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

walls, the wall ipadindatitméiig exnsuatitedandatensatirajice afcrastFimstcretaisthat ofesy acwit-apart

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

before the concipigaiepBloEking/aro tipthacnaiaty Baness 8lRreXerIBEdn dsHIgou MY Gteudilrky example,
the side faces o,;&%ﬁ gr{m{xa ngéssg%ﬂ?o P? 'p]lﬁg&;)%ﬂ maye any soil from the concrete, and to
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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 treioRY LR i ¥ AIOM IR 3 fo IRIC YoMt iR RD L TEH™ GRSBR gk 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



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 wheels also remove some
material from the sides of the 5 adjacent primary panel® 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 purpose of these recesses is to create a clean

interlocking bond between the primary and secondar Is when the concrete for the lafter is poured.
The shape of 10 BRE T oGTBTSEHAL) BAIS 360 SR A B61 HOUOLR & P ER0rE 18 iy a
roughened surféedhigkspensinfy da hweysxtoemilling adreaiinhaldiidiomibbassiwasets of  Once the
milling and excaysaiiaBofdhRifgIbBthelwWRedy aderandae PansiaisepmpleieHih sgaandary
reinforcement cage5 \aMeredaz nin i gavaled secondany casiing volie anche ganerete is
poured around it N Aowed 1o cure, RAEr curing, e primary ANa Secondar panels form a
continuous Gon@ERCEAIRAMR Y RANRIS cei@abag breneiissdaimprafitessreiengdtomnoBedhgnically
joined to each attigedpibiicutiay nersvfisalesntedpheRicd0d vomeatorstussiongeguch as a curved

diaphragm Wa"’dégbagk]s%ﬂf?&%%ﬁ%mg ﬁﬂH‘.ﬁwBrFﬁthé@.ﬁ e ri?@r%%% .W‘Pé‘éb‘ﬂ?gﬁ%@? positioned
at an angle to each other. However, conventional hydromills or cutters generally have fixed-orientation
milling heads wih fRRRLEGRTEER RIRAraricR SHtIRseE RS RE R RF MRS NG RIER R ans that,
where such a hydiseltondatiep a2 wdeehtthexcanatete tedbiedatiep s pbwiredh Tharsilagemits

neighbouring primanpyinanehdhie Mlipeavllee ReFpaTErabER GBS 1 RasidsHass, o tbrnpimary panel.

As a result of this angled mglin . the amount 0f material to be removed during milling, of the primary panel

e will vary SHIHELRIPHAEIED HEPHUE T B bR DA IRSBEbIS NG all across the

joint at a roughl@regogeamnhusesithe primary panel concrete (generally 50mm to 200mm 3 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 inngr ed ﬁeantll (Ianmglr(? J?o nt ar.ever ;[?}%r%acsjﬁrqendm or\igg(?[h%ngle and thickness
0 ort IS
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of the wall panels. Milling sucha arge amoun Xr%%Ygrtllgpout he prlrﬂa/r?/l%ar?e ime- 5 consuming,

wasteful of goo§eFRNARBORBRALS IhcrRMMRendenseERNEPIIRIAEBMEANH IRIFIN MEEAd shortens
the life of the cuies thelexcavated 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



The invention proposes the use of sacrificial void formers, also referred to as displacement elements,
which can be milled away to create a clean edge against which the adjacent section can be cast. It is
known to use 10 sacrificial elements in the casting of ca@ncrete structures. W02003/006750, for example,
discloses the use of corrugated tubular elements which fill the width of an empty trench, acting as
temporary shuttering for successive sections. The empty, open-ended tube is fixed to the reinforcing cage
and placed in the trench. The tube is thep filled with gravel or sand to give it enough strength to 15
Withstand the pIBSE6 622 EBRABE ARHHPERARE SoURAC IR LR A B L HRIAPE R lbton the
tube is broken upatribeatapiedf 1wdingemaitib@sasoneshsas A0metaldiediher didgeveiniage that the
tube must be saalgddjaihtilier aviéh arave! aepandinfairttiscrirend dhthehikRRERs Bithis @dime-

consuming progess andein iead o gravsland sandfallon e e drench, 20 herehy pmpramising the
integrity of the c%stlng in e TOwer reglorgoﬁWe teneh  BReethe feinforeEment %gge ana% 8%ube have

been lowered irff8NREMHESC NV aSEe | PHIMRGRHARY GRICEIEXHACRARE e N At IPEWESEGuUently falls

into trench. Furtineiteietdhshentonie sihdyhortead yHéskié toffihéheuttenebdnefore 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 thE1RdRKSI PR ARARG S dhtcree ) SarrififiBkY A dIHB§ISu AR of the concrete.
Having to fill ther¢fdreaditio sendispidogpanesitaldssigisifiedintty carhie tmided-artiagrinaresateeaoncave faces
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s to provide a reptwe eepRRHeHInG: ArdjaR IaaFONGY WhintenilbaorBlc s side Seeasrl trmerimary
panels to be mille%j ore %lﬁi_ck%e\gqn% eafifoyfgigg {n%i@rurirr]] olreallrr]angg fé)ra fit ng)gaSC élael rc—iﬁgr cage, without
the need for spema‘?l)y’sﬂgpe exc_:avalllnon_ 00 s,_wffhoutt C K oF splﬂlng_?or Ign matter into the trench,
while reducing Was@elbegbtre dodeeatditatiwithgeet & fang & gleecii@aoidssEeaativien the milling
cutter is orientedith stamn ghe tordss rénadith paeeicletéhduapplicasimghB uery sheisayvapaoel and primary

section are 10 L{ﬁ%daié‘ﬁ?é%ﬂ‘f‘@%ﬁgw %h"‘eg t%‘i?et%et}?cfﬁé%%@l?%'ﬁ%%rﬁ@vr@é e Afyifgection. The term

milling is used to mean any process for removing material from the surfaceof the primary panels. Such

processes can iRRIUBBH JdNEMelnastAas sy disadyamageinat ey o8 stk s sealeh e or
high-pressure wilted jetthayratresd ros s tatsleaftercih égalcp te fise $rekih. drbisr iaotisreome the above and
other disadvantaggg\phihg B_F&!e%%’atheblféfr‘?@w‘ %@#ﬁ@@?&@@ﬁﬁ@%fﬁﬁ%ﬁﬁ%é giapiiragm wall
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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.



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 arhRRETdRE/ preskpmIehEERSIARIaIN @38 8 areliestisphetngdhe S

secondary sectio]n 5 ca%st in a plane which is at anan le ﬂther a 180.(50 e IanF of at least one of the
. ion ! KNS cting a diaphragm, wall whici. will ena e'ine side faces of t e qrimary
primary sections. Angled sectfons suc these are often used in thé construction of containment tanks,

for example, or BaBpIsHARS BAlebraRIg @Usdh iR RHetH RteaiRvdd ClRamvendionfithedsecond step
includes construpting beeasiy pianauatins Rsse Ty poctljsihe po¢ iskemaitenttelssevitiouteinforcing

each primary segtion rF ificial.di e st el j I frg‘d]% and
arranging the cgﬁ,%n%sggp%éﬂﬁ% ?ggﬂﬁﬁﬁi%ﬁgﬂk@?ﬂ% gg@ﬁ%ﬁgﬁj%e%g taﬂ 1 dway, the

reinforcement afRNHE GRS HcerhRaEIohiBR: S Wisr AaQle IBYRTU PR HERthtSice, and
casting can begis avidrdat atyadedagle to théquantamg paelother variant of the method of the invention, the
second step includes arranging separator elements to hold each sacrificial displacement element in

osition at a predetermined distance from the 15 reinforcing element.
P P ?nq[lnis applflcation ?he terms prljmgary pane} and primary section are

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 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



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 displcement element is cast. 20The 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
Cortace profie (B TARNRTYRE ot St/ TR Bl Ao SELOTAEy DR G diaiiRagm wall
and at least onepfsre¢abtishtedsaticbihtisplicarniasctiense Anghedosecisinsasrificias dgsiacnment

element being raada akadnArheaghsmilkaie sraisnglifaatheAracIsieaRbier saguag the primary
section, the or es%cat}%acrlflmal displacement element being positioned in the casting preparation assembly

30 such that, when thé casting preparation assembly is placed into the primary 6 casting volume and the
primary section has been cast, the or each sacrificial displacement element is in an adjoining region.

According tg another variaptobttiminusatiothdheassaniiheometiers of tasfauesmient steucture for
providing fe'”foE%%Bﬁ&tsf@ptﬂ‘?cm@g?oﬁ]éﬁﬁﬁﬁﬁgpg‘88&?&@??‘(8?9(&%'%%%%%?&é%ﬁwﬁigﬁn gacrificial

displacement element being secured to the reinfOrcement Structure. ccording to another variant of

the invention, tHE RIGRAN SR kalaMsRieriinfarsgifash RERAEL PRAIUe SRAMTIESHNR Y, or more brittle,
or more friable, sadefisidedspldzentbatosieonetd s te thie astdrenyielanyestciodsart8Agiog dieg to another

variant of the inygatiRg. SRSHIHAHIh HEERFRUN A heOraBpisen s dRP iSRG RS iATENaH thidhe material

of the primary section. . e
P 1oy 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



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 cargbe 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 apd secondayy sections, for example, thereby
reducing the anfEINGF FSHTIG RBAARSPUREN SELHe TARAE S 1D R-RERRSIUIRR angled joint
According to andisplacarisgntcflemndantéhtivantadjoingagiesperificial displacement element comprises one
or more void forming members for 25 excluding concrete from one or more regions of the primary casting
volume. According tg\ ggorthlcra]r \{%riarglét%% trh\(; iﬁ‘é’r‘? g%m one or trin(r)]re[hof ghse grrneg)?bricated sacrificial
displacement elements or ModUles encioses & hotlow vaid. ' 7 Rleor ing 10 aother variant of the
invention, one CYQNUESSStRe prfRISARea SheatitiRIfarspavisinerediaiepRet ISR EdARtises a
solid block. 5 sectidnogrdingtie printhey yeohoh &f hsintentordte seaoislaryisptdiosmsertiume is

excavated usin%%ﬁpéq{pgg,h%secﬁgg%dmg P@iﬁ%@ﬁ%ﬂ[@%%&ﬂ? invention, one or both of the

primary casting volumes are &xcavated using a hydromi ccording to another variant of the
invention, the hydromill is slightly wider than the distance separating the two primary casting volumes.
The 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.

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.



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 drawingg, in which: 15Figure 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. 20Figyres 3a and 3b
Show schematic elevation ARERC ARG AR R AR RY B W SHERT R dfary and

secondary pangiseiedrnoates igantiieial displacément elemedisloshoodineshematisgsam sold perspective
view an examplg|géliaphragm wall sections constructed according to the present 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 dCEQENIILS RPIGRT Y BrictHOf sRAdN¥asting dhe segrBgar$eelidnding to the

invention. s vbighte & ghewsdeaosindeidiyasthiimatic elevation view of the prepared primary section
casting assembly according to the invention. The accompanying figures are intended as an aid to

understanding the invention, and are not intended to imp}y any limitation of the scope of the
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.



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 witB 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. Iae ion 10 shows a primary panel region before gxcavation,
while region 11 shows a priR4y B Ao rLgien BN A AR TRHRPPEr AR 3G RAFIER B5) scoop grab
tool, although adoniudtirtycaciagiobésaseddarihpaset asinom steihvd@eserdingtbttbach is kept filled
with water or slysryddiet ishewtiario 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 frgfetgicea. Erensise shemute schematigieleationsMeNhAare¥aRPisting is
completed and dfenprmapyipanglaebeastialpoatiie puspariglaedordsegsiotiie iaventigions 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 padeie SGRPYS BeMeEdsiRl:ASpaREIS S &S Yaliet YRl 90 Bifows a
secondary pangiregeineg @ucarpstrtorxcasttigradleqibly 2t costiog/toithihénygmrtioass of being
excavated using a hydromill 9 which removes the soil and mills the side faces of the neighbouring primary
panels, in order to facilitat ood bond between the two adjacent sections nlslg%]ere chieve a joint
which has good water-blockiifg3SIEHERY HH GV E3 AT 47 QHS&ﬁ%@i’P\@'Q\%’e 8 he
excavation zondhelinyesier, 8ngcentaintemésa 204mplyaawninmitaiéoprotdze etbrenaf dhst, with the
rebgr cage ?&!femiﬁ‘t@%imﬁ}e@ﬂ]@%g?ré%’ibﬁw diyis éwéa%éﬂdﬁgm@@ﬁﬁgﬁ%é@[mim a
continuous dlapfﬁra m%¥gll with nellghbour.lnt%'[])crjlmfl:{g Ipq\gﬂ%%% and 14 F:ﬁur%ﬁa illustrates how,

when primary p}inee g1 {?[n(i% AL 2 &t an anS 0 their nelgﬁbs’oaurplﬁgog(gcc:)(grr%a r?/nparﬁ%ls, the amount of

material 16 to 15BlIFHed 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 adja?ef‘lﬁé’gfﬂﬁé?t'ﬁﬁ%%%%ﬁﬂ%%ﬁﬁ%?&&ﬁ?ﬁ%%&Paﬁ\ﬁiﬁ‘ﬂSv?‘}:‘é"o adjacent

panels on which the joining angle of two adjacent panels Is greater t degrees, Reference 20 15 in
the figures indic38SSTRELIREEMEBIRYIWIED FISFARGEPitR] e eSIL f%’céaoﬁggc,-’fgpmﬁkgrk}rﬁahel.

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.



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 panegs 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 fve d con rete presents a to dromlll which 30
must consequently be low r'gHr %\H?e Eﬁﬂ%‘?{" Wé% %(?‘tétéh QsotPegaﬂZned with
each other in cdb@mmashlmndlh@@mﬁﬂ obswtatesh mwdontha@mmd@ysmﬁmry increased

wear on the expsslsive mmlbmmmWryaM@em ttstq 4eRrByRIr£o0cRERMS pe milled also 10
means that there is an mcreas%p risk.of the E}/ [:>e ill bein erte from ﬂiel vert caI p]lanenas it

progresses downwaraqs fy pan Cﬁ‘?e'é‘% ST URERE A SRON ik pr(la é?;ﬂe beﬁlndotWe present invention.
Figures 4a and R¥SASHOfPEIAE Qnaéb’éﬁﬁﬁie@ﬁ\?@\ﬁéwg@%@&WQV@@%QM%S&@ Ashr cage 30
which has two sagréitial @t@elme@tttﬁhemgtﬂaamrﬁ@gpﬁﬁdéwtpﬁae]eflmabmept@cemmmtelements 31 are

essentially mea 838&?8?%’@&9/&% ?ﬂ%'(t{}%e déieMrs%a& ttbe]p ?Ons Ugrg Brﬁpetermlned

regions of the p mary panel casting volume In partic fromt ere |ch re to be removed

when the joint rNYhW@ B% 8eqseV8 ﬁte?io’?h'ég_@%m%l EI&%M&@}W Ié%?é}ﬂ‘é’rr‘né’@dﬁﬁot be hollow -
their function is owesdedawegioio dh ¢hexcastti vaonecXtony wiank mﬁagomylpMQchrete IS

excluded when gHspRRaf e R stEss Bieeacgicial, %@ﬁﬁ%%te ARG Pessfirated, solid
blocks of lightwei ht c cret for exam Ie or they can ed hollow s éﬂ?ﬁl s such as lengths of
nollow pipe pre P28 e% R AR TR R A SrETRIE %qﬁfﬂgrw@ﬁe BSoft concrete or

soft, loose matedla@mgmasadhwdhmgﬁmrm griplaioepasnelelénants 3 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 ? Sqra(%ge her mteéthe trench i |n a sg opp e?) on 20 concrete

pouring can commence immedia ate IXIng e ements 32 cgan iBECS of steel a{acie%ato the rebar
cage 30, for ex@ARBIEIARdNE]E ﬂ%&?ﬂ%&rm $&ﬁﬁlj‘@ﬁ5ﬁ1@ﬁf@§2 UUFFI amoeBtisfoMRtesRi BotBe milled,

they must be of s ohilkkd fre@nithensittsié cbatdhehedorinad sigraifiedsity |sye iene wishtleeomiding of the
cutter joint 15. 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



25The 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 arogigd 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 remoying the material of the sacrificial displacement elements
51 and miling ITTES KBRd L5 GrRG TREEE D R AR SR A SEE Ty Bl 20 and
11 are in their cuenjietcol areadg-tbpiegntBedstawrafadthe 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 second anel 20 is then excavated(milled as previously described,
removing the material of th%%%rcer?fig%l %%pﬁgcaenrﬁze%é 8be°n\4vefr?1}% Efﬂné:ﬁ%l{%r%é:{t]i'r%? jto?}ﬁtppg?os‘rﬁéHS in the hard
material of the pAYeAOPahidsBS 42 anddipashamdiitlan tABtp AL e HesperRdesPeedrRibete must in

any case besreraqy@aianyopaeiciodshiedya Sounkidgpimdscineesaedfatandspratenhettaeemeiited of the
invention 10 miiginises.faA 81eUSh 4RI ARESR ML PERRAIR AR MR TIRERR Red.

especially when the adjacent panels are at an angle to each other. i en shows the

completed exca®%HUAIBRHE LRGSR GaRliNG Bte Ritmank AN Brracedats iRt ror casting
the secondary pagéensigiitbelprinavwspaped aamtica y @ane, 2480 dnicl ydi rtgc vidoaird s chge@fipnast and

cured between Qi RARR 18 R8Tk wRaRC hd Soiht AAENSIOUE pemoRs gaeafianically bonded by
the joints 15 to formH.f an lnu%us, moreﬁli[n&ermeab m rag?rﬁ wall sihuctl#re. .. Figures 5a, 5b and
sc illustrate'an SRSHISETRBIRREERE FRMEPAIS SRR IRLAY TARHWeUREERLIR &Drior to lowering
the primary paneleziesbtgdino aidheceasling teluafidgness whickdbefitiahdipgritieatan emnekaies 31 are
shown tseculred @EQ%H@EGT%Q ﬁ@tsbpld@l%i}?%@iféla@ﬂlg$r%2,§él:&ihelﬁlwt fﬁ@mé*h? éﬁhti\}]éﬁ&gs by 20
separator elemepts 33. eening the sacrificial disp ent.elements way from the rebar cage 30,
o e e AR BB B B B e o e vk 25
of intruding intotﬂﬁyr@@ﬁbhebpfﬁ@%ﬁ%%@@@lﬁﬁa@ﬁ%ﬁqﬁﬂ%dﬁﬂ% ShHHPNVRIRR RFEmage the
milling machinegealedf eigsigiifittanthgeesswd suseridte stied giptionalliptparifilletithitipgafary panel being

cast. 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



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 dutihg casting. Before casting, the separator
elements are required to be able to support the weight of the 12 sacrificial displacement elements 31.
During casting, the separator elements 33 must also be capable of holding the sacrificial displacement

elements 31 in paosition against any, ypwayd buoyancy forces exerted.on the sacrificial displacement
elements 31 w rrlunﬂﬁé\} ng%ﬂ rs Lij H‘t{#@%ﬁ%& Bﬁ%%ﬁ?@ﬂ?@ tillcé ?&iﬁ/b@%@f&&gnse concrete is
poured around templetidididedidpitedeenilled stetes FieTthe soparater 20dnased3 ¢ast also be made of
an easilymillable ygithfgieneganateied sacanstHahyxeishtisPaESi e Hie $xamale of figures

5a to 5c, the saciificial dlgg a[lcement elﬁme ts 31 ﬁg\g\v bg attachedl_hn mod !ar \;a?@rlrc])g‘fgvnh each

I
' after concrete na en {o_cure. The castin r
successive set 0 modtﬁales BEII‘I i(‘f’ élattacﬁec‘ia as the rebar cage’is lowered into the excavated trench 12.

Note that figtire SRESREAY PRARIAHAP dramprearatatmilied AR ROERitescaRphiemeNttements 31
are fitted in the thweratedianick sestisasriicibedigplelc dticnticie thentp Bar sediipaatiteipinydromills only

work effec“"e'ydi’%ﬁl')% the iﬁ"ﬂﬁﬁgg?@%i@éiﬁmﬁr %dig;ﬂ;%z)a%‘éﬁ’el’ég‘f@?f‘l‘?&?%&ﬁ%ﬁiﬁ%&fo% Rnel. 15

therefore, the joints between t rimary panel an ouring secondary panels are formed using

conventional teffSorERS&BiRrRPESEEPIRR S MG ABYREIN RMYKRIEREJRTLARMH Y HERIdBon of the
secondary panaishiehvis B fustrah v fetivetth a disesmiopa helwebet thadrtethedmifitialidigpidoament

elements 31,MayiRGHOSEINEd WHERE VR tRRIHER e 2RI Lo BERRANE NG BHOW RRR Reest gescribed in
the context of strugﬁt#es fabrmﬂted in t%ﬁg;@nd usm% reinforce concregie, the InEerS hon may be used to

construct any stRICRteSARGRIBMAYRAR Birts vanalRa b BLLraRa ks ladjacent 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 pRjdréongifieAleRRNS tHS completed excavation of the secondary

casting volume 20, with the milled joint faces 15 ready for casting the
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



Claims 1. Method for casting a diaphragm wall comprising two primary sections (10, 11) joined by a
secondary (20) section, the method comprising a first step of excavating a primary casting volume
for each primary 5section (10, 11), a second step1@f 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 both

adjacent primary sectigns (10, 11), the method being characterised in that the second s
compriscs artarit KB SR RSH B S ATA e lac R SRoMTh 8 3o arE SE S RTET S region

(16) of one or bowisifalsative papaiplecaktintfing uheesqedhiciad slizmeacesoenttalardantsmsing material of the
primary sectionpiflichLairafisplaepdhydhe sacyiss) irciaceraeriripmratdadifigisne or each joining
region (16) andguc that th% r?movalsogqqe or e%:h sacr|f|C|aIéP|n|(§1%rﬁ%o 16) é)r?rf rmed in the fourth

step includes the Temoval of the or &ach savc\:/nﬁ(r:]ial %Ysgrgc'@mnéntsglement (§ %0 lnd ea?ccording to

claim 1, in whické&aptivaly nere1dgnsr crreviRIG pectieda[eondrtheraadiiealdisalasearntertical,
and in which the:rgaendad sTekosePakiD catinnen i8lddecahialsis i amaaghe atheadhinn 180 to the plane

of at least one %mgb?&%?%géiﬁﬁmg%éfae%g%gpa&Jightwei%htBCMgFBPéj. ACQHANA 1 ghaim 1 or claim

2, in which the second step . es constructing a casting preparation assembly com%rlsmg a
reinforcement e?éﬁ@]ﬂ'?@@ffawﬁﬁﬁﬂé%é‘é%ﬁ sARKigdgplnerment elgnents 31 can be

attached in modular fashion, with each successive set of modules being

10 attached as the rebar cage is lowered into the excavated trench 12. Note that
figure 5¢ shows a particular example situation, in which the sacrificial
displacement 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.



securing 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 includeds 5 arranging separator elements (33) to hold each
sacrificial displacement element (31) in position at a predetermined distance from the reinforcing element
(30). 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 regioﬁi@ﬁeing 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 thevéapbaa@mcaatingg aafing §ieRRIRteMPsRAIN G P sRAracterised by
at least one preéfgaﬁg:ﬁtgq (?a%rljri?%% g(i]s$lage@en% &Lﬂemfﬂ} (g%&.thﬁa 5e0rrn eﬁ%‘ dsgcrificri%% displacement
element (31) being Mmade or'a more sas )ymiﬁag?e Aiietal ARa TRE’ CORCTete useao%]lpcas'%ﬁ]lg the primary
section (10), the or each sacrificial displacement element (31) being positioned in the casting

preparation assembly suchatfiasi stbproflexcasitiogosepanaiignoasse bty isre/deeedlo phienaiiynary casting
volume and gheggg{a iscﬂtj (10) 20 has been cast, the or each sacrificial displacement element (31)
is in a joining reglon%[%() or 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) whesettend Stapadrgastictopth €L p)imargsietiimns ¢46h SHanfitial mhispéagement
element (31) be&gwwgr{%g}e 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 15 displacement element (31) is softer, or more brittle, or more friable, or less dense than the
material used to cast the piitidiy stetioheXeayatig 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),



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

(20). 9. Method according to one of claims 1 to 444r 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 pref bricated sacrificial d eme t element sm, shape of
cubstantally SPGB GRAL CISSeCEIBR IopACq TR R AT 2o e o laims 1 10 4,

or assembly ac¢enaifﬂg:t@goﬁlemfecth(&&)5aasrd6anram@mg heeaasting ¢ tfnbeap asf Asseanddysaditiicial 15

displacement elgsggatsiid1prih s6rRNeiMseEa 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 4sdatbRd=reentiing2o Faimebiriwhicstie serPndisiethinekbEstdary section
volume is e@am@ﬁggedaydtoﬂélb@bnts (33ykoMeltiashanasuditiiial arsprivdaigst blenderetr

assembly accor, fc H\QHIC W%. es are
excavated usm(fj' 92 omlﬁg)(g)%%?é% ﬁ/%t%{@ or aéllsae% ﬁ%%ﬁ%@% §§pa|:§qc§g Y%%lch the
hydromill (9) is sllghtly wider than the distance separating the two primary casting volumes. Abstract A
method is disclosed for cobstDagtimy g cBpphatigm asak i lyafstimy adtegniate @nnexcaiEded 1) and

secondary (20) g ﬁ%%‘@é@ﬁﬁ%ﬂﬂn@h@ﬁﬁﬁ %Bﬁﬂﬁe(ffsééﬂcﬂﬁf@‘)céf@t@grﬁf?gtéaSt first, and a

cutter joint (15) qr si oint rofile is then milled into side faces qf the primar Is (10, 11)
before casting HFRIEANHRN PSP TBF ¥ 5 HHRAI A (GETh G TIPS SFSSRdd %or casting by
positioning sacrificigrdiachestivénngleegions (9] oieingear eegior afHbrepoimaniliagtiond 1) performed.
The sacrificial disPlaaRIaE8F 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



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. Figg 4c

10

15

20

25

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
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
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
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
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).

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.



