRR
| ocatlions,fikutnedtky i hmtmtaeejsroular diPdafledabiol &.he Wi taidstaelnenber s
are later gl eRAgss {4 Pr&F1hed! hﬁﬁlgylﬁpb‘i«%‘}%&%ﬁfvéﬁeedoftthe |
inner longltudlnal members, so. that grout can be NS
injected near the central ax1s of the bundle. In a _
preferred method a grout tube 1s p051t1oned in a space
15 between adjacent palrs of outer 10ng1tud1na1 members.' |
It may have a dlameter sma -er than the solld steel bars
so that it fits eas1ly 1n_the'ava11able space and it may
be made of plastlcs such as PVC. The grout tube may be
used to carry out 1n1t1al groutlng by the tremie method.
20 Preferably, two such grout tubes are prov1ded in
diagonally opposed locatlons,-but thls is not essential.

Preferably the long1tud1nal members are laterally
spaced from each other- by spreaders prov1ded at . ) L;
25 longitudinal 1ntervals. The spreaders may be in the
form of grlds havzng openlngs correspondlng to the
diameter of the 1ong1tud1na1 members. The grid may have
~square shaped openlngs for rece1v1ng the inner
longitudinal members and U-shaped openings for rece1v1ng
. 30 the outer 1ong1tud1nal membe:s;- In order to keep the
bundle of longltudlnal members central 1n the drilled o
hole, at least one (and preferably more than -one) of the
spreaders may have a plurallty'of guide members. Each '
-_gulde member may be in the f”rm of a curved bar or’ plate
35 extendlng longltudinally and arranged to engage the wall
of the drilled hole or more usually the wall of a ca51ng
placed in the ‘drilled hole. A spreader may for example |




25 Iongitudinal intervals. The.? y be in the formof grids
havi ng openi ngs corresponding to th f 't he | ongi t udi nal nenbers.
The grid may have square shaped openlngs for" recei ving the inner

| ongi tudi nal nenbers and U shaped openi ngs for recgiwyi.ng 30 t he outer

| ongi tudi nal nenbers. In order to keep the bhundle of ‘| ongitudinal menbers
cent¥al in the drilled hole, at | east -oge { and preferably nore than one) of
the spreaders nmay have a pluf&fity of gui de menbeisi™“Each gui de nenber may
be in the flsaveofoarcguide heaner apl @ Intewwadsdi ng | ongitudinally and
arranged to engage the wall of the drilled hole or nore usually the wall of
a casing placed in the drilled hole. A spr eader nay for exanpl e 4 have
four guide meansItt ifepriefenredy for. the ilongitedinalf nembers digyikaidi na
menmbers to Q&gﬁﬁQﬁE?Q%ig' lcxreh&%&i i éﬁ&gsﬂséeéef&honfo}oemm &@f 5 50

mm di anet er ars I ncl, bs to enhance their grip in .
groutirg na?@rmﬁldlqﬂetPEHDvgbﬁe hags BRYt iReiuAgy TibFe €2 di anet er of
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of. 3700 kN.pilel mayt for examplef daved & climneberecuphto 80% m,15 t he
al N'owabl e | Ity t e %gsfégrr}-,bbg Ragndl g
Iongrtudrna?éﬂi%ggﬁé 3 183d5|ngg' yh%g?@%*&’ I n one preferred
enmbodi ¥nt pgggg:rgg%pgﬂe has a dlameter of between 400 and 450 mm.
This can achieve a load carrying capacity in excess of

\/ 3700 kN.

At least in its preferred forms, more than 60% of
15 the allowable load capacity of the pile is derived from
the bundle of longitudinal members comprising solid
steel bars. In one preferred embodiment, about 75% of
the allowable load capacity is so derived.

_ 20 A preferred embodiment of the invention will now be
(N4 described by way of example and with reference to the .
~accompanying drawings, in which:

Figure 1 is a view of a pile according to the -
25 invention installed in the ground;

Figure 2 is a cross-section on the lines II-II of
Figure 1; '

30 : Figure 3 is a cross-section on the lines III-III of
Figure 1;

Flgure 4 is a cross-sectlon on the lines IV-~IV of
Figure 3; and
35
Figure 5 is a perspective view of part of the pile
before it is installed.
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As“seen | igure 1.7

_'ﬁfsof Sboﬁmexﬁﬂgl %a‘sflnbhe.l.é%é’
an outer diameter of 403”mm and the hole 11 has a.

diameter of 450 mm down to bedrock and 365 mm in the
bedrock itself. ‘

Each solid bar 2 1s made up of a p1ura11ty of"
lengths connected end to end by couplers 4, for example
of the Lenton (R.T.M.) type As seen in Figure 1, the
couplers 4 are offset sn"h“that adjacent solid bars 2 do
not have a coupler at t;
are thus twelve 1ongltud nal members altogether, with a
group of four inner. members arranged about the central.

n

,same vert1ca1 position. There

longitudinal axis of the bundle, and four pairs of outer

- members disposed outwarleSOQche inner members. The

grout tube 3 :is one of the 1nner members. The .
longitudinal members aref

: ally spaced from each
other by spreaders 5 prov1d';ﬁat.longltud1nal intexrvals
of e.g. 4000 mm. -Each spreade

def1n1ng four square ope 1ngi.for the four inner

r_is in the form of a grid

longitudinal members and ;outwardly thereof eight U-
shaped openings for the’ outer_longltudlnal members. As
seen in Figure 2, each spreader 5 has grld elements 6
which pass through the c “1ﬂlong1tud1nal axis of the
b';ond_the periphery of the
bundle. As seen in Fllb e'S _the grid elements 6 have
at each rad1a1 end a longltudlnally extendlng and curved
guide member 7 for kee) g?the ‘bundle . central in the
casing 10 and the drllled'hole 11. A plurallty of 11nks
8 are provided at 1ongltu.fnal intervals, for example '
300 mm, for holdlng the longltudlnal members ‘together.

g



15 couplers 4 are of fset such tha : sol'id bars 2 do not have a
coupl ér at the sanme vertical posi fi eridpare thus twel ve | ongi tudina
menbers altogether, with a group of four i'nner menbers arranged about the
central longitudinal axis of the bundle, and four pairs of outer 20
menbers di sposed outwardly ,of the inner menbers. The grout tube 3 is one
of tHe inner nenbers. The Iongltudlnal nmenbers are Iaterally spaced from

each ‘ot her by spreaders 5 prigy¥itde at ﬁgltudlnal srval s of e.g. 4000

mm Each spreadgr i net Qe far Qi e f Qur .square
openi ngs for thceiff frlﬁﬁeggf‘gﬁ' :E)tuu%'sﬁall &éger%cgn%{ﬁ%gtg&/a?’ ?St her eof ,
ei ght sHﬁ%@@ebp%nﬁﬂgsbﬁﬁweﬁﬁeadJ@@ﬁatIR#%F%u@fnaﬂtﬁﬁnbers As seen in

central udi pal axi.s of e 30 bundl e and ex{end radially beyond

t he peri phé?’ga%‘l’nﬂéybHHBPﬁlteA§°§E&?§ @nd favesa dhamgt -3 EMAYRL " 6 have
at eachsrﬁdtl&hneﬂdaa bﬁnﬁhéunlbnﬁhltndaﬁaandnmgrdhcurtnldltg theés rexer 7 for
keeplng t he entr the_casing 10 an e |

o aral 'ty fitRege ihfo bhe BRrakE, Shatedy 18 KLY sRERMlS Yue
exanpl e 300twpes f bavaoadAgmmhdikmedierudindl areibade oBgBlVﬁ!er -6- A

pai, of grout tubes 14 are each located in a corner space between adjacent

paits of outer |ongitudinal members. The tubes, 14 are provided at
di agonal |y opposTRe Bdifcis RROVASES ¥idhAiRilengrPeP Sonsigtindat of

the | i t usif nal capﬁhﬁQSpiatéhab by vt icd1Igaatryangea Eitd framer
spaces. In tf éegxfgp ldeg thereto. Four holes 16 of e.g. 50 mm
-/ diameter are provided in the capping plate to allow

Fi gure 2 gt intal ﬁeﬂﬁérg“ drlec Ri¥es 6L4hLE ii‘é’&l&@ﬁow the

access for the grout tubes 14 and a vibrator for the
grout. Four windows 17 are provided in the stiffener
15 plates to allow welding of the outer longitudinal
members to the capping plate. The top of the drilled
hole 11 is closed at ground level by a steel ring plate

15.
. 20 The method by which the pile-is installed will now
~ be described. A 450 mm hole 11 is drilled into the
ground and is lined with the steel casing 10 having a -
nominal external diameter of 403 mm. The casing is
U terminated at the bedrock level R (if reached) and

25 further drilling to penetrate typically 5500 mm into =
bedrock is carried out. The drilled hole is flushed and
cleaned up by water and air. The bundle of longitudinal
members, including the eleven solid steel bars 2 and the
hollow steel grout tube 3, is installed in the hole,'

30 together with the two PVC grout tubes 14. The casing 10
is perforated with eight 7 mm diameter holes spaced at-
45° intervals round its circumference at 2 meter
vertical intervals.

35 The hole is filled with cement grout by a tremie
method using the PVC tubes 14. This involves pumping
grout into the tubes such that the grout is introduced



tubes have a 20 mm di aneter and are made of PVC. The pile is provided with
a pile cap 9 consisting 10 of a capping plate 12 and vertically arranged-
stiffener plates 13 wel ded thereto. Four holes 16 of e.g. 50 mm di aneter.
are provided in the capping plate to allow access for the grout tubes 14
and a vibrator for the grout. Four windows 17 are.provided in the stiffener
15 plates to allow wel ding of the outer Iongltudlnal menbers to the ;
capping plate. The top of the drillet fioTe 11 is closed at ground | evel by

a steel g.plate The d which the pile is installed:
will now Bg Eg‘gcwi}&m o Hf? BRI 2 -ﬁ}‘ﬂgs &%ﬁﬁ ‘ed into the ground and is
lined wwth the steel casing 10 haV|ng a nom nal external dlaneter -of 403
nm The casingg @h@?%%%ﬁ% ve and 25
further drl||lg§%t0 penetrate ??dﬁggogh% k ﬁéaﬁoc s carrled
out. The gRrried outebys srela}slm %hﬁi 'é?ﬁaﬁ@dths Wﬁﬂd@ra%dﬂa@n ‘The
bundl g of lbﬁaﬂhhﬁdh%‘:'o 'ﬂi@%tseel @r&@tnﬁubﬁesehwaihﬂ'é*:ééfe' bars 2 and

together with

t he hol |l ow st e rout tub nst al in the hole
the two PFESH foot Shoum, haeing agdishetas ARREPHAIERIT 5

di anet er halLfSOfpmd: VL ['tﬂfé |stadErypbatr ¢ubed i3t,s RiraindRtence at 2 neter.

vty BN rolhe she il Se1 3| Hhetnlte A SR 1Y 7

tubes suchnnext tube pesua iGlamatexiefd2s mmz- The inner tube has
10 an end portion formed. w1th holes ‘in the side wall and
located between a lower seal 1n the form of a pair of

rubber packers and an: upper seal in the form of a pair ' LJ

of rubber packers. The outer tube 3 1s formed with side
openings  (not shown) at vertlcal 1ntervals, for example

15 three 8 mm diameter openlngs at 1000 mm ‘intervals.  The
side openings are- covered by rubber sleeves. The -
combination of the outer tube 3 and the 1nner tube is
known as a tube-a-manchette.

20 The 1nner tube is lowered down to. the base of the

pile and cement. grout is- 1ntroduced in the post grouting 7~¥ |
step until one of the followlng criteria is met:
(a) a pressure equal to-twice the overburden pressure o ()

25 is reached; _
(b) grout seeps from the v01d between the ca51ng 10 and
the ground at ground level, or
(c) the grout lntake reaches ;po litres.

30 .- The above procedure 1s repeated by raising the
inner tube and post groutlng at 1000 mm vertical

In some versions of'the pile, the outer casing 10
35 may be removed before the grout in the plle has
hardened. ' '



%P 3 v T u_\("g 'l i

at the bottom of the p|Ie at’ alle;'”“ 5 the tremie grout has set,
post groutlng i's carried out by se@& A p of the casing and then 5

| oweri.ng into the steel grout tube. 3 an inner steel grout tube (not shown)
having a dianeter approximately half of that of the steel grout tube 3,
hereinafter referred to as the outer tube 3. In this'exanple t he i nner
tubé~has a diameter of 25 nm The ingeg tube has 10 - an end portion

fornmed with holes in the sisgdgdwal | and l'ocated bet e n;a | ower seal in the

formof a pair Oinrﬂhéeébéﬁékaéﬁcﬁﬁtﬁ%ﬂlpﬁﬁ{e flei st h@s&ifméai &k pair of
fqrned W th side ggggbn (not shown)

r ubber packer er _tube. 3

at-verti cal ?iﬁ%r%ﬁ?ﬁge ofnefﬁﬁﬁve f§ 1t may alterask ni ngs at
1000 mm i ntEowndled ifthsoilde openi ngs are covered by rubber sleeves. The
conbi nati on of the outer tube 3 and the inner tube is known as a

t ube- a- manchette. 20 The inner tube is | owered down to the base of
the pile and cenent grout is introduced in the post grouting step until one
of the following criteriais net:- (a) a pressure equal to tw ce the

over burden pressure 25 is reached; (b) grout seeps fromthe void
bet ween the casing 10 and the ground at ground level; or (c) the grout

i nt ake reaches 100 litres. 30 The above procedure is repeated by
rarsing the inner tube and post grouting at 1000 mmvertical intervals up
to 1000 nm bel ow ground level. In sone versions of the pile, the outer
casing 10 35 may be renoved before the grout in the pile has hardened..

Y



In the above description the p|Ie S descrlbed as being founded Tn rock,

but it may alternatively be founded in soil. r|IIed ;
pil e having a dianmeter greater than 300 nm and an Hlmm:"m"lmngm ty .
exceedi ng 2500 KN, 5 which |oad capacity derives mai dy Hrem a bundl e of

| ongi t udi nal nenbers conprising solid steel bars located in a drilled hole
2. A pile as claimed in claim1l, whegein the total 10 Cross- sectlonal""‘l
area of the solid steel barsis greatef than 15 000 [err]. 3. A pile as
cl ai ned iggépgg$ml or 2, wherein the bundle of |ongitudinal nenbers

I ncl udes grout 15  tube of substantially the sane dianeter as the
solid steel bars. 4. A pile as clained in claim3, whereih the steel

glr gu;e Td ubg s a0 pErled L{S’flé HEGEHE! aedgﬁmetg:dﬁéllg&eaf%bﬁ thari\ ;voble asrrb
i in any prece efein the bundle, 0 i nal nenbers
conpri ses T ﬁv'ﬁﬁ;?"bf diff%@bﬁ%%g% SRPaRdEY ?ﬁ‘ﬁ’ﬁ%’f%%e’ﬁuﬁf ally of the
bundl & amhizxlplload icapadioytderivebemaindyafiyem 26 burvileveoll y of t he

Do e o TR THIBET néaperd Bbigg iélﬁl;a e8idd Leddd Bars 6Ltdq! e

bundl e of ers conprises four I nner
in a drilled hole.

2. A pile as claimed in claim 1, wherein the total
10 cross-sectional area of the SOlld steel bars is greater
than 15 000 mm?.

3. A pile as claimed in claim 1 or 2, wherein the
bundle of longitudinal members imcludes a steel grout

15 tube of substantially the same diameter as the solid
steel bars. ' -

4. A pile as claimed in claim 3, wherein the steel
grout tube is an outer tmbeéaémanchette grout tube.

20 - e |
5. - A pile as claimed in any precedlng claim, wherein e
the bundle of 10ng1tud1nal members comprises a group of
inner members arranged spbs;aht;ally centrally of the
bundle, and a plurality of outer members arranged U

25 outwardly of the group of-imper members.

6. A p11e as claimed 1n clalm 5, whereln the bundle of
longitudinal members comprlses four 1nner members
arranged about the central 10ng1tud1na1 axis of the

30 bundle such that ‘'when v1ewed in cross-section their
centres define the corners of a square, and four pairs
of outer members disposed outwardly of the 1nner
nmembers, each palr of outer members being arranged such
that when v1ewed in cross-sectlon the corners of a.

35 square are dEflned by the1r centres and the centres of
the two adjacent inner members;



arranged about the central | ongi t-udi )

when Vi ewed in cross-section thei s afd ne the corners of a square
and four pairs of outer nernbers di sposed outvvardly of : tumlﬁmﬂum,mﬁ

each pair of outer nenbers being arranged such that whe "ﬂ
cross-section the corners of a 35 square are defined by theit denfred and
thesgentres of the two adj-acent inner_ nggber s. - 10 - 7. A pile as
clained in claimb5 or 6 wherggiependent on cl ai m 3.@g+:4, wherein the steel

grout tube s amipieé agnela'ﬁleaalmrrem% % or & whé‘h%é?eﬁ&eﬁlta'diﬁd in
any precedi plarnl wher ej n™t FggdltUdlnal menbers are ateraegy spaced

from each SHARARLY %Br@ad@hgrﬁFBv steel, AR Ui Hipe | 18 AP BN

pi l.e as cl domgitudihal membeperein at | east one 10 of the spreaders has
a plurality of guide menbers for keeping the bundle of |ongitudinal menbers’
central in the drilled hole. 10. A pile as clainmed in any preceding cIa|n1
wherei 5 15 8. t heAIpnyetasr q&almdbemamyemdamq aﬂ:lqmr r whieapeim
cross-sectitfla jdn fﬁ agihad 4 5 %&-,al 'fé‘&a?cé%&ﬂy &§1 Bofll daldng a

hol e and inserting ereln a Vi ng di anet'er, 20 greater than 300
nm and an aFP‘Ftéﬁﬁb‘Plé Fﬁﬁﬁaéﬁﬁﬁcpﬂ’véi?@é’etﬁ%g}mmn%l iRteryal&apacity

er/ves mainly froma bundl e of |ongitudinal nenbers conprising solid steel
ba &? ﬁ\pl Qogsoélagﬁgglhhp%f%f%la, éﬁg éiﬁ'gg Rggékdlg%

10 of the spreaders has a plurality of guide members for

_keeping the bundle of longitudinal members central in.
I\ the drilled hole.

10. A pile as claimed in any preceding claim, wherein
15 the longitudinal members are substantially circular in
cross-section.

11. A method of installing a pile, comprising drilling
a hole and inserting therein a pile having a diameter
20 greater than 300 mm and an allowable load capacity
N exceeding 2500 kN, which load capacity derives mainly
from a bundle of longitudinal members comprising solid -
steel bars.

25 12. A method of installing a pile, comprising providing
solid steel bars with a total cross-sectional area
greater than 15 000 mm?.

13. A method of installing a pile as claimed in claim
30 11 or 12, comprising introducing grout by means of a
steel grout tube. ' o '

14. A method of installing a pile as claimed in claim
' 13, wherein the steel grout tube is an outer tube-a-
35 manchette grout. tube.



solid steel bars with a total cross-sectional area-g%eater—thaﬁ‘IB‘UUG'an
13. A method of installing a pile as claimed in clai
conprising introducing.grout by nmeans of a steel gro[ﬂ!iﬂl@ﬂﬁ!m“‘\ mmt hod
of installing a pile as clainmed in claim 13, wherein mgrout* t ube
is an outer tube-a- 35 manchette grout tube. A et hod of
installing a pile as clainmed in any of -.clains 11 to 14, conpri sing formlgf
t he bundle of |ongitudinal members & ld gioup of inner nenbers arranged .
subst anti entrall fhe bundle, and.a 5. nplurality of outer menbers
arr anged 'vva?ﬁ %? ‘i/h%} g}'b%'f)ag&?ﬁngr pﬁ'&ﬁo@rss‘ﬁfe" éA'%ét %
i nst al | i ngelaims e.‘l.]astaslbénmbmpn:'l:snnm ‘£6rmd ougp i |tg1rfdjrencng t he ﬁundl e ofI .
| ongi t udi pout the centra
Iongltudlmﬁ é;asséﬁgi) éﬁﬁﬁkée suchggﬁﬁPn%ﬁggﬁaﬁa In é?oss section
thei r centaxzangsd rubskanbiably eentraddyr of he fundlei randfaout er
menberss digiRESadi 1y td@r&uﬂeﬁfméﬁsefanafraa@ear suttARamAide ofheuter 15°

menber s bei ng_ar ed such that when viewed in cross- ‘section the corners
of a squar® %%Qfg I\“Pl%?? centres -and the centres of the two
adj acent inner menbers. ' A method of installing a pile as clai ned

in claim or d%?:ﬂ?ﬁfﬁ | ai ms I ‘Q{{L :P teel gro
tube is arjﬁ:'l nnerq'fong I na fn& %8gii§ %et #40" ms‘?‘% %‘i‘é apile ;}J
cl ai mred i 1% gouprising form1ng the bundle of longltudlnal
10 members as four. 1nner members arranged about the central
longitudinal ax1s of the bundle ‘such that when viewed in

L3

cross-section thelr centres deflne the corners of a ' "
square, and four pairs of_outer members disposed
outwardly of the inner members; each pair of outer
15 members being arranged such that when viewed in cross-
section the corners of e sduere are defined by their
centres and the centres of the two adjacent inner
members. Co g.-.. _ . .,

20 17. A method of installing a pile as claimed in claim

15 or 16 when dependent on claim 13 or 14, wherein the ~
steel grout tube is an innerflongitudinal member.
18. A method of installing a pile as claimed in claim - QJ.

25 16 or 17, comprising introduoing grout by'means of a
grout tube positioned in a space between adjacent pairs
of outer longitudinal members.

_ 19. A method as claimed.in olaim 11, comprising

30 1ntroduc1ng grout by a: tremle method and then post :
groutlng by 1ntroduc1ng grout via a steel grout tube
provided in the bundle of 10ng1tud1na1 members.

20. A method of installing a pile as claimed in any

35 preceding claim, comprising-providing spreaders at
longitudinal intervals to spece the longitudinal members
laterally from each other. |



T

25 16 or 17, conprising |ntroducrn :
pos1t|oned in a space between. adjapent pais*- af outer menbers.
19. A nethod as claimed ih claim 11, conpri si ng’ SB“M m& m r\awrout by
a trem e nethod, and then post grouting by introdu n Visa & stee
grout. tube provided in the bundle of |ongitudinal nenbers A et hod of
instsalling a pile as claines in any 35 32 pteceding claim conprising
provi di ng spreaders at |ongiitudinal intervals to &@ﬁﬁﬁ the | ongitudina
menbers | at:e:l:al | & hethoaaoh ihbéalllnq alpileasAclwimed dh icdsiiad | ing a

pile as cI 2 risin R NG Iongrtudrna
nmenber s ce rhl $ﬂp§%§i§§ RFe§9ﬁ§ %ﬁ u% ﬁ?i%nuﬁtrc)§¥ﬁéreo$ by nmeans of a
plurality ofemjpere @enbrai in phevdcredlad értolleaaiurm tnsentiom eaders.

22. A met hoekré%ebfstﬁg #asna Bl & ?ﬁui]aﬁ' @ mehBeEs 11 to 22,

wherein th ongi t (di nbers are subst ntra circular 1n
cross- sect iBFOVi@edsonpat 1PASE PRee OfufheafBERAGRLER - her ei nbef ore
described with reference to the acconpanyi ng drawi ngs. 24. A method of

installing prI nti_al, | 15 herernbefor descrihed w.th
reference t é@% n?Fné éFE%} €laimed iR afy of

L clalms 11 to 22, wherein the 10ng1tud1na1 members are
substantially circular in cross-section.
10 _
23. A drilled pile substantially as hereinbefore
L/ described with reference to the accompanying drawings.

24. A method of installing a pile substantially as
15 hereinbefore described with reference to the
accompanying drawings.



