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1 2 MAR 2007 EXCAVATI ON APPARATUS AND METHOD FI ELD,

OF THE I NVENTI ON The present invention relates to thg2 MAR R 20067

bui | di ng and construction industry. In a particular
form the present invention relates to a nethod and
apparatus for 5 excavating |arge scal e basenent or
under ground regions for a buil ding structure.
BACKGROUND OF THE | NVENTI ON I n many types of building

structures HePARAAORIAPS ,?.RQUFUﬁ

there is a requirenent to forma arge un ground

FIRIgiCoih THIRIN VEINTBIGaiNbasenent area for the 10
structure. This extends the useable space of an office
Thegresghnhigvsntino uelatagrto Wee binddngamidnepristrecigon éndistiyama a

e o e T R L e
o3 SRS 30580, LRI NSRRI IIRLAL NG (Cegl AR Lhucrue

er of store under
maki ng their excavation a dlfflcult and costly task in
the construction of a building 15 and its
BAKI(OGHA U OFTsHEoiNY ENgg@N ar ge scal e underground
regions, a diaphragmor retaining wall is fir
In m@va}fp@sdofvhw {ngé Pﬁfé%ESg aéﬁlelﬁ%%@@Wéﬁéﬁ@ diketthge is a
re =31 %}’Eg EI‘ ea% 4 € OUG 1§ 101tﬂ ‘h%] 5 eb rg?Pl or the
qt“ﬁ%e“?' P ARG VRIS “éj%%"rﬂﬁéé? t‘?§ 2 A RRAF St PESHIT S BEr
str @&upeo e Pick£Ss Wl GRabie %ﬁﬁ&f&f drP5imce b‘AﬁhinoSJvit%hHﬁ?rther

Excavation interior tot eretalnlng wal

inceaTRNteSizeH RN toquatedMIbidaee napplar enid Ets(hrt ﬁﬂ@@ ground car
skilled in the art, the retalnlnf wal | requires
Pa@%@ﬂ@ﬂﬂmﬂ}bciﬂeév@iﬂ mFIUd@(ﬂdCb'@@}il&i pierwrdpiagelaneasoften these

S
maQH{Bbt?{e dto xtc%%% 83 1C15ﬁtagﬁ Etg)(r) R llﬁghé/\ﬁr%grﬁﬁtgg%?ﬁ building

an@ﬁ@gﬂgmﬁgﬁﬁ@undlng the retaining wall and at the
other end to the retaining wall at discrete |ocations.

I'n many instances however, the soil is unsuitable and
To %(?1*133('1 ?lfesg ?erjr%gtscglg u%lf;llle}gar%lu%d regions, a diaphragm or retaining wall is first
installed which defines generally the perimeter of the underground region to be
excavated. In one example, the retaining wall is formed by a number of contiguous
bored piles which together form a wall structure. Excavation interior to the retaining
wall then commences. However, as would be apparent to those skilled in the art, the
retaining wall requires support to prevent it collapsing inwardiy. In some
circumstances where the soil is suitable, a system of ground anchors may be
employed which consists of a number of bracing or tethering cables which are

secured at one end to anchor points drilled into the ground surrounding the

retaining wall and at the other end to the retaining wall at discrete locations.

In many instances however, the soil is unsuitable and cables cannot be suitably
anchored and as such this system will not provide a sufficient retention force to the

retaining wall. In addition, these anchors will encroach into adjacent properties and
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anchored and as such this systemw || not provide a
sufficient retention force to the 30 retaining wall. »
In addition, these anchors will encroach into adjacert
properties and 1 2 M 2 often the necessary approval s
to install the anchors will not be avail able as the
owners of these properties ma¥y not give perm ssion for
their installation. In this case, it is then necessary
offed thSlkadskady HHHLEMAs e ilRAPHACh WICAbL bddRIRBR! asthe
and horizontal 'steel or concrete struts which are
owmrabéthdsatpeepoties mayheotrggtapairmgsinalfor therr inkailnggion
bei ng excavated with these struts positioned to
support the retaining wall. Wiilst this systemis
equate it suffers from unber of. serious . .
G G g DG By MR S B RRPH et vagomal
ani(figg)lréz%gﬁégl%@ééi 00 8RN ei AL LAl Breabc IHABHRHSY tq thetraeﬁining wall

struts which are tine consumng to Ins

in fhd tHolihie beis@rdxoamsateld ey girbageutsifbsithatedt theuppbitede oftaining

bracing and supporting struts are located in the
walegVbilstgbismysteox ceadeqedte it heffelsyrdr pirtimberadcesisus o

.the excavation site and requiring the structure to be
digfdjvg&tag§Sas the underground region is formed. Anot her

di sadvantage is that a 15 support structure of this

nature is vulnerable to failure of a single strut or
Oz‘f@éﬁ%@ﬂvamﬁg@ &byt # A GhiRG th eatbri &l offantiahkialgiéh of A8merous

support structure as a whole. It is an object of the
inghivededl ts tiunty e hoarettone convduaeing toetdiald A harthapseratsslideaalvantage
~aid in the excavation of an underground region )
is dup it eerish dbdragng sed supppEingitrys arelogeted ipghe iggiambeing

for the,anchoring of retaining wal.ls by convent.i o
exiidined ThErepy Tanhecioet S of e Fab Rtiords Y aSSRHOEAR sucture
to b9 a&i}%\(écfjgs ﬂ}er[ﬁ{d'é?%l ?’He r}gig r%%%{ RYYsni® ﬁl%tﬂef &SEH@antag? is that a

excavation of an u region ere substanti
suppBastitt@lel AAthisatlileds kel 10 go Yalure aF & slrgfd strut or member,
substantially vacant to facilitate the excavati on
thqrebg egising 26 rSUMMARYuERI TRHESINVENTFIr@NUre as a whole.
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It is an object of the present invention to provide a method and apparatus to aid in
the excavation of an underground region capable of being used where soils are not

suitable for the anchoring of retaining walls by conventional means.

It is a further object of the present invention to provide a method and apparatus to
aid in the excavation of an underground region where substantial areas interior to

the retaining wall are left substantially vacant to facilitate the excavation process.

SUMMARY OF THE INVENTION

In a first aspect the present invention accordingly provides a support structure for a
retaining wall, said retaining wall forming an outer boundary for an underground
region to be excavated, said support structure extending inwardly from said
retaining wall and over said underground region to be excavated, said support

structure further including an aperture to allow access to said underground region,
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In a. first aspect the present invention accordingly
provi des a support structure for a retaining mall,49 MAR 9007
said retaining wall forming an outer boundary for an® MAR 20U
underground region to be excavated, said support
structure extending inwardly fromsaid 30 retaining
wal | and over said underground region to be excavated,
said support structure further including an aperture
wheQeid éa@ﬂ\hﬁ@&@&is kBagRdto ader @hastRckiveliaeh exdi@ed@ bYRR
2007 3 erein sai% aperture is adapted to resis?%a
rete0nipg esdl vesdidadppextertumtidsythewmby suppoaing sigd netizining wall
sai d support structure thereby supporting said
duF EAGRYRIIGKRP] S G URAREeweavetiPon of said under ground
region. 5 1n a second aspect the present invention
accordingly provides a nethod for excavating an

m;{@gs&g{ o {h&%@&m%ﬁ%&tf&tA}@%ﬂg@#ﬁb@%@%@%@%@f

constructing “a retai ni ng wal ng an outer

exbaumgardn didergahchd +Heer, ghidundtiieginelndioe He: axgay@t ed;
formng a first support structure for supporting said

ret abmitngeting) |3 setpthifg r stall 1@rsupporn stuterct peendary for said
extending inwardly fronwgaid retai ning wall and over

unglgr FroviAdegigRdans PEYBRt o be excavated, said first
support. structure further ingcludi ) riure t -1
ol TR H Bl At B P P s UL Re Bl said fus

sugg&rtt - EothiSe @géﬂﬁﬁg_ Irﬁv&%%%‘oﬁogﬁﬂ_e§§tiaﬁﬁn ORdE and over said
erted by said retaining Il on said support

unseraoiutergiandtols exseatad i sagl Ardtisuppopiattcaredtirthat thcluding an
under ground region. BRI EF DESCRI PTI ON OF THE DRAW NGS _
apavtprefieralbny earsedi hesaibfundeegiouaderrgivhy sheran saifl| aperture is

be di scussed with reference to, .the. acconpanyi :
dgpis S PREPRIHESDE FACDREH o DIt g fe P CRatEf g seid support
Sh%kﬁﬁ@ngﬁ construction site enpl oying an excavation

net ho'

according to a preferred enbodinent of the
Pr esgitvatin¥@Mils@Portion of said underground region.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present invention will be discussed with reference to
the accompanying drawings wherein:

FIGURE 1 is a top perspective view of a construction site employing an excavation
method according to a preferred embodiment of the present invention;

FIGURE 2 is a top figurative view of the component members of the excavation
method illustrated in Figure 1; and

FIGURES 3a to 3j are a series of side sectional views depicting the various stages of
excavating an underground region consisting of two underground levels similar to

that illustrated in Figure 1.

In the following description, like reference characters designate like or corresponding

parts throughout the several views of the drawings.
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FIGURE 2 is a top figurative view of the conponent
menbers of the excavation nethod illustrated in .
Figure 1; and FIGURES 3a to 3j are a series of sidd < MAR 2007
sectional views depicting the various stages of 25
excavating an underground region consisting of two
underground levels similar tot that illustrated in
Figure 1. In the follow ng description, |like reference
characters designate |ike or corresponding parts
t hroughout the several views of the drawings. 1 2 MAR
DEHORIP EIMNSORPRERDR RIED PREBERRINDERTBODI MENT Ref erri ng
now to Figure 1, there is shown a togﬁgers ective vj

ReGATABBWY & A 6t 1 DEre S RePToh o RS BOORALOH 6 Fatieans or

t td : ' -
T b e R o A S R AT ST R
préi%pre'drbﬁﬁycgcﬁﬁxe%t oPetd phesalindlaph FYMeItorahaiHbd®MBatudes a
110 which in this case is forned as a secant pile

pewalhkr0kigblirapnodi reediyira whilid al ihyclofn ihindasg irofiosmiedrasch secant
piles. Retaining wall 110 thus fornms a continuous

pilesval ni aljersativelyur pluarldyrd cophgtouchorsa ples-Retpminghytall 110
defines the outer extent of the underground regi :

thyy (it e TRREIRAFRETHBE SWIGTIGE Aty i e e Sl defines
a ren 0 ' Ik r ' -

FBRR SRl Sl DS Ryl 0 81 RSBy grou el

Aso&&gﬂfcﬁb@éﬁﬁir‘éiﬁ@q ke siified W tHe £0ldcapgRrdnvalitihyg wall 110 must
Surrounding retaining wall 110 is a barrier 116 which

bediuppderd thexconsibnusticsmtbetvese 200 Floomlltdodapse inwardly.
surroundi ng area 260. 15 Excavati on hod 100 furth

Surssingdes rs,etgmﬁaﬂg] @raél L}@F;% b@rré@rrll}étv[@iéﬂgi,\gﬁes ghe congtrrucggn site
Lncorporates a,plate. er 120 cast fromreinforced

zgégﬁ%?g@%mﬁﬁ@m% EF4Fhg"Ffrom the interior of retaining

wal | 110 to an inner ring nenber or section 130
supported by a plurality of inner piles 140. |nner

ExdaRg:iseeidthnd 180 haltber ihoes ennang atswpeot fratucahlteahat
access to the underground region 210 which has al ready
intyepnraser & phite yesxeavizfedstifrom reinforced concrete and extending from

the interior of retaining wall 110 to an inner ring member or section 130 supported by
a plurality of inner piles 140. Inner ring section 130 also forms an aperture that allows
access to the underground region 210 which has already been partially excavated in
this figure. To facilitate the removal of earth in the excavation process, a platform 220
is constructed over the underground region 210 to support cranes 230 and other
excavation equipment 240. Plate member 120 is also supported by a plurality of outer
piles 145 (as shown in Figure 3a) due to the longer spans between the retaining wall

110 and the inner ring section 130.

As the underground region 210 being excavated in this preferred embodiment will
eventually consist of two underground levels, a second plate member 125 and
corresponding inner ring section 135 are constructed below the top level plate
member 120. This lower level also functions to support retaining wall 110 at a lower

depth and employs inner piles 140 and outer piles 145 also as a means for vertical
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20 this figure. To facilitate the renoval of earth in
t he excavation process, a platform?220 is constr c% o
over the underground region 210 to support cranes 2307AR 2057
and ot her excavation equi pnent 240. Pl ate nenber 120
is also supported by a plurality of outer piles 145
(as shown in Figure 3a) due t® the | onger spans
between the retaining wall 110 and the inner ring
sué Gl B eféPedembbaiHBCEIY PHBLY 1&%%&[&)1‘2113@ iB@bRGo support a
cavated in this preferred enbodi me Wil |
ceiev@ntpeatdry of appistimately #6 mmderigdéameet.evel s, a second
pl ate nmenber 125 and corresponding inner ring section
135 are constructed bel ow the top Ievel pl ate nenber

Topdeiihiing mrpen 1) S0 B SonBepeianiienpl oygrings 160, 161
fmfi(ﬁ)]lr%%)\’%ﬁ c’JIE %g?ﬁégéﬂ%%ﬁ%%t ggeﬁﬂg@ ?h&rdéi 1@1? ﬁﬂgﬂ@ﬂrﬂﬁe ground

iexﬂﬂ tahkgshiamRReLFRAL wilhBe bAneibdvienda@eséindar L8O Viestical support
able to support a central aperture of approxinmately

metAbeetwidishd aredlied et tbe firflopdeyeiurpl avel. Whﬂbebstamﬁ)alm gpiare
i ncl udes a nunber of apertures or ogenlngs 160, 5
shitegrd @p@nmg$ i é(b@@rr%ﬁmﬁért@ thesaken @ﬁ he STt Hl v@)nsf whilst the
ort t he er.ma

redEp et AT e BT 286V bIGE G hEnBaped suctares
suM? %g ifidhy esgrﬁﬁg bilat @'@(@é *ﬁ%ﬁ\étkf}eeﬂgf [ER-e0: ﬁé}rﬁ nf lerv%Is or

ground Teve he substanti y squar'e aped

al‘c@ﬁ@ﬁid@!}ﬁftﬁlcﬁ@n%@ rg'éﬁél@@ E@tets@opélﬁn%QﬁﬂibllawEH@aneh €20 to facilitate the
support” col unmms, whil st the rectangul ar or el ongate

conpenitingsofbe p@omaeslpfdadelﬁ rBitrdlealyi savond pl@jelr@@nber 125 w111 also
structures 10 such as |ift core walls that Mﬁ %
lmé@@%@ﬁﬁmgé QF SR ESBANA P YREHEH SUPBH  1gegpers that wi L&D gort the

ve
o OB L PR P AP hePRE R, PO ARGl eoris e
thé &n%ﬁélﬁ'l‘@x@s) a%\‘i%é terR bfﬁrbr%éﬂks (SERNFIpé Bl REDET, 125) is
al so” i nclude openings for correspondi ng
deyc&meddaéiowupﬁﬂftheﬂé@ﬁaﬂrvmth hetpewd tol FigumpGattothe  fir st
under ground | evel. The process for constructing both
t he permanent works (i.e

Referring now to Figure 2, there is shown a figurative top view of the support
structure for the retaining wall 110 according to a preferred embodiment of the
present invention. Depicted are the various forces that occur as a result of the
excavation process. Shown in solid arrows are the forces exerted by the retaining
wall 110 on plate member 120 due to the effect of excavating the region interior to
retaining wall 110. In this preferred embodiment, plate member 120 is in continuous
and complete contact with retaining wall 110. These forces are directed inwardly and
are counterbalanced by forces as indicated by arrows which originate from inner ring
section 130 which in this preferred embodiment is constructed of reinforced concrete

and has a horizontal width of 1.20 metres and a vertical depth of 0.60 metres.
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15 the permanent |evels) and the tenporary works (i.e.

the plate nmenbers 120, 125) is described below in

further detail with respect to Figures 3a to 3j. 17 MAR 267

Referring nowto Figure 2, there is shown a figurative

top view of the support 20 structure for the

retaining wall 110 according o a preferred enbodi nent

of the present invention. Depicted are the various
Infc@r-aessdctiah 1000die @sitaringiilb stratturbegunexaavatresst the

process. Shown in solid arrows are the forces exerted
copypredyeverlonds genryateddy thetoreen tpltapdiatemyerdipogreteiping wall

the eff of excavating the_region interior t .
110, RGOS ERRT 1005 HOfe & Biect briieduiseo6t srsfen 130 is not

l. nb, 20 18 ] ' -
e B BT e SA H3H9 38 A0 BTBLE) e o b

thel d'lﬁﬁ}é_%givt% rl‘&ﬁ:{sdérYsiﬁ'é‘ HondfQas@uivanbabancad pyfdaicembodiment,
as i ndicated by arrows which originate frominner ring

fuisket hrapink3flawhinembers 1Hilmvertete inedp erdbetintenor fesinner ring
constructed of reinforced concrete and has a . _ ,
sediiomy POnBrdcing plate premibezd 1pbiuneEoR g eRsWEthaldhe lyegiting section
@f 0.60 netres. 2 Plﬁg,zao 6.lnner ring section 130,
L3 ianeigsite SOMPRESITKESHP UGB unct i ons to resi st
the conpressive | oads generated by the forces that
radiate inwardly fromretaining wall 110. As would be

ThelsBabe L diOs@r Skidrlrad itibhelariay bd@eteANBledingilculating the
section 130 is not required to be of a strictl

digiibatibanf &rageadvass phate enved Ei@.éaﬁsaéistréqmqmwﬂildemnd
bal ance 5 the conpressive | oads, ari si fromretainin
pringinallyxe therpauidsry plars oldge seBian gL, 1R ferextent d

braci ng pl.ate nmenbers 0 .have [ -
S R e e v A
R L e e e
shi@nsf Bfer ﬂiﬁgﬁh@i@hﬁ}m I1f enekbmdddiraent, dneshapend iseatinonsection

130 may be determ ned by cal culating the distribution
130 tndydrcesterpimsksbipradel ingntbeforrgslistmbig oniadang platg Brember 120

wi || depend. principall t.he b . f th .
angles-péliqgn%&lgvgm%r Eﬂgl %ﬁ’aog ﬂg& E%pgﬁ.pou n aatrl%%aﬁ Eliarg%reg?rpglﬁte analysis
tecgwhi%:leﬁs} %15 qg%@arbe%%a?&tttg S Midle PRLARLERLENARY LRE most

suitable shape for inner ring section 130 will be circular with the size varying

according to the strength of the inner ring section 130 required.

Referring now to Figures 3a to 3j, there are shown a series of side sectional views
depicting the various stages of excavating an underground region according to 2
oreferred embodiment of the present invention. Hach of the side sectional views is
symmetrical about the centre and hence only the components of the excavation
method on the left hand side of each figure have been enumerated. Furthermore, for
clarity the central portion of construction site 200 is not shown in each of the figures.
In Figure 3a, retaining wall 110 is constructed to form a continuous outer boundary
of the underground region 210 to be excavated. Ground level is indicated at 250. In

this preferred embodiment, where a two storey underground region is to be
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asymmetries in the distribution of forces which may
requi re conpensation in the 15 shape of inner ring
section 130. In one enbodiment, the shape of innef 7 mso
ring section 130 nmay be determ ned by nodelling the
force distribution along plate member 120 and
surroundi ng i nner ring sectioh 130 using conputationa
finite element analysis techniques. As would be
ex@PpRasE Rt talMin Fh@@lel HKhdd egbtalhetifie @O0 mgeeenatt yn theerground
nost suitabl'e shape for inner ring section 130 w |
pobeow exentiarg wpth 4@ heetsiszedengipiung. 20 according to the
strength of the inner ring section 130 required.
Referring now to Figures 3a to 3j, there are shown a

Dlg]flgae?éu‘b?ué&goal\;% i t og%ﬂl &%%%r%sreggﬁgu‘% n%% Egbﬁ CCE{) { gﬁﬁs 145 are
pr B\Qld%d f?f rgrefﬁ 8 aﬁs@é‘%@'@@ﬁ ?étaﬁﬁn%\ﬁ%ﬂplrl@%%@tnmgﬁ/ﬁﬂ ls@Fion 130. A

Eac e sectional vie 25 symetri

se@diOdhet peLRIN HEpardd hewasllo rﬁfc)lntth@o@t@ﬂ'pﬂﬁ@ﬂfﬁax@faﬂ dgedina
excavati on nethod on the |l eft hand side of each

rirfy iger eoriimyeabernieshaven i Bigureabtthe newst dep #ro*rhe @Cavafﬂqn

feins s GaeR o6HOR Rbs Poggpas! biamergurd 24ornet B Heinigreed
cofflele 0I5 5 ORTLE URERA ol LA, SR HAEUS AHE SFing section 130

oundar erground T egl
suPpEA¥A q:he ehaunshl@Mekin Sof'lﬂﬂélc ted4at TRRAnnéMring@ection 130
u?EIS pererred gﬂ%odlge g eréﬁa two storey 2
formslen girodunegi ottt }biatemaefnbﬁr E/E(Rhe@ﬂﬁ}?defﬁunc a central aperture
excavated, retaining wall 110 has a total heig

abgy @ threwndeyevpird segiomdel i ruereavpset sk %@tﬁ% |1 %@ 1%150
0 S und round. Displaced interior to

SHPB?QFQ%§'1§%HP et%L%rs a set of outer piles 145. Quter
piles 145 are 5 provided for |onger spans between

retaining wall 110 and huger ring section 130. A set

Re@frringnesw pb Fasird40, thetsplshord thewakittygd inoite teheavatticermethod in
piles 145 are’ arranged in a ring Ilke configuration.

wiish showation ceinguerceSbndtafershpstticat eghe mlmdh@r@u vdvagicor?10 1s
method is the copstruction hor |

exfrgitset h mofao@%g 6 R Rl T Goher HEs alepaled of ounting
pollsi:ittﬁaZi gg o %1 E?%%rﬁg]an%tlﬁh&] ﬁ?es"ﬁ'o' TE:{'erl'lgmtfﬁdﬁprald?Qt?ﬁg force

originating from retaining wall 110 is transferred to inner ring section 130 which due

2607

to its ring like structure will balance the compressive load, in the process supporting

retaining wall 110 from collapsing inwardly into underground region 210.

Whilst in this preferred embodiment, inner ring section 130 is formed from
reinforced concrete and to some extent forms a discrete force bearing member from
plate member 120, it would be appreciated by those skilled in the art that the mner
surface of plate member 120 may be simply terminated in a ring like configuration
which in of itself will function to resist compressive forces originating from retaining
wall 110 and subsequently transferred by plate member 120. In another embodiment,

where plate member 120 is not required to extend over a large distance, plate
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10 supported by the corresponding ring of inner piles

140. This inner ring section 130 forns an inner

boundary 131 to plate nenber 120 thereby defining1& mar 2007

central aperture above the underground region 218

be excavated. Plate nenber 120 is also supported by

outer piles 145. 15 Referring®now to Figure 3c, there

is shown the next stage in the excavation nethod in
mdfibehl Zxaaviaieo Aingarurnc €30 wiltlbaecdsengtllporit itqqacﬂfmgheithout the

underground region 210 is excavated having a depth of
neediom%nnﬁsungna%éOn@ﬁﬁﬁﬁuﬁpgﬁﬂsagﬁpported at nmounting

points 121 by outer piles 145 and i nner piles 140. The

inwardly radiating force originating fromretaining

Re&%ﬁ%}g]iﬁg I‘s§ g%uarg fig{he?g is ﬁ%oWr‘gg eco pﬂpigt%%% ?\B%} }%Oand a

ring Trke structure w ance
cohrégg&?cﬁﬁ qﬁﬁélvr@nér Q@ dhon 1'35%"1%(:9 OGRS Eus HRRRThE ﬁgw lower ground
Inin 110 from col l'apsing inwardly into

lewnasn g:limwa’tﬁaﬂi:@gjhe tni2ih0exddbtist ab depintes] ipriefererdedSecond plate
enbodi nent, inner ring section 130 is fornmed from
mersbef Bhoedl evneapendingitnen riggmection bt atdapay hure defmmg nner

boypgTY | Gl B aBREchan et By TeRBSG R PER HPcRel plate
memiae %al{d]ﬁs c@ﬁl(ggpo%lﬂr ﬁ?ﬁ%e&)ﬁ r%@&?o gﬁ)gﬁ MQhéIBmeP ons to

termna In a econ guraion

squ oPcfz eteﬁl%%l fowrdl 140, fAH"éHdV@c(hrI Pighi@S3E th& ARRIESR i¥ @he ful ther
rces originating fromretaifing ‘wal | 110 and

exsabseguent deyond gosiier pkidhebyndel gtcendergem Zl?)(belcbw the level of
anot her enbodi nent, where_plate nenber, 120 is
se¢qrLier eldplets }étﬁtfévﬁa 185 & the Cieaiﬂ@ at W}%ftfah‘élél’f a &Pé&zenial @001 is

coBS WaSRHPFANTY BEPPoCRBP P RG e PR B 0N RL) SRR phytlining
waﬁy?gpé&tdr gggghl? &oRfer ﬁhag{%éHHB el g@@9§sh0%@ifi & E@rﬂﬂe BPW should

°there is wn a second plate ne

bealtded it GRE EQSPONdkaG atiBAEepldt@DirsEigutOBe d3besplinch W1Sh that
constructed at the neM/Iomer ground | evel 250 forned

shattren Higgere i ti al excavation as depicted in Figure 3c.
Second plate nmenber 125 and corresponding inner ring
section 135 and aperture defining inner

Following construction of the lower underground level 300, a series of vertical
columns 311 is erected to support the upper underground level 310. Where
necessary, columns 311 will extend through the pre-formed openings 165 located in
second level plate member 125. Referring now to Figure 3g, there is shown the
construction of the upper underground level 310 as supported by columns 311.
Similar to the lower underground level 300, the upper underground level 310 covers

the region interior to retaining wali 110.

At this stage, as shown in Figure 3h the second plate member 125 and corresponding
inner ring section 135 may be removed as indicated by the dashed outlines. A further
series of vertical columns 321 are also erected which again will, where necessary,

extend through corresponding openings 160 located in plate member 120. As shown

in Figure 3i, following the removal of the second plate member 135 and the erection
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boundary 136 are constructed in an identical manner to
that of the top level plate nmember 120 and its
corresponding i nner ring section 130 and further 17 MAR 2007
functions to 10 support retaining wall 110. As shown AN e
in Figure 3e, the next stage is the further
excavation of a second portich of the underground
region 210 below the |l evel of second |level plate
of efRerl cdi2buts@2 hercdedtffo@tiewhizeh cpobatomsthatdd dntalk preferred
floor is constructed spanning the base of the
enduitieentgibapraeyl Boodeoeldediine dmall hegghtiahong thavadthaligound
and form.ng a | ower underground | evel 300 _as_.sho in
lespy. ghlpeet il Staae T8RBEPE-2YSBR SKOPEHS EHaterihe Of Agal Rifte member
xcav i.cted Fi gure
2GRk ﬂ@df%eam%swb@&&gl#& e PR PRtk e O (oo
sh qhggg&% ﬂ J.evel 300, a series of vertical colums
ed to support the upper underground |evel
310 Where 20 necessary, colums 311 will extend
t hrough the pre-fornmed openings 165 located in second
Altleweh ipl tht%pméam@i embadnmttéhﬁ Rmt@tlﬁbwf the Frgsate oByertical
ruc o t he

coﬂgﬁéf h@aiﬂ%f““ Caselielistpn i wpswﬁﬁ%@ﬁd fevel 310 and
gr oun 1001 e ?ﬁveﬁ%ﬁ %Ee}gaggf{‘{]t% tlSyeeéklﬁtQ(PlI} ’El’!%ecuyﬁpﬁrthese

un ergroun ere

aua%tf@hrféh%n‘é\ﬁlﬂe c%@f@)m@r@d Ay dabh Sor2l BESHIdBS t]%@%e‘sﬁondmg
gure 3h e second pl ate nmenber 125 and

openirigedpotinge proviekd in tige swotintpd [113% maybbes TapdUedr the
as indi cat ed by the dashed outlines. A further series

vepfica) epluinga tocditenthdrgeghare al so erected which again
will, where necessary, extend through correspondi ng
openings 160 |l ocated in plate nenber 120. As shown 30

A bﬂa{: ¢ &HL%D §t‘1@11§gjc g &Q&lg%%m%ergt %ll%ﬁﬁf&ﬁgz that the

the erection 11 1 1 h~F~
111\%113{011\/1@1@\/&@@' a ﬁ@ﬁl@ﬂﬂ@f Sgdificghoatidntd e rovleﬁ‘pﬁbr Bﬁ&xcasratzon

be constructed. In this preferred
methods. The primary advantage is that the present invention provides excellent
access to the underground region that is to be excavated and the subsequent
construction of underground levels in those cases where a retaining wall cannot be
directly anchored to the surrounding ground. The use of a ring like aperture to

provide the support structure for the retaining wall gives ready access to the areas to

be excavated via the aperture.

Another important advantage of the present invention is that the plate members and
inner ring sections are cast in situ making this process more convenient, efficient and
cost effective than prior art methods that involve the construction of a framework to
support the retaining wall. Although in this preferred embodiment, the support
structure is removed once the underground region has been completed, equally the
present invention could be adapted to form part of the finished underground

structure.



enbodi nent, the ground floor |evel 320 is a snal

hei ght above the actual ground Ilevel. The final stage

in the excavation systemis the renoval of first PbaH§R1m57

menber 120, corresponding inner ring section 130, ~ 'Y Y

outer piles 145 and inner piles 140 (as 5 shown in

Figure 3j). Although in thislBreferred enmbodi ment the

| ocation of the two sets of vertical colums 311, 321
Thatggsubsitanttial diyo abd Gredivizatagealf prupipete untepgswds:pport to

| evel 310 and ground floor |evel 320, it would be
theaywpamamn canphwsigoghe insedlatipnt e fagmevhal canseyengl@f temporary

arrangenent s y be custom sed fgr ach |evel ﬁrovidep
veytifat alkd }“Pé’é%%g Plitgl ORERT G ST bS] uETHE: Pt BUiltgedss ft the

h i ated pl 2 N 4
PR Ea B e Ro Ce R ke SOBRT SAupfre pltbrding to the present
i ngl;%hqﬁéﬁ‘bb OB Qfted REs1AROY G H85WEI ROMIsaBadiERLd %@iéa'ter depths.

cate’that the 15 invention provideS a nunber of
significant advantages over prior art excavation
met hods. The primary advantage is that the present
Alfhoughtd prefprey padeoduner! ofdhe mejhed gadigparpgus of the present

oo oo gn eI Lo, e xcaratod Bnd LIt
un&gz%%&)(f g§ %%hé[”ﬁ%reﬁtign LEL & lﬂhﬂgd\@@'ﬂll %ﬁ&?ﬁn&ﬁ c]figdl&s%ﬁt, b¥t is
anchore Eio e surroundi ng grouncF. e use O a ring

capd € cARBAIHG s fcdr 2P oPheMicd thdciBe-SPRARY sEbEHEHINNE Witlkout
he retaining wall gives ready access to the areas to
depertievcivat thd subpe dhibedpenttioreas skhbirhiernd dpbnedby the following
advant age of the present invention is that the plate
clajgfber s and i nner ring sections are cast in situ
maki ng this process nore convenient, efficient and 25
cost effective than prior art nethods that involve the
construction of a framework to support the retaining
wal | . Although in this preferred enbodi nent, the
support structure is renoved once the underground
regi on has been conpleted, equally the present
i nvention could be adapted to form part of the
fini shed underground structure. 30



I 2 MAR 2007 10 The ring like structure also has the
advant age of providing an inproved support to the
wal | when conpared to the installation of a framewdrkpmar 2557
consisting of tenporary vertical and horizontal stee
or concrete struts. Furthernore, as in the case of the
preferred enbodi nent descri bédi here, the support
structure according to the present 5 invention nay be
THIegEMIAMS MIEFNIdEG TETE INVENTIGNAREAS §OEaBVSand
greater depths. Although a preferred enbodi nent of
t he nmet hod and apparatus of the present invention has
1. bee& gﬁﬁﬁﬂrt bedciuie thea FOREER % Rer1dehial le@éingﬁsﬁrﬁll @E)hﬁ[hg an outer
under st ood that the invention is not
botmcﬂmtyedoﬁ ant hederhodindentgidn siel beedkcabuted, sald saipabt etructure
of nunerous rearrangenents, nodifications and
exteudatg turdrdhsinait matreta@mpgmaih@d Poen Sefie usdetssopndrpgion to be
i nvention as set forth and defi .by the follomﬁqp
excewsﬁ sail %M@?tz%wmlfl uFfier U%@ P ARG R alfow access to

salg e1tm$‘% %%U%EFgAl‘S%Z. “a%aﬁ?i%e%&f) ? % At mp%eccf g% %%%?[r c&npressive
loakR L@@@treﬁ fPLaNr é%&‘fl@ﬁgjg RINEN B/ SRpH& Q@l Lﬁﬁ%%@%j}y supporting
sai d support structure extending inwardly from said

saiti etaiininggvaidburiagdxoverticsadfdaithdedground redgoan to be
excavated sai d support structure further including an
aperture to all ow access to said underground region,

2. Whe‘rﬁla @u@?b& PGS Bf 'c%uﬁd?%ﬁgreﬁﬁ-’ sﬁz@séuﬁi SFPBRGERSE Bcludes a
| oads exerted by said retalnlng wal | on sg)d support

plest miehbeeettaadalyirseppdy tiong saﬁlalaﬂalhet@wmﬂlr@‘dmlﬂerem said plate
during excavation of said_underground region. 2. The

mesuippdermgrtercinnenotr boandary theleby éommisgi said aippdite.
structure includes a plate nenber extendi ng i nwardly
fromsaid retaining wall and wherein said plate

3. msn‘ghé stepoitnatesutanofnlaimri wihewindseiy ither bbyndaynoingnid plate
said aperture.

member han) a substantially ring like configuration.

4. The support structure of claim 2 or 3, wherein said inner boundary of said

plate member is adapted to increase its compressive load bearing capacity.

5. The support structure of any one of claims 2 to 4, wherein said plate member
includes support means located interior to said retaining wall for vertically

supporting said plate member.

6. The support structure of claim 5, wherein said support means includes a

plurality of piles driven into said underground region.

7. The support structure of claim 6, wherein said plurality of piles are arranged

to support said inner boundary of said plate member.

8. The support structure of any one of claims 2 to 7, wherein said plate member

includes at least one opening for a corresponding substantially vertical member to



3. The support structure of claim2, wherein said
i nner boundary of said plate nenber has a
substantially ring |like configuration. 4. The support 6
structure of claim2 or 3, wherein said inner bounﬁérvﬂﬁ 2687
of said plate nmenber is adapted to increase its
conpressi ve | oad bearing capé@ity. 5. The support
structure of any one of clains 2 to 4, wherein said
exfndt ehmeigersaid nplateesiestieporstidreansichiocadraber nigploged in the
to said retaining wall for vertically supporting said
cop$tataionedfumrmagenTerkigssoriatestwith sadendergraing sgion.
wherei n said support neans includes a plurality of
piles driven into said underground region. 7. The
9. supfibetsuppbricttiicewefof ¢laing, Gvhostyer i d ssledtah tplllyr adrtital member is
of piles are arranged to support said i nner boundar
a sppsat alphatfer apebenned. leTHeossippaed abpyaetidmdatefmemiper.
one of clains 2 to 7, wherein said plate nenber
i ncludes at | east one opening for a correspondi ng
10subsgt antinabl iy eetdgial deaheésrghoudd 2eVBiR £67 meéBod including the
extend through said plate nmenber, said vertical menber
stegmpifoyed in the construction of pernmanent works
associated with said_under% ound region. 9. Tge .
supFERETEINECt Uur ESBIIRE aivA %, ORRURG| Ahsfuder boundary for said
ubst ant,i ally vertical nmber is a support columm for
”ﬁéeﬁﬂpﬁggéﬁgm%gggﬁE%ﬁﬁ%??%bted above said plate menber
10. (A BLNOH ok g}é?@éﬁﬁ}d’fﬁ& A sﬂﬁg@fﬂ{%’abﬂlg re@GhAB. wall, said first
sai d met Hod |nclg ing the steps of : Tonstructing a
supptidi girnguval dxtéding nfhveardbwtfesmbeaiadastyirfing walldand over said
under ground region to be excavated; formng a first. .
unglgpgontdgegioettarhe exervaiedpwid finyg ssapartsaiafwedyriier including an

3 e o o SRBE b SHOE S S  h AREL YO
ad}éﬁ%epﬁt ?fr%%%\g %Bﬁﬂjre%%éjlga'dg HxetHR RRF Laid tr@%é%iﬂ%ewgllll hNefid support
structure; and

excavating a first portion of said underground region.

11.  The method of claim 10, wherein said first support structure includes a plate
member extending inwardly from said retaining wall and wherein said plate

member terminates in an inmer boundary thereby forming said aperture.

12, The method of claim 11, wherein said inner boundary of said plate member

has a substantially ring like configuration.

13, The method of claim 11 or 12, wherein said inner boundary of said plate

member is adapted to increase its compressive load bearing capacity.

14.  The method of any one of claims 11 to 13, wherein said plate member includes
support means located interior to said retaining wall for vertically supporting said

plate member.



aperture to all ow access to said underground region,
wherein said aperture is adapted to resi st
conpressive | oads exerted by said retaining wall 0Ny 9 wan 9397
sai d support structure; and excavating a first ' AR U4
portion of said underground region. 11. The nethod of
claim 10, wherein said first ISupport structure
includes a plate nenber extending inwardly from said
155 et aipi Mgl bf dath Waekgiefeis adagh @ﬁ?ﬁ)&t riedeihcludes a plurality of
termnates in an inner boundary thereby form ng said
pilapertvenentolid fihdempohod refionl ai m 11, wherein said
i nner boundary of said plate nenber has a
substantially ring |like configuration. 13. The nethod
160f  alial Metlo®rof1daihey, ehvRe®dl GaidRkrabepndapesohrs airfhinged to
plate nenber is adapted to increase its conpressive
suppad: daghirineg boapdeivt of. saldiplahmendichod of any one of
claims 11 to 13, wherein said plate nenber includes
support neans located interior to said retaining wal
171 or vRrhkaRld ¥f SMPBPLLEME 189abd 6, RHakEinRRd efethod 2uMAR: includes
2007 13 15. The method of claim 14, wherein said
fosuppottseomah suppottustesctargbeloat istiyl bfst spiplpest shriistene for further
into said underground region. 16. The nmethod of claim .
supportiker lid gatednipguranlilt ywigrept | edd asecaiid avgapre ostructure  is

su bR ek an BB o P bR e s GGy Sifog?Ver @ second
po@ﬁ&ﬂ od i E‘Gfonuﬂdgt@% n BALW A @(Cﬁ@&@ﬂqiﬁgﬁ@g{oﬁr and

structure bel oW sai Irst support structur

fur ehedvatisgpaal tdcbedSRirblof ef adidiviglewaloundwagioel n sai d
second support structure is substantially configured
as said first support structure and extends over a
second portion of said underground region bel ow said
excavated first portion; and excavating said second
portion of said underground region.



