WO 2011/ 120557PCT/ EP2010/ 054178 1 Met hod and assenbly for constructing a
di aphragm wal | The present invention relates to the field of
civil engwvoeerimgss7and in particular to the excavati on aod/EPesi®ios41gs i on of
cast concrete structures, such as diaphragmwalls, bel ow ground | evel.

SDi aphragm wal I's, also known as slurry walls, are constructed to forma
wat er - bl ocki ng and earth-retaining barrier surroundi ng underground
structures such as tunnels, basenents or roadway cuttings. A

di aphragmwal | is essentially an inperneable vertical concrete wall which

is cast in situ inuéiModanddsehiblyTEREohStreRliRY dalaphtagniwdiephr agm wal |,
10 a trench is first excavated which defines thé casting volunme for the

concrete. The trench is kept full of slurry until the concrete is poured,
in order to keep tq.% si des tof t he tr?r}chtf&onﬁfal Ifi nvg in. After the trench
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wal 'S, thHe wa 1S C

di aphragm ventionally constructed in alternating
sections. First, a nunber of spaced-apart primary wall panels are

excavat ed, poured g@pghigbhRVREIS, QISRKAGRN akTsIlMEwaRs | e ddsstased BifbgA. the
panel s which are cast fir

t are referred.to as prj mar anels or primary
Sections. Prateshleaking a0 eanDHE ARG BRHC T TRIMA TR HARE 0% ¢ alrydlufes
excavat ed andhfdsltladels] basemestsadraohdwhpicattingset of secondary panels, al so
known as closing panels. In both cases, rebar cages are usually placed into

the trenches before the concrete is poured. Wien the secondary panels are

excavat ed, using aAwidpbragn wallds eesantilly antinpesmgabieavsrcalfcaneeetprwattr y

panel s can al so: 1; - r I - to
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profile, which | .ensur.e a spil-free joint th t he concrete of the

b acent s SIGREIeSEREN B AATRS i AllR g engphas been excavated,

2011/ 120557&I6TdrERZ:t0¢105 4wéred into the trench, and the concrete is then poured,
displacing the slurry and filling the volume around the reinforcing steel.

15 In prior art methods of constructing diaphragm walls, the wall is
conventionally constructed in alternating sections. First, a number of spaced-
apart primary wall panels are excavated, poured and allowed to harden. In the
following description, the panels which are cast first are referred to as primary
panels or primary sections. The spaces between the hardened primary panels

20 are then excavated and filled with concrete to form a set of secondary panels,
also known as closing panels. In both cases, rebar cages are usually placed
into the trenches before the concrete is poured. When the secondary panels
are excavated, using a hydromill, for example, the side faces of the primary
panels can also be milled to remove any soil from the concrete, and to create a

25 clean, textured surface against which the concrete of the secondary panel can
be cast. The milling removes concrete from the side face of the primary panels
and creates a cutter-milled joint, or similar profile, which will ensure a soil-free
joint with the concrete of the adjacent secondary panel when it is poured.

The excavation of the secondary panels is conventionally performed
30 using a hydromill, which is a large vertical excavation machine, lowered into the



2 trench by crane. Hydromlls are typically 2.8min wdth, and from60cmto
1.5min thickness. At its |lower extremty, a conventional hydrom || has two
sets of cwonverrossvati ng t oot hed wheel s whi ch renove natreriEeRomosnrs he
trench. The hydrom |1's toothed wheels al so renove sone naterial fromthe
sides of the 5 adjacent primary panels, c£reating the cutter-joint profiles
referred to above. The mlled profile may for exanple consist of a series
of vertical grooves mlled deep (50mmto 100m) into the concrete of the
prinmary panels. The purpose of these recesses is to create a clean
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panel .
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around it and allowed to cure.

After curing, the primary and secondary panels form a continuous
concrete wall in the ground, each pair of neighbouring panels being strongly
mechanically joined to each other by the cutter joint profile described above.

20 In some constructions, such as a curved diaphragm wall, it may be
necessary for some or all of the primary and secondary panels to be positioned
at an angle to each other. However, conventional hydromills or cutters generally
have fixed-orientation milling heads with toothed wheels which are designed to
cut a rectangular section, which means that, where such a hydromill or cutter is

25 used to excavate a secondary panel which is angled to its neighbouring primary
panel, the milling will be performed at an angle to the side face of the primary
panel.

As a result of this angled milling, the amount of material to be
removed during milling of the primary panel sides will vary significantly across
30 the side face of the primary panel. Instead of milling all across the joint at a
roughly equal depth into the primary panel concrete (generally 50mm to 200mm



in the case of coplanar abutting panels), the angle of the hydrom || my be
such that the depth of mlling nmay be as nuch as 600nm at the inner edge of
the m || ewloj20im20556r even nore, dependi ng on the angl e aou/mrPhéloknass of the
wal | panels. MIling such a | arge anount of material out of the primary
panel is time- 5 consunming, wasteful of -good quality concrete, increases

t he amount of waste material to be renoved and shortens the life of the
cutter tools. The invention proposes the use of sacrificial void formers,
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25 delay in the pouring of con rete results in increased caking, with consequently
reduced concrete coverage. For this reason, it is important to minimise the
amount of time between the placing of the reinforcement cage and tube, and
the pouring of the concrete. Having to fill the tube with sand and gravel adds
significantly to this time. Furthermore, the concave faces which remain once the
30 tube and its contents have been excavated using the method of
WO2003/006750 cannot be milled directly, so a two-stage excavation process
is used, in which half of the tube is removed using a convention grab or
hydromill, and the other half is excavated using a specially-shaped grab with a

semi-circular profile.



10 used interchangeably, as are the terns secondary panel and secondary

section. The termmlling is used to nean any process for renoving nateri al
fromthe worhaceoss” the primary panels. Such processes eam/Epaciwssa’s
mechani cal abrasion by the toothed wheels of a hydrom ||, for exanple, or

hi gh-pressure water jets or other suitabl e mechanical processes. 15In order
to overcone the above and ot her di sadvantages of the prior art, the

i nvention envi sages a nethod for casting a diaphragmwall conprising two
primary sections joined by a secondary section, the nethod conprising a
first step of excavating a casting volune for each primary section, a
second step of casting the primary sections in the primry casting vol unes,
athird step 20 of excavating a secondary casting volune for casting the
secondary section, Taefabjectiofshepredent arventign athieceforends saupfovide amedthbe on

each primary Cﬁﬁgﬁl{cﬁmgbgdlgﬁgrés@ﬂ v@aﬂl \ﬁﬂl’cﬂ'vﬂll @ﬂaﬁf%gﬂwgrélcgel@cegfc%f‘?ﬁ‘&?{lﬁfgrﬁcem

pl’l mary section sacr
di spl acenmemanelsdiodie milledemere qﬂleWeW@dge @n‘f@rcmgg rn@z@nmwm clgasanaeefor ftting and/ or

fourth sfepge %Qrda?f WﬁﬂBMﬂ {h@ ﬁé?a%l f%? s‘F‘)é&‘éW sRaded BkSRABRTENS, KItRETNT S-

According to vari e |nvention, the third and fourth

steps are 6'%‘?f'8'fﬁ’é§p'§5”ﬂljpfed9’gg‘lﬁ§%F'”tﬂeﬁ\P@(”iCHgWQH‘%i r‘?ﬁ“{qm%ﬂ’aﬂﬁger@(

operati on, cbﬂbre@mnralvﬁth rRivesd tware diide @Qtﬂdzrptlﬁibrﬁ evé6 WiHah the milirgaither
vari ant of t he rreth nvention e 30 primary and secondary

sections aﬂ%ogﬁrﬂ)t? fr"?%leg‘? PrIYRY %’P Yical, and the WO
2011/ 120557PCT/ EP2010/ 054178 5 secondary section Is cast in a plane which

s at an angle ot gy iban,i8Rdhankie Rl BRM-R] pahol SRPHiMARR QLotidieaar i mary

sections. Angled sect]on ese" ar € en use e construction
of cont & nivsAe “ﬂtﬁmngﬁabl)’eﬁlérﬁW éhe armeesgeograr ganel and secondary

section. The term milling is used to mean any process for removing material
from the surface of the primary panels. Such processes can include mechanical
abrasion by the toothed wheels of a hydromill, for example, or high-pressure
water jets or other suitable mechanical processes.

15 In order to overcome the above and other disadvantages of the prior
art, the invention envisages a method for casting a diaphragm wall comprising
two primary sections joined by a secondary section, the method comprising a
first step of excavating a casting volume for each primary section, a second
step of casting the primary sections in the primary casting volumes, a third step

20 of excavating a secondary casting volume for casting the secondary section, a
fourth step of forming a joining surface profile on each primary section by
milling an adjoining region (16) of each adjacent primary section, the second
step comprising casting a sacrificial displacement element in each of the
adjoining regions, and the third and/or fourth steps comprise removing the

25 sacrificial displacement elements.

According to a variant of the method of the invention, the third and
fourth steps are performed simultaneously. Excavating and milling in the same
operation, for example, saves time and equipment.

According to another variant of the method of the invention, the
30 primary and secondary sections are substantially planar and vertical, and the



5Accordi ng to another variant of the nethod of the invention, the second
step includes constructing a casting preparation assenbly conprising a

rei nf or cewornviieizessent for reinforcing each prinmary sectiPOmEPI®OO541Mg t he
sacrificial displacenent elenments to the reinforcing el ement, and arranging
the casting preparation assenbly in thegespective primary casting vol une.
In this 10 way, the reinforcenent and the sacrificial displacenent el enents
can all be lowered into the trench at once, and casting can begin w thout
any del ay. According to another variant of the nethod of the

i nvention, geBend@yeRetish RPcadGh WIRENEWHRITIsNE HFeRfY8loticrehaaBus ¢ thehol d

each sacrifjcial, displaceng el ement in posjtion at.a predeterm ned
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di spl acement elenent is made of a material which is nore easily mllable
than the concrete used for casting the primary section in which said each
prefabricated sacrificial displacenent elenent is cast. 20The invention

al so envj sages a CagkbRin@tERAGMEN 0BiARSATRE YndtRb B &% RFehti® tAB excavat ed
primary casting volume for castin pri maréfsect Lon of a concrete

a .
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material than’the concretée used tor casting e primary section, the or
each sacri flowersd igicsihedenaint acerant casling Cpbdeginwdaoutammeelakst i ng
preparation assenbly 30 such that, when the casting preparation assenbly is
pl aced into the prima

ry,, WO 2011/ 120557PCT/ EP2010/ 054178 6 casting vol une
P the primry SeAtOITAD Aadhet detartaldnemahen oL ds eelalh HBZp! acoment
el ement i s segoad st iDchideg aregiginy separator elements to hold each sacrificial
displacement element in position at a predetermined distance from the

15 reinforcing element.

According to another variant of the method of the invention, each
prefabricated sacrificial displacement element is made of a material which is
more easily millable than the concrete used for casting the primary section in
which said each prefabricated sacrificial displacement element is cast.

20 The invention also envisages a casting preparation assembly for
placing into an excavated primary casting volume for casting a primary section
of a concrete diaphragm wall, the primary section having at least one adjoining
region, the or each adjoining region being a region of the primary section to be
milled for creating a joining surface profile for joining the primary section to an

25 adjacent secondary section of the diaphragm wall, and at least one
prefabricated sacrificial displacement element, the or each sacrificial
displacement element being made of a more easily millable material than the
concrete used for casting the primary section, the or each sacrificial
displacement element being positioned in the casting preparation assembly

30 such that, when the casting preparation assembly is placed into the primary



According to another variant of the invention, the assenbly conprises a
rei nforcenent structure for providing reinforcenent for the primary 5
section wNerotiheosri mary section is cast, the or each sa&criHr2ivab4178

di spl acenent el ement being secured to the reinforcement structure.
According to another variant of the invention, the material of each
prefabricated sacrificial displacenent elenent is softer, or nore brittle,
or nore friable, or |ess dense than the concrete used to cast the prinmary
sections. 10According to another variant of the invention, the joining

surface prebkligy 06IRid S8S tHBriMarfTBE&iceY 199V BSeh @ASEthd Br éﬁ@ gaécial of the
primary se anot her .variant of the invention, each

A
pref abr i ca[%@%P%%ed?glgor?ﬁﬁe%&i%'B|%%W8H‘ﬂ N[ERNt conpri ses at | east two nore

prefabricated 15 nodul es. By assenbling the sacrificial displacenent

el erent's 1 modul 2l 30N OT 2R BGGPEBRIRII B8 ARERROR MG R RY I 1 ed and

speeded up. fer Variant cof Che nvent | on, each
pr ef abri catcomnisesix liedﬁfarcecun%rpﬂ%@@twﬁtf%pwrﬂg reisfoscemesiios e privrry

subst antg a's'elétlérﬁ WRatha gn%ar&rs%@ﬁéﬁ’isd@éstctrh%stﬁ e%‘?ﬁltéé?ﬁ‘lflcfghélsﬁf%@?néﬁt the
di spl acerrenﬁ | ements c d to suit an angled orientation

bet ween t h&!YPERERS NG §CLEEIRIAR yeHENERTISE! S?rB?tUé@carrpl e, thereby reducing

t he amount of casting concrete which nust be mlled in order to create the
requi red angl ed joint Accor.di 0.anot.her variant of fhe
vent ton- the. or *EXeRrelag g anet sl g bR uRRNRE ke PleadEne o
nore voi d fooefabrigatedrdzerificibbdispBcerwni éiangenidacsoéer drmoonedordti@rommoee
regions of fﬁ%ﬂ;e%w‘ |E§ }Seﬁééttmgth‘éoédHH?eteu ed fo casf "5‘?@358 ctiat her

vari ant of inven I'on, one or nore ot Fe pre sacrificial
di spl acenent el enments or nodul es encl oses a hol | ow v0| d.

10 According to another variant of the invention, the joining surface
profile comprises one or more grooves formed in the material of the primary
section.

According to another variant of the invention, each prefabricated
sacrificial displacement element comprises at least two more prefabricated
15 modules. By assembling the sacrificial displacement elements in modular
fashion, the assembly process can be simplified and speeded up.

According to another variant of the invention, each prefabricated
sacrificial displacement element has a prism shape of substantially triangular or
trapezoidal cross-section. The shape of the displacement elements can be

20 selected to suit an angled orientation between the primary and secondary
sections, for example, thereby reducing the amount of casting concrete which
must be milled in order to create the required angled joint.

According to another variant of the invention, the or each sacrificial
displacement element comprises one or more void forming members for
25 excluding concrete from one or more regions of the primary casting volume.

According to another variant of the invention, one or more of the
prefabricated sacrificial displacement elements or modules encloses a hollow
void.



WO 2011/ 120557PCT/ EP2010/ 054178 7 Accordi ng to another variant of
the invention, one or nore of the prefabricated sacrificial displacenent

el enent s WO 20mdi2bss3 conpri ses a solid bl ock. PCTAPC@OWF4PS t O

anot her variant of the invention, the secondary section 5 volune is
excavated using a hydrom|1. According to another variant of the

i nvention, one or both of the primary casting vol unes are excavated using a
hydrom | | . According to another variant of the invention, the
hydrom || is slightly wider than the distance separating the two prinmary

casting vol unes. Tmcéﬂjmget@andmemgﬂm dfaRe he/apitiodcdes Bt ﬁﬁﬁe%@tﬁé‘at a
si ngl e pass t.he

an achi he desir
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i nventi on wilddk. now be described with reference to the acconpanyi ng
drawi ngs, in which: 15Figure 1 shows a schematic cross-sectional view of a
typical prior art nmethod of constructing the primary panels for a di aphragm
wal | . Fi decerding pagother yahameafitee oresniion e spcoadareseasiont he

prior arg %hﬂﬁé’lé’éﬂ%@'&%dHﬁh?%ﬂh}d’f@m‘ﬂ?condafy panel s, and milling the
edges of the primary panels o create a diaphragmwal|l. 20Figures 3a and

3b show schematic el evation and plan views illustrating the regions to be

nilled when the priAwgodiageb aecedeayamaiahs iriedtion] o by betrgbiete
Fi gures 4a a

schemat i c er ive view an exanpl e of
di aphragm \Béhma%&élﬁr%%o'&ﬂm&% ergce@@vgggng%?g@%ygs&ﬂﬁ present 25inventi on.
According to another variant of the invention, the hydromill is slightly
wider than the distance separating the two primary casting volumes. The
10 relative widths can be predetermined so that a single pass of the hydromill can

achieve the desired (angled, if appropriate) milling on both of the adjacent
primary sections.

The invention will now be described with reference to the
accompanying drawings, in which:

15 Figure 1 shows a schematic cross-sectional view of a typical prior art
method of constructing the primary panels for a diaphragm wall.

Figure 2 shows in schematic cross-section a view of the prior art
method of constructing the secondary panels, and milling the edges of the
primary panels, to create a diaphragm wall.

20 Figures 3a and 3b show schematic elevation and plan views
illustrating the regions to be milled when the primary and secondary panels are
mutually angled.

Figures 4a and 4b show in schematic plan and perspective view an
example of diaphragm wall sections constructed according to the present
25 invention.



WO 2011/ 120557PCT/ EP2010/ 054178 8 Fi gures 4c, 4d and 4e show in
schematic plan view a sequence of constructing a closing (secondary) panel
usi ng a rwohod/2e350r ding to the present invention. PCT/EP2010/0F41@%1r es 5a,
5b and 5c show in schematic el evation view an exanple 5 of how a primary
panel casting can be prepared accordinggo the invention. Fi gure
6 shows in nore detail a schematic elevation view of the prepared primary
section casting assenbly according to the invention. The
acconpanyi ng figures are intended as an aid to understanding the invention,

and are not lntend%dr@suﬁphdaﬁawé smwm seernatid PrnSEeR e $iq de"rh@elﬁ
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features. presentinvefienprior art nmethod of constructing a di aphragm wal |
wi Il now be described in nore detail with reference to figures 1, 2, 3a and

3b. In figure 1, 15 the process of excavating, preparing and castl the
primary panels is fmumsﬁegbbmdm show in sGhersatimelevatien wiew g epa
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excavating and ca he primary pane Regi on 10 "shows a primary panel
regi on before excavation, while region 11 shows a prinmary panel region

bei ng excavated USIFY‘@ré eCstegves inl@or@detaiich §ermatioplegatidn Vieal of thbt hough a
hydrom Il 9 can The excavated trench

2 kept 11 PrEaPtaRe Ty RGN SRng St b TR g i BNEnEE s des of “the

trench fromfalling |nvvards Region 12 is shown fully excavated, and having

a steel reinforcemgp oure Cﬁﬁfﬂgwﬁ%ﬁee(&‘?@frﬁgndéﬁ Qagtn a@?@h%er@a@)ﬁ%’z t he

concrete 5 being mary castin i on aroun st eel
of the rei Mf®IMVEREAR, %@armnol\nntqmdteﬁéomw@mellrnéaw phtheowepedfiBe ng pi pe

or chutg, 6m@HﬂloheWHé’relHe'sérn%ht‘e%‘reﬁf:éﬁfg@eq{e‘éﬁ'|H9j|ﬂf§reﬁpﬁﬁivﬁh§éj and the

primary pange een a al so regi ons

0. 517 55 Mere Betces anAiednimcediaalesdo 1 SR A EROBA e condar y
panel s. Wea0idd.120557PCT/ EP2010/ 054178 9 Figure 2 shows the
arrangenent of figure 1 in which the casting of the primary panels has been
conpl eted ready for the casting of four secondary panels 20 to 23 between
primary panel s 10 {lhelptiorRelgineth@@bolstangdruatisg eatidphragpawall vélhsowriae r egi on

before excyeatiindy ifedreBeth with Ri18MhckoflBires 1, 2, 3a and 3b. In figure 1,

15 the process of excavating, preparing and casting the primary panels is shown.
Regions 10, 11, 12, 13 and 14 are five primary section casting regions in the
ground 3 which show successive stages of excavating and casting the primary
panels. Region 10 shows a primary panel region before excavation, while
region 11 shows a primary panel region being excavated using a crane-

20 mounted (8) scoop grab tool, although a hydromill 9 can also be used for this
excavation step. The excavated trench is kept filled with water or slurry (not
shown) to prevent the sides of the trench from falling inwards. Region 12 is
shown fully excavated, and having a steel reinforcement (rebar) cage 4 lowered
into it. Region 13 shows the concrete 5 being poured into the primary casting

25 region around the steel of the reinforcement cage 4, with the concrete being
introduced using pipe or chute 6, and region 14 is shown after the casting is
completed and the primary panel has been allowed to cure. Figure 1 also
shows four regions 20, 21, 22 and 23 which are to be excavated for the casting
of secondary panels.



5 process of being excavated using a hydrom Il 9 which renoves the soil and
mlls the side faces of the neighbouring primary panels, in order to
facilitatwoaogoaossbhond between the two adj acent secti oneCT@EPdoss1eDY
achieve a joint which has good water-Dbl ocking properties. The hydrom || 9
is shown being | owered down into the exegavation zone 21 by crane 8.
Secondary panel 22 is 10 shown in the process of being cast, with the rebar
cage already in position, and panel 23 is shown in its cured and conpl eted
state, formng a continuous di aphragmwall w th nei ghbouring primry panels
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i ndi cates the cutter ol nt %r0| mll’ed intfo the side face of each

pri mary par@@Pd bond between ghg twg Wd%iﬁneﬁe?wsaﬁpgﬁﬁ%rﬁ@ﬁtacﬁfevﬁ Y 3a is
shown in flv@ﬂd&tehébgowlvﬁ‘éteﬁbmmn@cbr@peﬂl%svwﬁﬁé¢1 HRgmiiret erswwﬁ@émgecondary

panel s 20 and 21 is to. be excavated and he illustr exanpl e,
D or et - dedet dat) g € SSEXRNER 2888 L1 by Bl . S5 hadgy RabS liser o o
11, 12 in shden indhaphicess df beinipsasteditb the eebgraiage gireaidylie pbSitiaor asgd t he

whol'e side faeess ol shdien fté’EukéoP&rﬂf!:émﬁfete%%tahézro pfqgepﬁmt&bused for

casting the primary panels 1S usua ation ei ng very
hard and i RRhream] wal WIthmewhbquéws\mw@arwea @]@@nsﬂd%f very hard concrete
presents a tough challenge to the hydrom Il 9, which 30 nust consequently

be | owered much nDre sl t han en the nel hbouring p e are aligned
P th each ot hor | n PP aRdluH s JAN. WS B PATCS 40N b SaraeldHe ot o
al sg means g gylé It@tamild yeighiso erapseswrriarp pahéle, twpemsunieofmdterial 16 toi | 11 ng
machi ner r
D011/ 15005 Pocn B3 fad rgatts RRMAL 'ﬁrﬁﬁfyo?%’i?' ' 185 oA B awter i of
t he hydr oniedgelditihe sitievand greateniowmands iiginriec &idgel dneeddn this pasg refesseto
downvar ds. e side of the'p a%léfseén %10%@@(}6&@@% @/@ o?rﬂ%"ardhé:ce?lt bQﬁéI@'l?lé&%h' nd
the present inventjon. Fioures 4a an perspective
Vi ews res pémn \}gpylegrees uter” refers to the side of two adjacent panels on which

the joining angle of two adjacent panels is greater than 180 degrees. Reference

20 15in the figures indicates the cutter joint profile to be milled into the side face

of each primary panel.

A plan view of the arrangement of figure 3a is shown in figure 3b,
which also indicates where the material for secondary panels 20 and 21 is to be
excavated and milled. In the illustrated example, a great deal of material 16

25 must be removed from the primary panels 10, 11, 12 in order to achieve the
desired cutter joint profile 15 across the whole side faces of the primary panels
10, 11, 12. The concrete used for casting the primary panels is usually of a high
specification, being very hard and impermeable to water. Removing the wedges
16 of very hard concrete presents a tough challenge to the hydromill 9, which

30 must consequently be lowered much more slowly than when the neighbouring
panels are aligned with each other in coplanar fashion. The removal of so much
hard concrete also means significantly increased wear on the expensive
hydromill milling machinery. Varying the depth of concrete to be milled also



5 a primary panel rebar cage 30 which has two sacrificial displacenent

el ements 31 secured to it. Sacrificial displacenent elenents 31 are
essent i alwg 20manessfor excl udi ng the concrete used for caeTiRPgO/S41PS | Mary
panels from predeterm ned regions of the primary panel casting volune, and
in particular fromthe regions which argyto be renoved when the joint
mlling is to be perfornmed. The 10 sacrificial displacenent elenents need
not be hollow - their function is to create a region of the casting vol une
fromwhich the high-specification concrete is excluded when it is poured.

As such, th’ﬁeérﬂ;?tfh'at th‘eréhs dh$rli&réé§é@ﬂ§k@f Q@Wcﬁoﬁﬂtl BéinghivaricRf ROM that ed,
solid bI ocks éght concr te exanpl e, or they can be
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agai nst the i ngress of concrete, and optionally pre-filled with soft
concrete or soft tepi I
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di spl acemag% el enent
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ar ound the sacrificial acenent e nts 31 and
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but the netho . .
of such shape and materlal that they do not significantly interfere with the

milling of the cutter joint 15.

25 The sacrificial displacement elements 31 are positioned so that,
when the rebar cage assembly 30 (complete with attached sacrificial
displacement elements 31) is lowered into its primary panel casting volume,
and the high-specification concrete is cast around the rebar 30 and the
sacrificial displacement elements 31, the sacrificial displacement elements 31

30 will form regions 16 of the primary panel which will be removed when the
neighbouring secondary sections are excavated. Figure 4c shows in plan view
where the joint profile 15 is to be milled by removing the material of the
sacrificial displacement elements 31 and milling into the hard concrete of the



10 mini mses the anmobunt of this dense, high-specification concrete which
must be mlled, especially when the adjacent panels are at an angle to each
ot her. WO 2011/120557gur e 4d t hen shows the conpl et ed exca&catiposioos4ivhe
secondary casting volune 20, with the mlled joint faces 15 ready for
casting the secondary panel. Figure 4e shows the secondary panel 20,

I ncl udi ng rebar 15 cage 26, cast and cured between prinmary panels 10 and
11. Panels 10, 11 and 20 shoul d now be mechanically bonded by the joints 15
to forma continuous, nore inperneable diaphragmwall structure.
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20 should now be mechanically bonded by the joints 15 to form a continuous,
more impermeable diaphragm wall structure.

Figures 5a, 5b and 5c illustrate an example of how the sacrificial

displacement elements can be assembled prior to lowering the primary panel

20 rebar into the trench. In these figures, the sacrificial displacement elements 31
are shown secured to the rebar cage 30 by means of fixings 32, but held away
from the rebar cage by separator elements 33. By keeping the sacrificial
displacement elements 31 away from the rebar cage 30, it can be ensured that
the subsequent joint milling is performed in a region which does not run the risk

25 of intruding into the region of the rebar cage 30. If such an intrusion happens,
this could damage the milling machinery and/or significantly compromise the
strength and integrity of the primary panel being cast.

The separator elements 33 are preferably attached to the rebar cage
30, and can be shaped not only to create a space between sacrificial
30 displacement elements 31 and rebar cage 30, but also to support the sacrificial
displacement elements 31 before and during casting. Before casting, the
separator elements are required to be able to support the weight of the



mllable, void-formng material such as |ightweight concrete. As shown in
the exanple of figures 5a to 5¢, the sacrificial displacenent elenents 31
can be atwachadi20337nodul ar fashion, with each successi vecsatr2ab/osadsl es
being 10 attached as the rebar cage is |lowered into the excavated trench
12. Note that figure 5c shows a particujar exanple situation, in which the
sacrificial displacenent elenents 31 are fitted in the | ower and

m d- secti ons of the panel, but not in the upper section. Many hydromlls
only work effectively when the mlling head is subnerged in the slurry. In

the upper %@léﬁiicﬂgl @%plbb@m@ﬂﬂélemé\tﬁs Bhenekiageast h@,lth@is@bafré:t@t éﬁ@rﬁbdtb@S
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any structure in which a IIed-{glﬁ)grh%m nt 1s required éo be created
; a

bet ween t woNB@R!§c¥E-TeHBINI IR B IORWEHIIRLCORCT§ 1B a0 SHRWNAR théie
el enents caahmpleasfiggestdaio 34, thasaerificiirdisplacemaot slegiants Gomganilsd ng a 25
sacrificial_,vojd-form %ﬁl enment . .. WD %011/ 120557PCT/ EP2010/, 054178 13
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Qaims  atachedyn a FUGPETYRG AdTPIUBREEY ng ¢ wo
pri mary s e@ttiaohed @tahe 1dhar crigead |dyemdsetrothéagxcaya@d tseuth th, Notedhaket hod
conpri si ng ¢ N ; val i rl - asting vol une
for each prﬂigrunraler 35/C§rs]8\g? iaoé‘]a?%@ f%ﬁglé‘)gltﬁﬁﬂ’ ?@Q%@ﬁagsﬂ%gﬁ %?Iccasti ng the
primary seciSRIaEeN, elemenis31 e piipeit iheclauer agdvaidasraiions of the panel, t hi r d
step of exgryabt Maha FREPBERION. AAaRY REdrOAINETBN R WorkaFlechgell Mhereh@ndar y
section (2(?%. , 1%a fourt steg of rer[DV| n% ﬁ sacrificial ﬂ%l ni nge regi on (16)
of one or illing head is submerged in the slurry. In the upper section of the panel,
15 therefore, the joints between the primary panel and its neighbouring secondary

panels are formed using conventional temporary “stop-end” steel joints which

are then removed before starting excavation of the secondary panels. This is

just one variant of the invention, however, and the sacrificial displacement

elements 31 may be positioned wherever required.

20 While the present invention has been described in the context of
structures fabricated in the ground using reinforced concrete, the invention may
be used to construct any structure in which a milled-type joint is required to be
created between two adjacent cast elements, and in which at least one of the
elements can be cast so that it has a joint-forming region comprising a

25 sacrificial void-forming element.



bot h adj acent primary sections (10, 11), the nethod being characterised in
t hat the second step conprises arranging a prefabricated
sacrificiab 2digpbsmecenent el ement (31) in the sacrifici alPCraiprongs+4i1egi on
(16) of one or both of 15 the primary casting volunes (16), positioned such
that the casting material of the primarygsections (10, 11) is displaced by
the sacrificial displacenent elenent (31) in the or each joining region
(16) and such that the renoval of the or each sacrificial joining region
(16) perforned in the fourth step includes the renoval of the or each
sacrificial displacenment elenent (31)Clagwds Method according to claim1, in
which the primary (10, 11) and secondary sections (20) are substantially

pl anar and vertical, and in which the secondary section (20) is cast in a
pl ane which is at dnMetigbe fatdasting lmaaiapB@gnowalcopi@isingfwaprimeast one of

t he adhj ac prd i ( - cording to
claim1l or%c%%‘i%n% W?WW‘%‘%B?&Q%&@%’%@ gztogge%o“g?ﬁnd%%ggﬁg@&@ﬁ ng a
casting preparation assenbly conprising a reinforcenment elenment (30) for
reinforcing each DEIfFRY dtopef it a biinary YELARIIARROMY BEE BRAGH! 054178
14 securing the prefabricated sacrificial displacement elenents (31) to the
rei nforci n%eét' 1 1(1 0), and arranging the casting preparation assenbly in
the respective primary casting vol une. 4. Method according to
claim3, in which the seﬁortld sbeg i nctl udes 5 arrﬁngi N SERAL gior el ement s
(33) to hold each atiPPAGER OhFLHINFrdimAVerrsip ?é‘%’ i 'HOS PIORDat a

pr edet er m rcadting solanwes,f rom t he rei nforcing el enent (30). 5.
Casting preparation assenbly for placing into an excavated prinmary casting
volume for casting a primary section (10) of a concrete diaphragmwall, the
primary section ha@ithgdgtep ebexcayatinad Roendg y eastiog olwye fancasivadheeach
adj oi ni ng rse@bRdary kti8/i(P@),a region of the primary section (10) to be
mlled for creating a joining surface profile (15) for joining the primary
section (10) to an adj acent secondary section (20) of the diaphragm wall,
the castd ng prepar atfoarthasseoblembange sdvaificiat pinisgdedign (16) of one or  at

cacn sacri Fot aRsEEPERaRERtarE R TH5E) "bei ng mmde of a mote easily
the method being characterised in that

the second step comprises arranging a prefabricated sacrificial
displacement element (31) in the sacrificial joining region (16) of one or both of
15 the primary casting volumes (16), positioned such that the casting material of
the primary sections (10, 11) is displaced by the sacrificial displacement
element (31) in the or each joining region (16) and such that the removal of the
or each sacrificial joining region (16) performed in the fourth step includes the
removal of the or each sacrificial displacement element (31).

20 2. Method according to claim 1, in which the primary (10, 11) and
secondary sections (20) are substantially planar and vertical, and in which the
secondary section (20) is cast in a plane which is at an angle other than 180° to
the plane of at least one of the adhjacent primary sections (10, 11).

3. Method according to claim 1 or claim 2, in which the second step
25 includes constructing a casting preparation assembly comprising a
reinforcement element (30) for reinforcing each primary section (10, 11),



mllable material than the concrete used for casting the primary section
(10), the or each sacrificial displacenent elenent (31) being

posi ti onewoi2nittizesscast i ng preparati on assenbly such thatrCTrenowbareasti ng
preparation assenbly is placed into the primary casting volune and the
primary section (10) 20 has been cast, §he or each sacrificial displacenment
element (31) is in a joining region (16) for being renoved during mlling
of the adjacent secondary section (20). 6. Assenbly according to
claim5, conprising a reinforcenent structure (30) for providing

r ei nf or cengabufifg tﬁehsr@au)rr@wd %é@rﬁﬁc@él cﬁé&écéﬂ/ﬂéﬁt élehetits i)rtB'tB(e section (10)

is cast, the or eac sac rrent el enent ured to
Lhe rei nf of CERURDOAPHENLF0)( 485 aanBing (R Spt Rl Fotiatiat Bear LD (Bhe. of
clainms 1 toedpeadivegsisrarlcasticgooldinmg to one of clainms 5 or 6, in which the
material of each prefabricated sacrificial 15 displacenent elenent (31) is
softer, or nore brittle, or nore friable, or |ess dense than the nmateri al
used to cast the pdi Mathod aseorging fo1eiaim 8) in which the secon@ stepinplodeaccor di ng

to one of Cdnadn"g%glsépparétor@ierﬁéﬁ%’@b)l’t@ﬁ&l@lréﬁdﬁ%é&meu'aﬁd%bla%ﬁﬁéfﬁ eferfbn®, 1N
whi ch the 10| ni'ng surface profil Hé us;éﬁé?{;' ses one r nore rooves

formed in tRE RHSHIOA Al PiadeteiMifad At g)relnforcmg elemegit ({8 hod

according to one of clains 1 to 4, or assenbly according to one of clains 5

or 6, in which eaclg %ebabrlcate sacri hfefa FI rP agerrent elei nt (31)
conprises at |east*t PRPEHHFBEY R @SRRS! Piacing INto an exg@valghy nog
accordi ng qominmw cafting solmnd farcasdtinga pimmytsejctlanccm)dmfragcdjﬁbrem one of
clainms 5 or i figi el enent
(31) has a cighrrafmiat g ARy Sply abifd Rt ohe o irtaRerne)

cross- séct ity or each adjomlng r@_@uonwaaﬁhl@@ng@cr@gmmgf the Rfﬁ@ardfs%ltlaﬂrﬂ;O)ltOto 4, or

assenbly a(b‘éorhﬂl'eagoF Erefifig %f om'lr?g %rf@c@bro@ﬂe (15) b1 j%fh %@bnr“ﬁ@hﬁséﬁtldnhe
pref abri cat icial nodul es encl oses

B ow auf) B bhjaCet a%conﬁéfﬁa t&@c@baphiwaeﬁ% Wallai s 1 to 4. or

assenbly according to one of clains 5 or 6, in which one or nore of the
ol 1 d bl ook, " thé BaBling ﬁ%b?ﬁ%ﬁ%e%#&%‘o?ﬁ%éa@#ct?ﬁ%#hﬁo 1 Toa or
assenbly according 20 to one of clainms 5 or 6, in which the secondary

section volume is eXEaRbRE e A tey 4a8idial dishlacement element (31), the
15 or each sacrificial displacement element (31) being made of a more easily
millable material than the concrete used for casting the primary section (10),

the or each sacrificial displacement element (31) being positioned in
the casting preparation assembly such that, when the casting preparation
assembly is placed into the primary casting volume and the primary section (10)
20 has been cast, the or each sacrificial displacement element (31) isin a joining
region (16) for being removed during milling of the adjacent secondary section
(20).

6. Assembly according to claim 5, comprising a reinforcement
structure (30) for providing reinforcement for the primary section (10) when the
25 primary section (10) is cast, the or each sacrificial displacement element (31)
being secured to the reinforcement structure (30).

7. Method according to one of claims 1 to 4, or assembly according
to one of claims 5 or 6, in which the material of each prefabricated sacrificial



14. Method according to one of clains 1 to 4, or assenbly according to one
of clains 5 or 6, in which one or both of the primary casting volunes are
excavat edwogongizesshydrom |1 (9). 2515. Met hod or assenblPgTaPe@OMF/Est O
claim13 or 14, in which the hydrom |l (9) is slightly wi der than the

di stance separating the two primary casjigng vol umes.

displacement element (31) is softer, or more brittle, or more friable, or less
dense than the material used to cast the primary sections (10, 11).

8. Method according to one of claims 1 to 4, or assembly according
to one of claims 5 or 6, in which the joining surface profile (15) comprises one
5 or more grooves formed in the material of the primary section (10).

9. Method according to one of claims 1 to 4, or assembly according
to one of claims 5 or 6, in which each prefabricated sacrificial displacement
element (31) comprises at least two prefabricated modules.

10. Method according to one of claims 1 to 4, or assembly according
10 to one of claims 5 or 6, in which each prefabricated sacrificial displacement
element (31) has a prism shape of substantially triangular or trapezoidal cross-
section.

11. Method according to one of claims 1 to 4, or assembly according
to one of claims 5 or 6, in which one or more of the prefabricated sacrificial
15 displacement elements (31) or modules encloses a hollow void.

12. Method according to one of claims 1 to 4, or assembly according
to one of claims 5 or 6, in which one or more of the prefabricated sacrificial
displacement elements (31) or modules comprises a solid block.

13. Method according to one of claims 1 to 4, or assembly according
20 to one of claims 5 or 6, in which the secondary section volume is excavated
using a hydromill (9).

14. Method according to one of claims 1 to 4, or assembly according
to one of claims 5 or 6, in which one or both of the primary casting volumes are
excavated using a hydromill (9).

25 15. Method or assembly according to claim 13 or 14, in which the
hydromill (9) is slightly wider than the distance separating the two primary
casting volumes.



