| MPROVED STOP- END SYSTEM FOR USE | N DI APHRAGM WAL L

. CONSTRUCTI ON The present invention relates to di aphragm wal |
construction and in particular, but not exclusively, to the design and the
wi t hdrawal process of a steel shutter, known as a stop-end, which is used
when constructing a di aphragm wal | . -1A di aphragmwal | is made by
casting a series of discrete concrete panels, which may be reinforced, in
excavat ed trenches as JEMBPROVED )P - END $YSTEM (FOR WSHOIN 350. | n sone
cases, alternate 'primary' pag WAL SE6: Fiogt. followed by infil
(i.e. closing) 'secondary' ) on sequence woul d be, for
exanple, panels 1, 3, 5, 7, 9, 11 etc. followed by panels 2, 4, 6, 8, 10

etc. In other casepne Qhesént Mvett IBH e lRda TRIE dptreignc el uct ed, for
exanpl e panels 1, 1Q and 20._ Follow.ng this, .a series of 'continui%¥
g

panel s 2, 11,censtpuction And i RATtEFulath Jie MR SHSIPAINVEYY bt

conpl et ed by tigd aiésign pand! thd withdihwall lpywdess wianateealequire the use
of shutters at ch edge of thejr pect i 4 | r to provide
wel | - def i ned e% e?bdlgré%"ﬁn paa%ea* ss%gp:lseq}éd \éﬁ%lu#rg%%g'fs%%eﬁj{eg?ns bet.ween
adj acent ‘panetcnstyudtimgde diaphragmtwaldontinuity panels, in contrast,

require only one AUl gtnAlah e 08 Hadd'hy eyl hasiigyay from the
previ ously cast panel. shutters are required for cI05|ng E%Qe s. The

shutters are @brAtsEreral FONGFRLM RANeLS oI may e concrete
at each vertipgl eRE8€a0Ed RS SadV ddsdr jierdlet Sy exetingsleapein

cqual to the BFdtniGt $R0: Ui TR Aorith SaRTS . RITARACS VD her 1 or me

with, for exapghelsaarectangtiacted ofikrsectiallared dposutilof 6l row of

cylinders, hﬁXEoQEES)“Ssgcoéﬁér§hﬁﬁéhéﬁ§¥*;fﬁe installation sequence
would be, for example, panels 1, 3, 5, 7, 9, 11 etc.
followed by panels 2, 4, 6, 8, 10 etc. In other cases,

only a few ’‘primary’ panels are first constructed, for
example panels 1, 10 and 20. Following this, a se;ies
of ‘continuity’ panels 2, 11, 3, 12 etc. are installed,
with the diaphragm wall being completed by ‘closing’
panels 9 and 19. All primary panels require the use of
shutters at each edge of their respective trenches in
order to provide well-defined edges to each panel so as
to ensure that the joins between adjacent panels may be
made watertight. Continuity panels, in contrast,
require only one shutter at the edge of the trench
furthest away from the previously cast panel. No
shutters are required for closing panels. The shutters
are conventionally known as ‘stop-ends’, and provide
the concrete at each vertical edge of the panels with a
predetermined shape.

Stop-ends have historically been cylindrical with
a diameter nominally equal to the width of the .
diaphragm wall, although several other forms with, for
example, a rectangular cross-section or composed of a
row of cylinders, have been used. All these types of



-2- stop-ends are renoved by vertical extraction shortly after the

. concrete has been poured. A delay of a few hours is allowed in order to
enabl e the concrete to gain sone early strength, but even so, the timng
and vertical rate of renoval mnmust be carefully judged so as to cause as
little damage to the concrete as possib+z- If extraction is carried out
before the concrete has gai ned adequate strength, there is a risk that the
concrete w | IstoR1gnds virs removad bie et qadneredactionehorkdyi ng an

obstruction ifeddie dhenedhdded rIf‘ase“i:iéé(iv?:}:‘oan ; ! AT@eﬁa?torfO% FeuSXtraction

precl udes thﬁai ntroductjon of a water-ba or netal Connector across the
j oi nt betwee

F Pt slowpdiaie RUAET 1 fRable the soncEster topve or
netal, typicaidin lodhien edxle, astkekdon,t bk ewsdd Bonenkaltingagt and 0 the

first concret Ul -Aan he other half into the fall.Qw ng pour.- The process

of renoving t eelpés)lt%apfexg evoeér)ﬁe@}ﬂ‘f \%’(ﬁqzd S35& éllg‘ly tjg’ggeﬁ W&er - bar s.

Al ternativel y50 tdasg oS ehidst Irendamagee oy atheh acnoaetal kg possitile.concrete

has set, whi Ol GaRJ A PR Uy By W RRCke HIBRE LRSI
y nade of steée S

stop-ends, which are cgigenera ?vmth da box "Or “su antially
pl anar cr oss-SAidisd Rdeguatpistrengidy hede tise at rdskhthet &headj acent

panel has beejbrivefedea il Te Jnf"0 WllerP tdee Yo -ehddii&f retblredsi Nce the
General . Suc ATAEHALSERS A Ty g Chewsagecho EABe Ahene concr et 6
and the stop-aljhcdmr mamsipl e TH dinetherb ¢ RAER2Qt10h precllldes has the
the wedgee ot raaPa O %, BONRERs e muclPe, Fetal GRPER heams that
t he stop-end aRrASHEhmrioindy batwae wohpanels, erc saseedbarebelingnd hence
the di aphragm wldigpaelruded Meuldr Hetblll,s 52199525 580m AGLe IS an
i nevitable risk, of da e.as

and 10mm thick, with one half cast into the first

concrete pour and the other half into the following

pour. The process of removing the stop-ends vertically

would dislodge or tear the water-bars.

Alternatively, the stop-ends may be removed

horizontally once the concrete has set, which can take

several days or even weeks. These types of stop-ends,

which are generally made of steel with a box or

substantially planar cross-section, are not removed

until the trench for an adjacent panel has been

excavated. The removal procedure is difficult, since

the stop-end has a tendency to become gtrongly adhered

to the concrete..

In general, such stop-ends are removed by driving

a wedge between the concrete and the stop—end, for

example as disclosed in EP 0 101 350. This has the

disadvantage that damage may be caused to the concrete,

particularly since the wedges are shaped so as to wrap

around the stop-end, which means that the stop-end must

be narrower in width than the excavated trench and

hence the diaphragm wall panel. As a result of this

configuration, there is an inevitable risk of damage as



-3-" the wedges cut or break parts of the vertical edges of the di aphragm
wal | panel upon renoval of the stop-end. Furthernore, in this method of
horizontal renoval, it is necessary to apply a beating force to the wedges,
which can result in further damage to the concrete. In sone
applications, the beating force is appl43ed to the wedges by way of the
excavator grab when excavating a trench adjacent to a set diaphragm wal l
panel . \Wen the wedges sus ot heralf partmeofr ibeavarticaddedges eRe

stop-end to R@er e&emeaghh%aquagah@nu{;ehl QuRolAe bEnenef stBp-shap-end in a
downwar ds d|rect|on Thi's  hel tor sal,i t of th ed es of

adj acent panEFTERETIRZS 'oﬁﬁtt ggame 855 aﬁéﬁgﬁta oﬁEW@Va Fitting the
wedges to thesgmaheBSakbatodappng axbauaﬁngnfo&ca secohdaw;dgeeel trench,

t he stop-end fr, h of t PLL, anel each
time the grabhiéklomere m@%toﬁge 5$8%?e§?ﬁ%§FyEPoEé%cavgggggge secondary
trench. Wen the gmalsome wppAdcanionshetbeopeshdngf fencepisngppbield onto

the concrete h € agpge 0 t d/ or any
wat er - bar mthth% W%EQF| %glhagnngeggg Fgea&?eoe %Eésegggeate a depth of

around 200 temeo*mﬁles eaeﬁrensfnt adjapentstgppareht df-ﬁabrﬁsm wadtaphr agm
wal | of, saypaZ@m.demhn %h&uﬂédéﬁﬁ areeeteaeheaqubr eﬂe g2eb hhBe carrying

th k of to th I P_0 402 247 and
£ 0 46> 010 HEHAD Y SHE PERBIET EDopebRBTRERR 0PI FURRI ERSH: t he use
of wedges, buolipwa ttiehiliget o€ eheasabpeegdahnta dognwaydsr unni ng down the
fr e oo o difectlonr endhal,3ADLY RO 2aRER! hiGa0uoBRARK BT ERSDY ODEN! NO

and cl osing the grab. Al t anmage cause e concre in these
systens is | eSgeshaf ﬁ@ﬁ@c@@@s@éng}saa§y§hénﬂﬂhn§haﬁ?és wesges, there i s

still the ri %nefeqdl@mﬁe ERWR/ArDY olENe 13t IRy RASREHBESNEoPRRE gREB t he
concrete andLor he er-bar each . time the grab.is raised or

is at urlng excavation of a secondary panel trench,
the stop—end is forced away from the concrete of the
primary panel each time the grab is lowered in order
progressively to excavate the secondary trench. When
the grab is withdrawn, the stop-end often springs back
onto the concrete, which can result in damage to the
concrete and/or any water-bar which may be fitted.
Since a grab will only excavate a depth of around 200
to 300mm on each ’‘bite’, it is apparent that for a
diaphragm wall of, say, 20m depth, around 100 bites are
required; each bite cérrying the risk of damége to the
previously-cast panel. N

From EP 0 402 247 and EP 0 462 010 it is known to
remove a stop-end horizontally without the use of
wedges, but by attaching the excavator grab to a groove
running down the free side of the stop-end and applying
a beating or shock force by opening and closing the
grab. Although the damage caused to the concrete in
these systems is less than that caused by a system
which uses wedges, there is still the risk of damage
caused by the stop-end springing back onto the concrete
and/or the water-bar each time the grab is raised or



-4- . cl osed. According to a first aspect of the present invention,
there is provided an extractor tool for renoving a shuttering el enent from
a concrete panel during the construction of a diaphragmwall, the extractor
tool conprising a main body provided with attachnent neans for slidable
attachnment to a free face of the shuttetang el enment, characterised in that
the attachnment neans conprises at | east upper and | ower portions which are
arranged rel atlosedo each other so as, in use, to inpart a bending force to

the shuttering el e%g%ﬁ%&@;??ra_tpilp La é}%f'ﬁfttﬁl{é '}Q:é'éeei{?”t away from

the concrete panel™V owing t] ering el'ement. to spring back
onto the concirvenpierl there imcerevidedemetfaractor tok W ng to a

second aspecty@fiot [y PhCSREE LéPVRId Iihedth oo S RicHGHRE pamshod of
removing a sh tterlng el enent froma concrete panel d in t he construction
of a di aphr aght5aRe theCAREHBC TP i?’lg‘ﬁ?‘%‘{)ﬁ%s‘”’%{ sI$3fabl y attachi ng
an extract olr éRPtatbof fdrs]e}e éamerDéitdnea siwfrt &sodyy petarieted anich
progressively_lowering the extractor. ‘a t

Phuttering. ol BhERCERCHE BERRAESF Thitdnts MOt SR Srddface

provi ded wit hofitthehsbnttering é¢bement datharactexcisnhiin chafe thee face of
the shutteri ”?t@é@ﬁi'ﬁ@ht ﬁéﬁxgé%ﬁrﬁe#ffgeé Nyd MRl %@%ﬁﬁéﬁ“ﬂ@@oﬁ@@ns

conpri ses at [east upper a portions Ich™are arranged relative to
each other sopastippsyvbichoarapar¥angert et ¥'6? & 1R¢he t¥9i ng

element in orgder 1A 488l tbeimpait esibénhdlRieNdradado fisn e Lariet e
panel w t hout f Igmﬁng t he shutterinﬂ Sﬁgﬁgﬁﬁtéé%éfrhgﬁ back onto the
concrete panePlfHEBR GRcBREFHI FRPFRhNERS RTINS enent, or
stop-end, is fdganthgeountyepeopanel withvutinnklowingnthe hehhteretingf its
free face, i”é?a%@hﬁhtéugﬁﬁiﬁgtﬂgcéiéﬂ@énéﬂé concrete panel in an
uncontrolled manner.
According to a second aspect of the present
invention, there is provided a method of removing a
shuttering element from a concrete panel during the
construction of a diaphragm wall, the method comprising
the steps of slidably attaching an extractor tool to a
free face of the shuttering element and progressively
lowering the extractor tool aiong the length of the
shuttering element, the extractor tool having a main
body and being provided with attachment means for
slidable attachment to the free face of the shuttering
element, characterised in that the attachment means
comprises at least upper and lower portions which are
arranged relative to each other so as, in use, to
impart a bending force to the shuttering element in
order to peel the shuttering element away from the
concrete panel without allowing the shuttering element
to spring back onto the concrete panel in an
uncontrolled manner.
The shuttering element, or stop-end, is
advantageously provided with runners along the length
.0f its free face, into which runners the attachment



means, of the extractor tool may be slidably engaged. In some enbodinents of
‘t he present invention, two runners are provided, one down each side of the
free face of the stop-end. However, when installing a relatively thick

di aphragmwal |l (with a thickness greater than, say, 1200nm using w de
stop-ends, it may be advantageous to prewide nore than two runners on the
free face of the stop-end in order to ensure that the bending force upon
renoval is am@dred ofeltdie \eottyramtnn \tondr asmy tHee sdiifiablyf emgagstdp- end. The
st op-end may é‘ﬂ?é:i‘gi% SO i Isﬁ_%(g f; SEBR3 r suitable

ﬁrgysfcﬁéa made u%l out oépgg%tions é\/}\ﬂ‘p i, TP

material, or ] i ch are connected together by
way of wel di repnners mxsharesided nienge davmeagh wddscferda faefesired
length. In Orﬁ&r‘gpgimtsﬁ -éé}ﬁip[]@w&véﬂ,vgilférpmnédﬂlﬁ)ﬁig@tor t ool
conprises a main bo r wcie wi th upper _and, |.quer tachment neans
wher ei n, uporF ettt tERkC r%laéﬁ’ﬁaé%?d‘fa]ta]ooqw’t%gft%z:tk&c 'S5, the upper
and | ower at tsdutent theans s, rEqomet)i weding odatee stmp-tenes,r dee siage of the

top-end in fjirst J | t ' f
between tho dhASTRRAEAY B WS PR N oot M Al [ ol 51 20
remote from tfweee nizcd o tharstdr-entcinl rder. taamEwre thatu e
attachment ”Bﬁéﬁdﬁﬁef%%eer@ﬁﬁigr hAAT e 'éﬁﬂj}fél'lferél@dhiél%r | M8y

attachnment neans, r attachment neans_ w tend to pull the “stop-end
away from t heaexRRs ctke pakdth BE | thargt Ry ndbendbfy TERER MY iR€ react ed

by the | over gitmedredta neensimted ladidth dhesdayerontdrrdnent neans has
at | east two #)Oj nt.s ofr%a%t ac nt to the stop-end, the points of attachment

bei ng spaced FHHABHe Thet - al ¥nd"he’s % W Ve G SENME  rhi s hel ps
to keep the esticitaretouinschsd andgetber oy atdelof overlding or substantial ly

I R R e A G M o

length. In one embodiment of the present invention,

the extractor tool comprises a main body provided with
upper and lower attachment means wherein, upon
attachment of the extractor tool to the stop-end, the
upper and lower attachment means are respectively
located on the free side of the stop-end in first and
second planes parallel to the plane of the interface
between the concrete panel and the stop-end, the first
plane being more remote from the interface than the -
second plane. Because the upper attachment means are
more remote from the interface-than the lower
attachment means, the upper attachment means will tend
to pull the stop-end away from the concrete panel by
imparting a bending force which is reacted by the lower
attachment means. Preferably, the lower attachment
means has at least two points of attachment to the
stop-end, the points of attachment being spaced from
one another along the length of the stop-end. This
helps to keep the extractor tool substantially parallel
to and at a substantially constant distance from the
interface between the concrete panel and the stop-end
as the tool is progressed along the length of the stop-



end.> Advant ageously, the positions of the upper and | ower attachnent neans
are adjustable with respect to the nmain body of the extractor tool. I n
order conpletely to renove the stop-end, the extractor tool is progressed
along the length of the stop-end. This may be done by repeatedly raising
and | owering or dropping the extractor 4®ol, or by using a vibrator or
hammer device. In certain enbodinents, the extractor tool may form part of
an excavat or egrdab. Advars-ageEoorsdyt, ttist pesdit ionme ofhéhexuppetroandool i s

rai sed, the stop. 085, ' acks e . LQRC nely in an
uncontrol | eds"'v\?aq"&ret%{:t 'S g;éﬁzlg%%[ﬂr?n%%o%&g%%é}l%arﬁgrﬂ %‘%%?ﬁ%%a?toachrrent
means of the tdhea medipbadiplof the extrastaro tOed -known systens out | i néd

above, tt he pr lese_ntlhﬂ Q%{fa'gy{ %ﬁﬂé{\@_lﬂ e &te(ﬁ{a,veemﬂﬁ _%EB@-E?GQVQ@?LY om t hle
concrete panel without introducing a wedge.or s i.ke en.t he pane
and the stop-eé‘?ﬁf%ﬁﬁi’%tt%tlsalﬂr&%‘?‘?g“te% aleas. ll(?n@%ﬁ \é\?% 88 onto the
concrete or atopvamel.- barhishinady ey domee yearepgeatiedllyedaising Bnd s al so
possible with t nresent .| t] t I er L face of
t he stop-endrié:?s“peg]{fi so?odrfa;’:?%erhg%@lﬁ %#3%%&% ttlféo%tr}t' ?’gorr%\}{ %%l e%stop- end
i tsel f. This vwidoxhirar or graswmiet @MS dm tder taisa embodimens suhitdle f it
snugly bet Weeékt%?té@ Clesea! %ﬁﬂg%ﬂ’:‘d rtd R rﬁ‘l‘{”é‘icrc%.v%!&otﬂ"%ﬁbqp' ard,

t hereby keeping e excavat or properly aligned upon_é&xcavati on of an
adj oi ni ng tr rEIPRRAFAAR Ghat isaFh Hdme She AFTRGREhESndSet e of the
precedi ng panglised, tHd stdpddid Woud Yndy eiprimed badhkodntenthef the present

' ti , the | t t achnent ' | ' hat_ it . t

pr edet er i ned FEST B P Lt & GURB bR I Bb ¥t Mo 18 kst Svol . “and
t he upper at taactomrtoliexh snarmeac thw eche attteathment smeamnsvicdedhsi th drive
means whi Ch Serues.d & Ald1 Nt dARVEY JBate A Syt drie Stop-end,

away fromthe
outlined above, the present invention allows the stop-

end to be removed from the concrete panel without
introducing a wedge or suchlike between the panel and
the stop-end and without allowing the stop-end to
spring back onto the concrete or any water-bar which
may have been installed.

It is also possible with the present invention to
use the runners on the free face of the stop-end as _
guides for an excavator grab without removing the stop-
end itself. This is done by providing means on the
excavator grab which fit snugly between, but do not
engage with, the runners on the stop-eﬂd, thereby
keeping the excavator grab properly aligned upon
excavation of an adjoining trench without pulling the
stop-end from the concrete of the preceding panel.

In a particularly preferred embodiment of the
present invention, the lower attachment means is
passive, in that it is set at a predetermined position
relative to the main body of the extractor tool, and
the upper attachment means is active, in that it is
provided with drive means which serves to pull the
attachment means, and hence the stop-end, away from the



-7- - edge of the concrete panel. The drive neans may be hydraulic or
pneumatic rans, electric nmotors, or any other suitable neans. The upper
attachment nmeans may initially be located in an initial plane, which nay be
substantially the same plane as the | ower attachnment nmeans, and the
extractor tool lowered onto the top of the stop-end. Wth the extractor
tool held at the top of the stop-end, the drive neans is activated so as to
pul | the top edge hetf stkp-corcrats paneh ¢ hélhoniriste nepns drEw dareans | s
then driven igydeMeIse &P Fifelmat £ L.'»Faﬂnéh SRS AldRIUE N, ATRRRP toits
|

original position and t extractor_tool is then lowered by
predet er m ne@%n?ub%?}‘g}% TART | valih JRERF HBhtAChASHS .meﬁﬂss BHbcess i s
repeat ed unt |ini'd:tea]slpr:ben1:b¢w:3ed)eﬂn a&orﬁmﬁﬁly IS.IIHILHI,Q WHiMA b @ucrete

panel . e od| t her.e OVI ded .an active

at t achment rreans %l'% %m rf te%fﬁ gfé’ I'B'l?dv: of the

extractor todteamsl aand cbize @mm \}teaca]t tJacMBmd orms:hdwe:rcgbeiﬁ/veen. Thi s

allows for gr gl act or
@8 e Senehag ot Oéactﬁzgﬂc : ew QoY YRt Q{i-fé B

tool can be nade orter than that of t odi ne his
useful when t¥eriere sStrR1eRdi drhefdriwe éﬁﬁﬁ%rﬂeﬁ activahes aamy tq he

active attac tfméin@oﬁr@flﬁhé f“@cé@féﬂd)l‘avié%ﬁ@on@fﬂié Vi rfdr Y
oper at ed by 1_|1ve neans_so_as, t he s':HP end and the main body of the
extractor too ?o‘b%’f‘ﬁ%rm?ﬁnﬁﬁesaﬁ ?rhéi‘flo‘f?rh R ADES & at t achnent .

The att achnemntettmamsthayuppdee dtadmentoingrags o dtgomigisiali | ar nmeans

whi ch are enw V. n i e f

st op-end. Because tcﬁ% attacﬁ{we%’&n%%%s&g%ﬁe 0%%[4#?%% adgéoyt%the st op-
end, it is pirsdpterninedmnamt thefiore spactiEtsigsiodhe idride 0 101 350,
for the stop-dihd 0 hawes pmbslids epw%}egéatcgd%{ﬂ&m 'ahegrsec@pereﬁ&%g hat of

the trench |rLWmcht concrete panel s to be cast
een completely sprung from the concrete panel

In an alternative embodiment, there may be
provided an active attachment means at both the top and
the bottom of the main body of the extractor tool and
at least one passive attachment means therebetween.
This allows for greater bending of the stop-end during
removal, and extractor tool can be made shorter than
that of the previous embodiment, which is useful when
there is distortion of the stop—end.

Preferably, the active attachment means are in the
form of rocker arms which may be operated by drive
means so as to pull the stop-end and the main body of
the extractor tool together at the at the top and
bottom points of attachment.

The attachment means may take the form of pegs or
lugs or similar means which are engageable with runners
provided on the free face of the stop-end. Because the
attachment means engage on the free face of the stop-
end, it is possible, in contrast to the system
disclosed in EP 0 101 350, for the stop-end to have a
width equal to or slightly greater than that of the
trench in which the concrete panel is to be cast. This



-8- -helps to avoid overspill of concrete which would ot herwi se have to be
scraped away, with the risk of damaging the main body of the concrete
panel , upon renoval of the stop-end. For a better understanding of the
present invention, and to show how it may be carried into effect, reference
wi |l now be made by way of exanple to th&-acconpanying draw ngs, in which:

FI GURE 1 shOﬁg ﬁagerspective view of a stop-end suitable for use in the
present inventfoRs £O aveldy pyevsRhbleoh FroRsERft fhighseowkdtion t hrough

thehstophend othéirgise Hawétes b@s?@fépédqwa¥, witi QiPe_ESrjgskﬂcF]f 5, 6, |7| and

8 show t he st | asiing a pan as part_of a straight diaphragmwall;

FI GURES 9, 10&31%[%’{'3@_,@%% rg%hn?ﬁo‘g%o?\ft © FYPETTHE cpfs‘??mrvgl? nel as part

of a curved drempbvahneiathe stop-¢adilURE 15 shows a side elevation of an

extractor tool acc [ ' j n the stop-end
FE! 20bg e e AP B e Yhd e

of Figures 1 and 2; . ] orizon Cross-section through
Figure 15, 1nveRrEiprs and 4@ shew oW gy maky kecasaied timta ool of

Figures 15 angifféct s HoEerdcd QDVE row LW -k fHP i, N el RANE!
FI GURE 20 sho‘ya% a_hori zont al chéoss_- section thrqugh an alternative design of
st op-end sui t @bt e*FOTTRRRY 1T HFEHE I Fos et ¥ tion; FI GURE 21 shows

a side elevation OFIGURE s oghewsl ofpdidpect A view dfl QURtcp2tpws a side
PRt o T S D e SR A
Fi gure 22; FIXIFERE 42 sthaws & Hotizmbtal owsss -sesttiion dfhadwglext ract or
tool of Figurgge 22capderd SPUMAL-OMN 4 St ofiiih 10fe fidrfgur es 20 and 21
FIGURES 3, 4, 5, 6, 7 and 8 show the steps in
casting a panel as part of a straight diaphragm wall;
FIGURES 9, 10, 11, 12, 13 and 14 show the steps in
casting a panel as part of a curved diaphragm wall;
FIGURE 15 shows a side elevation of an extractor
tool according to the present invention mounted on the
stop-end of Figures 1 and 2;
FIGURE 16 shows a horizontal cross-section through
Figure 15;
FIGURES 17, 18 and 19 show how the extractor tool
of Figures 15 and 16 is used to remove a stop-end from
a concrete panel; _ '
FIGURE 20 shows a horizontal cross-section through
an alternative design of stop-end suitable for use with
the present invention;
FIGURE 21 shows a side elevation of the stop-end
of Figure 20;
FIGURE 22 shows a side elevation of an alternative
extractor tool according to the present invention;
FIGURE 23 shows a front elevation of the extractor
tool of Figure 22;
FIGURE 24 shows a horizontal cross-section of the
extractor tool of Figures 22 and 23 mounted on the
stop-end of Figures 20 and 21;



-9- -, FI GURES 25, 26 and 27 show a side elevation of a further
alternative extractor tool according to the present invention; and

FI GURE 28 shows a horizontal cross-section of the extractor tool of Figures
25, 26 and 27 nounted on a stop-end. Figure 1 shows a stop-end 1
provided with two guide runners 2 on itsS9free face 3. If the stop-end 1 is
relatively wde, it is advantageous to provide additional runners 2 down

the central regi orF HFURER 33 ec2d @and 2Dfshow stvidemlavatdon of5top-end 1

with a width gieHer dDedmi{oive it fotdR0UBN foddtilislg Wd e ' T - section
(not shown) (r?%% be tgrpw ded, between the two edge runners 2. As shown in

Figure 2, th SRR M adR vertical |y at one edge of a trench 4 in

whi ch a concrete PIGURE 28 cstsvd of sk iBnitile dlesLc@udtaicn i $Houred, a
backpl ate 6 nay

e n_the rynn .2 s to.forma void 7 into
which a filler tma %tgéllgf‘?%?f)s%%ﬁel%}raeesr a%g;‘d%ﬁsaagﬁof’gw}fﬁ‘mteeg °d‘r &el or
ot her suitablstoptenrdal may be poured in order to help avoid accidental
overspill of concr t r F - In order to
al l ow t he backp] at%%%%r%%&%eg e%%é %%%rﬁ?ﬁ}e? ?ﬁth{e]%v;r?at erial 8 may
be poured i ntPHEDHIFIRIDHARIYY Wi Hines Hfacswidy 7.1 fFFsand |1
general |y havies argledt IR By @Al &t AR dRhRRIdIE &lo Yrdhigevoid 7 so as
to allow the bag. 33 to extend outwards gnd fill any |ocal voids behind the
st op-end 1. ﬁ‘n‘% Rt W%&dﬁw iSHPt bRt idfaihe nat eri al .
Al ternativel freesfacel Dfolisihey stap-aemd ar. f iFdera nfop-eald §, wilth wi d 7

a1 owi fur thor R oTh Te T BEau o Fatse  Joto e B, shlRfla §aP °° 10

Acci dent al i el (B viRCHIoR ofdtetgthayvmiaymah dre mravisiest ketween, thee

bentonite. Thavd as@y® Alinddies 4 0PN GHbw i GD Middrd S| RHOURL-Md N

concrete S nqy %gaplaced vertically at one edge of a treﬁch 4 in
which a concrete panel is to be formed. Before the
concrete S is poured, a backplate 6 may be placed
between the runners .2 so as to form a void 7 into which
a filler material 8, such as aerated plastic granules,
gravel or other suitable material may be poured in
order to help avoid accidental overspill of concrete 5
onto the free face 3 of the stop-end 1. 1In order to
allow the backplate 6 later to be easily removed, the
filler material 8 may be poured into a bag 33 located
within the void 7. The bag 33 will generally have a
perimeter greater than the perimeter of the void 7 ‘so
as to allow the bag 33 to extend outwards and f£ill any
local voids behind the stop-end 1. The bag 33 may be
made of hessian or other suitable material.
Alternatively, instead of using a granular filler
material 8, the void 7 may be filled with bentonite and
a downpipe (not shown) inserted so as to allow further
bentonite to be pumped to the base of the stop-end 1.
Accidental inclusions of concrete 5 may then be washed
away by the bentonite. The face 9 of the stop-end 1
which will be in contact with concrete 5 may be




-10-. provided with one or nore slots or keyways 10 extending the ful

~l ength of the stop-end 1. These slots or keyways 10 may be used to
acconmodat e a wat er-bar and/or netal connector 11 such that one half of the
wat er - bar and/or netal connector 11 will be surrounded by the concrete 5
making up a first panel, the other hal41g-emaining free until surrounded by
concrete upon installation of a second, adjacent panel. The water- bar 11
may be made ptoviedrwiphaeneceroronetalots or keyways BY exténding7 and 8

show in horlEﬁatehlirQaﬁgéﬁcafoehéh§t§§e@ﬁdoi i nphakdi ﬂﬂo@sgéPel of a

di aphragmwal | . Firstly, “as. shown_in ure a trench 12 is excavated in
t he ground 1beY%§¥§ob°eﬁﬂYlb?suﬁﬁ@ntﬁl%%@@m@?a%ﬁ% RrRBRTTPRT t rench 12

(Figure 4), aﬂd/bbeméeam dohfiettbredi Wshbhathat | Sfie "RAEE | GF @h@efore the
trench 12 is f

oncrete Figure 5 On t he concrete.5 has
set, which mV?#eﬁe 8FaFF Bﬁ ity %é?%%?ﬁ% Sl%rwhgﬁkg UL ¢rench 12
i's excavatedbyekhetoonheeterStmakﬁnghupzaoﬁlrae panhel, sthb ofhéhe st op-end
1, and the f§ r e ng the
second trenchg%g rQ@%Eﬁ %ava g ﬁﬁgP% Qu£f%8Hé§%3%% %gﬁg%%éajlé%%ent means
(not shown) mnﬁﬁﬁliﬁtlgﬁugfyabé@QE@@g @@]agenhdma@abagéThﬁtwat¢me runners 2

of the stop-gagd 11ifa rE@rm&&eeaﬁUf@bﬁeﬁoQﬁlﬁ%tiﬁﬁmﬁ% wéedhe two trenches
12 and 12'. An extracior tool is then fitted into the runners 2 of the

st op-end 1 (F|gurglgyrﬁﬁd3prﬁgr§ss@d T PRReB pBRRW of 1 t PRELFRE2hd ei t her
by al ternat etyodsoppetfjoantdheasteépg dheifxtadTing & ofdnd¥, obya appl yl ng

Ut the ot SPOBRECTRN AR hec FEERbTLt 75 SBTURGLErSHTERE Romrete 5 (Fi gure
8). The stoptrench k@yishencheapédcin thetgroend 1I.t & s@mpﬁehdrbnch 12
and the procgéstheﬁegiseed at ofeStHY!BF PHEC @h'fz §¥f@ Mere a
curved diaphragmwalT I s required, except 1n_t specl &

and the void 7 is filled with a flller materlal

before the trench 12 is filled with concrete 5 (Figure

5). Once the concrete 5 has set, which will generally

be after a few days .or weeks, a second trench 12’ is

excavated next to the first trench 12 on the other side

of the stop-end 1, and the filler material 8 is removed

(Figure 6). When excavating the second trench 12’, the

excavator grab may be provided with alignment means

(not shown) which fit snugly between, but do not engagé

with, the runners 2 of the stop-end 1 in order to

ensure a good alignment of the two trenches 12 and 12’.

An extractor tool 14 is then fitted inEo the runners 2

of the stop-end 1 (Figure 7) and progressed to the base

of the stop-end 1, either by alternately dropping and

raising the extractor tool 14, by applying vibration or

hammer blows, or by using the excavator grab (not

shown), until the stop-end 1 has been completely sprung

from the concrete 5 (Figure 8). The stop-end 1 may

then be placed at the end of the second trench 12’ and

the process repeated.

A similar procedure is followed where a curved
diaphragm wall is required, except in that a specially-



-115 shaped stop-end 1' is used. Figures 9, 10, 11, 12, 13 and 14 show the
~steps involved, and illustrate the use of a stop-end 1 with an extension

fl ange 15 provi ded on one side. The extractor tool 14 is shown in nore
detail in Figures 15 and 16. The main body 16 of the extractor tool 14 is
general ly of substantial nmass, preferabiy-several tonnes. Projecting from
the main body 16 is the |ower attachnment neans, which conprises two pairs
of lugs 17 nahaped GMo@dhnatabl&slugeduppeigarég ehi th, emapl £2¢ he3spaci ng

of [t e Lugs Ldaqmehe, BRLnohady d6.b9.ba ALbared ascreayl Lad LIpi cal |V,

the lugs 17 are space at "a dIS ance o0 nm —al t hough
the preci se ofaei ®§om- bnddépumuhonntButpasnpnuf&ansppﬂﬁcarbﬁhdedhenupper
attachment ngaps sq@@prises a further pair of lugs 19 nounted on adjustable
| ug supports 20. The lugs 17, 19 are adapted to fit into_the runners 2 of a
stop-end 1, and nﬁ?eb@ 6ﬁ§FPHcF8810F4hé?déﬁ@ﬂnsPEeW°§ﬁddﬁF6%;déB with

rollers or bea[:;uﬁr@% (sotanghaen) mermduﬁebbaycnsoaf the ekaractbfst

enbodi nment og ge i nyention E gs é ssive, | % E ey may be

cot at o pr oHE0A: M SEEGAGLY B BHESHAPE LBOaptE" ( BPeERERbYat i on of

t he st op- endseseradl tpnoesss, Prbgespangngrbmlngelmasnthadythatlsf t he | ower

lugs 17. Typigal | g be C h dy 16 at a

di st ance of %%% %%Mf%g%t% gkségo§ggpﬁé geﬁeﬁgm%&?g%%1?Hgaggﬁggete 5

(Figures 17, o:8.ugs) 1/t Reudsser cRugsJEs e ARgi BRPPOEESSEP WR1ERe sane
fsl 17 5ee d3 tﬁh} A Bsséd which

spaci ng fr omehA®1eRitheb ¥cibgasrt bael ngé twg%réa thEemélhrBéB.?rlEOC” 14
fitted into the runBers of the sto

P gmgi 1 roject to sone
extent from £ReP€ 7S ZRAULHE upp@VpF Yo £ §n gfué e®r®f or
exanpl e by sepavedcfrom thet hatint begyaae aldsetahaetbé paodmmpody 16.

A ter nat ivel yn (ISR $r2clbe! BBabthgh 1 iaBpaRatl dng®y b chanfered

as shown nor
partlcular application. The upper attachment means

comprises a further pair of lugs 19 mounted on
adjustable lug supports 20. The lugs 17, 19 are
adapted‘to fit into .the runners 2 of a stop-end 1, and
may be constructed of hardened steel and provided with
rollers or bearings (not shown) to reduce friction.
In a first embodiment of the invention, the lugs
19 are passive, in that they may be set at a
predetermined spacing from the main body 16 for the
duration of the stop-end removal process, the spacing
being less than that of the lower Iugs 17. Typically,
the upper lugs may be spaced from the ;ain body 16 at a
distance of 170 to 185mm. To remove the stop-end 1
from the concrete 5 (Figures 17, 18, 19), the upper
lugs 19 may initially be set at the same spacing from
the main body 16 as the lower lugs 17, the extractor
tool 14 fitted into the runners 2 of the stop-end 1
(which will project to some extent from the concrete
5), and the upper lugs 19 then adjusted, for example by
screw means, so that they are closer to the main body
16. Alternatively, the runners 2 at the top of the
stop-end 1 may be chamfered, as shown more clearly in



-12-. Figure 22, which allows the extractor tool 14 to be fitted onto the
~stop-end 1 even when the upper lugs 19 are in their working setting. In
order to renove the stop-end 1 fromthe concrete 5, the extractor tool 14
is progressed down the length of the stop-end either by alternately

| owering and raising the extractor toot1d4 by neans of a crane or suchlike,
or by using a vibrator or hammer or even an excavator grab (not shown).
Because the Eppurel 3gs w¥higheadlowerthe ektramtarbbdgliB4otothe extractor

tool 14, uhi @ckRd U tracldoplahd! ¥ B3EA! Lkn! CnknEpptoriegd doby means

of the Iower ugs It can_be seen that apply a
bendi ng forcérﬁo1Ph§h§ﬂ6pw@ﬁhlﬁgsﬁéﬁta§9to EEePr@ﬁE EPoﬁe@ﬂﬂeltﬁﬁay from

the concret egbop-thgut E&bmodneleanaﬂatéesaraheoexﬂﬁaaeobetaeenlahe
concrete 5 and the stop-gp%el. Fﬁ &Eernn the extragtor ﬁool 14 is

rai sed, the SEop*EHFSESE Wi fF g§ngb BFI BebgERPoRES EHEREENRYete 5 in
an uncontrole&demmameﬂy boWekingnahdaﬂaabhngedheoehendcbarktbol|14 ori gi nal

posi 1 on undg Lg,gupdance abel e LgRi ke, 18- Ib! 3sbekPs bouaxoLd damge

both to the S*afd 6 any er-
an alternati @& e#mm@mnsﬁteuentne enveﬁeten ograb dppershaws) 19 are active,

in that thGYBéEQuBEO%hQEQRBbEh1ﬁ§bV§9”Eé@sciBQErSEQWBhe“ﬁbﬁﬁ B8dy be
activated so as to closer_to, or furthe fron1the mai n

body 16 of tR& &Ft 8FtF@GF°¥4t°?ﬁe16P|Vglﬁﬁaﬁ§ Fﬁﬁnbéshpﬁigullc or
pneumati c ra&&glau@c@emelaeu0ta eheaeyoptbﬁa subiralnbanseafsthén this

enbodi nent, the extract qr, t bs mount n he - 1 way of
the runners 23S ber ge(1 éxggpFaPn thFePhggag spe Héé8§9f§§ YtlaYIy be
spaced fron1MhélwapplboaybEGdbvgtﬁersaneodthEaﬁtepasndhé Sombrasugs 17 in
order to avoidhhepaeed Oenﬂhﬁ”%ﬁégdeBH”Ehé goﬁ%réﬁ@ Boﬂleﬁ?hée st op-end

1. The drive neans 1s then activated so as e upper
towards t he introducing any separation means between the concrete 5

and the stop-end 1. Furthermore, as the extractor tool
14 is raised, the stop-end 1 is not allowed to spring
back onto the concrete 5 in an uncontrolled manner, but
is instead allowed to bend back to its original
position under the guidance of the lugs 17, 19. This
helps to avoid damage both to the concrete 5 and to any
water-bar 11 which may be fitted. _
In an alternative embodiment of the invention, the
upper lugs 19 are active, in that they are provided
with drive means (not shown) which may be activated so
as to move the lugs 19 closer to or fu;ther away from
the main body 16 of the extractor tool 14. The drive
means may be hydraulic or pneumatic rams, electric
motors or any other suitable means. 1In this
embodiment, the extractor tool 14 is mounted on the
stop-end 1 by way of the runners 2 as before, except in
that the upper lugs 19 may initially be spaced from the
main body 16 by the same distance as the lower lugs 17
in order to avoid the need for chamfered runners 2 at
the top of the stop-end 1. The drive means is then
activated so as to pull the upper lugs 19 towards the



-13--. main body 16, thereby pulling the stop-end 1 away fromthe concrete
5. The upper lugs 19 are then returned to their initial position before the
extractor tool 14 is lowered to a predeterm ned |evel at which the drive
nmeans is again activated so as to pull the upper lugs 19 and hence the
stop-end 1 away fromthe concrete 5. Thissprocess is repeated until the
entire stop-end 1 has been peeled fromthe concrete. In order to clear
excess soil onatebbodyfié&m theréb:eepmbbmg? tite t oot andawlay tfwomxcavat or
tool 14 may r QM r ts bottom
edge. beﬁ?ege‘%gf %ﬂ %1 ?ﬁﬁg %t%g&g ottrfeg{n} %%xa’{e atb?e for
use with the %%En{-n%ﬁ%@llw%ltmsb%f@ﬁﬁetmeZa._xﬁlsamltdmi vii4 his unner s

22 on its frepow@sed28o aqslréd@@éﬁ@i@é&swxréi it Qfniy Whe %f&h Y4 0 which a
wat er - bar may_be inserted, The s P?é %I s also provided wt removabl e
t

backpl ate 25 WATEH ﬁﬁya%%l?n%"éﬂ &5 t e Fikhdhe aprar élélsi% i sol ate

a void 26 |ntD9vﬂmd:hhénd:éeu:hémé@dspaéndrw DeaP OftFsl HHOedrtretld af i on of a
di aphragm wal n F|%#|re 2 t.he r ynners 22 at the top of

best
t he stop-end 1ma§§£§ end- é VESPFFOTT tHR+T 9 a%’ﬁ?&%‘ provide a
| ead section h@seb%%ntpeeh@dmfrmg e tdmnemxetact or tool 26 shown in Fi gures

22 and 23. ThEnC3LEEELQS 0Ly 2l e r i o Widihddiiallie, PaSS] ve

| ower nounts and an_active upper nount (1 ve upper Bunt 28
may be noved %%e?a?% drof rhrnestopwnd e nehe Q?W@Ibﬁqqie 1t r act or

tool 26 by Waya}afbélrpr'@viwswﬁﬂ'l s Gy BEady Hri)d:C tQleddSYTRd C rans,
el ectric not ors%obo‘_gm%m $% sui tabl e means. The procedure for renmoving

this type of £ as described above and illustrated further in
Fi gure 24 which shE:z@.laeﬂﬂoZO zzmd @1 o3lss -ave o4 1 ey ridviseg s tidpe- dnvey1 part  of

tnr;ﬁn'?)s(t ract org POlp P8 FRHMNIEH f it NEhd LBPeeééntz%.nQ;en%lotnOp Td L1 The Tower
stop-end 21 is provided with runners 22 on its free
face 23, and incorporates a slot or keyway 24 into
which a water-bar may be inserted. The stop-end is
also provided with a removable backplate 25 which may
be inserted between the runners 22 so as to isolate a
void 26 into which filler material may be poured upon
installation of a diaphragm wall. As shown best in
Figure 21, the runners 22 at the top of the stop-end 21
-may extend away from the free face 23 so as to provide
a lead section to ease the mounting of the extractor
tool 26 shown in Figures 22 and 23.

The extractor tool 26 is provided“with adjustable
passive lower mounts 27, and an active upper mount 28.
The active upper mount 28 may be moved closer to or
further from the main body 29 of the extractor tool 26
by way of drive means 30; which may be hydraulic or
pneumatic rams, electric motors or any other suitable
means. The procedure for removing this type of stop-
end 21 is as described above and illustrated further in
Figure 24 which shows a horizontal cross-section
through the lower part of the extractor tool 26 mounted
in the runners 22 of a stop-end 21. The lower mounts




-14% 27 are

separation o

enbodi nent s,

attached to the main body 29 of the extractor tool 26 by way
“of bolts 31 and | ock nuts 32, which may be adjusted so as to vary the

f the lower nmounts 27 fromthe main body 29. The main body 29
of the extractor tool 26 is generally nade of a massive material, th
of the extractor tool 26 preferably being-at | east one tonne. In sone

the mass may be consi derably greater depending on the

€ Nnass

ength

of the extra2¥Voareoakttadhedbiot hbewnadinh bddyhz sebHptkadettr@dtand t he

stiffness of
tool 34 is s

88§ EBOEYGQQ SggbBSES 3L 3@a éﬁeﬁuéétféna%h¥8P3§§§ac

own I n IS extractor to

tor

provi ded wi theagdivet uAPsas5tanvaze Ehel$%P%E%%%°%n@fl%h%rléﬂﬁ§ and a
passi ve munﬁoﬁﬁtbhevebebmeene ﬂfﬁ@naﬁédyezgouni‘ﬁeaﬁalﬁ%éﬁ? 29 &he form of

rocker arns
operated so

erated ck

ERe, SRt PREERLoHBY BB e gtndnal 1Y rhie Sk A Pasarends

38, 39 are

of the

extractor tomhtaélamgethermanstbfthhepexsraetabuﬂboB72acpregeﬁabayfuIcrun1

Thi's expract§%§5§géF3#em%Logﬁae? eatgﬁ ?8@% 8&1&2 tgtoghgnd 42,

is particul a

€r e tio op en 2 feans th

there are femagstwayi be spnamghrabéztgnaste3|depemﬂenQXQMather t oo

be shorter i
descri bed wh

mehseateftEﬁa E&@:ﬁé&&écggathQ'S é4 EHQ @@d@ﬁGMEOHﬁéXS

Ile still prOV| an effective en I ng force

and
at
34 may

shown

in Figure 28StPRe®PEcher arﬁ§d38h63§ta€€nﬁ$%v?eeahan%hopu@§d43 which fit

into runners

séécppavi ded in the stop-end 42. .

A further alternative extractor tool 34 is shéwn
in Figures 25, 26 and 27. This extractor tool 34 is
provided with active mounts 35 and 36 at its upper and
lower ends, and a passive mount 37 therebetween. The
active mounts 35, 36 are in the form of rocker arms 38,
39 operated by rams 40, 41. The rocker arms 38, 39 are
operated so as to pull the stop-end 42 and the upper -
and lower ends of the extractor tool 34 together, with
the passive mount 37 acting as a fulcrum. This
extractor tool 34 allows for greater bending of the
stop-end 42, and is particularly useful where
deformation of the stop-end 42 means that there are few
extensive straight sectlons, since the extractor tool
34 may be shorter in length'than the extractor tools 14
and 26 previously described while stili providing an
effective bending force.

As shown in Figure 28, the rocker arms 38, 39 are
provided with lugs 43 which fit into runners 44
provided in the stop-end 42.



-15. - CLAI MV5: 1. An extractor tool for renoving a shuttering
:elenent froma concrete panel during the construction of a diaphragmwall,
the extractor tool conprising a main body provi nmeans
for slidable attachnment to a free face of the shu

characterised in that the attachnent neaHis conpri .& I& Eﬂﬂwﬂ and
| ower portions which are arranged relative to eachs use,
i npart a ben8LAgMSarce to the shuttering elenent in order to peel the
shuttering elenent away fromthe concrete-panel w thout allow ng the
shuttering elenent to spring back onto_the concrete panel in an
uncontrol | ed mannér. AR extraghopyEpgit EPTt HBFOKENG| & FBULFRTENG m 1,
wher ei n, upoalainkaehFedn afcbherexérpahel daegingothbecshopresdionhe upper

d | f.the att t Ly.l t ed th
free o de of °fn8 BL3BUEAGT HoRir EBEEERGRAL pF SbeC DU EH PRI B the pl ane
of the interhate beﬁwepmowhdedowcthtatpaqhmeandmeanssfop-ebddabme first
pl ane bei ng HQESFhﬁEBEetErQUEEQS FQESr§ECEh§h§§HEESr§E§ BLBEG 3.

An extractor tool as clalnmed omer portion of
t he attachnefhaxagterigedadn &hat the 96Fa€bmentamea6ﬁnﬁﬂmpréSFﬁeagtop end,

the points ofeaktagl Fﬁ%&taﬁﬁJngéﬂagéﬂtibﬁ§1ﬁﬁiéhoéﬁéraﬂfﬁﬁ edn axis

substantlaII¥ Raral to the the main body,of the extractor

t ool . elah1¥R: FRc £EF s@la?nean HS&nytBr LBRAFhg?cl aim wherein
t he spacingsbehdnhg ibtaehmantheeah&ttenmnghelementbmdyonaefhEOextractop
tool are adlpééﬁbkﬁe shutt% éﬁEtQ&agofkoﬁSEﬁ%a Hﬁgrgﬁea”y preceding
claim where he ™ u neans s provi W rrve neans

whi ch servespane&hungbommeadéawnng bbewebuttesingpeiementchaeapridgns and
the main bodyagk onto the concrete panel in an uncontrolled manner.

2. An extractor tool as claimed in claim 1,
wherein, upon attachment of the extractor tool to the
stop-end, the upper and lower portions of the
attachment means are respectively located on the free
side of the stop-end in first and second planes
parallel to the plane of the interface between the
concrete panel and the stop-end, the first plane being
more remote from the interface than the second plane.

3. An extractor toocl as claimed in claim 1 or 2,
wherein the lower portion of the attachment means has
at least two points of attachment to the étop-end, the
points of attachment being spaced from“each other along
an axis substantially parallel to the length of the
main body of the extractor tool.

4. An extractor tool as claimed in any preceding
claim, wherein the spacings of the attachment weans
from the main body of the extractor tool are
adjustable.

5. An extractor tool as claimed in any preceding
claim, wherein the upper attachment means is provided
with drive means which serves to change the spacing
between the upper attachment means and the main body of



_-16-".the extractor tool. 6. An extractor tool as clained in any
preceding claim wherein active attachnent neans ar

and the | ower ends of the main body of the extractor
with drive neans which serve to change the spaci ngs H El
attachment means and the nain body of tfis-extractor t

per

VI ded

passi ve attachnment neans is provided on the main body of the extractor tooI

at a | ocati ortheteweracter LLodle attachrrent means. . An extractor

tool as clainmed ingclai Aty rise
rocker arns. rls8 A%E\Rg}%ract%f]té c%ﬁ %ééflcln c|§ %Lseéﬁqi?7

wherei n sai d 3R Mhgrei ARt ke %F%Wﬁ e ANekaqatediat 9.
met hod of renghé ngopes hatd afhélgl@k@ﬁféﬁdé [N thes MG IbRANE g ing the

construction of t c.O i ng the steps of
slidably att a?ﬁ?ﬁ%qé?fp%ﬁ‘?g&’b‘# 4%@?%"@?‘?@@'“&26% 97€ mMRansh hish ng
el enent and piemgveestso veiandeviehe nEpddimex thetmiern twdm adtang the | ength of

the shuttering &[Fﬁéﬁ ]nﬁw i n bod and bei ng
provi ded W|th attac nttﬁén%ésﬁg %‘férg r&aaq% arl}oﬁnghﬁe}{%jl etXt ‘ﬁ ee face of

t he shutteri g} emifd Wf&ﬁﬁmt%mm‘fm atitmchrentamesstsrg  neans

conprises at ﬂ:&ﬁﬁidé@&&i ] hDUR T RBY tdpfﬁzé/@ﬂ}a%rt%za!{]dﬂlg%dc £lative to

each other s jn yse, to inpart a bendi ng force to the shuttering

el ement in or a'i’d’rb tygRn 135 IE StdRGhmentafeadndin t he concrete

panel wi thout all omi ng Arhessduddiest bl aaeralatmeﬁorﬂmula@rk gnto the
concrete panq'yhé net hod rding to

[
claim9, wherern the él}ge;(;gégot agcﬁﬁa}ﬁ r}%é}%gnqagusp c&ﬂp(fé‘tf%/\nr[ ?{;f%ove neans

whi ch, in useX®&e operated to change the spaci ng between the upper

attachnent means ad e By LAWY Hool as claimed in claim 5, 6 or
7, wherein said drive means comprises a hydraulic or
pneumatic ram.

9. A method of removing a shuttering element
from a concrete panel during the construction of a-
diaphragm wall, the method comprising the steps of
slidably attaching an extractor tool to a free face of
the shuttering element and progressively lowering the
extractor tool along the length of the shuttering
element, the_extractor tool having a main body and
being provided with attachment means for slidable
attachment to the free face of the shuttering element,
characterised in that the aﬁtachment m;ans comprises at
least upper and lower portions which are arranged
relative to each other so as, in use, to impart a
bending force to the shuttering element in order to
peel the shuttering element away from the concrete
panel without allowing the shuttering element to spring
back onto the concrete panel in an uncontrolled manner.
10. A method according to claim 9, wherein the

upper attachment means is provided with drive means
which, in use, are operated to change the spacing
between the upper attachment means and the main body of

A



-17-- the extractor tool, thereby peeling the shut+ering elenent away from
“t he concrete panel. 11. A nethod according to erein active
attachnment means are located at the upper and the Iob@i‘&ﬂﬂﬂm "'a

body of the extractor tool and are provided with dri n use,
are operated to change the spaci ngs betuween the active attachnent neans and
the main body of the extractor tool, and wherein a passive attachnent neans

i s provided &het lgxtagictoyolpods therekyr peedingotheashutteringon bet ween

the active ag&g&?g&n% Q§o§ptﬁ§ chcEéEe pbanadt as a ful crumabout which
t he shuttering el enent d when the drrve neans are operated. 12.

A met hod accor di ndt-o @I&Fﬁpgd §808FdiE9 #ReFeRAM Re WREFRERORCEAYE s
repeatedly raicgadhaiast! ewamgda&elabbueeHOathehéhupperlagdetaaembwer 13.

A net hod | ai 9 12, wh In_t t t t ool i
Vibrated or BedroRts $r hedn, BeByBE Hhe PR F AR R APt PR RG B eent
14. A net hodpxrovdddidngrittd dmyivef mekasnwhi@ht oit3useheasenoperated) the
att achnent ”%%“%h%&%hgQﬁﬁﬁ%ﬁgcgﬁgkhﬁeﬁyééﬁeEﬁé“écﬁ?véSaEBfeﬂkEnEhe

shuttering el enent extractor tool towards each
ot her, there@?aﬁébﬁmﬁbt@ES@éﬂPohoéY PhetBRULKEXRREOE| ERRAr aWdy from the

concrete pangherein d ipaddivedaiyachnant aéangrhgeﬁrbelaeuebﬁetﬁe as to
return the attach to their initi 0Si
ext ract or to@PlPSgﬁghkFﬁg &x&F§FEHEetPQﬁaFE 8cF5é°§hB?F¥FF%g el enent ;
and | V) thleepetiive @atitachmahe meaﬁated ast i int heeshubt aetngsekenent has
been releaseguﬁ Q@ﬁ%g%dﬂ%n%hﬁ ch Eﬁgeshutterlng element may bend
when the drive means are operated.
12. A method according to claim 9, 10 or 11,
wherein the extractor tool is repeatedly raised and
lowered relative to the shuttering element.
13. A method according to any of claims 9 to 12,
wherein the extractor tool is vibrated or beaten so as
to assist removal of the shuttering element.
14. A method according to any of claims 10 to 13,
wherein:
i) the attachment means are operated by the
drive means so as to pull the shuttering element and
the main body of the extractor tool towards each other,
thereby peeling a section of the shuttering element
away from the concrete panel; ’
ii) the drive means are driven in reverse so as
to return the attachment means to their initial
positions;
iii) the extractor tool is lowered by a distance
relative to the shuttering element; and
iv) steps i) to iii) are repeated until the
shuttering element has been released from the concrete
panel.



