1 Method and assembly for constructing a diaphragm wall The present invention relates to the field
of civil engineering, and in particular to the excavation and construction of cast concrete structures, such
as diaphragm walls, below ground level. 5Diaphragm walls, also known as slurry walls, are constructed to
form a water-blocking and earth-retaining barrier surrounding underground structures such as tunnels,
basements or roadway cuttings. A diaphragm wall is essentially an impermeable vertical concrete

wall which is cast in situ i th%zgs&oun%. In order to onstruci such a di?@hr m wall, %a a trench is first
excavated which defines N8R9 AssRMAIYHOESORIE YRS R LARNTRIM W siurry until the
concrete is poured, in order to keep the sides of the trench from falling in. After the trench has been

excavated, reinforcing steel is lowered into the trench, and the concrete is then poured, displacing the
slurry and filing the volumd BRI TAE FYRRIRMEPRIES hPUTRP 4% ShALRORBRESARGRY diaphragm
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primary wall pangle|Risnex§aY A8hs RMBIERM grerRdquirg. 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, alsosknown as cloditigdbaaan. Walibtalsadewwshas shyes wedusigligqategiptdenetenches
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create a 25 clean, textured surface agains 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 eAsdiephsghirealosesstntielg@rchetperhibalddjactitseomuwiaty wailel when it

is poured. 2 \hich is cast in situ in the ground. In order to construct such a diaphragm wall,
10 atrench is first excavated which defines the casting volume for the concrete.
The trench is kept full of slurry until the concrete is poured, in order to keep the
sides of the trench from falling in. After the trench has been excavated,
reinforcing steel is lowered 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



trench by crane. Hydromills are typically 2.8m in width, and from 60cm to 1.5m in thickness. At its lower
extremity, a conventional hydromill has two sets of counter-rotating toothed wheels which remove
material from the trench. The hydromill's toothed wheelg also remove some material from the sides of the
5 adjacent primary panels, creating the cutter-joint profiles referred to above. The milled profile may for
example consist of a series of vertical grooves milled deep (50mm to 100mm) into the concrete of the

primary panels. The pyrpose of these recesses js to create a ¢lean interlocking bond between the primary
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the primary and secondary panels_to be positioned at an an . Howev onventional
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the side face of an@pgemenpased. instead of milling all across the joint at a roughly equal depth into the
primary panel concrete (generally 50mm to 200mm 3

Once the milling and excavation of the casting volume for the
secondary panels is complete, the secondary reinforcement cage is lowered
15 into the excavated secondary casting volume, and the concrete is poured
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 hydromill may be such that the depth of milling
may be as much as 600mm at the inner edge of the milled joint, or even more, depending on the angle
and thickness of the wall panels. Milling such a large argount of material out of the primary panel is time-
5 consuming, wasteful of good quality concrete, increases the amount of waste material to be removed
and shortens the life of the cutter tools. The invention proposes the use of sacrificial void formers,

also referred to as displacement elements, which can he milled away to create a clean edge against
hich the adjachi EoERR BLAGRATIR: 01 oA o NP QSR AT BHSARR R BRogi o

concrete structuted. tiddeptiadaniindoneydrapie, ischose StHimmseab thwinngitedgemfidhelements
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contents. This meshedbhes ieerdinadedringesiutéhe thbaifoustthe sattadenid.filled with gravel or sand
after it is placed in the trench. This is a time- consuming process and can lead to gravel and sand falling
into the trench, 20 thereby_compromising the integrity of the casting in the lower region of the trench.
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the rebar cage, without the need for specially shaped ex e risk of spilling foreign
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primary panel apgr iRy $PEEREERd can lead to gravel and sand falling into the trench,

20 thereby compromising the integrity of the casting in the lower region of the
trench. Once the reinforcement cage and the tube have been lowered into the
trench, there is no longer any way of excavating material which subsequently
falls into trench. Furthermore, the bentonite slurry normally used to fill the
trench before casting can begin to “cake” on to the walls of the trench, and any

25 delay in the pouring of concrete 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
W02003/006750 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 terms secondary panel 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 wheelsjof a hydromill, for example, or high-pressure
water jets or other suitable mechanical processes. 15In 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 forrpagE;éRNETaRIBRSSRIGH IR ANRAGRJTERREY BaeligrbiyadliRgabadjoining
region (16) of eagh adiacery primanchection p Seond slep samprisin castng & sactficiel
displacement elementineac i epadjcﬁnln regions, AhaTheSird andrSr ot steps%omp se
removing the 25°386lFiteabaisyietmere sligtdntavhile affatiBeimg o Vaeigar aneecleRdHiod of the

invention, the thine asideiovsdies @b cuetherfristefbsipelitrgostsp doervatiagoand onllingtiotihe same
operation, for example, §?¥r§' iﬁ'g?%?gﬁmf&eﬁﬁﬁﬁ%o{%ﬂ%?@ﬂ heQvRia hasE é“t?ft*@ggég the

invention, the 30 primary and seto sections are substantially J))%anar an“gd\q/ertlca? and
secondary sectigPreiReRtViiafeduner wearsf g rHtigfcloplianeie whes Hl‘ﬁn@kgfn&i 4 one of the
primary sectionss Angrdddatizonsrsllel@thihpsenany pii@elused in the construction of containment tanks,
for example, or deep shafts. 5According to another variant of the method of the invention, the second step

each prmaty secton, seoT S R EUEHEE AR BRSNS AT TS SH G ent and
arranging the casithipteishaniopadigcasoifarihedesnscaticvensianapaoakang sekendary this
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



10 way, the reinforcement and the sacrificial displacement elements can all be lowered into the trench at
once, and casting can begin without any delay. According to another variant of the method of the
invention, the second step includes arranging separatoselements 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 mare easily millable than the concrete used for casting the primary section in
hich said eacrPSRORAPARE A AP B Ao B MR R HS0 O GHHE G Ao icages a

casting preparaptamasyfeai g sb oplacihthwiaraexsachiesp Amalgdcsstiionsctucie dsrtbastrayra primary

section of a congfrif Girpnaa WeHsthRONSNEsRtinmbBavIRg RS |essk i adiobriagégaion, the or each
adjoining regionSjofr,Esq a region of the primary section to be milled for creating a joining surface profile for

joining the primary séction 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 matgdabilsamgtiie seotrete aseadtfof tastingtiioe pritherynseetion, the or each
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variant of the insaotioiahdisgdaeerhnt elements to the reinforcing element, and arranging the
casting preparation assembly in the respective primary casting volume. In this
10 way, the reinforcement and the sacrificial displacement elements can all be
lowered into the trench at once, and casting can begin without any delay.

According to another variant of the method of the invention, the
second step includes arranging 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



comprises a reinforcement structure for providing reinforcement for the primary 5 section when the
primary section is cast, the or each sacrificial displacement element being secured to the reinforcement
structure. According to another variant of the invention, the material of each prefabricated sacrificial
displacement element is softer, or more brittle, or more friable, or less dense than the concrete used to
cast the primary sections. 10According to another variant of the invention, the joining surface profile
comprises one or more grooves formed in the material ftg rimary section. Ac ordinaﬂtq nother

variant of the ingaﬁHBﬂ, é%%Wﬁr%‘F’gb i Péﬁ%rﬁﬁ:?gpﬁ'i Qrﬁae% PE&RADPNSES st two more
prefabricated 15lispldaRrveBy eleseenblindthe salivifidig tkgidacement elements in modular fashion, the
assembly process can be simplified and speeded up. According to another variant of the invention,

each prefabricated sacrificigl di;ﬁllra]lc%ment lement h s? rism sh%%% of substantigigl triangular or
ap% e cted

) . cO o.apother variant of the inven he.asse .
trapezoidal cross-section. k&% 8rihe |spYacemen EMENS can Ee SrERlE to suit an angled

orientation betw@XRRAEgSitER EiaesBesh sl cleGitTmRYiditigiafereeasNtdandneyrigamiount of

casting congreteadiich wivsh biecmliachity geststiolo iereais, tine reqeiield sagifidiiiaisplacenfgording to

another variant gfe%%g@f%]ﬁg%é@ﬁr% ?89“??&“?8@&%%9&9[]&0@lemem comprises one or more void
or r

forming members 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 encldsesoadimdldovarmather variant of the invention, the material of each

prefabricated sacrificial displacement element is softer, or more brittle, or more
friable, or less dense than the concrete used to cast the primary sections.

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.



7 According to another variant of the invention, one or more of the prefabricated sacrificial
displacement elements or modules comprises a solid block. According to another variant of the
invention, the secondary section 5 volume is excavatedzusing a hydromill. According to another
variant of the invention, one or both of the primary casting volumes are excavated using a hydromill.
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 ?H be pre?letermined SO thaét)f ingle pass of the
hydromill can achieve the ASSPENREHGIERC ﬂ@b?f&tté’? Riffy BRUSSHOEHPE THgEe tﬂaﬁmary sections.

The invention wilfefelrisaigsssabeioiatidisfaesvend eemnentsnayangihiges aomgsisiesvehichidl SFigure 1
shows a schempiicgross-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. 20Figures 3a and 3b AR6X eI ANOHET ¥irRhef thaiDkandarudhathrrandasyisastiobe milled
when the prignagorimdesrcoxciavitpananare Aydtatiyiangled. Figures 4a and 4b show in schematic

plan and perspective view an example of diaphragm wall sections constructed according to the present
According to another variant of the invention, one or both of the
primary casting volumes are excavated using a hydromill.

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.



25invention. 8 Figures 4c, 4d and 4e show in schematic plan view a sequence of constructing a
closing (secondary) panel using a method according to the present invention. Figures 5a, 5b and
5c¢ show in schematic elevation view an example 5 of hgw a primary panel casting can be prepared
according to the invention. Figure 6 shows in more detail a schematic elevation view of the
prepared primary section casting assembly according to the invention. The accompanying figures

are intended as an aid to ynderstanding the inyention, and are not intended to imply any limitation of the
scope of the 10 invention.Laﬁwr%stag’s%@%é‘?e%@sﬁ@ﬁﬁé?g@g&ofﬁQii\ffg}qéﬁt%ﬁ € Mese
reference signscresiitaitedac|asinotéserosdary opaoetassivgdingdtndrascordindrigetipgior art method of
constructing a dirp8eaginvealivdll now be described in more detail with reference to figures 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 daStigst9a ppitnaid PO VREBEA AN 2o RIS YAIAMXIGW AR Xagiditbefore

excavation, whilsf tegion piirabeyvsamerisagtingass ryprebeied sscarditagitosing iavasaten 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 faIIinTgﬁinwards. Region

|

12 is shown fully excavatel'BHE RRMRY'S QBPIEiARIARIEMEARBBLHP tieyalrYEW #ilSit. Region 13
shows the concpeeparbdipgipanyeskctiortiva phimyeay sErstihg s oediog tordoadensteel of the
reinforcement cage 4, with the concrete being introduced using pipe or chute 6, and region 14 is shown

after the casting is comple\[ﬁﬁ and theéprimg}rg anel has beten allowed to cgg&ﬁ re alg.o shows four
regions 20, 21, 22 and 23 WA I BYENIE IONES ARl CACer {58 Hﬂéjsﬁ gnaing
the invention, and are not intended to imply any limitation of the scope of the
10 invention. Where the same reference signs are used in different drawings,
these reference signs are intended to refer to the same or corresponding
features.

The prior art method of constructing a diaphragm wall will now be
described in more detail with reference to figures 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.



9 Figure 2 shows the arrangement of figure 1 in which the casting of the primary panels has been
completed ready for the casting of four secondary panels 20 to 23 between primary panels 10 to 14.
Region 20 shows a secondary panel casting region befgre excavation. Region 21 is shown in the 5
process of being excavated using a hydromill 9 which removes the soil and mills the side faces of the
neighbouring primary panels, in order to facilitate a good bond between the two adjacent sections, and

thereby achieve a joint whi hhas ood wa rblock| ert S. Th hyd il 9 is shown being lowered
down into the excavation Zod&"21: W\ﬁﬁ %@@89 TF \gh neti‘f@f)tilage%l?s of being
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illustrates how, when fmary ri)e?nels 11.12 set at an an eﬁ)thelrﬂe %hbrourlnq Sﬁoondary

panels, the amounct Ateral 16 ?os’ti%gbegnol r%rrﬁ fRe Q1GE Taces of the primary panels IS less towards
the outer edgje Grasesidel ARNGrextaVRiRdrdsing mAxd el Inhich irefRRvess ecteisaddhe side of the
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degrees. Refer cutter *ﬂomt rofi e milled into the side face of

each primary paWaich has 9991%}’\’@ @W@%@gr%ﬂaﬁmﬁﬁto fghreraait LSRRI ARFESD, which also
indicates whereltiveeredteioalrion ke ttte éaoca patiets 20 ard 2 isrembd e Semoatddramdingl 2. i the

illustrated examgleydharedels %égé%tﬁﬂéiﬁc%%m}dﬁhQﬁé%&\%ﬁefﬁﬁesﬂ'm?ﬂsﬂ%ﬁ' $d§: 11, 12in
order to achieve the §§lred cutter h {%ngrof 15 acrosie]Ee 8W ole ilde aces of the primary panels 10,

11, 12. The conBRAE' qeblf IR 3%%3 SIS JPLHIH R FBHAUAYR, being very hard
and impermeabdiabhm.Waihwtmgeﬂﬁ@bmdg@mwrvmﬁmﬂiw&aoéfépresents a tough challenge to
the hydromill 9, which 30 must consequently be lowered much more slowly than when the neighbouring
panels are aligned with ea&h otheéén"[: # ashlo The removal of 50 muciq h;@d conc ﬁte also

means significantly increased wear on the ex enswe h drgmrﬂanr“XIIPng machihery arylnge[ e depth of
concrete to be rAM&MgiRdortheir nelghbourlng secondary panels, the amount of material 16 to

15 be milled from the side faces of the primary panels is less towards the outer
edge of the side and greater towards its inner edge. “Inner” in this case refers to
the side of the panels on which the joining angle of two adjacent panels is less
than 180 degrees. “Outer” refers to the side of two adjacent panels on which
the joining angle of two adjacent panels is greater than 180 degrees. Reference

20 15 in 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



means that there is an increased risk of the hydromill being diverted from the vertical plane as it
progresses downwards. Figures 4a, 4b, 4c and 4d show the principle behind the present invention.
Figures 4a and 4b show, in plan and perspective views|gespectively, 5 a primary panel rebar cage 30
which has two sacrificial displacement elements 31 secured to it. Sacrificial displacement elements 31 are
essentially means for excluding the concrete used for casting the primary panels from predetermined

regions of the primar nel casting volJume, and in particular from the regions which_are to be removed
en the joint HTREG S BB G5 ATLHICT SRS SR AL R B B e e hollow
their function is Yertiealtplanegis it progsassstindownwaed®om which the high-specification concrete is
excluded when it is poured. As such, the sacrificial displacement elements 31 can be prefabricated, solid

blocks of lightweight concrslteuggrﬁxawgée%o% rt&ex qc%ﬂo% l%refabrlca}e Rllo hapes such as lengths of

h
hollow pipe pre- 15 sealed a%alng’ Re‘iRgres concrete, aﬁa"z’i‘Bﬁb%% yepr'g- iited With 2t concrete or

soft, loose matd¥RNEGEh BigdEefidamndhinbiandisprieBABHRIETRERtY 8 VigMsirRaPaFtYeldebar cage
30 for convenieaqsrimsingdahied releanerige330soHicat fiae prefaduneierhsaisiistyrdepatementselements

31 and the rebag £ade, 34§39 éf.es',%}%ﬁ%Itﬂge;%f%%re%ﬁ@gg‘&éﬁg@%?%1'" 3@8%%3%??}@;% angconcrete

pouring can commence immediate IXing can ieces of st r tacked to the rebar

. y : . .
cage 30, for ex&HpIediath REIGRNKELE HEethiOFiAR BRREREBENRANFRIE GRS IRANE SR milled,
they must be of regibnshaipii e nmatimaty e rtb bt dséin glooiohsgaifiidanthamisuferéranthttieeregibmg of the
mserbly 30 (o B e Ko s primary
el ol SOl RAREATERL ARRH (et 8 e R Bl PSS the 2acrioia
displacement elei¢eifta3eging chdthgiciasting alomerfrenembint Biedoghispaaifieaiionsasasette primary
panel which willi9exemeyedvwaa it iseppaigib My isgcre ¢RBJ3RC SREEPATPISRIFaKRIGEnTdawe 4C shows
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they can be prefabricated hollow shapes such as lengths of hollow pipe pre-

15 sealed against the ingress of concrete, and optionally pre-filled with soft
concrete or soft, loose materials such as sand. The sacrificial displacement
elements 31 are fixed to the rebar cage 30 for convenience, using fixing
elements 32, so that the prefabricated sacrificial displacement elements 31 and
the rebar cage 30 can be lowered together into the trench in a single operation,

20 and concrete pouring can commence immediately. Fixing elements 32 can be
pieces of steel rebar tacked to the rebar cage 30, for example. Since it is likely
that the fixing elements 32 will intrude into the area to be milled, they must be
of such shape and material 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



primary panels 10, 11. In figure 4c, primary panels 10 and 11 are in their completed, ready-to-be-milled
state, after the concrete 25 has been cast around the rebar cages 30 and the sacrificial displacement
elements 31 and after the cast concrete has been allowed to cure. The casting volume for 5 secondary
panel 20 is then excavated/milled as previously described, removing the material of the sacrificial
displacement elements 31 and creating joint profile 15 in the hard material of the primary panels 10, 11. A
certain amount of the dense, h| ecn‘r atron rSh ncrete must in a cas% Lﬁ removed in order to achieve

a sound joint bmyaafa{leéﬁt nels dgﬂﬂg GtRIBFYRARRIEND AFiEESYRE amount of this
dense, high-spesifiepltdacdaradydavbeimiladtdiatamikéierdbparialyaihed thesdepareorgianels are at an

angle to each oR®iind the Fé%@recé@éa%wmmgem@eraﬂ@@@émm efdhrepesandany casting
volume 20, with t g r{hlled ornt face re% for I?astr dgithe sec?Hdarg Sr{anel Fr%l]Jref 4e shows the
0, A

secondary pane’ﬁ1 ineld |ng PEISAF cage (9 cast and cure between ﬁnary pane(?s 10 and 11.
Panels 10, ¥1 am@%wﬁ@l/\?Bé&ﬁ'@@ﬁaﬁﬁ@ﬁ“ﬁ‘@@ﬁ@é@ﬁ)ﬁmﬁrﬁ)ﬂﬂg315 e 96FHQd cEPMAYHNS, more

impermeable digphragrarisbsthictsserificial dfspweerﬁenﬁbleméﬁte Busiradecrsntngripie of how the
sacrificial displageinen] £lpmeats ’}Pdé‘t QFE‘FW?ed %‘ig‘ﬁ’dh?PrJ&“@é}‘té’a%%‘?%?r into the

trench. In these figures, the sacrr acement eme are shown secure e rebar cage 30

by means of frxrﬂ*&s@%t %'Riscﬂﬁ @I@%ﬁ%%@b&p%@ﬁ BRFRENRYS3 IBYREESthg the
sacrificial displaseinieve alenrmrds;cﬁmtemawé&maﬂ]acrermpmgls A titlcamisthertsofdbdahavéndieunbsequent

joint milling s p?ﬁfﬁfﬂ%@é"tﬁe@ﬁﬂ%ﬂ@ﬁh@&éﬁé@ rH@H“&Héﬁﬁr%étﬂfdrE%F&é%m rredppef the rebar
cage 30. If such aﬂ%a'trusmn ens tﬁr.:%could d

Il d/ ifi tl
compromise thaEETRERIANY e A G e A

are preferably attached to the rebar cage 30, and can be shaped not only to create a space between

sacrificial 30 displacementreberren@t&b@eﬁémm@em aleataabRraTiHBessasrbieg) displacement
elements 31 before and dhl“_nﬂqg E@St'n% %efor asjgﬂ% { the sepsarato %ementte ehrequwed to be able to

ﬁ? wi aces 15 ready for cast
support the weig
secondary panel. Figure 4e shows the secondary panel 20, including rebar

15 cage 26, cast and cured between primary panels 10 and 11. Panels 10, 11 and
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



sacrificial displacement elements 31. During casting, the separator elements 33 must also be capable of
holding the sacrificial displacement elements 31 in position against any upward buoyancy forces exerted
on the sacrificial displacement elements 31 when they #®e immersed in the slurry, and/or when 5 the
relatively more dense concrete is poured around the sacrificial displacement elements 31. The separator
elements 33 can also be made of an easilymillable, void-forming material such as lightweight concrete. As
shown in the examF_Iﬁa of f%ﬂur?s 5a to ?c, the sacor:'gicgl displacement elements %ca}n be att céwed in
modular fashiorsAFitHEALH RIACELARL SR TENS K le PHERY S HREH SRPHE RLAFEAIESsBwered into
the excavated trenshalg2o Netsahabii)ofdsdiipibe sacrficinhdispiasprasituateonemsadilcin the sacrificial
displacement elggapitn 3y arafidag UFW@rH)Wt% K‘iéré%@(b‘?@ﬁtbﬂ pRegh&rdiat in the upper
section. Many hﬁdr mills onI%vié)rke e t-\\:\(?vll){evﬁl %nt e millin he%d.istﬁubmer ed ig/the lurry. In the
s gYiare meersed in e s qrﬁlaan orwhen

: Ixglacem me]nfts . :
upper section o panel; erefore; the joints between the primary pane its neighbouring

secondary pandfeaielatiMaydmeiagiensoctnatedmporise-atophiresaajimed dipRiAGR® N
removed beforestépnidngsextavatosephiizecsesentaiis (B8etm alis isdushdseariasdsifithe invention,

however, and t%ﬁgﬁf'ﬁ‘%\&%ﬁ@@ﬁg@%ﬁﬁ 31} g@j}ﬁﬁ@? QPG UNRIRYRIWAGH!RE: 20While the

present invention has been descri e context 0 abricated in the ground using reinforced

concrete, the inGEATIGRI I8 ESRR i cBRsthBar SRl difR A oA SRR DL FHANE required to
be created betwattactved aujaceht aaf sHemenith et inswbodssivkeast o enofile eeiments can be cast so

ma:rit gafs %Oirt‘_éﬁ%ﬂw 484in r%%rilél‘rpéié&%gié|%§/t§?§6ifiiﬁi6'tﬁ%i%'{temeloe{%%mﬂ zlgr\gl%i%t g 1 20
Section, the metlH SaBHEN S PertcLlgt &G SUEAUATnG B RARP AU Riome for each
primary 5sectiodigpdagament elements 31 are fitted in the lower and mid-sections of the panel,

but not in the upper section. Many hydromills only work effectively when the

milling 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.



a second step of casting the primary sections (10, 11) in the primary casting volumes, a third step of
excavating a secondary casting volume for casting the secondary section (20), 10a fourth step of
removing a sacrificial joining region (16) of one or both4gljacent primary sections (10, 11), 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 materjal of the primary sections (10, 11) is displaced by the
sacrificial displacement element (31) in the or each jdi H'Bﬁegion (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 elemgithdl f8P2adMipacursseraiia %ﬂ';@iﬁ%bﬂ@iﬂ@ﬂ% tHerpaipary (10, 11) and

secondary sections, (20 s;rlﬂstanti lly planar and vertical, and in which the secondary.section (20) is
cast in a plane v%%‘% %Fsgaftl{ gh a d%%?ﬁepéﬁlaaﬁefgﬁ Gt P ﬁ%COPQf\%‘fs oegeoocfﬁwoemfcﬂ%gcgent primary
sections (10, 11). 3. Method according to claim 1 or claim 2, in which the second step 25 includes

constructing a casting prepafisdiost@s ekt catingy isipgradgirfastieng eol@iesienic@eh fimreinforcing each
primary sect%on,&(égﬁ )(,1 64Js|e§curing the prefabricated sacrificial displacement elements (31) to the

reinforcing element (30), and arranging the casting preparation assembly in the respective primary

casting volume. 4. Method according to claim 3, in which the second step includes 5 arranging
separator elements (33) toehedd e Istegedficad tiigplhe rierdrglspwian@ 1) 0n positidhepampesgetermined

distance from tr&gﬁ%o\;gm%%@,ment (30).

a third step of excavating a secondary casting volume for casting the
secondary section (20),

10 a fourth step of removing a sacrificial joining region (16) of one or
both adjacent primary sections (10, 11),

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),



5. Casting preparation assembly for placing into an excavated primary casting volume for casting a
primary section (10) of a concrete diaphragm wall, the primary section having at least one adjoining
region (16), 10 the or each adjoining region (16) being #4region of the primary section (10) to be milled for
creating a joining surface profile (15) for joining the primary section (10) to an adjacent secondary section
(20) of the diaphragm wall, the casting preparation assembly being characterised by at least one

pre-fabricated sacrificial displacement element (31), the 15 or each sacrificial displacement element (31)
being made of SHIAGALT R AR RIS AP SHUAESNE GBI TP At K fimary secton (10),

the or each sacrgicittirdisglatement @ementd(3rabging Prssitiasiénipteracationgpsesabdyionthssembly

such that, when£e seslid % RieRs aefrsseINiRiY is placed into the primary casting volume and the
primary section (10) 20 has been cast, the or each sacrificial displacement element (31) is in a joining

region (16) for being removed during milling of the adjacent secondary section (20). 6. Assembly
according to claim 5, compfidefRoeresridinerpstakue iBYishphe/recgndiRteREIRIEAER the primary
section (10) svherr gyt geperateeetsmdht) (STps, HbRI eraphckashitidislalisitataresi i eramnt (31)

being secured t ek '%fa{ﬁ:) N SPUEs istanfe g 0@1 G& Hj l%?n%f (EI jms 1 to 4, or
assembly accor%#\z Itoeé)ne o?[g%gimg é%:r%ﬁﬁﬁv%qcﬂlsfﬁaenmeaterﬁl ofg(leagﬁ preg%rgcate sgérl icial 15
displacement element (31) is softer, or more brittle, or more friable, or less dense than the material used
to cast the primary sectionS.(Casfifhy prepara8ioMatseardxty dodiptptingriatof axa@xrsal/aded, or assembly
aCCOfd'”? to Ogﬁrﬂ?ﬁ@’f@éts%ﬁg? @otquﬁ’i@'_ﬂ? H&iﬂ?}ﬁ%ﬁ%ﬂ%‘%eﬁ?@ﬁ (16) 6pRERERAEE S or more
grooves forme dlrépheraragnevvg]l,q[%e %ﬁ%rg%rgg&?olgrﬁéw?g at least one adjoining region (16),

10 the or each adjoining region (16) being a region of the primary section (10) to

be milled for creating a joining surface profile (15) for joining the primary section

(10) to an adjacent secondary section (20) of the diaphragm wall,
the casting preparation assembly being characterised by

at least one pre-fabricated sacrificial displacement 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) is in 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



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 assemitgy 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 m%r1e of theg refabricated sacrificial 15 i,s%lfacem nt elements (31)

( it

or modules enc §8£a8q{8ﬁ5\;v 8f89”t )_L'ﬁﬁ\ﬂ oarm%m&%’(ﬂ{mra $1872°5¢ assembly
according to onderisgainas Sher Satevialictseméootanblieeoprinagsyesatioatetl Sadrificial displacement
elements (31) or modules comprises a solid block. 13. Method according to one of claims 1 to 4,

or assembly according 20 of claims 5 or 6, in which the secondary section yolume is excavated
g 2 v @) B B B B e A S ot one of
claims 5 or 6, intQvARS SndaPsotosand YriiEhaIRIRNIAURRECRECEIR A1a)P RAGES IR omill (9).
2515. Methad opesssr@lghoacesriingdd aheine IBeddl of thbighithernyadistion (90)s slightly wider than the
distance separating the two primary casting volumes. Abstract A method is disclosed for constructing a

diaphragm wall by casting alternate primary (10, 11) and secondary (20) panels in the ground. The

primary panels (10, 11) ar@e%b%@%cﬁﬁgtfﬁr%%% dimeed Bt (25 PEPeIMRINAEHRAY Brofile is then
milled into the sideofece$ dbthes friontddyipavidish(2achPrbédbreatestisg dhciaicdisptaygraasts (10). The

primary panel Cé%m%ﬁ?gﬁq')%éﬁ? [g&agqé‘ggtc@%iWetwm@@i%ggggjcial displacement elements
(31) in the regions where joint milling is to be performed. The sacrificial displacement
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.



elements (31) may be hollow elements or blocks of relatively easily millable material such as lightweight
concrete. Primary panels (10, 11) cast in this way can be milled more easily, and particularly when the
milling tool is at an angle to the surface being milled. Figs 4c

10

15

Abstract

A method is disclosed for constructing a diaphragm wall by casting alternate
primary (10, 11) and secondary (20) panels in the ground. The primary panels
(10, 11) are excavated and cast first, and a cutter joint (15) or similar jointing
profile is then milled into the side faces of the primary panels (10, 11) before
casting the secondary panels (10). The primary panel casting regions are
prepared for casting by positioning sacrificial displacement elements (31) in the
regions where joint milling is to be performed. The sacrificial displacement
elements (31) may be hollow elements or blocks of relatively easily millable
material such as lightweight concrete. Primary panels (10, 11) cast in this way
can be milled more easily, and particularly when the milling tool is at an angle to
the surface being milled.

Fig. 4c



