FOAM GENERATOR FOR AN EARTH PRESSURE BALANCE SHIELDJUNNEL
BORING MACHINE AND METHOD FOR CONDITIONING REMOVEDLSOIL
MATERIAL AS A SUPPORTING MEDIUM FOR AN EARTH PRESSRE BALANCE
SHIELD

The invention relates to a foam generator for athgaressure balance shield tunnel
boring machine comprising a mixing chamber, whiel h first inlet opening for a foamable
liquid and a second inlet opening for a gas anokanfoutlet opening, a liquid feeding device
connected to the first inlet opening for the foateabiquid and a gas feeding device
connected to the inlet opening for the gas, whetlegnmixing chamber has a tubular flow
chamber having the first inlet opening for the fadnhe liquid at one end and the foam outlet
opening at the other end, and also a method foditoning removed soil material as a
supporting medium for an earth pressure balanagddshf a tunnel boring machine, wherein
soil is removed and is fed to an excavation charobéne tunnel boring machine, depending
on the quality of the removed soil a foam is preddn that at least one foam generator with
a tubular flow chamber is provided and a foamaigjeid is fed to the foam generator at one
end of a tubular flow chamber, and the foam exitnighe other end of the tubular flow

chamber is fed to the excavation chamber and igdnixith the removed soil.

A foam generator for an earth pressure balancddshi@nel boring machine and
method for conditioning removed soil material asupporting medium for an earth pressure
balance shield of a tunnel boring machine are kndkem M. Thewe and C. Budach,
"Schildvortrieb mit Erddruckschilden: Mdglichkeind Grenzen der Konditionierung des
Stutzmediums”, 7. Kolloquium Bauen in Boden undsF@lechnische Akademie Esslingen,
26.-27.01.2010, pages 171-183.

In these known foam generators first of all a stteat solution is provided by mixing
water and surfactant and this surfactant is fed flmam generator and is mixed with air there.
The air/surfactant solution mixture is then pasedugh a flow channel which contains
baffles. The baffles comprise grids arranged trarsaty with respect to the flow direction

and/or glass beads arranged in the flow crossesebgtween retaining screens. These baffles



generate turbulence and, as a result, foam, whictihen introduced into the excavation

chamber.

The structure and magnitude of the foam bubbles thenerated are more or less

random and cannot be adapted to the quality obtiteropping soil.

Furthermore, a foam injector is known from the jtiModel DE 20 2004 015 637
U1, in which compressed air flows into a tubulaswfl channel at one end and a liquid
foaming agent is sprayed onto a baffle plate aedrigansversely to the air flow, then at the
other end of the flow tube the swirling mixtureadf and foaming agent is pressed through a
porous foam generator covering the flow channelereim on the other side of the foam
generator the foam which is formed enters a hougsaolgme and leaves the housing via an

outlet opening.

The object of the invention is to create a foamegator or a method of the type
referred to above, which enables the structuresiral of the generated foam bubbles to be
tailored to the quality of the outcropping soil asidthe same time enables additives, such as

in particular solid components, to be mixed inte tham which is formed.

This object is achieved according to the inventigna foam generator for an earth
pressure balance shield tunnel boring machine dowprto claim 1 or to a method for
conditioning removed soil material as a supportingdium for an earth pressure balance

shield of a tunnel boring machine with the featweslaims 10.

The foam generator according to the invention forearth pressure balance shield
tunnel boring machine comprises a mixing chambeichvinas a first inlet opening for a
foamable liquid and a second inlet opening for a gad a foam outlet opening, a liquid
feeding device connected to the first inlet operforgthe foamable liquid and a gas feeding
device connected to the inlet opening for the dgasaddition to a first and a second inlet
opening as well as an outlet opening, further saldt or outlet openings can be provided.
The mixing chamber has a tubular flow chamber hatire inlet opening for the foamable

liquid at one end and the foam outlet opening atdther end. This tubular flow chamber



basically does not need to have either a constass<section or a circular cross-section and,
furthermore, can also be curved. A segment of tiellar flow chamber is designed as a
gassing section with a gas-permeable porous wh#. sSegment of the tubular flow chamber
designed as a gassing section is surrounded bessyre chamber. The pressure chamber
includes the inlet opening for the gas and surreuhd segment of the tubular flow chamber
designed as a gassing section in such a way tbajah fed through the inlet opening under
pressure enters the flow chamber through the gamgable porous wall and, in the flow
chamber, mixes with the foamable liquid in suchaywhat foam is formed. The gas feeding
device and the liquid feeding device are desigmesuch a way that the pressure of the gas
fed to the pressure chamber can be set in suchyahah the pressure is greater than the
pressure exerted on the gas-permeable porous ytieldiquid and that a desired ratio of fed
gas to fed liquid is achieved.

A fundamental idea of the invention is that closeshed barriers, such as gratings,
retaining screens or glass bead packings or theupdoam generator known from the above-
mentioned utility model, are kept out of the flowtlp between the surfactant solution inlet
and the foam outlet opening, because such closéaddsarriers can become clogged by

particles contained in the solution.

In a preferred embodiment of the method accordinthé invention the gas feeding
device and the liquid feeding device are desigmesuch a way that the pressure of the gas
fed to the pressure chamber can be set in suchyatlved the pressure is 0.5 to 2 bars,
preferably 1 to 2 bars, greater than the presdutteediquid. This enables sufficient access of
air for a required ratio between the foam voluneetiow and the liquid feed, i.e. a desired

FER (foam expansion ratio).

The pressure chamber can adjoin the flow chambemma side; it preferably
surrounds or encloses the flow chamber partiallgampletely (with the exception of the

inlet and outlet opening).



In one embodiment the segment of the tubular flmancber designed as a gassing section
has a constant flow cross-section. The segmertieofubular flow chamber preferably also

has a circular cross-section. This simplifies thadpction.

In one embodiment of the foam generator the segmwietiie tubular flow chamber
designed as a gassing section is a hollow cylihdeing a gas-permeable porous wall and
extending between the inlet opening for the foamadigjuid and the foam outlet opening.
The hollow cylinder preferably has a gas-permepbleus wall of constant thickness.

In a preferred embodiment the fed gas is air ¢oepressed air) and the gas feeding
device comprises a compressor. In this case thmadbke liquid is a water/surfactant mixture
and the liquid feeding device comprises a watefdstant mixing device, by which the

guantitative ratio of water and surfactant candie s

In the method according to the invention for coiogiing removed soil material as a
supporting medium for an earth pressure balanaddsbi a tunnel boring machine, soil is
removed and is fed to an excavation chamber ofuthieel boring machine. Depending on the
quality of the removed soil a foam is provided Ivatt at least one foam generator with a
tubular flow chamber is provided and a foamableitigs fed to the foam generator at one
end of a tubular flow chamber, and a gas which sih the foamable liquid in such a way
that foam is formed is fed to a segment of the faurbflow chamber designed as a gassing
section through the gas-permeable porous wall dfieend the gas is fed, at a pressure
greater than the pressure exerted on the gas-pelereaous wall by the liquid, to a pressure
chamber which encloses the segment designed assagaection. In this case - depending
on the quality of the removed soil - a foam ger@rhaving a gassing section of a specified
length, of a specified flow cross-section, and ddpecified pore size and pore density is
provided and the ratio of fed gas to fed liquideés$ in such a way that a desired structure and
size of the foam bubbles result. The foam exitintha other end of the tubular flow chamber

is fed to the excavation chamber and mixed withr&meoved soil.

In a preferred modification of the method accordiaghe invention the gas is fed to
the pressure chamber at a pressure 0.5 to 2 haferably 1 to 2 bars, greater than the



pressure of the liquid. This enables a desired tziween the foam volumetric flow and the

liquid feed, i.e. a desired FER (foam expansioioyat

In a preferred modification of the method accordmghe invention the foam is fed to
the excavation chamber at a pressure 1 to 2 baeegrthan the pressure in the excavation

chamber. This enables the required amounts of todve pressed in.

The foam exiting from the tubular flow chamber igfperably fed to a plurality of
injection points in the excavation chamber in ortteachieve a desired distribution of the
foam. In this case the foam exiting from the tubdlaw chamber can be fed to injection
points on a cutting wheel and also to a side afesgure wall facing the excavation chamber.
In addition, the foam exiting from the tubular flmkamber can be fed to injection points in a

screw conveyor which conveys the removed soil ftbenexcavation chamber.

In a preferred modification of the method for cdiwtiing removed soil material as a
supporting medium for the earth pressure balanmddsbf a tunnel boring machine, a solid
material is fed together with the foamable liquadthe foam generator at one end of the
tubular flow chamber. The solid material preferatiytains a bentonite powder or granulate.
In this case a barrier-free flow of the surfactaotution through the flow channel is
preferred.

In a preferred embodiment, depending on the sailityy the foam generator having a
gassing section of a specified length, of a spatifiow cross-section, and of a specified pore
size and pore density is provided, and on the lmdsslected parameters of the removed soil
a hollow cylinder serving as a gassing section laaning a specified length and specified
internal cross-section with a gas-permeable poreals of specified pore size and pore
density is selected for the foam generator. Thigbls simple adaptation of the foam
composition to changing soil conditions. The diéietty designed hollow cylinders serving as

gassing sections can be simply replaced.

Alternatively, in one embodiment a plurality of gasy sections can be arranged
parallel in terms of flow, wherein from the plutgliof gassing sections arranged parallel in



terms of flow one gassing section with the seleg@@meters is selected, and the feeding of

liquid and gas to the other gassing sections it @ffiu

Advantageous and/or preferred modifications ofitivention are characterised in the

subordinate claims.

The invention is explained below with reference pieferred embodiments which are
illustrated in the drawings. In the drawings:

Figure 1 shows a schematic representation of aetubaring machine with the
elements essential for the invention;

Figure 2 shows a schematic longitudinal sectior@i\of a foam generator according
to the invention; and

Figure 3 shows a schematic cross-sectional vieth@ffoam generator according to

Figure 2.

Figure 1 shows schematically several elements toihael boring machine 1 which
are essential for the present invention. With titead scraper blades and cutting rollers a
cutting wheel 2 removes the soil at a working fatéhe tunnel. The removed soil then falls
into an excavation chamber 3. The excavation char@bge delimited on the rear side by a
pressure wall 4 of the tunnel boring machine thiexcavation chamber 3 the removed soil
is mixed thoroughly with the aid of mixing bladeshich are located both on the cutting
wheel 2 and also on the pressure wall 4, and iallysblended with conditioning agents. The
mixture formed in the excavation chamber 3 is theimacted by means of a screw conveyor
5 from the excavation chamber 3 and is guided @ntmnveyor belt 6 for removal. The
guantity extracted from the excavation chamber@thns the necessary supporting pressure
are regulated by means of the rotational speethefstrew conveyor 5. The propulsion is
regulated by means of hydraulic drive cylinderst(fluistrated in Figure 1), which are
supported on the rear side on a most recentlyesté¢annel ring, the tunnel ring being made

up of reinforced concrete segments referred tolasings.



Naturally grown soils often do not have the geatabicharacteristics that would be
necessary so that only the removed soil can ses\&pporting medium in the excavation
chamber. Therefore conditioning agents are addadre@tly water, clays iiiter alia
bentonite), polymers and foams are used as condligoagents in earth pressure balance
shields. Whereas water, clays and polymers are pigerily for the conditioning of fine-
grained soils, in the case of coarse-grained soifiactant foams are usually introduced into
the excavation chamber 3 filled with loosened soilorder to condition the soil. The
surfactant foams normally consist of a majorityanf, a proportion of water and a small

guantity of a surfactant.

For production of the surfactant foams, first df alsurfactant solution is provided,
and water and surfactant are brought togethergredetermined ratio and blended to make
the surfactant solution. Figure 1 shows a surfactatution tank 16, to which a surfactant
from a storage container 17 and water are fed wanauit 18. The surfactant solution is fed
via a conduit 15 to a foam generator 14. At theestime compressed air is fed to the foam
generator 14 via a conduit 19. A control devicet (sloown in Figure 1) ensures that the
surfactants and the fed water are mixed in a peedéted ratio and fed to the tank 16, and
that the surfactant solution is fed via the condiitand the compressed air is fed via the
conduit 19 in a predetermined quantitative ratid ah predetermined pressures to the foam
generator 14.

In the foam generator 14 which is described in tgreaetail below a foam is
generated from the surfactant solution and the cessed and is then fed via a conduit 8 to a
distributor 9. The distributor 9 distributes thefo via conduits 10 at injection points 11 in
the cutting wheel 2 and via further conduits 7ng¢dtion points 12 on the pressure wall 4 as

well as injection points 13 in the screw conveyor 5

A control device (not illustrated in Figure 1) cais the quantities of foam fed to the
respective injection points 11, 12 and 13 by c@uoesling control of the control valves

arranged in the conduits.



Figure 1 shows schematically only one foam generdtb In alternative and/or
preferred embodiments a plurality of foam genegmtcan also be provided which can
alternatively be coupled into the flow path and calso generate different foams.
Alternatively, separate foam generators can algorteéided for the different injection points,
which makes it possible for the parameters of trerfs which are injected at the different

injection points to be adapted to the quality @ thixture at the respective injection points.

During the driving the quality of the soil can clgen so that the parameters of the
foam, such as for example the ratio of air andidiqur the size of the foam bubbles, can be
varied depending upon the ascertained soil quality a result which is satisfactory for
driving is achieved. An optimal pore size of thafactant foam can be determined by
preliminary tests for any soil composition whichyraze encountered. On the basis of these
experimentally determined correlations it is the@sgble, with the aid of the foam generator
described in greater detail below, to set the fgamameters, such as for example the
foaming rate FER and the foam pore size, as aiimof the outcropping soil. Furthermore,
the foam generator 14 according to the inventiokasat possible for a proportion of solids,
for example a clay (in particular bentonite), todukled in addition to the surfactant solution
fed via the conduit 15. This serves for exampletlierstabilization of loose soils. The field of

use of earth pressure balance shields is widenddi®possibility.

Figure 2 shows a schematic longitudinal sectionaewvof the foam generator 14
according to the invention. A housing consistswad housing shells 20, 21 which are pressed
together by means of bolts 31, with a seal 30 gadrbetween the housing halves 20 and 21.
The housing half 21 shown at the bottom in Figuri@a® an inlet opening 22 into which a
surfactant solution can enter. The upper housiet) 80 has a foam outlet opening 24. In the
interior of the foam generator 14 a hollow cylind®& with a porous wall 26 is arranged
between the housing shells 20 and 21 in such athayan end face 27A of the hollow
cylinder 25 rests tightly against an end wall oé thousing shell 21, so that all of the
surfactant liquid flowing into the inlet opening 2B&ters a flow chamber 28 in the interior of
the hollow cylinder 25. On the opposite side theeotend face 27B of the hollow cylinder is
likewise tightly connected to an end face of thaidiog shell 20, so that all of the foam

exiting from the flow chamber 28 exits from theletibpening 24.



If the housing shells 20 and 21 are separated neenanother, the hollow cylinder 25
with the porous wall 26 can be inserted betweerthesing shells 20 and 21, so that after the
assembly and the tightening of the bolts 31 théolotylinder bears with its end faces 27A
and 27B on sealing surfaces of the housing shalisadso both housing shells are pressed
tightly onto one another. In the interior of theubimg shells 20 and 21 a pressure chamber 29
surrounds the hollow cylinder 25. This pressurardber 29 is connected to an inlet opening
23 for compressed air. The compressed air flowmg the pressure chamber 29 via the inlet
opening 23 penetrates into the flow chamber 28theapores of the wall 26 of the hollow
cylinder 25, so that small air bubbles of the sttefat solution flowing through the flow
chamber 28 are mixed in. This produces a foam waiits through the outlet opening. The
pore size of the foam as well as the ratio betwegmnd and air, i.e. the foaming rate, depend
on the one hand upon the dimensions of the holidimaer and the pore size of the wall 26,
and on the other hand upon the pressure conditi@nghe pressure of the air in the pressure
chamber 29 and the pressure of the liquid at tle¢ apening 22 as well as the pressure in the
excavation chamber 3 connected to the outlet oge2dn In this case it should be noted that
the pressure of the foam at the outlet openingh®dlg preferably be 1 - 2 bars above the
pressure in the excavation chamber 3. The air press the pressure chamber 29 is then
between 1 and 2 bars above the pressure of thecsamf/water mixture at the inlet opening
22. At the pressures usually occurring in the eatiam chamber 3 an air pressure 1.5 - 6.5
bars is produced in the pressure chamber 29.

Figure 3 shows a cross-sectional view of the fo@megator 14 shown schematically
in Figure 2. In the illustrated exemplary embodiméine two housing halves 20 and 21 are
held together by six bolts 31. Figure 3 shows threnector flanged radially onto the housing
shell 21 with the air inlet 23.

Within the context of the idea underlying the intten numerous alternative
embodiments are conceivable. For example, a piyrmaiparallel hollow cylinders with flow
chambers 28 can be arranged in the pressure chdarberd by the housing shells 20, 21.
Conversely, it is also conceivable that a pipe Whs; for example, concentric with a porous
wall is arranged within a cylindrical flow chamiti@érough which the surfactant liquid flows,
wherein the compressed air is fed to the interibthts pipe, so that the air is pressed
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outwards via the porous wall into the flow chamtmnrounding it. In yet another
embodiment the porous walls can be planar panélgela one or several pressure chambers
and one or several flow chambers, wherein the ckesrdre arranged parallel adjacent to one
another.
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CLAIMS

1. A foam generator (14) for an earth pressurarua shield tunnel boring
machine (1) comprising

a mixing chamber, which has a first inlet openi@g)(for a foamable liquid and a
second inlet opening (23) for a gas and a foanebapening (24),
a liquid feeding device (15 - 18) connected toitllet opening (22) for the foamable liquid,
and

a gas feeding device (19) connected to the inlehimg (23) for the gas,

wherein the mixing chamber has a tubular flow chan{B8) having the inlet opening
(22) for the foamable liquid at one end and therfaautlet opening (24) at the other end,
characterized in that

a segment of the tubular flow chamber (28) is desmigas a gassing section with a
gas-permeable porous wall (26),

in that the segment of the tubular flow chamber) @8signed as a gassing section
adjoins a pressure chamber (29),

in that the pressure chamber (29) includes the impening (23) for the gas and
adjoins the segment of the tubular flow chambe) (@&igned as a gassing section in such a
way that the gas fed through the inlet opening (&8Jer pressure enters the flow chamber
(28) through the gas-permeable porous wall (26) antdhe flow chamber, mixes with the
foamable liquid in such a way that foam is formaakl

in that the gas feeding device (19) and the lideetling device (15 - 18) are designed
in such a way that the pressure of the gas fedegtessure chamber (29) can be set in such
a way that the pressure is greater than the pess@rted on the gas-permeable porous wall
(26) by the liquid and in that a desired ratioed fjas to fed liquid is achieved.

2. The foam generator (14) according to claim Bratterized in that the gas feeding
device (19) and the liquid feeding device (15 - &8 designed in such a way that the
pressure of the gas fed to the pressure chambecé%e set in such a way that the pressure

is 0.5 to 2 bars, preferably 1 to 2 bars, gredi®n the pressure of the liquid.
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3. The foam generator according to claim 1 or Zratterized in that the pressure

chamber (29) at least partially surrounds the fdbvamber (28).

4. The foam generator according to one of claim81characterized in that the segment
of the tubular flow chamber (28) designed as aiggssection has a constant flow cross-

section.

5. The foam generator according to claim 4, charasd in that the segment of the

tubular flow chamber (28) designed as a gassingpseleas a circular flow cross-section.

6. The foam generator according to one of claim$ 1characterized in that the segment
of the tubular flow chamber (28) is a hollow cylerd25) having a gas-permeable porous
wall (26) and extending between the inlet openi2®) for the foamable liquid and the foam

outlet opening (24).

7. The foam generator according to claim 6, charamsd in that the hollow cylinder

(25) has a gas-permeable porous wall (26) of cahgiéckness.

8. The foam generator according to one of claims/1characterized in that the gas is
air and in that the gas feeding device comprisasnapressor.

9. The foam generator according to one of claims 8, characterized in that the
foamable liquid is a water/surfactant mixture andhat the liquid feeding device (15 - 18)
comprises a water/surfactant mixing device (16)whych the quantitative ratio of water and

surfactant can be set.

10. A method for conditioning removed soil mateaala supporting medium for an earth
pressure balance shield of a tunnel boring mackherein

soil is removed and is fed to an excavation charobthe tunnel boring machine,
depending on the quality of the removed soil, arfos provided in that

at least one foam generator with a tubular flowncher is provided,
a foamable liquid is fed to the foam generatorreg end of a tubular flow chamber, and
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a gas which mixes with the foamable liquid in sacay that foam is formed is fed
to a segment of the tubular flow chamber desigred @assing section through the gas-
permeable porous wall thereof, and the gas is ded pressure greater than the pressure
exerted on the gas-permeable porous wall by thedjdo a pressure chamber which encloses
the segment designed as a gassing section,

wherein - depending on the quality of the removeitl -sa foam generator having a
gassing section of a specified length, of a spattifiow cross-section, and of a specified pore
size and pore density is provided and the ratii@adfgas to fed liquid is set in such a way that
a desired structure and size of the foam bubbkadtre

and the foam exiting at the other end of the tubéllaw chamber is fed to the

excavation chamber and mixed with the removed soil.

11.  The method of conditioning according to claify ¢haracterized in that the gas is fed
to the pressure chamber at a pressure 0.5 to 2 fipaferably 1 to 2 bars, greater than the

pressure of the liquid.

12.  The method of conditioning according to claify tharacterized in that the foam is
fed to the excavation chamber at a pressure 1 barg greater than the pressure in the

excavation chamber.

13.  The method of conditioning according to onelaims 10 - 12, characterized in that
the foam exiting from the tubular flow chamberesl fto a plurality of injection points in the

excavation chamber.

14.  The method of condition according to claim di@aracterized in that the foam exiting
from the tubular flow chamber can be fed to inetpoints on a cutting wheel and also to a

side of a pressure wall facing the excavation cleamb

15.  The method of conditioning according to claidy, tharacterized in that the foam
exiting from the tubular flow chamber can be additlly fed to injection points in a screw

conveyor which conveys the removed soil from theagation chamber.
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16.  The method of conditioning according to onelafims 10 - 15, characterized in that a
solid material is fed together with the foamabtpiid to the foam generator at one end of the

tubular flow chamber.

17.  The method of conditioning according to clai® tharacterized in that the solid

material preferably contains a bentonite powdegranulate.

18. The method of conditioning according to onelafms 10 - 17, characterized in that,
depending on the soil quality, the foam generatririg a gassing section of a specified
length, of a specified flow cross-section, and dfpecified pore size and pore density is
provided, and on the basis of selected paramefetseoremoved soil a hollow cylinder

serving as a gassing section and having a sped#ngdh and specified internal cross-section
with a gas-permeable porous wall of specified mize and pore density is selected for the

foam generator.

19. The method of conditioning according to clai® tharacterized in that from the
plurality of gassing sections arranged paralleleirms of flow one gassing section with the
selected parameters is selected, and the feediinguaf and gas to the other gassing sections

is shut off.



