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1 EXCAVATI ON APPARATUS AND METHOD FIELD OF THE

I NVENTI ON The present invention relates to the
bui l 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
underground regions for a bu?lding structure
BACKGROUND OF THE | NVENTION In .
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installed which defines generally the perimeter of the underground region to be
oxcavated. In one example, the retaining wall is formed by a number of contiguous

20 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 inwardly. 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

95  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

30 retaining wall. In addition, these anchors will encroach into adjacent properties and
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anchored and as such this systemw |l not provide a
sufficient retention force to the 30 retaining wall
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i nventi on accor di '
structure for a di ngly provides a support

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 s0ils are not

50  suitable for the anchoring of retaining walls by conventional means.

[t 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.

25
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

30 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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retaining wall, said retaining wall form

boundary for an underground ?egion to bengxggvggggr
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retaining wall and over said underground region to be
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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.




10

15

20

30

FIGURES 3a to 3] are a series of side sectional views
depi cting the various stages of 25 excavating an
under ground region consisting of two underground
level s simlar to that illustrated in Figure 1. In
the follow ng description, like reference characters
designate |ike or corresponding parts throughout the

several views of the draw ngs. 4 DESCRI PTI ON
: OF
PREFERRED EMBODI MENT Referring nowto Figure 1,
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there

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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piles 145 (as shown in Figure 3a) due
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ring section 130. 25 As the underground region 210
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ere’1s’'s |gur ive top view of
the support 20 structure for the retalnlngpmall 110

according to a preferred enbodi nent of the

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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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 nmenber 120 due to the
effect of excavating the region interior to retaining
wall 110. In this preferred énbodinent, pl at e nenber
120 is in continuous 23 and conplete contact w.th
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130 PRdiiked casipreqibn 86d ot RateaBim. the conpressive | oads
arising fromretaining wall 110. In this preferred

grrbodi ment, further bracing plate nenbers 150 have

een incorporated interior to inner ring segtion,130.
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prnﬁﬁgﬁpf ution of fgﬁceggacross plgte nenbgﬁ ?gb. %ﬁ?gan
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shape of the retaining wall 110 and the extent and .
asy mondtiigs iratheodisgibysicn ef feeerser hirhgnag reqiesRcqpppgnsation in the
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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 a
preferred embodiment of the present invention. Each 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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section 130 supported b :
i nner piles 140. This in%eﬁhgecorrespondlnq ring of
15 Referring now to Figure 3¢, there is shown the next stage in the excava

tion method in

which excavation cOMmences and a first portion of the underground region 210 1is

mber 120 is supported at mounting

excavated having a depth of 6.4 metres. Plate me

points 121 by outer piles 145 and inner piles 140. The inwardly radiating force
g from retaining wall 110 is transferred to inner ring section 130 which due

originatin
load, in the process supporting

70 to its ring like structure will balance the compressive

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 oxtent forms a discrete force pearing member from

25  plate member 120, it would be appreciated by those skilled in the art that the inner

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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Second pl ate
shown in Ipigure 1.

Following construction of the lower underground level 300, a serjes 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 wall 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. Asshown

in Figure 3i, following the removal of the second plate member 135 and the erection
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menber 123 and correspondi ng i
nner
and aperture defining innerg

constructed in an identical manner to th
at of t
Level plate member 120 and its corresponding iﬂﬁeﬁop
ing section 130 and further Junctions to 10 support
retaining wall 110. As shown ‘in Figure 3e, the next
S]E age is the further excavatiqgn of . a sectéﬁ]g[ ROKH it@hpref d
of QhtAikoHadas gooypdundglam e DU CBNPEREN TR T T preferre
' gir: ELfgmmuiaﬂ! Pk 7 IS Zi)%ss 0 tlﬂ?eigﬁpéﬁb\ﬁi thehicalal ground
emggge %If&'th o 6BF! 4 *86nStruct’ed spanning t he
levektBerfing stquéll{gttﬁé é%%ﬁ%ﬁp%%%‘s%gx ?S]t;ﬂe defrionetobfjrst plate member
. . a | ower _under ground
ol SRR P erpastsare s nlsang o s 4
. ion depicted in Fi
shGRi %@gunf@jw th that shown in Figure 1. Fol | gvvisﬁg
onstruction of the |ower underground |evel 300, a
ories of vertical | colums 1L 1c erected to suppor
_ rgrqun ‘
Algbdamginyl @napwfﬁgfegﬂ’%wo(fﬁt{%bé ug }(}Cﬁg&é of ik ned osis af yertical
BSHLIG} A% Ol spgsant b e 1 T
' : lgure 3g, there i sh
o SRLIdtaLen 0O %mgmamen@ﬁodbﬁae sl T3 4 hat these
colums 311. Simlar to : .
adiRngeunla) buelisgopsed i ST g AV TR
op¢nings é6@ﬂ§)§§%elz ggoxléiat a;\rll .?lir%e é&oﬁﬁﬁ:@i iAg mahtberd 105, 12250r the
menber 125 and E%n"'i'n” Fi'gure 3h the second plate
Vﬁag%,cag%olpg}@gaex%&ﬂ F%ngﬂ! ng inner ring section 135
further seriesaszCeLf'teF by|the dashed outlines. A
. _ rtical colums 321 are al so
erected which again wl|l
A Brioudhhsadsrate g»ﬁdhm@b@@éﬂﬁvme' S d pE ARy wifl th&igke that the
menber 120. Aspsho 3 jnsﬁ' 69 ate I'n -plate
ilgcr&rergiﬁm pofviderea §EE’$}-& Ogﬁmfgag\ﬁggyﬁ%%% Eg@%"%ﬂg@r thexcavation
A fils.g gBﬁﬁ{%é%?ohs?Aﬁfg?g%mﬁF% %ﬁs’entrmﬂfmﬂmtﬂ mwovides excellent
ermbodi e X is preferred
accs at isl t d b t
’}?g?%%? 'Eg%'g\rllgtet gaggthE§1|Jn t?ofj lnsdte\kel exgavated ag §§1ﬁISP sequen
construction of underground leve%s in those cases where a retaining wall cannot be

ring section 135
boundary 136 are

directly anchored to the surrounding ground. The use of aring 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.




Ff

1

10

| evel . The final stage in the excavation systemis the
renmoval of first plate nenber 120, correspondi ng
inner ring section 130, outer piles 145 and i nner
piles 140 (as shown in Figure 3j). 5 Although in this
preferred enbodi nent the Iogﬁtion of the two sets of
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for both upper underground |evel_ 310,and round fil
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Vm*@?b@ngopﬁPngﬁ3ﬁ£€§€gﬁg%%@§%$§nnsrto extend through. A

ofRL gfe ddlﬁhfé%ft abi@ibeef hirtesthrbappotiescudteziacsopdiagrerthe present

PrENGFY Sndi cate that the 15 invention provi des a nun%g&m ths

inveRtiopi Ay beaapeatad wantloapgeentiomw ripvrls af greafr ARt $51 Pris.

nmet hods. The primary advantage is that the present

i nvention provides excellent access to the
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.__those Bed ifh SldionEagnpaldaibahdescripgionditvaidk b,
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.making this process nore convenient, efficient and 25
claiglst effective than prior art methods that involve the
construction of a framework to support the retaining
wall. 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 formpart of the

fini shed underground structure. 30
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T _ e also has th
provi ding an i nproved support to the maflaangtage °

conpared to the installatio
. n of a framework c i Sti
of tenporary vertical and horizontal steel o?nSIStI "

concrete struts. Furthernor as in
_ t he
FSJ{‘ fzg: L?g enbodl(jnent descri S’eld here theczagpgitthe
according to the pre t | i PR
Tng %amt ) d (}aEFlﬁwméq'DHEth%ﬁkﬁldﬁggE g’trglg@g%t er axdbe
r depths. Although a preferred [
nmet hod and appar atus of theppresent P ont | oot the

1. ibtee;\%sﬁﬁﬁgfeti A@ﬁﬂ:éhﬂa fdaadfemaie@ng Feplld spish #eg%iremﬁggfnraiﬂgﬁﬁrggng an outer
Co understood that the,i - S ,
boulic efbrt ant hoderssounsteFBoR sbl é’?g\ég‘%’l&?gﬁ’;%fgoglé%%%ﬁteﬁmcme
S o>sd,
extsmxﬁﬂgiinwr@hf;ferafr{ qa?g%t%gt%ﬁé% e g'alfldfi ‘rbgtef %‘1& @ttbrground region to be
i i ! m t he scope of _t
excl@,lp;ﬁ%% Isg%g%égﬁ%{%&ggfé%&lﬁﬁgﬂ%giﬂibg atrhepeﬁugq)\m? @élogve access to
q E | NVENTI
saig %@.%%éﬁrh@ r{ggﬁ? lrvtflflérbﬁy shidr epérsures is @@@pﬁ%&néRg%ﬁ'iA% compressive
. Jormng an .qut ’ :
1oag1??e§%%er@lgﬁﬁ és)ﬁz'?g lr?airtm_g b@alé)%@h@aé gqﬁ)rpé)éf) g&gg%{gg rt%@feb@’nsupportmg
: . ndi ng inwardly .fir i b
g ol TSI P B TEielUnt e,
structure further includin ’
to allow access to said unde g an aperture
A
i i ni .
plater mmhequxh@}cggrgeﬁgg}p@\géfy?frvﬁ%{ lS%i;ﬁ.n{fi%gg}ﬁs WD A lwherein said plate
duri - ; I ni ng wal |
ool el Al iBhe R haig angry idrma ond SpeTERe
structure includes a plate ’merrb::el n said support

fromsaid retaini ~extending inwardly
3.menbEhe ﬁgpppﬂgelttggcrtlaﬁmgL !:%aalﬁgzrkaﬁ}g%%gg rs§1%]!t ﬁn{ék g:toemdary of said plate
said aperture % ) y ereby form ng
: ally T HRE8S fatioh i
MRS S TN Er ygoﬁ?dary lf)ff@jsgi d glrgt gf claim2

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 {0




f,
menber has a substantially ring like configuration. 4.
The support structure of claim2 or 3, wherein said
i nner boundary of said plate nmenber is adapted to
increase its conpressive |oad bearing capacity. 5. The
support structure of any one,f clains 2 to 4, wherein
said plate nenber i ncludes % pport neans | ocated
interior to said retaining wal| for vert]j loyed in the
tSHPP bl saidl plbtt enpevbssr s3B! Wgcgupﬁﬁ‘gl?‘{blegt TRt Ur e
ext ; .
of claim5, wherein said Suﬁf

i hAstdrdaadaegion.
corbmicabhtof pefmpnpRsWaFFAFOF! egf é%l %ge rg rggu nd
regi on.

7. The support structure of claimb, wherein

said plurality of piles are arranged, t R tyesBEd member is
g iNNghe @gppsﬁrmmmf@@n&%mh@%@F‘i“ds?“%srﬁdtél‘%?uBB’ort o
“structure of any one of ¢l aj & abNhedagdl plaamgember.

a sRpabet cudnipey for ArRTTHEEN, eVFisg)'sa}sgrcl)}r?ge o%eni ng fgr a

correspondi ng substantially vertical nmenber to 12
extend through said plate nepber

i P hbi S ok tHBalaEluding the
10empl pye@ttial fdreexcovaisng @Bty I‘g‘f‘OLBgf Eg%%ﬁ, sta'u?"i‘fl}e g

. ! nt wor ks
associated with said underground region. 9. The
stqupgort structure of claim8, wherein said

substantial.ly vertj.c oher fosmine sappanitecobgrndpry for said
a péﬂ‘?’éﬁé‘ﬂm%e\?el eé%ﬁgrtl uct ed abovlzgsai d plate menber.

10. A f,96 pexseasattédig an under ground region,
u%‘gﬁrgr?r%mt?%g%loncl uding the steps of :.const i id first
L : : 1314 MG AR Hvall, sai
regafdﬂhﬁﬁg\&aﬂdstfsupportgﬁfamtém@r PEREERG 7St " sai .
under ground regi on to be exgavated; riipgird fdlbtand over sai

s@mpdmmtnscttnmt%rt@”@lﬁg Mﬁ‘&ﬁh%@’gﬁaﬁa&? hissh 1Ir'?iagng vva}ln L

said first suppart. s UL 84 exbendipigt bmuatude jufthghincluding an
undPETPEPEITRBNG t\%g?el exé:%{éé%y’eéaqsai d ur?gg_rground r.egi on e is
to .be excayaleshcesditd $didl stindergpontd segisy drberein g aper
apHtHlfi'Rg an aperture to al | ow access, t o _saj d wvall on said support
DRI PRt RgnpRssivA doaimnexcried Rperfd Freaing Yi&pred

to

resi st conpressive | oads exerted by said retaining
swalcturenasdi d support

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 inner 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.
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structure; and excavating a first portion of said
underground region. 11. The nethod of claim 10,
wherein said first support structure includes a plate
menber extending inwardly fromsaid retaining wall and
wherein said plate nenber tgéninates in an inner
boundary thereby form ng said aperture. 12. The net hod

of claim 11, wherein said inner boundary of ' | litv of
15. Tebgs mdtasd afsidist Akt WAkrsin s SRPRETLBRTTS ARG Afurality o

guration.
13. The net hod of claiqall.or 12, wherein said inner

pﬂ@@ﬂﬁd@lyﬁoﬁaghﬂﬁﬁ$m¥@%n Ke#lB8r i s adapted to increase
its conpressive |oad bearing capacity. 14. The net hod

of any one of clainms 11 to 13, wherein . sai _ 4 to
16.MENpRE ineeladies claimppdy tWHEEH] qab(i d?elgaalf v g iRk Eare arrange

error to

said retaining wall for . .vertic upporting said
supbaﬁeaﬁbﬁb@fbomedEGfa@ﬁﬂxﬁ%ﬁﬁggggﬁeélajn114, wher ei n
sai d support neans includes a plurality of piles

driven into said underground region. 16. T @br includes
17¢] aiRelbethwhieobany sdickipisubhiq 55 xg?xefﬁx said' fheTROA ¢ t@br in

€s are arranged

Lo support sald lNnsh Be i isfl spbabe seattare for further
foﬂrﬁingTheSaﬁﬁﬂﬂoﬂlHﬂmgﬁVu{i%rg{%ql% %ds@s sibp

to 16, wherein said

met hod further .i. des,1 f orEreie asasécoeerbrslppepgort structure is
SuPPOEERSr S fet‘l’“%% pall,

el ow sal rst support st&&ctaﬁg for

f U bi NG sad dirsesapporigtigdture
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p&ﬁhﬁﬂ%@aﬁiﬁﬁﬂegyp?ndﬂ?%Kwdﬁﬂ@Wéa Erext SE PRt a’_d
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