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1
The invention relates to a seal arrange- 6 2

ment (6) consisting of two abutting structures
of concrete, steel, reinforced concrete, cast iron
or other materials and a sealing section of elas-
tomeric material which bridges and seals the gap
between the two structures, in which the struc-
tures are especially segments (2’, 2'") assembled
to fortn a tubular tunnel with the formation of
transverse and longitudinal seams, where each
segment preferably has at least one peripheral
recess (7) covering all the mating sides of the
segments and there is in each recess a stranded
scaling section (8) which especially has strand- \
shaped grooves on the base side of the sealing
section and/or strand-shaped channels, ferming a f
sealing frame with comers, and the back of the 2
sedling section (8) has at least one strand-shaped
groove to accept an emergency seal (9). When the segments (2°, 2") are moved in the direction of the arrow, giving rise to gaps, the

emergency seal, consisting especially of a water-activatable sealing material, can expand as a result of a swelling process with an increase
in volume. .
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SEAL ARRANGEMENT FOR TUBULAR TUNNEL SEGMENTS

1. Field of the Invention

The invention relates to a seal arrangement consisting of two abutting structural parts made
of concrete, steel, reinforced concrete, cast iron, or other materials (e.g. synthetic resins),
as well as of a sealing section made of elastomeric material (i.e., rubber or rubber-like
material), which bridges and seals the gap between the two structural parts, whereby the
structural parts particularly are segments assembled to form a tubular tunnel with the
formation of transverse and longitudinal joints, whereby each segment preferably is
provided with at least one peripheral recess covering all the mating sides of the segment,
and whereby a sealing section extending in the form of a strand is present in each recess,
such sealing section being provided particularly with grooves extending in the form of
strands, such grooves being arranged on the base side of the sealing section, and/or with
channels extending in the form of strands as well, forming a sealing frame with frame
corners. As the segments have four mating sides in most cases, the sealing frame consists
of four assembled-sealing sections, whereby the corners of the frame are preferably

manufactured by the injection molding process.

2. The Prior Art

A seal arrangement according to the above type is known, for example from U.S. Pat. No.
4,946,309. Due to the compression of the abutting structural parts or segments with
reduction of the spacing of the gap or transverse and longitudinal joints, the sealing section
made of elastomeric material develops its sealing capacity under the interaction of force
and reactive force. Such compression seals are successfully used in connection with

numerous tunnel projects.

For the purpose of additional pressure activation, it has been proposed, furthermore, to

rovide a sealing section toward the water side with a lateral bore, which is connected with
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at least one of the channels extending in the form of strands (U.S. Pat. No. 5,044,823).
When water penetrates from the outer side of the segment, the channel or the channels
is/are supported by the water pressure, which leads to an increase in the scaling capacity.
However, the drawback is that the bore may be closed due to soiling, resulting in

inefficiency of said additional pressure-activating measure.

Furthermore, a seal arrangement is introduced in EP-B-0 340 659, in which the sealing
section has a hollow space connected with an injection channel. The sealing section is
activated by means or an injectable medium increasing the total volume. In this way, a
high sealing effect is obtained without requiring compression of the sealing sections during
assembly. However, the drawback in this connection is that an injection channel has to be

made available, which, furthermore, frequently has to be extended through the segments,

and that additional device parts are needed.

French laid-open patent specifications 2 669 259, 2 678 680, and 2 712 655 introduce seal
arrangements in which the back of the sealing section has at least one groove extending in
the form of a strand, for which provision is made for the purpose of receiving an
emergency seal, in particular an activatable, and especially a water-activatable sealing
maierial. Here, the back of the sealing section may have one single groove. Another
possibility is to fit the back of the sealing section with two grooves, which are arranged
substantially mirror-symmetrically relative 1o each other based on the vertical plane of the

center of the section (EP-A-0 522 912).

[n spite of numerous solutions proposed for sealing abutting structural parts, the problem
has not been solved adequately heretofore. Structural parts, especially tunnel segments,
may change in their positions relative to each other in the course of time {e.g. due to the
action of conditions caused by geological changes), for example due to ovalizing, so that
gaps open up. Moreover, structural parts or tunnel segments may be dislocated with
displacement when installed. Such constellations then necessarily lead to a negative

influence on the sealing efficiency of the sealing section.
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SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided seal arrangement
COmprising

two abutting structural parts made of a material selected from the group
consisting of concrete, steel, reinforced concrete, and cast iron, and a sealing section
made of elastomeric material for sealing and bridging a gap between the two structural
parts;

said structural parts being segments assembled to form a tubular tunnel with a
formation of transverse joints and longitudinal joints, each segment having a mating side
and being provided on the mating side with at least one peripheral recess covering all
mating sides of the segment;

said sealing section extending in the form of a strand being present in each recess,
said sealing section being provided with fluted grooves extending in a form of strands,
said fluted grooves being located on a base side of the sealing section; and with channels
extending in the form of strands and forming a sealing frame with frame corners;

said sealing section having a back, said back having at least one groove extending
in the form of a strand, said groove receiving an emergency seal, which is a water-
activatable sealing material; and

said groove having flanks, and the flanks of the groove being curved, said flanks
changing into a bottom of the groove in a curved way, forming a groove with a
substantially circular cross-sectional shape; and the groove having an approximately

funnel shaped opening.

According to another aspect of the present invention there is provided seal arrangement
comprising

two abutting structural parts made of a material selected from the group
consisting of concrete, steel, reinforced concrete, and cast iron, and a sealing section
made of elastomeric material for sealing and bridging a gap between the two structural

parts;
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said structural parts being segments assembled to form a tubular tunnel with a
formation of transverse joints and longitudinal joints, each segment having a mating side
and being provided on said mating side with at least one peripheral recess covering all
mating sides of the segment;

said sealing section extending in a form of a strand and being present in each
recess, said sealing section being provided with fluted grooves extending in the form of
strands, said grooves being located on a base side of the sealing section and with
channels extending in a form of strands;

said sealing section having a back, said back having at least one groove extending
in the form of a strand, said groove receiving an activatable emergency seal; and

said groove having flanks, a width, a depth and a bottom, said flanks of the
groove extend selected from the group consisting of double-conically or concavely, said
groove having greatest width within a range of half of the depth of the groove, and with

a substantially plane groove bottom.

According to yet another aspect of the present invention there is provided seal
arrangement comprising

two abutting structural parts made of a material selected from the group
consisting of concrete, steel, reinforced concrete and cast iron, and a sealing section
made of elastomeric material for sealing and bridging a gap between the two structural
parts;

said structural parts being segments assembled to form a tubular tunnel, with a
formation of transverse joints and longitudinal joints, each segment having a mating side
and being provided on said mating side with at icast one peripheral recess covering all
mating sides of the segment; said sealing section extendiﬁg in a form of a strand and
being present in each recess, said sealing section being provided with fluted grooves
extending in a form of strands; said grooves being located on a base side of the sealing
section, and with channels extending in a form of strands forming a sealing frame with

frame corners;
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said sealing section having a back, said back of the sealing section having at least
one groove extending in a form of a strand,
said groove receiving an emergency seal; said groove having flanks, a groove width, a
groove bottom, and said flanks of the groove extend conically, reducing the width of the
groove toward the groove bottom, with a substantially plane groove bottom; and

said groove fitted with retaining noses extending in a form of strands, said
retaining noses preventing the emergency seal from dropping out, in a way such that one
single retaining nose is present within each flank of the groove; and two retaining noses

facing each other are arranged slightly below the back of the sealing section.

With respect to the constructional design of the groove and the emergency seal installed

therein, use is made of the following variations:

(1) The flanks of the groove extend in the form of an arc, whereby such flanks,
furthermore, change into the bottom of the groove in a curved way, forming a groove
having a substantially circular cross section particularly in connection with an

approximately funnel-shaped opening.

With a substantially circular cross section, the emergency seal now can be installed in said

groove, for example in the form of a cord.

According to another useful design variation, use is made of an emergency seal which
substantially completely fills the groove, whereby the top sealing surface of the emergency
seal extends approximately aligned with the back of the sealing section, or has a flange-

like widening gripping around the back of the section.

(2) The flanks of the groove extend in a double-conical or concave form, whereby the
groove has its greatest width within the range of half of the depth of the groove, with a
substantially plane-surfaced bottom of the groove. In this case, too, reference is made to
the advantageous variations according 1o number (1) above with respect to the installed

emergency seal. The use of an emergency seal in the form of a cord is particularly useful in
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connection with this design of

(3) The flanks of the groove extend conically, specifically with-reduction of the width of
the groove toward the bottom of the groove, namely with a groove bottom having a
substantially plane surface, whereby the groove is equipped with retaining noses extending
strand-like, such retaining noses preventing the emergency seal from dropping out. One
single retaining nose is present within each frank of the groove, whereby the two retaining
noses facing each other are approximately arranged slightly below the back of the sealing

section,

In the present case, the emergency seal usefully has the shape of a strip, specifically a strip
having a substantially rectangular or trapezoidal cross section shape. In this connection, it
is advantageous if not the entire groove is filled with the emergency seal, but if a clear

space is formed between the back of the sealing section and the emergency seal,

Furthermore, it is useful if the corners of the sealing frame are equipped with at least one
groove as well, such groove changing aligned into the groove of the sealing section,
whereby reference is made to the statements according to Nos. 1 to 3 with respect to the

advantageous design variations of the groove and emergency seal.
Moreover, it is useful if the emergency seal is installed in the groove only immediately
before the structural parts or segments are assembled. This is especially important with an

emergency seal consisting of a water-activatable sealing material (e.g. Hydrotite RTM.).

Additional constructional design variations of the sealing section are introduced within the

framework of the description of the figures.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention is explained in the following on exemplified embodiments by reference to -

schematic drawings, in which:
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FIG. 1 shows a tunnel consisting of segments as well as longitudinal and transverse joints;
F1G. 2 shows a seal arrangement without displacement;

FIG. 3 shows a seal arrangement with displacement,

FIG. 4 shows a seal arrangemept with very extensive displacement;

FIG. 5 shows a sealing section with one single groove and retaining noses;

FIG. 6 shows a sealing section accord_ing to FIG. 5 with an installed emergency seal;

FIG. 7 shows a sealing section with two grooves and retaining noses;

FIG. 8 shows a sealing section with a groove having a substantially circular cross sectional

shapes;

FIG. 9 shows a sealing section according to FIG. 8 with an installed emergency seal with a

flange-like widening of the sealing surface;

FIG. 10 shows a sealing section with one groove having flanks extending double-conically

or concavely; and

FIG. 11 shows a sealing section according to FIG. 10 with an emergency seal installed in

the form of a cord.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

0 FIGS. 2 to 4 contain cross sectional representations of the longitudinal joint according to

section line A--A (FIG. 1). Although the grooves and channels change their form in the
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stressed condition (i.e., under the action of pressure), said parts of the section are shown

within the framework of the drawings in their original form.
FIGS. 5 to 11, on the other hand, show the unstressed condition. The same applies to the
5 constructional descriptions of the sealing section, groove and emergency seal contained in

the claims.

The following list of reference numerals applies in connection with the figures:

10 1 Tunnel
2 Segment
2' Segment
15
g 2" Segment

3 Transverse joint (annular joint)

st 20 4 Longitudinal joint
rrest 5 T-joint arrangement
s 6 Seal arrangement
R
wpeeed 7 Recess

8 Sealing section

8' Sealing section




15

20

25

PAWPDOCSID Y Ssprrictedq93sepe dos-11 April 2001

9 Emergency seal

10 Back of sealing section

11 Groove

12 Flank

13 Groove bottom

14 Retaining nose

15 Base side of sealing section

16 Channel

17 Fluted groove

18 Channel

19 Emergency seal in strip form

20 Clear space

21 Sealing section

22 Groove

23 Groove
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25 Groove

26 Flank

27 Groove bottom

28 Funnel-like opening

29 Emergency seal

30 Sealing surface with flange-like widening

31 Groove

32 Flank

32' Flank

33 Groove bottom

34 Flank

35 Emergency seal

36 Sealing surface

36' Sealing surface

37 Clear space
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FIG. 1 shows a tunnel consisting of segments 2 with the formation of transverse and

longitudinal joints 3 and 4, respectively, as well as a T-joint arrangement 5.

FIG. 2 shows a seal arrangement 6 consisting of two abutting segments 2' and 2" each
provided with a recess 7, with-a sealing section 8 made of elastomeric material installed in
each recess. In the optimal position (compressed condition of the two sealing sections
without displacement), the integrated emergency seal 9 has no effect, to begin with; the

primary sealing effect is assumed here by the sealing sections § {compression seals).

According to the invention, emergency seal 9 is put into action when the following

constellations occur:

(2) Segments 2' and 2" are displaced in the direction of the arrow according to FIG. 2,

causing gaps to open up.

(b) Segments 2' and 2" are displaced when installed, with displacement "X" in the direction

of the arrow according to FIGS. 3 and 4,

Since the emergency seal consists of a water-activatable scaling material, the additional
sealing effect can develop in the presence of air humidity or penetrating water due to

swelling of the emergency seal (activated seal), causing its volume to increase.

FIG. 5 shows a sealing section 8' having a back 10 fitted with one single groove 11 located
within the center of the section. The flanks 12 of said groove extend conically, with
reduction of the width of the groove toward bottom 13 of the latter. The groove is provided

with retaining noses 14, which are arranged within flanks 12 slightly below back 10, facing
each other.

Two channels 16 are arranged between the substantially plane bottom 13 of the groove and
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Now, FIG. 6 shows the same sealing section 8' according to FIG. 5; however, in this case,
emergency seal 19 is installed in the form of a strip which, viewed cross-sectionally, has a
trapezoidal shape, such strip not filling the groove completely, but forming a clear space

20 as well, The retaining noses 14 here prevent emergency seal 15 from dropping out.

According to FIG. 7, back 10 of sealing section 21 has two grooves 22 and 23, which are
arranged mirror-symmetrically (based on vertical plane "Y" of the center of the section)
relative to each other, whereby a channel 24 is present between said two grooves, in a total

arrangement of three rows of grooves and channels. Reference is made to FIG. 6 with

. respect to the interaction between the retaining noses 14 and the emergency seal.

FIG. & shows a proove 25 having the flanks 25 extending in the form of an arc, whereby
said flanks, furthermore, change into the groove bottom 27 in a curved way, forming
thereby a groove with a substantially circular cross section. The groove itself has an

approximately funnel-like opening 28.

Now, according to FIG. 9, the groove according to FIG. 8 is completely filled with
emergency seal 29, whereby the sealing surface 30, furthermore, has a flange-like

widening gripping around back 10 of the sealing section.

FIG. 10 shows a groove 31 having the flanks 32 and 32', respectively, extending in the
form of a double-cone, whereby the groove has its greatest width within the range of half

of the depth of the groove, with a substantially plane-surfaced groove bottom 33.

Another alternative is shown within the framework of said figures with respect to the
course of the flank, specifically in the form of a concavely extending flank 34 (shown by
dashed lines).

Now, FIG. 11 shows a groove according to FIG, 10 with flanks extending in the form of a

double-cone, whereby the emergency seal 35 installed in the groove is present in the form




10

15

PAWPDOCS\DYSspecicit449] Sape.doc-11 April 2000

-13-

of a cord having a substantially circular cross-sectional shape.

Sealing surface 36 of the emergency seal is located here slightly below back 10 of the
scaling section, forming a clear space 37, whereby as a variation, sealing surface 36' also

may extend aligned with back 10 (dashed lines).

Even though the seal arrangement is of primary importance within the framework of tunnel
construction, its principle is applicable to other building constructions as well, for example

for sealing socket pipes in sewer construction (EP-B-0 449 082),

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises” or "comprising” , will
be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusion of any other integer or step or group of integers or steps.

The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that that prior art forms part of the common

general knowledge in Australia.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS :

1. Seal arrangement comprising
two abutting structural parts made of a material selected from the group
5 consisting of concrete, steel, reinforced concrete, and cast iron, and a sealing section
made of elastomeric material for sealing and bridging a gap between the two structural
parts;
said structural parts being segments assembled to form a tubular tunnel with a
formation of transverse joints and longinudinal joints, each segment having a mating side
10 and being provided on the mating side with at least one peripheral recess covering all
mating sides of the segment;
said sealing section extending in the form of a strand being present in each recess,
said sealing section being provided with fluted grooves extending in a form of strands,
said fluted grooves being located on a base side of the sealing section; and with channels
15  extending in the form of strands and forming a sealing frame with frame corners;
said sealing section having a back, said back having at least one groove extending
in the form of a strand, said groove receiving an emergency seal, which is a water-
activatable sealing material; and

said groove having flanks, and the flanks of the groove being curved, said flanks

20 changing into a bottom of the groove in a curved way, forming a groove with a

substantially circular cross-sectional shape; and the groove having an approximately

funnel shaped opening.

::;E_ 2. Seal arrangement comprising

25 two abutting structural parts made of a material selected from the group
consisting of concrete, steel, reinforced concrete, and cast iton, and a sealing section
made of elastomeric material for sealing and bridging a gap between the two structural
parts;

said structural parts being segments assembled to form a tubular mnnel with a
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and being provided on said mating side with at least one peripheral recess covering all
mating sides of the segment;

said sealing section extending in a form of a strand and being present in each
recess, said sealing section being provided with fluted grooves extending in the form of
strands, said grooves being located on a base side of the sealing section and with
channels extending in a form of strands;

said sealing section having a back, said back having at least one groove extending
in the form of a strand, said groove receiving an activatable emergency seal; and

said groove having flanks, a width, a depth and a bottom, said flanks of the
groove extend selected from the group consisting of double-conically or concavely, said
groove having greatest width within a range of half of the depth of the groove, and with

a substantizlly plane groove bottom.

3. Seal arrangement comprising

two abutting structural parts made of a material selected from the group
consisting of concrete, steel, reinforced concrete and cast iron, and a sealing section
made of elastomeric material for sealing and bridging a gap between the two structural
parts;

said structural parts being segments assembled to form a tubular tunnel, with a
formation of transverse joints and longitudinal joints, each segment having a mating side
and being provided on said mating side with at least one peripheral recess covering all
mating sides of the segment; said sealing section extending in a form of a strand and
being present in each recess, said sealing section being provided with fluted grooves
extending in a form of strands; said grooves being located on a base side of the sealing
section, and with channels extending in a form of strands forming a sealing frame with
frame corners;

said sealing section having a back, said back of the sealing section having at least

one groave extending in a form of a strand,
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said groove receiving an emergency seal; said groove having flanks, a groove width, a
groove bottom, and said flanks of the groove extend conjcally, reducing the width of the
groove toward the groove bottom, with a substantially plane groove bottom; and

said groove fitted with retaining noses extending in a form of strands, said
retaining noses preventing the emergency seal from dropping out, in a way such that one
single retaining nose is present within each flank of the groove; and two retaining noses

facing each other are arranged slightly below the back of the sealing section.

4. Seal arrangement according to claim 1,
wherein the back of the sealing section has one single groove located within a
zone of a center of the section; and at least one channel is located on each of two sides of

the groove.

5. Seal arrangement according to claim 1,
wherein the back of the sealing section has two grooves arranged substantially
mirror-symmetrically relative to each other based on a vertical plane of a center of the

section; and at least one channel is located between the two grooves.

6. Seal arrangement according to claim 1,
wherein the emergency seal is a strip with a cross-sectional shape selected from

the group consisting of rectangular and trapezoidal.

7. Seal arrangement according to claim 1,

wherein the emergency seal is a cord with a circular cross-sectional shape.
8. Seal arrangement according to claim 1,
wherein the emergency seal does not fill the groove completely, forming a space

between the back of the sealing section and the emergency seal.

9. Seal arrangement according to claim 1,
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wherein the emergency seal fills the groove substantially completely, and a top
sealing surface of the emergency seal extends approximately aligned with the back of the

sealing section.

10.  Seal arrangement according to claim 1,
wherein the emergency seal fills the groove substantially completely, and a top
sealing surface has a flange-like widening gripping around the back of the sealing

section.

11.  Seal arrangement according to claim 1,
wherein the frame corners of the sealing frame have at least one groove, and said
groove becoming aligned with the groove of the sealing section when placed in the

groove of the sealing section,

12 Seal arrangement according to claim 1,
wherein the emergency seal is located within the groove immediately prior to the

assembly of the structural parts and the segments.

13, Seal arrangement substantially as hereinbefore described with reference to the

accompanying drawings.

Dated this 11™ day of April, 2001
PHOENIX AG

By Its Patent Attorneys

DAVIES COLLISON CAVE
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