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Production plant and method for producing concrete tubbing in a tunnel lining system

The invention relates to a production plant for producing concrete tubbing of a tunnel lining system

having at least one formwork for producing the concrete tubbing, wherein the production plant is

provided either as a carousel plant which, for carrying out in each case at least one operating

step for producing the concrete tubbing, has at least one production line having at least two

workstations and having at least one transport route between the at least two workstations, or as

a stationary plant having at least two formworks which are disposed so as to be stationary,

wherein the required operating steps for producing the concrete tubbing are in each case carried

out at the formworks, and having at least one curing station for curing concrete which for

producing the concrete tubbing has been filled into the formwork. The invention furthermore

relates to a method and a control therefor.

In order for concrete tubbing to be produced, the individual operating steps for producing a

concrete tubbing are carried out manually. Besides the operating costs arising here, the work to

be carried out is monotonous and stressful to the operators. Furthermore, the activities are carried

out using heavy objects such that there is a risk of injury. Despite the repetitive activities, it is at

the same time necessary for the works to be carried out with very high precision.

It is therefore an object of the invention to alleviate at least some aspects of the aforementioned

issues.

The object is achieved in that at least one robot is provided for carrying out the at least one

operating step at one of the at least two workstations or at least two formworks, in that at least

one travel route which at least partially extends along or transversely to the at least one production

line, or along or transversely to the formwork, is provided, in that at least one travel element on

which the at least one robot is disposed by way of a base and by way of which the at least one

robot is at least partially displaceable along or transversely to the at least one production line or

formwork is provided.

As a result thereof, it is possible to carry out automation of the production plant in a simple

manner. The required precision can at the same time be retained here.
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A further teaching of the invention provides that the base of the at least one robot on the at least

one travel element is movable along the travel element into the workstation.

A further teaching of the invention provides that the travel route is disposed, preferably on pillars,

above the workstation or the formworks. By disposing the travel route above the workstations or

of the formworks it is possible to engage from above into the region of the workstations with the

robot, and to reach the required operating locations in a simple manner in terms of the formwork

in place.

A further teaching of the invention provides that the travel route has in each case at least one

track on both sides along or transversely to the at least one production line or formwork. It is

advantageous here for the travel element to be at least one crossbeam which by way of the ends

thereof is in each case displaceable on a track, and/or on which the base of the at least one robot

is disposed so as to be displaceable across the workstation. By dividing the travel route in tracks

it is possible to either use a displaceable gantry or, when the travel route is disposed above the

workstations, to enable a precise displacement here. If a crossbeam is used here, the robot can

in turn be readily disposed in the space of the workstations. If a base which is likewise

displaceable is disposed on the crossbeam here, the degree of freedom in terms of the disposal

of the robot in the space of the workstations is increased in a simple manner.

A further teaching of the invention provides that the robot has a tool and is embodied such that

the tool is movable and pivotable in the space of the workstation. It is advantageous here for the

tool to be embodied so as to be replaceable on the robot. It is furthermore advantageous for the

replaceable tool to be contained in a storage space which is displaceable by the robot or situated

on the workstation. If the robot is provided with arms and articulations as well as rotary joints and

drives, it is furthermore possible for the degree of freedom of the disposal of a tool, which is

situated so as to be disposed on the robot, for example, in the space of the workstation to be

increased in a simple manner. If the tool here is also embodied so as to be replaceable, a plurality

of operating steps at one workstation can be carried out by the same robot. Depending on the

type of the activities to be carried out, and in particular also on the size of the tools, it is

advantageous here for the tools to be disposed directly so as to be able to move in the region of

the robot or on the respective workstation. As a result thereof it is also possible for different

operating steps to be carried out with the same tools in a simple manner. For example, a torque

driver can be used for establishing or releasing fastenings, and at the same time also for carrying

out other operating steps which require a rotational drive.
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The toolis ad vantageou s ly a torq u e d river, a bru s h, a roller, a meas u rementverific ation element, a nozzle,

a s c anner, a gripper, ora c amera.

A fu rtherteac hing of the invention provid es thatthe atleas tone works tation is a s tation foropening or

c los ing the formworkora c overofthe formwork, a s tation forretrieving the c onc rete tu bbing; a s tation for

c leaningthe formwork, a s tation forpreparingthe formworkfors u bs eq u entlyintrod u c ingc onc rete, a s tation

foreq u ipping the formwork with atleas tone elementof the c onc rete tu bbing, a s tation forverifying the

meas u rements ofthe formwork, a s tation forfillingthe formworkwithc onc rete, and /ora s tation fortreating

the s u rfac e ofthe introd u c ed c onc rete ofthe c onc rete tu bbing. Itis ad vantageou s here forthe atleas tone

elementto be a s eal, a protec tive liner, a reinforc ementelement, a s ens or, in partic u lara temperatu re

s ens or, a d ewateringelement, a plas tic element, and /oran erec toranc hor.

A fu rtherteac hingofthe invention provid es thatatleas ttwo prod u c tion lines whic hare d is pos ed in parallel

and have atleas ttwo parallelworks tations are provid ed .

A fu rtherteac hing of the invention provid es thatthe robotis d is plac eable between atleas ttwo parallel

works tations ofthe atleas ttwo parallelprod u c tion lines .

A fu rtherteac hingofthe invention provid es thatatleas tone prod u c tion plantformakingreinforc ements for

the tu bbings is d is pos ed u ps tream , s aid tu bbings preferably beingtemporarily s tored in a s tore.

A fu rtherteac hingofthe invention provid es thatatleas tone works tation is ofmod u larc ons tru c tion.

A fu rtherteac hing of the invention provid es thatthe c u ring s tation is c ons tru c ted from ind ivid u alc u ring

c hambers whic hare preferably embod ied as a s tand ard IS O c ontainer.

A fu rtherteac hingofthe invention provid es thatthe c u rings tation has a plu rality ofplanes d is pos ed on top

ofone another.

The objec tis fu rthermore ac hieved by a method forprod u c ing c onc rete tu bbing ofa tu nnellining s ys tem

having atleas tone formwork, in partic u larby a prod u c tion plant, s aid method c ompris ing the following

s teps :

1 . d is pos ing, preferably atthe prec is e pos ition, a formwork (10 ) ata loc ation or in a res pec tive

works tation (210 , 2 2 0 , 230 , 240 , 250 , 260 )alongatleas tone prod u c tion line (20 0 )ofthe prod u c tion

plant(10 0 );

2 . ifreq u ired , id entifying the type offormworkin the works tation (21 0 , 2 2 0 , 230 , 240 , 250 , 260 )orat

the loc ation;

3. moving a robot(140 )along a travelrou te (120 )to the works tation (21 0 , 2 2 0 , 230 , 240 , 250 , 260 )

oratthe loc ation witha travelelement(130 )atwhic hthe robot(140 )is arranged witha bas e (131);

4. ifreq u ired , pic king u pa tool(150 )req u ired forc arryingou tan operatings tepby a robot(140 );
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5. d is plac ing the bas e (131)ofthe robot(140 )along the travelrou te (120 )and /orthe c ros s beam for

the X/Y-alignmentwith a pos ition req u ired forc arrying ou tthe operating s tep atthe works tation

(210 , 2 2 0 , 230 , 240 , 250 , 260 )oratthe loc ation;

6. c arrying ou tand c ompleting the operating s tepby the robot(140 )u s ing the tool(150 )req u ired to

this end ;

7 . ifreq u ired , c hec king the c ompletion ofthe operating s tep, preferably by the robot(140 ), u s ing the

tool(150 )c onc eived to this end ;

8 . ifreq u ired , repeating s teps 4 to 7 forc arrying ou ta fu rtheroperating s tepatthe works tation (210 ,

2 2 0 , 230 , 240 , 250 , 260 )atthe loc ation;

9. trans porting the formwork (10 )to the nextworks tation (210 , 2 2 0 , 230 , 240 , 250 , 260 )along the

trans portrou te orc u rings tation (30 0 );

1 0 . ifnec es s ary, moving the robot(140 )to a fu rtherworks tation (210 , 2 2 0 , 230 , 240 , 250 , 260 )ora

fu rtherloc ation alongthe travelrou te (110 )by movingthe travelelement(130 );

1 1 . ifreq u ired , repeatings teps 3 to 10 forc arrying ou tan operatings tepatthe nextworks tation (21 0 ,

2 2 0 , 230 , 240 , 250 , 260 )oratthe nextformworkatthe nextloc ation.

B y u s ing the method ac c ord ing to the invention itis pos s ible to enhanc e the q u ality ofthe prod u c tion of

tu bbings in a s imple manner. A tthe s ame time the inpu tofmaterialin the prod u c tion oftu bbings c an be

prec is elyd etec ted and evalu ated in as imple manner. Itis ad d itionallypos s ible forthe prod u c tion proc es s es

ofeac hind ivid u altu bbingto be d oc u mented in a s imple manner. A s a res u ltthereof, in the c ontextofeac h

ind ivid u altu bbing prod u c ed , itis pos s ible for the prod u c tion of s aid tu bbing to be trac ked and thu s

s imu ltaneou s ly als o the prod u c tion proc es s to be s u bs eq u ently verified in the as s embled tu nnel.

A fu rtherteac hingofthe invention provid es thatthe toolis a torq u e d river, a bru s h, a roller, a meas u rement

verific ation element, a nozzle, a s c anner, a gripper, ora c amera.

A fu rtherteac hing ofthe invention provid es thatthe atleas tone works tation is a s tation foropening and

c los ing the formworkora c overofthe formwork, a s tation forretrieving the c onc rete tu bbing a s tation for

c leaningthe formwork, a s tation forpreparingthe formworkfors u bs eq u entlyintrod u c ingc onc rete, a s tation

foreq u ippingthe formworkwithelements ofthe c onc rete tu bbing, a s tation forverifyingthe meas u rements

ofthe formwork, a s tation forfilling the formworkwith c onc rete, and /ora s tation fortreating the s u rfac e of

the introd u c ed c onc rete ofthe c onc rete tu bbing.

A fu rtherteac hing of the invention provid es thatthe replac eable toolis retrieved from ord epos ited in a

s torage s pac e whic his d is plac eable by the robotors itu ated on the works tation.

A fu rtherteac hingofthe invention provid es thatan operatings tepis openingorc los ingthe formworkorthe

c overofthe formwork, retrieving the c onc rete tu bbing, c leaning the formwork, preparing the formworkfor

s u bs eq u ently introd u c ingc onc rete, eq u ippingthe formworkwithat
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least one element of the concrete tubbing, verifying the measurements of the formwork, filling the

formwork with concrete or treating the surface of the introduced concrete of the concrete tubbing.

It is advantageous here for the at least one element to be a seal, a protective liner, a reinforcement

element, a sensor, in particular a temperature sensor, a dewatering element, a plastic element,

and/or an erector anchor.

A further teaching of the invention provides that the tool is a torque driver, a brush, a roller, a

measurement verification element, a nozzle, a scanner, a gripper, or a camera.

The object is furthermore achieved by a control of the method described above, in particular in

conjunction with a production plant described above, in which operating steps are implemented

at workstations in that data and/or sensor data is evaluated, a robot based on the data and/or

sensor data is positioned at an X/Y-position along a production line, a tool based on the data

and/or sensor data is selected for carrying out the operating step, and the operating step is carried

out by transferring control data to the robot and/or the tool. As a result thereof it is possible for the

quality of the production of tubbings to be enhanced in a simple manner. At the same time, the

material input in the production of tubbings can be detected and evaluated in a simple manner. It

is additionally possible for the production processes of each individual tubbing to be documented

in a simple manner.

The object is furthermore achieved by formwork for producing a concrete tubbing of a tunnel lining

system, preferably for use in a production plant described above, or when carrying out a method

described above, having a concrete tray for receiving a quantity of concrete required for producing

the tubbing, and if required for receiving the provided reinforcement of the concrete tubbing,

wherein the concrete tray has at least one floor and walls which on the floor are adapted to the

shape, wherein at least one wall is releasable from the floor and disposed so as to be pivotable

in relation to the floor between a closed position and an opened position, wherein the formwork

has at least one drive system for pivoting the at least one wall between the open and the closed

position and for retaining said wall in the respective position, and that the drive system has at

least one actuator for pivoting the at least one wall between the open and the closed position.

As a result thereof it is possible for the opening and closing to be simplified in a simple manner

and to ensure at the same time that the position is retained in a simple manner, so that the

formwork remains securely closed.

A further teaching of the invention provides that at least two walls at one of the two external end

regions of said walls contact one another by way of the short sides of said walls in the closed
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position, hereby configuring a corner of the concrete tray. It is advantageous here for a male

engagement element to be provided in the external end region on one of the two walls, and for a

female engagement element to be provided in the external end region on the other wall, said

engagement elements in the closed position of the two walls engaging in one another. As a result

thereof, the closure of the corner can be ensured in a simple manner.

It is furthermore advantageous here for the two walls in the external end regions thereof to be

connected to one another by means of at least one screw connection or a clamping connection,

wherein the screw connection or the clamping connection preferably serves for securing the

position, and/or wherein the screw connection has a screw having a spring element which is

disposed along at least part of the screw. Said spring element represents in particular a simple

additional securing feature by way of which the positioning is guaranteed in a simple manner.

A further teaching of the invention provides that the clamping connection has a locking element

which is disposed on one of the wall elements and, by at least one actuator, for example a

hydraulic cylinder or a spindle system, is pivotably movable between an open position and a

closed position. It is advantageous here for the actuator to be connected to the drive system

described hereunder. As a result thereof, a securing feature can be provided in a simple manner.

A further teaching of the invention provides that the at least one wall for moving between the open

position and the closed position is connected to at least two actuators of the drive system. As a

result thereof, the required retaining forces can be applied and distributed in a simple manner.

A further teaching of the invention provides that the at least one wall element has two external

end regions and that at least one actuator for moving and retaining the wall element is provided

per end region. It has been demonstrated that a tight closure can be guaranteed in a particularly

simple manner as a result thereof, even during filling of the formwork with concrete and any

potential deformation of the lateral walls.

A further teaching of the invention provides that the drive system at a workstation for driving the

drive system is able to be connected to an external drive. The construction of the formwork can

consequently be as simple as possible as a result thereof because a drive in the formwork can

be dispensed with.

A further teaching of the invention provides that the drive system is a hydraulic system having at

least one hydraulic circuit, wherein the drive system as an actuator has at least one hydraulic
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cylinder which is connected to the hydraulic circuit. The moving action as well as the retaining

action can be provided in a simple manner by way of adequate forces as a result thereof.

It is advantageous here for the hydraulic circuit to have a blocking element for maintaining the

pressure in the hydraulic circuit, said blocking element preferably being a load-bearing valve. It is

furthermore advantageous here for the hydraulic circuit to have an element for equalizing a

variation in terms of pressure and/or a variation in terms of volume in the hydraulic circuit, this

preferably being a dummy cylinder or a diaphragm accumulator. It is furthermore advantageous

here for the hydraulic circuit to have at least one connector element for releasably connecting the

hydraulic circuit to a hydraulic apparatus as the external drive of the drive system at a workstation.

It is furthermore advantageously provided that the individual hydraulic cylinders are connected by

means of pressure sequence valves. Sequential controlling of the individual steps of opening

and/or closing the formwork can be achieved in a simple manner as a result thereof. A hydraulic

circuit according to the invention can be provided in a simple manner by at least one of the

previously mentioned elements.

A further teaching of the invention provides that the drive system as an actuator is a mechanical

drive, preferably a spindle drive. It is advantageous here for the mechanical drive to be conceived

so as to be self-locking, or to be provided with a locking element. It is furthermore advantageous

here for the mechanical drive to have a connection element for releasably connecting to an

external rotational drive, for example a torque driver, as the external drive of the drive system at

a workstation.

A further teaching of the invention provides that at least one is cover element is provided so as to

be pivotable on the formwork, said cover element being able to be disposed on the upper side of

the concrete tray and on the latter at least partially covers the upper side. It is advantageous here

for the cover element by at least one actuator, for example a hydraulic cylinder or a spindle

system, to be pivotable between an open position and a closed position, said actuator preferably

retaining the cover element in the respective position. It is furthermore advantageous here for the

actuator to be connected with the previously described drive system.

A further teaching of the invention provides that the cover element has an arrestor element which

arrests the cover element in the closed position in relation to the formwork. The invention will be

explained in more detail hereunder by means of exemplary embodiments in conjunction with a

drawing, in which:
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figure 1 shows a plan view of a first embodiment of a production plant according to the

invention;

figure 2 shows an isometric view of figure 1;

figure 3 shows a lateral view of figure 1;

figure 4 shows a further isometric view of figure 1;

figure 5 shows an isometric enlargement of a fragment of figure 3;

figure 6 shows an isometric enlargement of a fragment of figure 5;

figure 7 shows an isometric view of a first embodiment of formwork according to the

invention;

figure 8 shows an enlarged view of a fragment of figure 7;

figure 9 shows an isometric view of an opened formwork according to the invention;

figure 10 shows a sectional view through a fastening element of figure 7;

figure 11 shows an isometric view of a second embodiment of formwork according to the

invention in a closed state;

figure 11a shows an enlarged view of a fragment of figure 11;

figure 12 shows a lower view of figure 11;

figure 12a shows an enlarged view of a fragment of figure 12;

figure 12b shows a further enlarged view of a fragment of figure 12;

figure 13 shows an isometric view of a second embodiment of formwork according to the

invention in an opened state;

figure 13a shows an enlarged view of a fragment of figure 13;

figure 13b shows a further enlarged view of a fragment of figure13;

figure 14 shows an isometric lateral view of the lateral wall of the formwork according to the

invention of figures 11 and 13;

figure 15 shows an isometric lateral view of the end wall of the formwork according to the

invention;

figure16 shows a plan view of a second embodiment of a production plant according to the

invention;

figure 17 shows an isometric view of figure 16;

figure 18 shows a plan view of figure 16;

figure19 shows a lateral view of figure 16;

figure 20 shows a partial sectional enlarged lateral view of figure 19;

figure 21 shows a further lateral view of figure 20;

figure 22 shows a plan view of figure 20;

figure 23 shows an isometric view of a processing station according to the invention of figure

11;
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figure 24 shows a plan view of a third embodiment of a production plant according to the

invention;

figure 25 shows an isometric view of figure 24; and

figure 26 shows an enlarged view of a fragment of figure 25.

Figures 1 to 4 show a first embodiment of a production plant 100 according to the invention. The

production plant 100 here is embodied as a carousel plant, for example. The carousel plant here

is composed of a production line 200 and a curing tunnel 300. The curing tunnel 300 here has at

least one curing line 320, whereby three curing lines 320 are illustrated in figure 1. The production

line 200 and the curing tunnel 300, or the curing lines 320 thereof, respectively, are connected by

a transverse conveyor 400.

The production plant 100 has a transport route 110. The transport route 110 has a track 111 on

which a transport means 112 is displaceable. Formwork 10 according to the invention is disposed

on the transport means 112. The transport means 112 move in the direction of the arrow A along

the transport route 110 through the production line 200.

Having passed through the production line 200, said transport means 112 by the transverse

conveyor 400 are supplied in the direction of the arrow B to the curing lines 320 of the curing

tunnel 300. The transverse conveyor 400 also has a track 111 on which the transport means 112

are moved. The same also applies to the curing lines 320 of the curing tunnel 300.

Having passed through the curing tunnel 300 in the direction of the arrow C, the transport means

112 by means of the transverse conveyor 400 are again supplied in the direction of the arrow D

to the production line 200. The carousel is then completed.

The production line 200, when viewed in the direction of the arrow A, from the left to the right in

figure 1, in an exemplary manner here has six workstations 210 – 260.

At the first workstation 210, the formwork 10 is opened as explained hereunder.

At the second workstation 220, the finished tubbing 500 is retrieved from the formwork 10 by

means of a lifting element (not illustrated).

At the third workstation 230, the formwork 10 is cleaned and prepared for receiving installation

elements as well as for concreting. To this end, a release agent (formwork oil), for example, is



WO 2020/208046 PCT/EP2020/059943

10

applied to all faces and parts of the formwork which come into contact with the concrete of the

tubbing 500 to be produced and are not intended to be a component part of the tubbing 500.

At the fourth workstation 240, the formwork 10 is equipped with the installation components which

are a component part of the finished tubbing 500. This here is, for example, a reinforcement 510,

erector anchors (not illustrated), a protective liner, or the like.

After the installation parts have been introduced, the latter alternatively also being able to be

completely or partially introduced into the formwork 10 at the third workstation 230, after the

cleaning and the preparation has been completed, the formwork 10 having the introduced

components is checked so as to guarantee that the formwork 10 is correctly assembled and the

installation parts of the tubbing 500 are correctly disposed.

The equipping of the formwork 10 with the installation parts can also take place so as to be divided

between the workstations 230, 240.

In the fifth workstation 250, unless already preformed prior hereto, the optionally provided covers

(not illustrated) of the formwork are assembled, the concrete to be introduced is prepared

according to the required mixture and at the required quantity and incorporated into the formwork

10. The introduced concrete is subsequently compacted in a manner known. The introduction and

compaction can take place in an alternating manner until the required quantity of concrete has

been introduced.

At the sixth workstation 260, the concrete surface 520 of the tubbing is treated, for example

smoothed. Any potential covers are removed prior to smoothing.

In this example, the production line 200 will be exited after the sixth workstation 260 in that the

transport means 112, having the formwork 10 and the raw tubbing 500 completely produced

therein, is transferred to the transverse conveyor 400.

The number of workstations here is to be considered to be purely exemplary. A person skilled in

the art is readily able to adapt the number of workstations by combining the latter or by delinking

individual operating steps according to the requirements.

Furthermore, the production plant 100 here in an exemplary manner provides operational

automation for the first four workstations 210, 220, 230, 240. To this end, a travel route 120 which

is provided so as to be elevated on pillars 121 is disposed on both sides of the transport route

°
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110 of the prod u c tion line 20 0 . The travelrou te 120 here has in eac h c as e one trac k 122 , the

latterbeingprovid ed on boths id es ofthe prod u c tion line 20 0 . The two trac ks 122 are c onnec ted

to ac ros s beam 130 whic his d is plac eable in the d irec tion ofthe d ou ble arrow E on the travelrou te

120 . A bas e 131 is d is pos ed on the c ros s beam 130 s o as to be movable in the d irec tion ofthe

d ou ble arrow F on the lowers id e ofthe c ros s beam 130 . M oving here in an exemplary manner

takes plac e by way ofa d rive 132 .

A robot140 is d is pos ed on the bas e 131 . The robot140 has arms 141 , pivotjoints 142 and /or

rotary joints 143 as wellas d rives 144. Fu rthermore, a tool150 is d is pos ed on thatend ofthe

robot140 thatlies oppos ite the bas e 131 . The tool150 here is preferably embod ied s o as to be

replac eable s u c h thatd ifferenttools 150 c an be u s ed d epend ing on the operating s tep to be

c arried ou t.

A s a c ons eq u enc e of the d is plac ementc apability of the c ros s beam 130 in the d irec tion of the

d ou ble arrow E along the travelrou te 120 , as wellas ofthe d is plac ementc apability ofthe bas e

131 in the d irec tion ofthe d ou ble arrow F along the c ros s beam 130 , itis pos s ible forthe bas e

131 ofthe robot140 to be d is pos ed in the X/Y-d irec tion above the prod u c tion line 20 0 . A s ares u lt

ofthe c ons tru c tion ofthe robot140 itis fu rthermore pos s ible forthe tool150 to be d is pos ed at

any arbitrary point(X , Y , Z)in the s pac e ofthe prod u c tion line 20 0 s u c h thatworkon orin the

formwork10 c an be c arried ou tby the res pec tive tool150 u s ingthe robot140 by way ofthe tool

150 ofthe latter.

D epend ing on the works tations 210 – 260 , the d is pos aland embod imentof the latter, and the

operating s teps to be s imu ltaneou s ly c arried ou ttherein, itis pos s ible to provid e one orels e a

plu rality, illu s trated here are two, c ros s beams 130 and robots 140 in the prod u c tion line 20 0 .

The tools 150 here c an be keptread yin atoolbox (notillu s trated ), eitherd irec tlyon the c ros s beam

130 oratthe res pec tive works tation 210 – 260 , s u c h thatthe robot140 , the latterhaving an

interc hangeable toolc onnec tors ys tem (notillu s trated ), forexample, is able to c onnec tto a tool,

remove the latterfrom the res pec tive box, c arry ou tthe operating s tep, plac e the tool150 bac k

into the box afterthe operatings tephas been c ompleted , and releas e s aid tool.

A firs tembod imentofthe formwork10 (s ee figs . 5 to 10 )is d is pos ed above a ped es tal11 ofthe

trans portmeans 112 , forexample. The formwork pers e has a bas e 12 by way of whic h s aid

formwork is able to be d is pos ed on the ped es tal11 . A n interiors pac e 1 7 as a c onc rete tray is

provid ed above the bas e, s aid interiors pac e 1 7 being formed by a floor16 and internalwalls of
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the end walls 15 and lateral walls 14. The installation parts and the concrete are introduced into

this concrete tray, or into this interior space 17, respectively.

The base 12 in this embodiment, although not limited thereto, is pivotably connected to two lateral

walls 14 of the formwork 10 by way of pivoting connections 13. The formwork 10 furthermore has

two end walls 15. In the formworks 10 shown in figures 5 to 10, the end walls 15 are fixedly

connected to the base 12. It is likewise possible here for the end walls 15 to be fixedly connected

in a pivotable manner to the base 12 by way of articulated connections.

In the embodiment shown in figures 5 to 10, the lateral walls 14 are connected in a retaining

manner to the base 12 and the end walls 15 by way of screw connections. Such a screw

connection is shown in a sectional illustration in figure 10. Said screw connection has a screw 19

which is screwed into a threaded element 20 which is disposed on the base 12 or on the end wall

15, for example. The screw 19 is inserted into a sleeve 21 which on the lateral wall 14 is attached

above a through opening (not illustrated), for example. The sleeve 21 here has a spring portion

22 in which a spring 23 is provided.

When the threaded element 20 and the sleeve 21 are disposed so as to be mutually aligned on

top of one another, for example when the lateral wall 14 is disposed against the end wall 15 and

the base 12, the screw 19 can be screwed into the threaded element 20 and thus arrest the lateral

wall 14 in relation to the base 12 and/or the end wall 15.

Provided to this end is a drive system which enables the lateral walls 14 to move in relation to the

base 12 and/or the end walls 15, alternatively also the floor 16. This here can be a spindle system

as a mechanical drive, for example, that when said spindle system is driven, the lateral walls 14

are moved in the direction of the double arrow G about the pivoting connection 13 either away

from the base 12 and the end walls 15 and the floor 16, or toward said base 12 and said end walls

15 and said floor 16. Alternatively, other drive system such as, for example, hydraulic cylinders

can also be used to this end. A further exemplary embodiment having a hydraulic drive system

will be explained in a second exemplary embodiment according to the invention, but can also be

alternatively used in the first exemplary embodiment.

If a mechanical drive system is used, said mechanical drive system can be conceived such that

said mechanical drive system is self-locking so that no screw connections are required in order

to retain the lateral walls 14 in relation to the floor 16 and the lateral walls 15. Alternatively or

additionally, a blocking element (not illustrated) can also be used in order to guarantee a retaining

action by preventing a reverse movement of the spindle drive.
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In one preferred embodiment, the central spindle can also be driven by a suitable tool, preferably

the same tool by way of which the screws 19 are released and tightened. A rod element 24 which

is movable in the direction of the double arrow H by the central spindle is shown in figures 7, 8

and 9.

Screwing the screw 19 into the threaded element 20 takes place counter to the spring element

23, the spring element 23 forcing the screw 19 outward when the latter is unscrewed, respectively,

such that said screw when being unscrewed moves more easily out of the threaded element 20.

As a result thereof, it is possible in a simple manner when using a torque driver as the tool 150

on the robot 140, for said torque driver to be able to unscrew the screw 19 from the threaded

element 20 such that said screw 19 is reliably released without the torque driver having to exert

an extraction force on the screw 19.

Furthermore, the formwork 10 in the region of the screws 19 has engagement openings 25 into

which a torque absorption element 151 engages so as to relieve the tool 150 creates or so as to

relieve the robot 140, which otherwise would have to correspondingly absorb the torque.

Apart from the torque driver, a further tool may be (not exhaustive and enumerated only in an

exemplary manner and not illustrated): a brush, a rotatable brush, a nozzle for dispensing air,

water or chemicals, a scanner, optical measuring installations, rollers.

A second embodiment of the formwork 10 according to the invention is illustrated in figs. 11 to 15.

The formwork 10 has an interior space 17 for receiving the reinforcement, installation parts and

concrete for producing the concrete tubbing 500. The latter is formed by a floor 16 as well as the

internal sides of the lateral walls 14 and of the end walls 15. The floor 16 here is disposed on a

base 12.

The lateral walls 14 and the end walls 15 are fixedly disposed on the base so as to be pivotable

by way of a pivoting connection 13, 26. The pivoting connection 13, 26 is in each case connected

to the lateral wall 14, or to the end wall 15, by way of one connection element 27. The lateral walls

14 and the end walls 15 are pivoted about a pivot point 28 by way of the connection elements 27

such that the lateral walls 14 and the end walls 15 are released from the floor 16 and are pivoted

outward, as is shown in figure 13. The pivoting takes place in the direction of the double arrow I.
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The base 12 has a lower frame 28 on which inter alia a running gear for example is disposed, the

latter here in an exemplary manner having wheels 29. Alternatively, the frame 28 can also be

disposed on a transport element 112 so as to be displaced along a production line, or the travel

route of the production line per se has rollers on which the formworks 10 are displaceable.

Base elements 31 and actuators 32, the latter here preferably in the form of hydraulic cylinders

which are fixedly connected to the base element 31, are provided in an interior space 30 of the

base 12. A moving element 33 of the actuator 32, here a piston rod, for example, is connected to

the connection element 27. By moving the moving element 33 of the actuator 32 in a linear

manner, the connection element 27 is moved from a lateral wall 34 of the base 12 in the direction

of the double arrow H. Said connection element 27 is simultaneously rotated about the pivot point

38 such that the lateral wall 14 is moved away from the interior space 17, or the floor 16,

respectively, such that the formwork 10 is opened in relation to the lateral walls 14.

At least one actuator 35, here a hydraulic cylinder, for example, is provided for opening the end

walls 15, the latter likewise being connected to the base 12 by way of a connection element 27

having a pivoting connection 26 which has a pivot point 38. Said actuator 35, in a manner similar

to the previously described actuator 32, can be disposed in conjunction with the base element 31

in the interior space 30. Alternatively, the actuator 35 by way of a connection 36 is disposed on

the lateral wall 14. The actuator 35 in the connection 36 is rotatable about a first axis 37 and

simultaneously disposed so as to be rotatable about a second axis 39 such that the actuator 35,

when the end wall 15 is opened, can be pivoted conjointly with the lateral wall 14 when the latter

is opened.

The same applies to the connection 40 by way of which the actuator 35 is connected to the end

wall 15. The actuator 35 has a moving element 41, here a piston rod, for example, which can be

moved in the direction of the double arrow H out of the actuator 35 so as to pivot the end wall 15

in the direction of the double arrow I about the pivot point 38 in the pivoting connection 26.

A corner 46 of the interior space 17 is formed as a result of an external side 42 of an end wall 15

contacting an external side 43 of the lateral wall 14. Additionally, a male engagement element 44

and a female engagement element 45, which in the closed state of the formwork engage in one

another, are provided on the external side 42 of the end wall 15 and in analogous matching

manner on the external side 43 of the lateral wall 14. The male engagement element 45 here is

preferably disposed on the end wall 15, and the female engagement element 44 is preferably

disposed on the lateral wall 14, such that the male engagement element 45 prevents the lateral

wall 14 moving in the closed state of the end wall 15. By tightening and retaining the moving
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element 41 of the actuator 35, the end wall 15 at the external end 42 thereof is pressed onto the

lateral wall 14 at the external end 43 of the latter. The male engagement element 45

simultaneously engages in the female engagement element 44 and as a result thereof blocks in

addition to the tightening and retaining of the moving element 33 of the actuator 32 such that the

lateral wall 14 cannot be released from the floor 16 as long as the end wall 15 bears on the floor

16. By tightening and retaining the moving element 41 of the actuator 35 at the external end 42,

preferably in conjunction with the engagement elements 44, 45, opening of the corners 46 is

simultaneously effectively and easily avoided, said corners 46 being formed between the lateral

walls 14 and the end walls 15.

By distributing the pivoting connections 13, 26 along the lateral walls 34, 47 of the base 12 it is

prevented that the lateral walls 14 and the end walls 15 are released from the floor 16, for example

as a result of being deformed by the load of the introduced concrete.

The formwork 10 furthermore has two covers 50 which are attached to the base 12 and during

the production process of the concrete tubbing 500 are either closed, as is illustrated in figure 11,

or opened, as is illustrated in figures 13 and 14.

The covers 50 can be pivoted in the direction of the double arrow J between the closed position

on the interior space 17 and the open position. Said covers 50 serve for closing the formwork 10,

or the interior space 17 thereof, respectively, toward the top when the concrete is filled into the

interior space 17. In the production of tubbings, formworks 10 having partial covers, like the covers

50 shown in the second embodiment of the formwork 10 according to the invention here, or else

without covers 50 as is the case in an exemplary manner in the first embodiment according to the

invention, are known. The regions not covered, prior to filling the formwork 10 with concrete, are

closed by a cover, whereby open regions through which the concrete is then filled into the interior

space 17 are still present. These additional covers are attached before or in the concreting

workstation.

If covers 50 which can be moved between an opened position and a closed position, are provided

on the formwork 10, as here in the second exemplary embodiment, said covers 50 are closed in

or before the concreting workstation. After concreting, the covers are either removed or opened

again in order for the surface 520 of the raw concrete tubbing to be processed in a further

operating step/in a corresponding further workstation. After this operating step has been

completed, the covers 50 are closed again. The formworks 10 having closed covers 50 are

subsequently supplied to the curing station. The covers 50 then remain correspondingly closed

within the curing station. Once the curing has been completed, the covers 50 are opened. The

°
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lateral walls 14 and the end walls 15 are subsequently also opened in the required sequence.

The pre-cured concrete tubbing 500 can be retrieved thereafter.

After the concrete tubbing 500 has been retrieved, the formwork 10 is correspondingly cleaned

and prepared for the production of a new concrete tubbing 500, as has been described above.

Depending on the possibility of transportation, the lateral walls 14, the end walls 15 and the covers

50 are either closed or remain in the opened state. The covers 50, the end walls 15 and the lateral

walls 14 may have to be opened again in the cleaning station in order for complete cleaning to be

able to be performed. The lateral walls 14 and the end walls 15 are closed after cleaning. The

interior space 17 is then equipped with a corresponding reinforcement and corresponding

installation parts. Once this has been completed, the formwork 10 is subsequently prepared for

concreting as has been described above.

The covers 50 are provided with connection elements 51 which are connected to the base 12 by

way of a pivoting connection 52. The pivoting connection 52 here is disposed so as to be rotatable

on a protruding element 53. Provided is an actuator 54 which is connected to the base 12 in

parallel with the protruding element 53. The connection element 51 extends beyond the pivoting

connection 52. The moving element 55 of the actuator 54 then engages on this part of the

connection element 51. By moving the moving element 55 in and out, the cover 50 is pivoted in

the direction of the double arrow J about the pivot point 38, the latter being situated in the pivoting

connection 52. Spring elements 56 are provided as facilitation in order to guarantee better

opening and closing, or a better pivoting movement in the direction of the arrow J, respectively.

The actuator 54 here is preferably a hydraulic cylinder. The moving element 55 here represents

the piston rod of the hydraulic cylinder. The actuator 54, apart from opening and closing, also has

the effect of retaining the cover 50 in the respective position.

Additionally provided for securing on the cover 50 are securing elements 57 which are provided

with an actuator 58 which has a moving element 59. The moving element 59 is connected to a

blocking element 60 which by moving the moving element 59 in and out is movable, here

preferably pivotable, between a locking position and a free position. Engagement openings 61 in

which the blocking element 60 engages for locking are provided for locking on the lateral walls 14

and the end walls 15, respectively. The locking takes place during the curing, for example.

In order to control the actuators of the formwork 10, when said actuators are embodied as

hydraulic cylinders, said actuators are part of a hydraulic circuit. The actuators hereunder are

described as hydraulic cylinders. The hydraulic cylinders 32 for opening and closing the lateral
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walls, and the hydraulic cylinders 35 for opening and closing the end walls, here are provided

such that the walls close when the hydraulic cylinder moves inward. The hydraulic cylinders 54 of

the cover 50, and the hydraulic cylinders 58 for activating the blocking element 60, here are

disposed such that the cover 50 and the blocking element 60 close when the hydraulic cylinder

moves inward.

The hydraulic circuit at those respective workstations where the hydraulic cylinders have to be

activated is connected to a hydraulic apparatus, not illustrated, by way of a connector. The

application of the retaining force of the hydraulic cylinders after the lateral walls 14 and the end

walls 15 have been closed, and after the covers 50 and the blocking element 60 have been closed,

has to be maintained once the hydraulic circuit of the formwork 10 has been decoupled from the

drive apparatus.

Maintaining the required closure forces takes place by non-return valves (not illustrated) which

are introduced into the hydraulic circuit. The non-return valves have the effect that the hydraulic

liquid introduced into the hydraulic cylinder cannot return from the latter once the hydraulic

apparatus no longer impinges the hydraulic circuit with hydraulic fluid, as a result of which the

pressure on the piston face of the hydraulic cylinder remains constant.

In order for variations in terms of pressure/variations in terms of volume in the hydraulic circuit,

for example by virtue of variations in temperature in the curing plant, to be counteracted,

compensation elements are provided at corresponding locations in the hydraulic circuit. These

here can be, for example, diaphragm accumulators or dummy cylinders.

The required control sequence here results from which cylinders have to be first impinged with

hydraulic liquid. Switchable blocking elements can be provided between the individual cylinders

for sequencing the control of the individual movements. These here are preferably pressure

sequence valves.

The method according to the invention will be explained in more detail in an exemplary manner

hereunder by means of the preferred exemplary embodiment shown.

At the first workstation 210, the formwork 10 by way of the transport means 112 is supplied from

the transverse conveyor 400 into the production line 200. The pre-cured tubbing 500 is in the

formwork 10 at this point in time. The formwork 10 is closed; the lateral walls 14 and/or the end

walls 15 are connected to one another by screw connections. At this point in time, the cover

elements (not illustrated) can be additionally provided in the closed position.
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The formwork 10 is disposed in the exact position at the first workstation 210. The formwork

and/or the tubbing is preferably simultaneously scanned and detected. To this end, labels or RFID

chips are evaluated using the suitable tools, for example. The data determined is input into a data

processing system.

Simultaneously, the required operating step is selected based on this data, for example by a

memory-programmable controller, and the corresponding control commands are transmitted to

the robot 140 in order for the corresponding tool required to this end to be selected and the

operating step to be carried out.

At the first workstation 210 here, this would be, for example, to the extent required, unscrewing

the covers, or the opening of the latter by releasing screw connections or clamping connections;

removing the concrete installation parts 26, in particular by unscrewing; releasing the corner

connections between the end walls 15 and the lateral walls 14, for example by releasing the screw

connection 18 in that the screw 19 is unscrewed by means of the tool 150, in this instance here a

torque driver, or releasing a clamping connection; opening the end walls 15 and/or the lateral

walls 14, for example by pivoting about the pivot in connection 13, for example by a drive such as

a central spindle or hydraulic cylinders.

After the operating step has been completed, a scanning procedure can be carried out so as to

verify whether the operating step has been adequately carried out and completed, for example in

that the measurements of mutual spacings of the lateral walls 14 and/or the end walls 15 are

verified.

The corresponding data determined here is transmitted to the data processing system again, for

example, this system, when corresponding parameters have been adhered to, upon checking the

latter clearing a release for the onward transportation to the next workstation.

The formwork in the completed state, for example after the workstation 210, is opened.

The retrieval of the tubbing 500 from the formwork 10 could already take place at the first

workstation 210, optionally in a manner incorporated in the control system and also actuated by

the latter. To this end, a crane (not illustrated) having a corresponding lifting unit (not illustrated)

could be provided in order for the tubbing 500 to be retrieved from the formwork 10.
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A lternatively, this s teptakes plac e atthe s ec ond works tation 220 , as is provid ed here. A fterthe

pos itionallyac c u rate trans ferwhic hbetween allworks tations is performed als o bywayofthe d ata

s ys tem in c onju nc tion withthe memory-programmable c ontroller, forexample, the formwork10 is

s itu ated s o as to be in the exac tpos ition atthe s ec ond works tation 220 . H ere too, the formwork

and /orthe tu bbing 50 0 is again c orres pond ingly id entified and d etec ted . A s has alread y been

d es c ribed above, the pre-c u red tu bbing50 0 here in an exemplarymanneris now c orres pond ingly

retrieved from the formwork10 s o as to initiate the fu rthers teps s u c has , forexample, movingthe

pre-c u red tu bbing50 0 to a c u rings tore 8 0 0 .

S u bs eq u ently, c orres pond ing c hec king c an again take plac e. This d ata als o is again trans ferred

to the d ata s ys tem . A fterc hec king and c learanc e, the formwork 10 , s tillpres entas an opened

formworkhere, is then trans ported to the third works tation 230 . A tthis pointin time, the formwork

10 is empty, opened and notc leaned .

The formwork10 is introd u c ed in the exac tpos ition atthe third works tation 230 as well. In ad d ition,

the formwork10 c an in tu rn be rec ognized here c orres pond ingly. The d etermination ofthe s tate

ofthe formwork10 c an optionally als o be c arried ou tatthis pointin time, in partic u larin terms of

the pos itions and u nfold ingangles ofthe ind ivid u alwalls 14, 15.

B as ed on this d ata, the memory-programmable c ontrollertrans mits the c orres pond ing items of

information and operatingins tru c tions to the robot140 .

The c ros s beam 130 and /orthe bas e 131 ofthe robot140 are moved to the res pec tive req u ired

targetpoints . Fu rthermore, the robot140 is eq u ipped withthe c orres pond ingtool150 , forexample

in thatthe robot140 c onnec ts to the c orres pond ing tool140 and retrieves the latterata s torage

loc ation.

The c orres pond ing operating s tepis then c arried ou t, wherein movements ofthe c ros s beam, of

the bas e as wellas ofthe c omponentparts ofthe robot140 may be s u perimpos ed in ord erfor

the c orres pond ing operating s tep to be c arried ou t. Unles s otherwis e requ ired , aforementioned

movements foroptimization here may be d is pens ed with.

A tthe third works tation 230 , c orres pond ing c leaning ofthe opened formwork 10 and preparing

the s u rfac es ofthe formwork10 thatlaterare in c ontac twith c onc rete, s u c h as the floor16, the

internalfac es ofthe lateralwalls 14 and the end walls 15 as wellas ofthe c onc rete ins tallation

parts 26, forexample, is c arried ou tby applying a releas e agents u c has , forexample, formwork

oil.
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To this end, a high-pressure nozzle for jet-cleaning or blowing out the formwork parts and/or a

brush for cleaning are/is selected as a tool, for example. The sequence here is to be selected

according to the requirements.

Additionally, blowing out the mold parts can also be performed with compressed air by way of a

nozzle, for example.

The same applies to a potentially present cover, and in particular also to clearances into which

installation parts such as seals, erector anchors, or other plastic parts are later inserted.

Once the cleaning has been completed, a scanning procedure can again be carried out in order

to correspondingly check the quality of cleaning.

An optical tool is selected to this end, for example, said optical tool determining the degree of

cleaning by means of reflections or the like. The corresponding data is again transferred to the

data processing system and the controller.

The incorporation of the release agent into the formwork then subsequently takes place again

using a correspondingly suitable tool such as, for example a nozzle, this optionally being followed

by renewed checking.

Alternatively, the formwork can also be closed prior to the release agent being introduced. To this

end, the end walls 15 and/or the lateral walls 14 in the present embodiment are correspondingly

moved to a closure position by way of a drive, here a central spindle which is driven by the torque

driver, for example. The screw connections 18 are subsequently joined by screws, for example in

that a corresponding socket 152 is placed onto the head 27 of the screw 19 and the latter is then

screwed into the threaded element 20 counter to the spring element 23.

Once the screwing procedures have been completed, checking of the primary state can again be

carried out by means of a scanning unit. Alternatively, it is also possible for the step of cleaning

and preparing and the step for closing the formwork 10 to be divided among the workstations.

Once the operating steps at the third workstation 230 have been completed, the formwork 10 is

clean, the corresponding release agent has been applied, and the formwork is correspondingly

closed.
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Additionally, the concrete installation parts 26 may also have been moved into the interior space

17 of the formwork 10, for example in that said concrete installation parts 26 have been moved

by being screwed by way of the torque driver as the tool 150.

The clearance for moving the formwork 10 to the fourth workstation 240 can optionally take place

after completing a corresponding scanning step.

The checking of one or all operating steps can alternatively also be performed independently of

the system by an operator which then manually transfers the clearances to the system.

The formwork 10 is subsequently disposed in the exact position in the fourth workstation 240. If

required, the formwork is correspondingly identified again. Furthermore, the installation parts,

which the tubbing 500 to be correspondingly completed is now to contain, are correspondingly

introduced into the prepared formwork. To this end, targeted tools 150 are again selected. Moving

the robot 140 as well as the tool 150 again takes place by a combination of the potential steps of

displacing the crossbeam 130, the base 131 in relation to the crossbeam 130, and the

correspondingly controlled driving of the arms 141, the pivoting joints 142 and rotary joints 143,

as well as of the drives 144 connected thereto.

A pre-fabricated protective element, peripheral seals, plastic installation parts, erector anchors,

dewatering elements, temperature sensors, moisture sensors or the like can be introduced into

the formwork 10, for example.

Corresponding grippers as a tool 150 to this end are connected to the robot 140. The robot 140

places the corresponding installation elements according to the positions stored in the data

system, to which end said robot 140 obtains the corresponding control data from the memory-

programmable controller. A reinforcement basket 151 or other reinforcement elements are

furthermore introduced into the formwork 10 either manually or likewise in a controlled manner,

for example by means of a crane (not illustrated).

The introduction can again be checked by a corresponding checking element.

Cover elements can additionally be attached and/or closed. Furthermore, renewed checking of

the correct disposal of the lateral walls 14 and/or end walls 15 can optionally take place.

Once checked and cleared, the then completely prepared formwork 10 is transferred to the fifth

workstation 250 in order for the concrete to be introduced into the prepared formwork 10.

°
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In the fifth workstation 250, the formwork 10 is again disposed in the exact position and optionally

detected as described above. The concrete composition and the concrete quantity is furthermore

correspondingly prepared based on the tubbing 500 to be manufactured. This again preferably

takes place based on the data of the data processing system in combination with the memory-

programmable controller.

When concreting, it is furthermore expedient for further parameters such as, for example,

temperature and moisture, to be detected so as to be able to determine the corresponding curing

time, for example. This data, conjointly with the data in terms of the concrete composition and

quantity, can then be used for controlling the operating steps along the curing line 320.

The compaction of the concrete in the formwork 10 can furthermore correspondingly take place

in a known manner in the fifth workstation 250.

Depending on the requirement, a treatment of the surface of the agitated tubbing 500 and the

removal of the covers can already take place here.

Here too, a corresponding checking step can additionally be carried out. If the latter is positive,

as has been described above, the filled formwork 10 can then be transferred to the sixth

workstation 260.

Once the formwork and/or the now filled tubbing are/is disposed in the exact position and

optionally scanned or detected, respectively, the smoothing of the concrete surface of the tubbing

500 takes place either in the region not closed by the covers or across the entire face, for example

when the covers are opened or removed. This can also take place in an automated manner, for

example. To this end, a previously described displaceable robotic system with corresponding

tools can also be used.

Once checked and cleared, the formwork 10 having the raw tubbing 500 situated therein is

supplied to a curing line 320 of the curing tunnel 300 by way of the transverse conveyor 400, for

example. Having passed through the curing tunnel 300 in a correspondingly controlled manner,

the formwork 10 having the then pre-cured tubbing 500 is supplied to the first workstation 210 of

the production line 200, for example by way of the further transverse conveyor 400.

It is obvious to the person skilled in the art that, depending on the respective requirements of the

project, workstations and/or operating steps can be omitted, added, differently arranged or
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d is tribu ted . Itis als o pos s ible forthe aforementioned operatings teps to be c arried ou tonlyatone

works tation, oron more orfewerworks tations than d es c ribed , res pec tively.

The c ontrolproc ed u re ofthe method d es c ribed above, orofthe prod u c tion plant10 0 , res pec tively,

here takes plac e as d es c ribed by means of a memory-programmable c ontroller in whic h the

c orres pond ing operating s teps and the as s oc iated pos itions of the robot140 as wellas of the

res pec tive tools 150 are s tored orproc es s ed , res pec tively. This is c ombined withac orres pond ing

d ata proc es s ing s ys tem/d ata s torage s ys tem in whic h the c orres pond ing parameters are s tored ,

orto whic h the c orres pond ing d ata ofthe s ens ors ord etec tion tools , res pec tively, is ad d ed and

c orres pond ingly provid ed to the c ontrollerforc arryingou tthe ind ivid u aloperatings teps .

Itis pos s ible for the operationals afety to be enhanc ed by way of the prod u c tion plant10 0

d es c ribed above as wellas the d es c ribed method in c onju nc tion with the d es c ribed c ontroller.

Fu rthermore, materialc an be s aved , wherein a prec is e and c ons is tentu s e ofthe materials takes

plac e. Itis fu rthermore pos s ible for a high and c ons tantlevelof q u ality to be ac hieved and

maintained . Fu rthermore, the prod u c tion proc es s foreac hind ivid u altu bbingc an be d oc u mented

with the c orres pond ing c hec king d ata. In c onju nc tion with the id entific ation of the ind ivid u al

tu bbingitis thu s fu rthermore pos s ible forthe c orres pond ingprod u c tion proc es s foreac hind ivid u al

elementin the c ompleted tu nnelto be d oc u mented . Itis fu rthermore pos s ible forthe method and

the prod u c tion plant10 0 to be c ontinu ou s ly improved in a s imple mannerby mod ific ations to the

c ontrolleras wellas c hanges to the tools , orfor a re-u s e of the ind ivid u alc omponents to be

enabled afterthe tu nnelc ons tru c tion projec thas been c ompleted .

Figu res 16 to 23 s how as ec ond embod imentofaprod u c tion plant10 0 ac c ord ingto the invention.

The prod u c tion plant10 0 here is embod ied as ac arou s elplant, forexample. A plantforprod u c ing

reinforc ementbas kets 60 0 , in whic hthe reinforc ements forthe tu bbings 50 0 c an be prod u c ed in

an au tomated manner, forexample by means of weld ing robots , is d is pos ed u ps tream of the

prod u c tion plant. The c ompleted reinforc ementbas kets are temporarily s tored in a reinforc ement

bas kets s tore 7 0 0 s o as to ens u re thatthe tu bbing prod u c tion of the prod u c tion plant10 0 is

d elinked from d elivery and q u ality is s u es of externalreinforc ementbas kets prod u c ers . A s tore

8 0 0 forthe c ompleted c onc rete tu bbings is c onnec ted to the prod u c tion plant10 0 , in whic hs tore

8 0 0 s aid c ompleted c onc rete tu bbings ac hieve theirfinalhard nes s forthe ins tallation in the tu nnel

by s torage overtime. The prod u c tion plant10 0 fu rthermore has a c u ringplant30 0 .

The prod u c tion plant10 0 here has a plu rality ofprod u c tion lines 20 1 , 2 0 2 , 2 0 3. In this exemplary

embod iment, the ind ivid u alprod u c tion lines 20 1 , 2 0 2 , 2 0 3 are in eac h c as e provid ed with a
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transport route 110. The transport route 110 has a track 111, here in the form of rails, on which

the formworks 10 are displaceable, for example by way of wheels 29.

The production lines 201, 202, 203 have in each case workstations 210, 220, 230, 240, 250, 260

as described above, wherein the workstations 210 (opening of the formwork) and 220 (retrieving

of the tubbing 500) are combined here. Furthermore disposed in parallel are the workstations 230

in which cleaning and preparing the formwork 10 for receiving the new reinforcement and the

installation parts is provided. Likewise disposed in parallel are the workstations 240 in which the

introduction of the reinforcement from the reinforcement store 700 takes place. Connected thereto

is the concreting workstation 250 of the tubbing 500 in the formwork 10. The concrete is supplied

from a concrete plant 900.

A smoothing station 260 for smoothing the surface of the tubbing 500 is subsequently provided.

The stations 260 are likewise provided in parallel. A transverse conveyor 400 on which a travel

element 410 is displaceable in the direction of the double arrow B is provided subsequently to the

production lines 201, 202, 203. The formwork 10 can run on to the travel element 410 such that

said formwork 10 can be supplied to a return conveyor 420. The latter also runs parallel to the

production lines 201, 202, 203.

The production plant within the production lines 201, 202, 203 thus has 15 places where

formworks 10 can be situated so that operating steps can be performed with the latter. A formwork

10 as a further storage point can be provided on the travel element 410. It is furthermore possible

that a total of five further formworks 10 can be situated on the return conveyor 420 such that a

total of 20 or 21 formworks 10 can be provided in the production plant when the travel element is

also considered to be a storage place.

A further transverse conveyor 430 on which a travel element 440 is displaceable in the direction

of the double arrow D is provided for retrieving a formwork from the return conveyor 420. A lifting

device 450 which will be explained hereunder is provided on the travel element 440.

The transverse conveyor 430 is disposed in front of a curing plant 300. The curing plant 300 here

is embodied as a “high-rack storage bay”. Said curing plant 300 preferably has three planes 301,

302, 303 which are formed by curing chambers 310 disposed on top and next to one another.

According to one preferred exemplary embodiment, curing chambers are provided next to one

another in the curing plant 300 such that in the case of three planes 301, 302, 303 a total of 39

curing chambers form the curing plant 300. In a revolving manner, 59 to 60 formworks 10 can

thus be used in the plant previously described, for example.
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The curing chambers 310 here are embodied in the manner of containers. The curing chambers

310 are preferably formed by standard containers. According to one teaching of the invention, the

curing chambers 310 are either individual or combined in clusters, and particularly preferably

provided with air conditioning (for regulating the temperature and moisture, not illustrated).

Depending on how many containers have been combined to form a temperature-controlled

cluster, the lateral walls, covers or floors of the curing chambers 30 are correspondingly omitted

so as to guarantee a corresponding circulation of heat and moisture.

The individual curing chambers 310 can in each case be provided with doors which for retrieving

or adding, respectively, the individual formworks 10 provided with tubbings 500 can be opened or

closed. These here can be, for example, film doors or other vertically opening doors. The doors

are not illustrated.

Elements of the travel route, such as rails, for example, on which the formworks 10 are

displaceable are provided in the curing chambers 310, for example.

It is furthermore possible for further disposals of the curing chambers 310 to be provided. For

example, it is also possible for the curing chambers behind one another so as to therefrom

generate a curing tunnel with one or a plurality of levels.

It is a great advantage of the modular curing chambers thus constructed that the latter can be

pre-fabricated as a standard element such that said pre-fabricated standard elements can be pre-

produced and supplied to a production plant 100 to be erected for tubbings 500 such that the

production period of the curing plant 300 is significantly reduced. Furthermore, the modular curing

chambers are recyclable because the latter, upon completion of the tubbing production, can be

retrieved as modules, refurbished and supplied to a new production plant.

A further advantage here is that the curing chambers 310, when the latter are embodied as

containers, can be connected to one another using normal container connection means for

disposing containers on top of one another and next to one another, such as twist locks or mid

locks, or the like, for example, such that the assembly times of a curing plant 300 are significantly

reduced. Furthermore, such standard connection parts are available in a cost-effective manner.

Guying these containers using lashing gear is also correspondingly possible, for example.

Furthermore, the construction of the production plant of the second embodiment is in particular

provided so as to be modular such that the component parts of the individual workstations, or
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individual workstations, can also be prefabricated and transported as entire modules. Also these

after the completion of the tubbing production are removable, refurbishable and/or modifiable as

modules, and able to be reused in a production plant to be newly erected.

Is the travel element 400 is displaceable in direction of the double arrow D. A lifting device 450 is

disposed on the travel element 440. The lifting device 450 has a platform 460 on which formwork

10 is displaceable such that the latter is displaceable from the return conveyor 420 and into a

corresponding curing chamber 310, or out of the latter and then in turn to one of the production

lines 201, 202, 203. This is illustrated in figures 17 to 21, for example. Figure 20 here shows a

lateral view of the lifting device 450, and figure 21 shows a lateral view of the short side of the

lifting device 450. The vertical movement of the platform 460 here takes place by means of

suitable drive means which are not illustrated. The same applies also to moving the formwork 10

onto the platform 460, or from the latter, respectively, for example.

The tracks 111 of the transport routes 110 of the production lines 201, 202, 203 are in each case

provided with a drive 113, see in particular figures 20 and 22. This drive enables the displacement

of the formworks 10 in the production lines 201, 202, 203, for example. The return conveyor 420

is also correspondingly provided with a drive 114.

The workstations 230 disposed in parallel for cleaning and preparing the formwork 10,

transversely to the transport route 110 of the production lines 201, 202, 203, have a travel route

120 so as to implement automation of these workstations 230. To this end, the travel route has

two parallel tracks which are connected by a crossbeam 130. The crossbeam is displaceable in

the direction of the double arrow E on the travel route 120. The tracks 122 per se are provided so

as to be elevated on pillars 121. The crossbeam 130 here serves as a travel route for a base of

a robot 140, as the latter has already been described above. The functionality of the robot 140

here is analogous. The same also applies to the changing of the tools.

A brush tool for cleaning and a spray tool for applying the release agent are preferably used here.

The moving of the robot 140, the changing of the tools, as well as the disposing of the tools here

are provided as has been described above. The point of differentiation here is only that three

identical workstations disposed in parallel are served by the robot 140, wherein the travel route

120 here is provided so as to be transverse to the production line 201, 202, 203 and not

longitudinally to the latter, as has been described above.

A gantry crane 241 which is displaceable horizontally in the X-direction and Y-direction is provided

on the workstations 240. The gantry crane 241 here can be embodied such that said gantry crane
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241 outside the production plant can receive reinforcement baskets, for example in the

reinforcement baskets store 700, as is illustrated in figure 16, and then can introduce the

reinforcement baskets into the interior space 17 of the respective formwork 10, for example.

The concreting station 250 also extends transversely to the production lines 201, 202, 203. A

travel route 120 which is disposed above the formworks 10 is likewise provided within the

concreting station 250. The travel route 120 here is divided into two in such a manner that an

automatic cover for partially closing the formwork 10, or for partially closing the still open regions

of the formwork 10, respectively, is provided on a first plane, for example. A pouring device (not

illustrated) for the concrete is likewise provided so as to be displaceable above said automatic

cover, said pouring device being displaceable along the travel route 120. The concreting of the

tubbing takes place in an alternating manner such that concrete is introduced into the formwork

10 and the formwork then rests or is vibrated for a period. Depending on the production step, the

cover and the pouring unit are correspondingly disposed above the three potential formworks in

the concreting station.

Figure 23 shows the workstations 260 in which smoothing of the surface of the concreted tubbing

500 in the interior space 17 of the formwork 10 is illustrated. The formwork per se has opened

covers 50. A robot 160 which on a base 161 is displaceable along a travel route 162 which on the

floor extends parallel to the formwork 10, or to the track 111, respectively, is disposed next to the

formwork 10, or parallel to the track 111. The robot 160 has an articulated arm 163 which is

disposed so as to be rotatable on the base 161. The tool 164 for smoothing the surface of the

concrete tubbing 500 is provided on the front end of the articulated arm 163. This here can be a

scraper or else a driven smoothing roller.

For smoothing the surface of the concrete tubbing 500, the tool 164 is placed on the surface at

one of the two ends of the concrete tubbing 500 and moved two thirds across the surface, for

example. This movement is subsequently repeated from the other end of the concrete tubbing

500. To this end, the robot 160 with the base 161 thereof is correspondingly displaced along the

travel route 162. In order for each corresponding position to be reachable with the corresponding

force on the tool 164, the robot 160, or the articulated arm 163, respectively, is correspondingly

actuated.

When surfaces of particularly large tubbings 500 are to be processed, or when greater driving

forces have to be applied, two robots 160 can also collaborate here. Accordingly, one robot 160

can be provided on each production line 201, 202, 203, or else only some of said production lines,
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in the station 260. Alternatively, in the case of an odd number of production lines, the robots can

also be provided in each case only between two production lines.

Figures 24 to 26 show a third embodiment according to the invention of a production plant. Here,

a production plant is shown in the stationary operation. Formworks 10 are disposed behind one

another in rows 181, 182 on a place 180. The formworks advantageously are next to one another

so as to be transverse to the rows. A robot 160 is in turn provided so as to be disposed on the

place 180 between the rows 181, 182, the travel route unit 162 of said robot 160 extending along

the rows 181, 182 and between the latter. The robot 160 per se here is in turn provided with an

articulated arm 163 which is provided so as to be rotatable on a base 161 that is displaceable

along the travel route 162. A tool 164, here illustrated as a cleaning brush, is disposed on the

front end of the articulated arm 163 here. The tool, as has already been described above, is again

replaceable. The disposal of the tools on the individual formworks or on the robot per se likewise

takes place as has been described above. As a consequence of the construction of the robot, it

is possible for the tool to reach each correspondingly required point on or in the formwork 10.

The workstations described above in a stationary plant are carried out as operating steps at the

different formworks so as to depend on the processing state of the latter. This means that the

robot 160, once the latter has cleaned a formwork and subsequently has oiled the latter, is

displaced to the next formwork at which an operating step can be carried out, for example.

Simultaneously, a reinforcement basket is introduced into this formwork just cleaned by way of a

gantry crane, not illustrated, or any other working medium.

The completely prepared formwork per se can now be already concreted at another point. An

already concreted formwork is in this instance, for smoothing the surface of the concrete tubbing,

approached by a further robot 160 and the surface is smoothed as has been described above,

for example.

If a formwork is filled with a finished raw tubbing of which the surface 520 has been treated, the

formwork 10 after closing the covers 50 is retrieved from the site thereof and supplied to a curing

plant 130, for example. The retrieval can take place by way of a lifting device, not illustrated.

Either an empty formwork or a formwork having a cured tubbing is then placed at the now vacant

site, so as to subsequently either clean the empty formwork or to retrieve the cured tubbing once

the formwork has been opened as described above.
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Alternatively, a gantry system of the type described above, having one or a plurality of

crossbeams which extend across both rows 181, 182 can also be provided, for example, one or

else a plurality of displaceable robots 140 of the type described above being in each case situated

on said crossbeam/crossbeams so as to then work on the formworks 10 from above. Different

possibilities of disposing the travel routes 120 and crossbeams 130 are possible here, so that one

or a plurality of robots 140 is/are capable of correspondingly reaching and processing all of the

formworks 10.

The corresponding production method of the tubbings as described above, or as claimed,

respectively, here is preferably adapted in a corresponding manner to the requirements of the

individual three different embodiments of the production plants described above.
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Patent claims

1 . A prod u c tion plantfor prod u c ing c onc rete tu bbing (50 0 ) of a tu nnellining s ys tem

having atleas tone formwork (10 ) for prod u c ing the c onc rete tu bbing (50 0 ), wherein the

prod u c tion plantis provid ed eitheras ac arou s elplanthavingatleas tone prod u c tion line (20 0 )

with atleas ttwo works tations (210 , 2 2 0 , 230 , 240 , 250 , 260 )s etu p eac h forc arrying ou tat

leas tone operating s tep for prod u c ing the c onc rete tu bbing (50 0 ) and with atleas tone

trans portrou te (110 )between the atleas ttwo works tations (210 , 2 2 0 , 230 , 240 , 250 , 260 )on

whic h the atleas tone formwork (10 )c an be moved between the atleas ttwo work s tations

(210 , 2 2 0 , 230 , 240 , 250 , 260 )on whic hpaththe atleas tone formwork(10 )is moved between

the atleas ttwo works tations (210 , 2 2 0 , 230 , 240 , 250 , 260 ), oras a s tationary planthaving

atleas ttwo s tationary formworks (10 ), wherein the req u ired operatings teps forprod u c ingthe

c onc rete tu bbing (50 0 )are c arried ou ton the formworks (10 )eac h, and having atleas tone

c u ring s tation (30 0 )forc u ring c onc rete whic h, forprod u c ing the c onc rete tu bbing (50 0 ), has

been filled into the formwork(10 ), wherein atleas tone robot(140 )is provid ed forc arryingou t

the atleas tone operating s tep atone ofthe atleas ttwo works tations (210 , 2 2 0 , 230 , 240 ,

250 , 260 )orthe atleas ttwo formworks (10 ), wherein atleas tone travelrou te (120 )is provid ed

formovingthe robotbetween the atleas ttwo works tations (210 , 2 2 0 , 230 , 240 , 250 , 260 )or

the atleas ttwo s tationary formworks (10 ) wherein the travelrou te (120 ) atleas tpartially

extend s alongortrans vers elyto the atleas tone prod u c tion line (20 0 ), oralongortrans vers ely

to the atleas ttwo s tationary formworks (10 ), is provid ed , wherein the travelrou te (120 )

c onnec ts the atleas ttwo work s tations (210 , 220 , 230 , 240 , 250 , 260 )orthe atleas ttwo

s tationary formworks (10 ), and wherein atleas tone travelelement(130 )is provid ed whic h is

moveable along the travelrou te (120 ), and on whic h the atleas tone robot(140 )is d is pos ed

by way ofa bas e (131)and by way ofwhic h the atleas tone robot(140 )is atleas tpartially

d is plac eable along ortrans vers ely to the atleas tone prod u c tion line (20 0 )orthe atleas ttwo

s tationary formworks (10 ).

2 . The prod u c tion plantas c laimed in c laim 1 , wherein the bas e (131)ofthe atleas tone

robot(140 )on the atleas tone travelelement(130 )is movable alongthe travelelement(130 )

into the works tation (210 , 2 2 0 , 230 , 240 , 250 , 260 ).
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3. The prod u c tion plantas c laimed in c laim 1 or2 , wherein the travelrou te (120 , 162)is

d is pos ed , preferably on pillars (121), above the works tation (210 , 2 2 0 , 230 , 240 , 250 , 260 )or

the formwork(10 ), oris d is pos ed nextto the works tation (210 , 2 2 0 , 230 , 240 , 250 , 260 )orthe

formwork(10 ).

4. The prod u c tion plantas c laimed in one ofc laims 1 to 3, wherein the travelrou te (120 ,

162)has in eac hc as e atleas tone trac k(122)on one s id e orboths id es alongortrans vers ely

to the atleas tone prod u c tion line (20 0 )orformwork(10 ).

5. The prod u c tion plantas c laimed in c laim 4, wherein the travelelement(130 )is atleas t

one c ros s beam whic hby way ofthe end s thereofis in eac hc as e d is plac eable on the atleas t

one trac k(122), and /oron whic hthe bas e (131)ofthe atleas tone robot(140 )is d is pos ed s o

as to be d is plac eable ac ros s the works tation (210 , 2 2 0 , 230 , 240 , 250 , 260 ).

6. The prod u c tion plantas c laimed in one ofc laims 1 to 5, wherein the robot(140 )has a

tool(150 )and is embod ied s u c h thatthe tool(150 )is movable and pivotable in the s pac e of

the works tation (210 , 2 20 , 230 , 240 , 250 , 260 ).

7 . The prod u c tion plantas c laimed in c laim 6, wherein the tool(150 )is embod ied s o as

to be replac eable on the robot(140 ).

8 . The prod u c tion plantas c laimed in c laim 7 , wherein the replac eable tool(150 ) is

c ontained in a s torage s pac e whic h is d is plac eable by the robot(140 ) or s itu ated on the

works tation (210 , 2 20 , 230 , 240 , 250 , 260 )orin the region ofthe formwork(10 ).

9. The prod u c tion plantas c laimed in one of c laims 6 to 8 , wherein the tool(150 )is a

torqu e d river, a bru s h, a roller, a meas u rementverific ation element, a nozzle, a s c anner, a

gripper, ora c amera.

1 0 . The prod u c tion plantas c laimed in one of c laims 1 to 9, wherein the atleas tone

works tation (210 , 2 2 0 , 230 , 240 , 250 , 260 )is a s tation foropening orc los ing the formwork

(10 )ora c overof the formwork (10 ), a s tation forretrieving the c onc rete tu bbing (50 0 ), a

s tation for c leaning the formwork (10 ), a s tation for preparing the formwork (10 ) for

s u bs eq u ently introd u c ingc onc rete, a s tation foreq u ippingthe formwork(10 )withatleas tone

element(510 )ofthe c onc rete tu bbing (50 0 ), a s tation forverifying the meas u rements ofthe

formwork(10 ), a s tation forfillingthe formwork(10 )withc onc rete, and /oras tation fortreating

the s u rfac e ofthe introd u c ed c onc rete ofthe c onc rete tu bbing(50 0 ).
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11 . The prod u c tion plantas c laimed in c laim 10 , wherein the atleas tone element(510 )is

a s eal, a protec tive liner, a reinforc ementelement, a s ens or, in partic u lar a temperatu re

s ens or, a d ewateringelement, a plas tic element, and /oran erec toranc hor.

1 2 . The prod u c tion plantas c laimed in one of c laims 1 to 11 , wherein atleas ttwo

prod u c tion lines whic hare d is pos ed in paralleland have atleas ttwo parallelworks tations are

provid ed .

13. The prod u c tion plantas c laimed in c laim 12 , wherein the robotis d is plac eable between

atleas ttwo parallelworks tations ofthe atleas ttwo parallelprod u c tion lines .

14. The prod u c tion plantas c laimed in one of c laims 1 to 13, wherein atleas tone

prod u c tion plantformaking reinforc ements forthe tu bbings (50 0 )is d is pos ed u ps tream, s aid

tu bbings (50 0 )preferably beingtemporarily s tored in a s tore.

15. The prod u c tion plantas c laimed in one of c laims 1 to 14, wherein atleas tone

works tation (210 , 2 20 , 230 , 240 , 250 , 260 )is ofmod u larc ons tru c tion.

16. The prod u c tion plantas c laimed in one ofc laims 1 to 15, wherein the c u ring s tation

(30 0 )is c ons tru c ted from ind ivid u alc u ring c hambers (330 )whic h are preferably c ons tru c ted

as a s tand ard IS O c ontainer.

1 7 . The prod u c tion plantas c laimed in one ofc laims 1 to 16, wherein the c u ring s tation

(30 0 )has a plu rality ofplanes d is pos ed on topofone another.

1 8 . A method forprod u c ingc onc rete tu bbing(50 0 )ofatu nnellinings ys tem havingatleas t

one formwork(10 ), in partic u larby a prod u c tion plant(10 0 )as c laimed in one ofc laims 1 to

1 7 , s aid method c ompris ingthe followings teps :

1 . d is pos ing, preferably atthe prec is e pos ition, a formwork (10 ) ata loc ation or in a

res pec tive works tation (210 , 2 2 0 , 230 , 240 , 250 , 260 )along atleas tone prod u c tion

line (20 0 )ofthe prod u c tion plant(10 0 );

2 . ifreq u ired , id entifyingthe type offormworkin the works tation (210 , 2 2 0 , 230 , 240 , 250 ,

260 )oratthe loc ation;

3. movingarobot(140 )alongatravelrou te (120 )to the works tation (210 , 2 20 , 230 , 240 ,

250 , 260 )oratthe loc ation with a travelelement(130 )atwhic h the robot(140 )is

arranged witha bas e (131);
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4. ifreq u ired , pic kingu patool(150 )req u ired forc arryingou tan operatings tepbyarobot

(140 );

5. d is plac ing the bas e (131)of the robot(140 )along the travelrou te (120 )and /orthe

c ros s beam forthe X/Y-alignmentwithapos ition req u ired forc arryingou tthe operating

s tepatthe works tation (210 , 2 2 0 , 230 , 240 , 250 , 260 )oratthe loc ation;

6. c arrying ou tand c ompleting the operating s tepby the robot(140 )u s ing the tool(150 )

req u ired to this end ;

7 . ifreq u ired , c hec kingthe c ompletion ofthe operatings tep, preferablybythe robot(140 ),

u s ingthe tool(150 )c onc eived to this end ;

8 . if req u ired , repeating s teps 4 to 7 for c arrying ou ta fu rther operating s tep atthe

works tation (210 , 2 20 , 230 , 240 , 250 , 260 )atthe loc ation;

9. trans porting the formwork(10 )to the nextworks tation (210 , 2 2 0 , 230 , 240 , 250 , 260 )

alongthe trans portrou te orc u rings tation (30 0 );

1 0 . ifnec es s ary, movingthe robot(140 )to afu rtherworks tation (210 , 2 2 0 , 230 , 240 , 250 ,

260 )ora fu rtherloc ation along the travelrou te (110 )by moving the travelelement

(130 );

1 1 . if req u ired , repeating s teps 3 to 10 for c arrying ou tan operating s tep atthe next

works tation (210 , 2 2 0 , 230 , 240 , 250 , 260 )oratthe nextformworkatthe nextloc ation.

19. The method as c laimed in c laim 1 8 , wherein the tool(150 )is a torqu e d river, a bru s h,

a roller, a meas u rementverific ation element, a nozzle, a s c anner, a gripper, ora c amera.

2 0 . The method as c laimed in c laim 1 8 or19, wherein the atleas tone works tation (210 ,

2 2 0 , 230 , 240 , 250 , 260 )is a s tation foropeningorc los ingthe formwork(10 )ora c overofthe

formwork (10 ), a s tation forretrieving the c onc rete tu bbing (50 0 ), a s tation forc leaning the

formwork(10 ), as tation forpreparingthe formwork(10 )fors u bs equ entlyintrod u c ingc onc rete,

a s tation for eq u ipping the formwork (10 ) with atleas tone element(510 ) of the c onc rete

tu bbing(50 0 ), as tation forverifyingthe meas u rements ofthe formwork(10 ), as tation forfilling

the formwork (10 )with c onc rete, and /ora s tation fortreating the s u rfac e of the introd u c ed

c onc rete ofthe c onc rete tu bbing(50 0 ).

2 1 . The method as c laimed in one ofc laims 1 8 to 20 , wherein the replac eable tool(150 )

is retrieved from ord epos ited in a s torage s pac e whic h is d is plac eable by the robot(140 )or

s itu ated on the works tation (210 , 2 2 0 , 230 , 240 , 250 , 260 ).
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22 . The method as c laimed in one ofc laims 1 8 to 21 , wherein an operatings tepis opening

orc los ingthe formwork(10 )orthe c overofthe formwork(10 ), retrievingthe c onc rete tu bbing

(50 0 ), c leaning the formwork(10 ), preparing the formwork(10 )fors u bs eq u ently introd u c ing

c onc rete, eq u ippingthe formwork(10 )withatleas tone element(510 )ofthe c onc rete tu bbing

(50 0 ), verifyingthe meas u rements ofthe formwork(10 ), fillingthe formwork(10 )withc onc rete,

ortreatingthe s u rfac e ofthe introd u c ed c onc rete ofthe c onc rete tu bbing(50 0 ).

23. The method as c laimed in c laim 22 , wherein the atleas tone element(510 )is a s eal,

a protec tive liner, a reinforc ementelement, a s ens or, in partic u lara temperatu re s ens or, a

d ewateringelement, a plas tic element, and /oran erec toranc hor.

* * * * *


