1 WD 2005/080753 Advance of pipe elenments in the
ground The invention concerns a nethod for determ ning
the propulsion force, its 5 eccentricity in relation
to the neutral axis and/or the advance direction on
advance of pipe elenents to produce a |ongitudina
structure in a soft, stony and/or rocky ground, using
a pressing device and on the faces fluid-filled
expansion elenments arranged in the joints of the
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pi pe piece can be inserted. The pipe el enents have a
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20 The pipeline is pressed into the ground by successive laying of pipe elements, a
controliable header piece pointing the way. The new pipe elements are lowered
into a pressing shaft and driven forwards by a pressing device until the next pipe
piece can be inserted. The pipe elements have a diameter of up to several
metres, a pipeline of pipe elements of for example 1 to 4 m diameter can reach a

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




2 accordingly. The earth renoved by the cutting head
must be extracted in the opposite direction to the
usual Iy horizontal pipe advance, this can be done in
the known manner with 5 conveyer belts, rubble
trolleys or simlar. Furthernore with appropriate
earth, thin streamtransport in closed pipes is
possi bl e. The hi gh propul sion forces nmust be
transmtted from pi pe el ement to pipe elenent as
evenly as possible and without [ ocal concentration of
st rA63ENgh the face, 10 which in direct contact
woul d not be possible w thout danage. It is known to
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n el enment which forms a closed cavity. This
can be expanded with 25 pressurized filling nmedium so
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20 the pipes in the radial direction.

CH 574023 A5 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 filing 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 invention in that in at |east a part of the
“expansi on el enents 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 andard val ues. For
process control in at least a part of the expansion
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invention, can be implemented at any time until the prespecified standard values
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 {o 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




devi ce. Whereas - as stated - an expansion el enent
must be arranged in each 4 joint, the neasurenent

el enents can be partially omtted, preferably
periodically. For exanple a neasurenent device for
pressure can be provided in every 2nd, 3rd, 4th, ,
nth expansion elenent. Evidently a regul ar arrangenent
is not compul sory but advantaggous. In the sane or
different joints the deformati on can 5 be neasured,
this usually conprising neasurenent of the expansion
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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 occurting 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.




expansi on planes in the joints, the specific forces
transmtted by the expansion 30 el enents along the
pi pe 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. Furthernore, the ratio of
force exerted K1 to force pern1§ted K2 can be
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pi pe el enments |lying adjacent at their faces, - Fig. 4
a radial section through an expansion elenent, - Fig.
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expansSi on neasurenent. In the ground 10, from soft

28art h t hr4RMe ASOFRGBIaY 9. Bock, a pipeline 14 is
- Fig. 8 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




advanced starting froma pressing shaft 12 and running

at a depth of a few netres approximately parallel ‘to

the ground surface 16. The individual pipe elenents 18

30 are lowered into the pressing shaft 12 by neans of
alifting 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 pneunatic
presses or lifting 6 spindles &an also be used. A

pressure ring 26 presses the rear pipe element 18 on
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el ement 18, the propulsion of the pipeline 14 by the

length I of the pipe 15 elenment 18 in the advance
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header piece 30 is required, an auxiliary shaft can be

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

shown in detail in fig. 3.

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

30 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.




sunk with precision. 30 Fig. 2 shows an S-piece of a
road 38 with pipeline 14 below. The pipeline 14 is

gui ded through the S-piece wth maxi num bendi ng
radius, the projected route runs as straight as
possi bl e. By nmeasurenent 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 elements 18 on which an propul sion
force 40 is exerted. The two faces 42 of the pipe

el emrents 18 are j oi ned by an expansion el enment 44
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the pipe elénments 18 and the ground 10, mainly however

1Dn @#B89Manned and unforeseen control novenents and
di mensi onal inaccuracies in the pipe elenents 18. in

particul ar on use of joint elenents of wood
matfyringl advanee Af agipeline 148 minerRlenens s, ?ﬁ%%nif'c'tles 52 can occur

| TR YRE P}o%b%rdn%%ed&f R fSRkibA o BARARLPALKIS N 6F thmﬁpeambdm The
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20 perpendicular to the advance direction 28. To achieve equilibrium the mobilisation
is required of torques running counter to these moments and of approximately
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-




According to the invention all cavities of the

expansi on el enents 44 are connected over the entire

pi peline 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
connect ed expansion el enent 54. The filler valve 58

can be opened with a 30 [ever 62. The fitting 60 is

also fitted with a pressure net&r 64 and a purge val ve
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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 filler valve 58
and purge valve 66 can also be controlled by way of corresponding actuators by a
processor. The data is transmitted from and fo 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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By compression of the expansion element 44 in the joint 70 while the filler valve
58 and/or purge valve 66 are opened, and hence the fiuid 46 can freely enter and
25 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
30 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,
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expansion element 44 described.

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




conpression of the expansion el enent 44, the
dependency of the face-side joint contact surfaces
per unit length on the conpression of the expansion
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for permanent pretension and sealing pressure. To

sunmarise it can be found that according to the

invention it is possible, with the described

construction of the expansion elenment 44, to bridge or

pretension |o the entire construction in a sinple

manner with all the associ ated advantages. 12 dains

| 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 el enments (18) to produce a |ongitudinal structure

in soft, stony and/or

—




rocky ground, using a pressing device (24) and on the
faces fluid-filled expansion elenents (44) arranged

in the joints (70) of the pipeline (14),

characterised in that in at | east a part of the

expansi on el enents (44) which are distributed over

the entire length of the pipeline (14), the fluid

pressure 10 (p) and/or the defqénation of the joints

(70) is measured, and fromthes paranmeters the

propul sion force (40) and eccentricity (52) are

cal'd@™®ed and the val ues stored and/or conpared with
stored standard val ues. 2. Method for controlling the

propul sion force (40), mnimsing its eccentrici .15 .
(52) i Metbpd e detesmining the Propulsiss Eor%q\l)(‘*%)md';so?cqeﬁt@clty (62) in

advanceeftib®td ihBel ) 288 (NPEHEREIA8e Q8vatcBRIIRLASBEHBS on advance
(18) to produce a longitudinal structure in soft
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24) a f t -

(aq) anfaRpalgnia SRS, o.ﬂnf?%‘**zdygé%@ (FHEAAS AR S i fled
(14), cemaa@orereilwtﬁrﬁﬂhafrange in ti@a@tnt%( r of te pipeline (14)

Froan SRR SBEILT U ) oP Gl 6l g BB AALOH L PIETH0 i
pr essurage disfrieutet overthe endifeolensthi drihe pipetiee (Hnthe flurhpressure

W or co- (Hbialah S, BeBMadrSFBIARELY T MisB g R these
t he valpaeameters dat prbpuisian toee (4)) avheecedridityr(52here calculated

o e SR e B

expansi on el enments (44) 3. Method according to claim
t hat t.he. def

t tion,. . . . .

or o or MFPBATEL T BAg e plGhuidly e T, b eggpnuoly
1% In al | (52)! mtfgla(ﬂﬁ)o ﬂﬂ;)néutrdvgkisqdi) ﬁmmr ﬁim:céEca@reoﬁon (28) on
clains 1 or characterjs n that the

pref er 6?1511"9'1‘@)(‘359'9?0 mﬁnfg f‘ P{oRgFe & 'on rﬁﬁ' UgflUfé in soft,
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5. Met hosh 3R&AEEIHBE rothaih & lesdtal pat bf the ékpanSton elements (44)
characterised in that the fl ui d@gres

2@ pansivBiche pendistriduies) ovel ke Ui &f\ﬂtmé’g th‘gtp@e@%%??ﬁ the fluid

i's pressure (p) and/or the deformation of 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.




measured in each section (A B, C and individual
fluid quantities supplied or 5 extracted in sections
by correspondi ng control comrand. 6. Method accordi ng
to claim5, characterised in that a header piece (30)
is controlled wth the front expansion el enent (44).
10 7, Method according to any of clains 1 to 6,
characterised in that the fluidg pressure (p) is
measured in an expansion elenent (44) filled with a
pressure- resistant fluid, 8 Method according to any
of clains 1 to 7, characterised in that the fluid 1is
pr &5 suriethod a(x:ordi!@w ady iof mimexbémsﬁ charakctanised if 449t the fluid

which in Ll pti.cal .

ohich AR50 AL ERokbyRG 4 i Oyl B secors

of the measuredi mdh detfon (4.B, Btanddndicdoal diuitgquamtiies/supplied or
characterlse n t t he rgltlo of

of clai
50 f or cRpisTngeetls b SoRehRa L eP PRa !
cal cul ated and nonitored periodically or
tin usl and when K| > 25 pref I I
7 Rl a2 e Bt A SRS o1
to 9 CdimtraRdEwitis 8k froht ERpandiditelepant@aj.er s which are
measured on pre-conpression of the expansion el ement

(44) in the pressing shaft (12) are stored, 30 11.

1dethod ekl Hdedrdirdy fN¥nPof EaihBB o BO chbracterised m that the fluid
characterised in that analysis takes place in re

tine. Iresyde & lﬁh@eﬁwﬁedmaéeomaﬂgwnoe@mnﬁn @4 &lled with a
qual i t v, eedir& Sesistant 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 (Ki) to force permitted (Kz) is calculated and monitored

periodically or continuously, and when

Ki
> 1
Ko
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.

12. Use of the method according to claim 1 for quality control.



