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25 length of 1to 2 km.

In a target shaft the header can be removed from the pipeline and the necessary

termination devices and lines can be added.

30 As the advance lengths increase, the propulsion forces required increase due to
the casing friction of the pipe elements. Depending on the length of the pipeline
and the pressing force to be applied, intermediate pressing stations or shafts for
further pressing devices can be produced with which the range can be extended



further pressing devicées can be produced w th which
the range can be extended 2 accordingly. The earth
renmoved by the cutting head nust be extracted in the
opposite direction to the usually horizontal pipe
advance, this can be done in the known manner with 5
conveyer belts, rubble trolleys or simlar.
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el eaneordingly. pi pe el enent as evenly as possi bl e and

wi t hout | ocal concentration of stresses on the face,
1o which in direct contact would not be possible

w Theeartiaemgeed by tHes:dﬁaneddOnhstmrd)draétea Sl opposite direction

tr m SSi nrln den terial corr .

LEPRE Bl norsBiR Blee BRSCR, Tt fap B ofe kL ERAGOwN Tanner with
5adrzamteyet beltspirgsblee trolteyst e sihitarl Adeier@ofaivith tappespriate earth, thin
bot{g% r% axial.and radi al. direction. The propul sion

foP PP 0, {95%d RiIRRS 1B PORFEIE- [ esistance and t he

friction between the pipe casing and the earth.

rrections, Il as . increasi the .
or SPETETRroPgF BB Lot aiyshiie YanamiiSy ko pioeAERR! o pipe element
di as révienlyi 451 pedsitie efEUNBhQILN66:8 @Bneshtialien [if r&ets@@ee%n the face,
tself, Further effects e.

1030l ISRl FEv ot bt porsibiemikpucdarseds. (kb ko to insert

| Oﬁtéss&l@ trdm i sRRsrings dffvioddRli rmtedls eéﬁresfﬁbndﬂd t5?l419§%e Cross-
%gscn bes a joint seal for a pipeline which
©8d in the pressing system Between the faces of
the i ndi vi dual pipe elements is arranged an expansion

el enent which f a closed cavity. This can be
@HH'&%&“‘W{G}?S@@ vanee the piper ?'Pmeﬁtj FERar Gegthsifess in both

15t haxidiaans rabial hmea@bracmé [Si@ﬁ@ﬁlbhlcfbkﬁﬁ RUSORVEFomRY fhe frontal
pusheg apa i nventors ve faced_ the obhect of

cr'ExtS a%tt%g”“cﬁont H‘ét“{e?ﬂe €i PiRg Gaging; and \the garth. Direction

Mhd:dtfboﬁbné eas welings Micrddding e prdpalsiifeioées, Qéad above all to an
force, eccentricity in 30 relation to

ropul si gn
neiavep detriaien " aiRsaiEstiresed op i e Encaa ot i fgcpips clement
ONSe'l\‘HFthét@ﬂ’ecl@@‘? e cemddroBahdidg foressLahBiRAéRMt Wé@ﬂt also load
ro

for process cont Wth regard to determning t

20, hgRiResyia th qq?@%ﬂ]’%‘é‘?”i s achi eved according to the

CH 574023 AS describes a joint seal for a pipeline which is produced in the

- pressing system. Between the faces of the individual pipe elements is arranged

an expansion element which forms a closed cavity. This can be expanded with

25 pressurized filling medium so that the faces of the adjacent construction elements

are pushed apart.

The inventors have faced the object of creating a method of the type cited initially
with which at least one of the three parameters of propulsion force, eccentricity in
30 relation to the neutral axis and advance direction, are determined optimally and

can be optionally stored and/or used for process control.

With regard to determining the parameters, the object is achieved according to the



3 inventionin that in at least a part of the

—expansi on el enments which are distributed over the
entire length of the pipeline, the fluid pressure
and/ or deformation of the joints is nmeasured, and
fromthese paraneters the propul sion force and
eccentricity are cal cul ated and the val ues stored
and/ or conpared with stored 5 standard val ues. For
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again comply with the nominal values for the projected pipeline. This is achieved

in the sense of rolling planning of the process.

25 Evidently both processes according to the invention, determination of the

parameters and their control, can proceed simultaneously.
The English term "fluid" has become common in German to indicate a flowable
medium, in particular a gas, a fluid of high or low viscosity, a gel, a pasty mass or

30 similar.,

Preferably in each joint is arranged an expansion element with a measurement

device. Whereas - as stated - an expansion element must be arranged in each



4 joint, the neasurenent elements can be partially
om-tted, preferably periodically. For exanple a

nmeasur enent devi ce for pressure can be provided in

every 2nd, 3rd, 4th, ,,, nth expansion el enent.

Evidently a regular arrangenent is not conpul sory but
advant ageous. In the sane or different joints the
deformation can 5 be neasured, this usually conprising
nmeasur enent of the expansion of4the joint. However,
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eccentricity of
mechanical properties can be adapted to the object-specific forces and geometric

conditions.

25 Expansion elements that are circular, oval, elliptical or rectangular in cross-section
have the geometric property that on stress-free pre-compression of the expansion
elements, their contact widths on the pipe faces are only slightly dependent on the
compression occurring under force. This means that even with very oblique
expansion planes in the joints, the specific forces transmitted by the expansion

30 elements along the pipe periphery vary only slightly and hence the eccentricity of
the propulsion force in relation to the neutral axis of the pipes remains low, which

is in great contrast to the joints of wooden materials previously normally used.



the propulsion force in relation to the neutral axis

of the pipes remains low, which 1is in great contrast _
to the joints of wooden materials previously normally
used. 5 Furthernore, the ratio of force exerted K1l to
force permtted K2 can be nonitored by periodic or
conti nuous calculation of the ratio. If the ratio
reaches or exceeds 1, an alarmis triggered
automatically and/ or a displaysshown at the point
concerned, so the operator can intervene imediately.
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20 device according to V in fig. 3,
- Fig. 6 various cross-sectional forms of pipe elements,
- Fig. 7 various cross-sectional forms of expansion elements,
- Fig. 8 a variant of fig. 3 with sectorial sub-division of the expansion element,
and

25 -Fig.9 a variant according to fig. 3 with expansion measurement.

In the ground 10, from soft earth through to monolithic rock, a pipeline 14 is

advanced starting from a pressing shaft 12 and running at a depth of a few metres

approximately parallel to the ground surface 16. The individual pipe elements 18
30 are lowered into the pressing shaft 12 by means of a lifting device 20.

A pressing device 24 resting on an abutment 22 is aligned to the pipeline 14. In

the present case this is a hydraulic press, but pneumatic presses or lifting



approxi mately parallel to the ground surface 16. The

i ndi vi dual pipe elenments 18 30 are lowered into the
pressing shaft 12 by means of a lifting device 20. A
pressing device 24 resting on an abutnment 22 is
aligned to the pipeline 14. In the present case this
is a hydraulic press, but pneunmatic presses or lifting
6 spindles can al so be used. A pressure ring 26
presses the rear pipe elenent 88 on its face and
pushes the entire pipeline 14 in the advance direction
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road 38 with pipeline 14 below. The pipeline 14 is

For various reasons during advance of a pipeline 18 eccentricity can occur as

shown in detail in fig. 3.

26 The header piece 30 usually has a location device 36 so the position can be

30

established at any time and any necessary corrections made. Furthermore, if any
repair or replacement of the header piece 30 is required, an auxiliary shaft can be

sunk with precision.

Fig. 2 shows an S-piece of a road 38 with pipeline 14 below. The pipeline 14 is
guided through the S-piece with maximum bending radius, the projected route
runs as straight as possible. By measurement and process control according to

the present invention, the pipeline 14 can largely follow the projected route.



gui ded through the S-piece with nmaxi mum bendi ng
radi us, the projected route runs as straight as
possi bl e. By neasurenent and process control according
to the present invention, the pipeline 14 can |argely
follow the projected route. 7 Fig. 3 shows the faces
42 of two pipe elenents 18 on which an propul sion
force 40 is exerted. The two faces 42 of the pipe
el ements 18 are joined by an gxpansion el ement 44
formed as a hollow profile. The cavity of the
expansion 5 elenent 44 is filled with a
pressure-resistant fluid 46, the pressure P can anount
t OFigas shows thé ﬁnme&@m dzfawo pitree eleoventsc 18 ng vehiela aofpropdsion force
pi. pe V.
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friction conditions along-the contact surface 54 15 of
t hEh@icpenadtieganés of theawdo tpipe gleoents 18 is caverey withhevsieeve 48
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equal amount by earth pressures acting at right angles to the advance direction
28. These earth pressures constitute significant loads which in extreme cases can
lead to a breakage of pipe elements 18.
25
According to the invention all cavities of the expansion elements 44 are connected
over the entire pipeline 14 by way of a pressure line 56 as shown in figs. 4 and 5.
This pressure line 56 is connected by way of a filler valve 58 with the fitting 60 of
each connected expansion element 54. The filler valve 58 can be opened with a
30 lever 62. The fitting 60 is also fitted with a pressure meter 64 and a purge valve 66
by way of which surplus fluid in the interior of the pipeline 14 can be drained.

In the embodiment according to fig. 4 the expansion element 44 is formed hose-



each connected expansion el ement 54. The filler valve
58 can be opened with a 30 lever 62. The fitting 60 is
also fitted with a pressure neter 64 and a purge val ve
66 by way of which surplus fluid in the interior of
the pipeline 14 can be drained. In the enbodi nent
according to fig. 4 the expansion elenent 44 is forned
hose 8 Ilike froman el astoner. The peripheral hose
has no division into sections. s;The pressure
therefore, except for the geodetic differences, is

mum pressu
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expanS| on el enent 44 according to fig. 8 wth

arr ui de head 30 (f
151) %88@}%;\8@9%(5 tgct?q ystl %ﬂ@ s1ogr%|er91ent 44 is
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25fillen a/a_maalw aftendrathavdlvd 66. phesdivé dirstsbndenMigebddrotake place.
I nV\Rt%r talnC uex%zrans?l())( ae g}ngpﬁ )145 according to fig. 8, with corresponding
20 arréngement, the guide head 30 (fig. 1) can be controlled directly. Normally there

are three to six sectors.

In the embodiment according to fig. 9 the expansion between the faces 42 of the
pipe elements 18 is measured using an expansion meter 68.
25
The measurement data for pressure and deformation, in particular expansion, is
administered in or outside the pipeline 18 using a processor. The fifler valve 58
and purge valve 66 can aiso be controlled by way of corresponding actuators by a
processor. The data is transmitted from and to the processor by way of electrical
30 or optical cables or by radio, also using the Internet. These conventional

electronic components are not shown for the sake of clarity.

However it is of essential significance that the cavities of all actuatable expansion
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adni ni stered in or outside the pipeline 18 using a
processor. The filler valve 58 and purge valve 66 can
al so be controlled by way of correspondi ng actuators
by a processor. The data is transmtted fromand to
the processor by way of electrical 30 or optica

cables or by radio, also using the Internet. These
conventional electronic conponents are not shown for
the sake of clarity. However i§ is of essentia
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el m&mpr%ésbn of “?e éfBarr]ltst lgmle}lted h\et j!)llnF 70 W?\lnk!, She filler valve

58 and/or purge valve 66 are opened, and hence the fluid 46 can freely enter and
escape from the cavity of the expansion element 44, the expansion element 44 is
deformed without the pressure in the cavity of the expansion element 44
changing. Due to such pre-compression the force-transmitting contact surface of
the expansion element 44 on the face 42 of the pipe element and hence also the
propulsion force 40 can be increased. With targeted -pre-compression therefore
the deformation behaviour of the expansion element 44 can be controlled within

certain limits according to requirements.

The expansion elements 44 which are divided into several parts, i.e. sectioned,



58 and/or purge valve 66 are opened, and hence the
fluid 46 can freely enter and 25 escape fromthe
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After advance, there are in essence two possibilities for re-use of the expansion
25 element 44 described:
- the internal pressure of the expansion élement 44 is reduced and this is
removed from the interior of the completed construction. This allows re-use of
the expansion element 44.
- the expansion element 44 remains fitted and is re-used as a construction seal

30 for the end state.

The pressure of the fluid 46 within the expansion element 44 is monitored and
controlled further and hence the sealing effect of the expansion element 44 can



narrow limts. This constitutes a significant

i nprovenent in the properties of the expansion

el ement 44 described. After advance, there are in

essence two possibilities for re-use of the expansion

25 el enment 44 described: - the internal pressure of

t he expansion elenent 44 is reduced and this is

renoved fromthe interior of the conpleted

construction. This allows re-utle of the expansion

el ement 44. - the expansion elenment 44 remains fitted

anpe icéntrdtleddsed as a construction seal 30 for the end
state. The pressure of the fluid 46 within the

expansion elenment 44 is nonitored and controlled
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1. Method for determ ning the propul sion force (40),
its eccentricity (52) in relation to the neutral axis
(N) and/or the advance direction (28) on advance 5 of
pi pe elements (18) to produce a |longitudinal structure
in soft, stony and/or rocky ground, using a pressing
device (24) and on the faces fluid-filled expansion
el enents (44) arranged in the joints (70) of the
pi peline (14), <characterised in that in at |east a
part of the expansion elenents (44) which are
distributed over the entire | ength of the pipeline
(14), the fluid pressure



10 (p) and/or the deformation of the joints (70) is
nmeasured, and fromthese paraneters the propul sion

force (40) and eccentricity (52) are cal culated and

the val ues stored and/or conpared with stored standard

val ues. 2. Method for controlling the propul sion force
(40), mnimsing its eccentricity 15 (52) in relation

to the neutral axis (N) and/or the advance direction

(28) on advance of pipe el endAts (18) to produce a

| ongi tudi nal structure in soft, stony and/or rocky

gr@@aitds usi ng a pressing device (24) and on the faces
fluid-filled expansion el enents (44) arranged in the
joints (70) of the pipeline (14), characterised in
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Ieast at three points preferably distributed
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char agiredsuse () iand!di e HBRrhAtitrdof the joints (70) is measured, and from
these parameters the propulsion force (40) and eccentricity (52) are
calculated and the values converted into control commands for the pressing
device (24) and/or the individual fluid éupply to or individual fluid discharge

25 from the expansion elements (44).

3. Method according to claim 1 or 2, characterised in that the deformation,
preferably expansion or shear deformation, is measured in all joints (70).

30 4. Method according to any of claims 1 or 2, characterised in that the

deformation, preferably expansion in a joint (70), is measured at least at
three points preferably distributed regularly over the periphery and the

geometry of the expansion plane of the joint (70) is determined.



pressure (p) is neasured in an expansi on el enent (44)
filled wwth a pressure- resistant fluid. 8. Method
according to any of clainms | to 7, characterised in
that the fluid 15 pressure (p) is neasured in an
expansi on el ement (44) which in cross- section is
circular, oval, elliptical or round in the direction
of at least one face (42) of the pipe elenent (18).
9. Method according to any of cilins 1 to 8,
characterised in that the ratio of 20 force exerted
(K1) to force permtted (K2) is calcul ated and.

7o 55, SR OB 5 GESRIRY) 1 OB v e
Met hod ag@puqe_;@) pbameyparisian alement (44) v@h_,ich are divided into sectors is
char act efis8heldn b9A] sddtBn ARg??dt‘fﬁéﬁd RS s Guantities supplied or

nmeasured on pre-conpressi o e expansi on

(44) in exeaqgiedinsiectionsf corn(esppnding cantel camnmdl 1.

Met hod according to any of clains 1 to 10,

characterised in that analysis takes place in real

ti me6. Method according to claim 5, characterised in that a header piece (30) is

controlled with the front expansion element (44).

10 7. Method according to any of claims 1 to 6, characterised in that the fluid
pressure (p) is measured in an expansion element (44) filled with a

pressure- resistant fluid.

8.  Method according to any of claims 1 to 7, characterised in that the fluid
15 pressure (p) is measured in an expansion element (44) which in cross-
section is circular, oval, elliptical or round in the direction of at least one face

(42) of the pipe element (18).

9.  Method according to any of claims 1 to 8, characterised in that the ratio of
20 force exerted (K;) to force permitted (K;) is calculated and monitored

periodically or continuously, and when

K4
— > 1
K2
25 preferably an alarm is triggered.

10. Method according to any of claims 1 to 9, characterised in that the
parameters which are measured on pre-compression of the expansion
element (44) in the pressing shaft (12) are stored.

30
11.  Method according to any of claims 1 to 10, characterised in that analysis

takes place in real time.



