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@ A submerged tunne! and a method of, and means for, constructing a submerged tunnel.

A method of, and apparatus for, constructing a sub-
merged tunnel in situ and a submerged tunnel formed
thereby has an inverted arch formation to resist upward
buoyancy thrust and a sealed chamber unit mounted on the
tunnel and longitudinally displaceable along it for servicing
the exterior of the tunnel. The tunnel is constructed in situ by
progressively lengthening towards each other two tunnel sec-
tions (3, 3'), which extend in cantilevered manner from
opposed base foundations {1 and 2). Each tunnel section has
mounted on the free end thereof of an outer chamber unit (13,
13‘) and an inner chamber unit {6, 6’} within the latter of which
the free end of the tunnel section is progressively formed and

< extended. As the tunnel sections (3, 3’) are lengthened their
associated chamber units (6, 6°, 13, 13’) are displaced lon-
gitudinally and sequentially to provide clearance for further
N lengthening, such displacement may be effected by hydraulic
8 rams (20) or mechanical rack and pinion devices (19) When
the tunnel sections 3, 3’ are sufficiently iengthened the outer
chamber units (13, 13"} dock and are sealed together at 28, 28"
and a passage opened between those chamber units (13, 13’).
o The inner chamber units {6, 6°) are removed from within the
combined outer chamber units {13, 13’} and a passage is
© opened between these latter units through which the tunnel
sections are extended and connected together to form the
B, continuous tubular tunnel. The submerged depth of the tun-

11}

-nel sections may be controlled during construction by
winches and anchorages devices {25, 26 and 27).
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DESCRIPTION

P

This invention relates to a method of, and means
for constructing a submérged tunnel and alsq to a
submerged tunnel.

Submerged tunnels extending between land bases
are usually provided in conditions where a bridge is
not possible (for example, if the span is too g;eat,
the land bases or sea bed are inadequate foundations
or 'a shipping hazard would result) or where a bridge
is undesirable (for example, aesthetically or
environmentally).

Hitherto it has been the practice for submerged
tunnels to be constructed on land and thereafter
floated to the appropriate site and sunk into position;
this‘technique besides requiring a lérge land based
building site and heavy equipment for manoeuvring the

tunnel or tunnel sections prior to their submergence is
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often disrupted by adverse weather conditions and
interrupfs shipping. It is an object of the present.
invention to provide a method and means of constructing
a submerged tunnel in situ which élleviates the
aforementioned disadvantages.

According to the present inventioﬁ there is provided
a method of constructing_é submerged tunnel in éitu
which comprises providing a longitudinally extending

substantially cantilevered tunnel section with a chamber

-~

unit mounted on the free end thereof so that.the chamber
unit and bore of the tunnel section provide a water
sealed working chamber; lengthening the longitudinal
extent of the tunnel section within thé'chamber-uniﬁ,-and
displacing the chamber unit longitudinally,relative to
the tunnel section over theilengthehed part thereof to
permit further lengthening of.thé tunnel section within
the chambef unit.

Further according to the present invention there
is provided means for constructing a §ubmerged tunnel
in situ comprising a longitudinally e#tendiﬁg substant-
ially cantilevered tunnel section; a chamber unit
mounted on the free end of the tunnel section so that

that unit and the bore of the tunnel section provide a
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water sealed working chamber within which the longitudinal
extent of the tunnel can be lengthened in the chamber
unit, and means for displacing the chamber unit
longifudinally relative to the tunnel section over the
lengthened part thereof to permit further lengthening
of the tunnel section within the chamber unit.

| The present invention therefore envisages the

construction of a submerged tunnel in situ by

"successively lengthening a cantilevered tunnel section

which latter will usually be anchored in support
foundations of a land base so that the bore of &he tube
is in direct communication with land throughout the
construction of the tunnel. The construction,being
effected in a submerged state, is unlikely to be affected
to any great extent by adverse weather conditions and
may be at such a depth as not to present a shipping
hazard. The tunnel section being in the form of a

tube will usually, but not necessarily, be of

circular section and its lengthening within the chamber
unit will usually be achieved by the addition of
pre~formed elements to the end of the tunnel section or
by progressively casting or moulding material to the end

of the section. The present invention was primarily
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developed having in mind the construction of -tunnels
for the passage of vehicles therethrough in which case
its dimensions will usually call for a basic tube
structure of reinforced concrete although it will be
appréciated that other materials for the tube can be
utilised, say reinforced plastics sections for smaller
tunnels which may be required for conduiting or a £luid
flow passage. | |

The chamber unit effectively provides a pressure
vessel witgin which work is carriéd out to ﬁrogressively
lengthen the tunnei section within that unit; this
work may be effected both on the interior and the
exterior of Fhe tunnel section and when appropriate
the pressure unit is displaced longitudinally over the
newly lengthened tube wali to permit further
lengfhening. 7

Preferably two chamber units are mqunted on the
free end 9f the funnel section, one such unit béing
located wholly within the other ﬁhit so that the inner
chamber unit provides with the bore of the tunnel
section a first working chamber and the outer_chamber'
unit provides with the exterior of the inner unit a

second working chamber within which there is access



10

15

20

0034907

to the exterior of the tunnel section. By this
arrangement the outer chamber unit effectively provides
a second pressure vessel within the chamber of which
further work may be carried out on the exterior of the
tube section while the tunnel section is being
progressively lengthened within the first working
chamber. The inner and outer chamber units are
displaced progre;sively along the tunnel section és the
length thereof is increased. This dispiacement of

the inner and outer chamber units may be effected

simultaneously so that they move in combination.but

it is preferred that each chamber unit is displaceable

relative to the tube seéfion independently of the other
so that when the outer chamber unit is stationary
relative to the tube section the inner unit can be
displaced longitudinally as the-tube section is
progressively lengthened to a maximum extent permitted
by the outer unit and thereafter while the inner unit
is stationary relative to the tube section the outer
unit can be displaced over the inner unit to permit

subsequent displacement of the inner unit.
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As the length of the cantilevered tunnel progressively
increases from its support foundation it will be apparent

that the upward buoyancy thrust thereon increases and.

Vdesirably the free end of the tunnel section is

restrained at a desired depth of submergence by anchoring.
| The Qhole construction of the tunnel may be

effected by progressively lengthening the tunnel section

from one land base to another and in such an event it is

preferred that the shape of the tube which is formed

is controlled, say by use of appropriate anchorages, so

that the tube is an inverted arch to resist tﬁer

upward buoyancy thrusf thereon. It is realised however

that on many occasions the construction of the tunnel

" from a single land base will be impractical or

inefficient and it is preferred therefore that the
construction is by means o0f two longitudinally extending
substantially cantilevered tunnel sections each ﬁéving

a2 chamber unit mounted on its free end withinrwhich unit
the lengthening of the longitudinal exﬁent of the .
respective tunnel section is effected. A first of theser
tunnel sections is secured at a location corresponding

to one end of the tunnel which is to be constructed

while the second tunnel section is secured at a location

corresponding to the other end of the tunnel which is to
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be constructed. The first and second tunnel sections
are then progressively lengthened by working within
their respective chamber units so that the free ends of
the tunnel sections project towards each other and a condition
is reached where thé chamber units of the respective .
tunnel sections can be coupled together. With the
chamber units coupled together a longitudinally extending
water sealed passage can be formed between those units
and thereafter one or both of the tunnel sections is
lengfhened to extend through the sealed passage and
connect the two tunnel sections together to provide
éontinuity of the tunnel. To resist the upward
buoyancy thrust on the tunnel it is preferred that the
tube is an inverted arch formation as aforementioned
and generally the chamber unit of the first and second
tunnel sections will be coupled together in the

region of the centre of the arch mid-way between the
land bases. ' Where each tunnel section has inner
and outer chamber units mounted on the free end thereof,
the two outer units can be coupled together to provide
the water sealed passage therethrough while the two
inner units can be dismantled or otherwise removed from

the sealed passage prior to connecting the tunnel sections
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together.  Alternatively the two inne: chaﬁber units
can be rétained within the sealed chamber offthérouter
units provided that their structure is apprbpfiately |
modified to permit extension of therfﬁnnel sections to
form the continuoué tunnel. ; |

With the chamber units coupled together to provide

' the water sealed passage thrbugh which the tube of the

tunnel extendsra-desirableeraturelcanrbe,provided by
arranging fpr the chamber units tOVSéfldngithdinally
displaceable over the tube for the—pﬁfpoée éf maintenance or
servicing of the exterior of the tﬁbe.rrrwith tgis'in,r |
mind the present invéntidn,still further,providés a
tunnel gdmprisipgia submerged tube exteﬁdihg betﬁéenr
support fbundations, saidftube having the form of an
inverted arch to resist upwardfbubyﬁhcy thrust thereon
and there being mounted on the exterior bf the tube a
chamber unit providing With:the eXterior of thé'tubei
a water sealed wofking chamber énd—&herein séidrchamber
unit is longitudinally displaceablelalong the tuﬁe for
servicing the tube. |

As will be appfeciated appfopfiafe water séals'
will be provided bethen the'chamber unit orruhité and

the tunnel sectiodn. Longitudinal displacement of a

CEET O
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chamber unit will usually be effected by fluid pressure
operated means such as hydraulic rams and/or mechanical
means such as a rack and pinion device; displacement of
a chamber unit may be effected by reaction directly
between that unit and the tuhnel section or, in the case
of the inner and outer chamber unit proposal by reaction
directly between the inner and outer units where one unit
will be longitudinally displaced while the other unit
is secured -relative to the tunnel section. - It is
envisaged that the chamber unit or units will generally
be displaced longitudinally without rotation relative to
the tunnel section such as by use of appropriate sliding
seals although alternative displaceﬁent means are
available, for example the or a chamber unit may have an
internal screw thread which mates with a complementary
external screw thread provided on the tunnel secﬁion sO
that the chamber unit is displaced iongitudinally by
rotating it relative to the tunnel section.

One embodiment of the present invention will now
be described, by way of example only, with reference to
the accompanying illustrative drawings, in which:-

Figure 1 diagrammatically illustrates a section

through a cantilevered tunnel section and
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chamber units mounted on such section for
the construction of a tunnel;
Figure 2 diagrammatically illustrates an arrangement
whereby two tunnel sections and associated
5 chamber units similar to that shown in Figure
1 are disposed for construcﬁing a=tunnél from
opposed ends theréof, and
Figure 3 is a similar view to that shown in Figure 2
and diagrammatically illustrates the tunnel
10 ;hen completed‘and having mounted;thereoﬁ a
chamber unit which is longitudinally qisplaceable
along the tunnel for mainténancerand inspection
purposes.
The submerged tunnel is to be constructed between
15 opposed land based support foundations 1 and 2. A generally
cylindrical walled tunnel section 3 is secured in the
foundation 1 so that the tunnel section projects frqm
the foundation below watér level 1a as a cantilever
and the bore 3a of the tunnel section opens to atmosphere
20 through the foundation. The completed tunnel may be
intended for the passage of vehicles and may therefore
include a road surface 4 or a railway ahd may be in the
order of 12 metres diameter being constructed from
reinforced concrete with internal water-proof

25 membranes and textured external rendering. Mounted on
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the free end 5 of the tunnel section 3 is a bottle
shaped chamber unit 6 having a neck part 7 within which
the tunnel section 3 is received. Water seals 8 are
provided between the neck paft 7 and the tunnel section;
the unit 6 is intended to be longitudinally displaceabie
along the tunnel section 3 and the seals 8‘permit
relative sliding movement and remain effective between
the said two coﬁ%onents during their relative
longitudinal displacement. The chamber unit 6 forms
with the bore 3a a working chamber 9 within which the
free end of the tunnel section can be extended as
indicated at 5a, for example by use of shuttering 10
where material is cast on to the existing free end of

the tunnel section or by the addition of pre-cast

elements to lengthen the tunnel section. The chamber 9

"and bore 3a are substantially at atmospheric pressure

and adequate ventilation can be achieved by circulating
fresh air- in the direction of arrow A from the land
base while exhaust air can pass in the direction of
arrow B through ducts 11 located beneath the road
surface 4. To promote rapid curing of the material

cast in the shuttering 10 the chamber 9 can be heated.
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Following,COmpletion of the additidnal partrser
of the tunnel section (and removal of the shutterlng 10)
the chamber unlt 6 is 1ntended to be dlsplaced o
longitudinally over the pert Sg to permlt sufficient .
working area in'the chamber 9 fer the free end of the
tunnel section to be further and progre531vely 1engthened
1f required, spacers 1ndlcated at 12 can be»grov1ded 7
between an'enlar;edidiameterrpart of thejﬁnitrﬁ'and the
tunnel section 3 to,maihtain'apprOpriate al;gnment between
that section and unit; . |

Also mounted oh:the free end of the tunnel-.section 3
is a further bottie-shape§'chamber:unit'13iwithin,which
the chamber umit 6 is whblly received. The unit jj
similarly to the unit 6 has a mouth part;14 with internal

water seals fsrﬁithin whieh the tuhnel'section 3

is received. Agaln 51m11arly to the unlt 6, the chamber
unit 13 is intended to be 1ong1tud1nally dlsplaceable
relative to the tunnel section 3 and this outer unlt
forms a second WOrkin§ chamber 16 whiehrpermits; ih part;
access to the exterior of the tunnel sectlon 3 over the
cylindrical reglon 1nd1cated at- 17 |

The chamber 16 belng water sealed permlts

work to be carrled out on the exterlor of the tunnel
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section 3 over the cylindrical region 17 as aforementioned

and both chamber units 6 and 13 provide effective pressure

- vessels which ensure 'adequate safety for the personnel in the
chamber 9 and in the submerged length of the bore 3a.

The chamber units 6 and 13 are intended to be
displaced longitudinally progressively and successively
over the lengthened parts of the tunnel section 3. For
this latter purp;se, each chamber unit has associated
therewith a clamping uniﬁ indicated at 18 by which the
respective units can be selectively secured against
longitudinal displacement relative to the tunnel section;
the clamping units 18 may be operated by any convenient
means such as mechanical, fluid pressure operated or
electrical.

Relative longitudinal displacement between the units
6 and 13 is effected by rack and pinion units indicated
at 19 operating in conjunction with hyaraulic rams 20.

As shown 4in Figure 1, the driven components of the

device 19 are mounted on the inner chamber unit 6 while

the longitudinally extending racks with which the pinion
components co-operate are mounted on the outer unit 13

and the rams 20 connect between the inner and outer units
to provide a stroke which extends longitudinally thereof.

If required spacer means (not shown) can be provided between

the units 6 and 13 to maintein, or assist in maintaining,

¥

alignment between those units.

BAD ORIGINAL @
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With the outer unit 13 secured by clamp 18 to the tunnel
section 3 the components in devices 19 can be driven

and the rams 20 contfaéted to slidably displace the
inner unit 6 rightwardly in Figure 1 along the newly
lengthened tunnel section until the maximum extent of
displacement of the inner unit 6 rightwafdly in the outer
unit 13 is reached. At this latter stage the inner

unit 6 can be secured by its associated clamp unit 18

to the tunnel section 3 and the clamp unit 18 associated.
with the outer unit 13 released; the pinion components of
devices 19 can now be driven and the rams 20 extended

to displace the outer chamber unit 13 aloﬁg the tunnel
section 3 and rightwardly in Figure 1 to a desired

extent whereafter the unit 13 can again be secured to

the tunnel section 3 priof to rightward displacement of
the inner chamber unit 6 as described above for further
lengthening of the tunnel section.

As will be appreciated from the aforegoing all of
the materials, equipment and facilities necessary for
lengthening the tunnel section are fed into the working
chamber 9 through the bore 3a.

Desirably-the chamber 16 is maintained at a greater

pressure than that in chamber 9 to relieve pressure On
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the seals 15 and for this purpose an air compressor 21
is provided. Air locks and de-compression chambers 22
and 23 are provided to permit access between the chamber
9 and the chamber 16 and between the chamber 16 and the
water (the latter being convenient for external
inspection). A watér pump/sump 24 is provided in the
outer chamber unit 13.
As the cantilevered length of the tunnel section 3
is progres;ively increaséd from the base foundation 1
the upward buoyancy thrust on the free end of t@e tunnel
section (by which is included the buoyancy attributed
to the chamber units) increases. To restrain upward
movement of the free end of the tunnel section as a
resulf of this buoyancy thrust the outer chamber unit 13
is anchored to the sea bed by a hawser 25 extending
from a winch 26 (mounted in the unit 13 to an appropriate
sea bed anchorage 27. As the outer chamber unit 13 is
progressively displaced along the progressively lengthening
tunnel section 23 the winch 26 can be operated to vary
the length of the hawser 25 to maintain the free end
of the tunnel section at a predetermined depth of
submergence. As will be appreciated, several such

anchoring devices can be provided.
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If required, the tunnel section 3 can be
lengthened and the chamber units 6 and 13 progressively
displaced to extend that tunnel section from tﬁe base
foundation 1 to the opposing foundation 2 while the
submerged depth of the tunnel section is controlled by
appropriate anchorages. Preferably however the tunnel
is constructed by progressively lengthening(in a similar
manner to that previously described two similar tunnel
sections extending in cantilevered manner from the
base foundations 1 and 2 and at opposite ends of the
effective tubular tunnel which is to be formed.™ This
breference is iilustrated in Figure 2 where, for
convenience, the same parts or members associated with
with the second tunnel section as'those associated with
the first tunnel section 3 are indicated by dashed
references having the same nﬁmerals. rAs the tunnel
sections 3 and 3' are progressively lengthened towards
each other their respective depth of submergence and
alignment may be controlled by the winches 26 and 26°'
which, for convenience, are connected with the anchorage

27 (which is common to both wincheg and may be situated
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beneath what will be the mid-length position of the
tubular tunnel when completed. The tunnel sections 3

and 3' are extended until the ocuter chamber units 13

and 13' can conveniently be coupled together in alignment.

To facilitate such coupling the chamber units are
provided with mutually co-operable docking means 28, 28°
which move into engagement with each other and can be
welded, bolted or otherwise joined together as indicated
at 29 in Figure 3 to provide a water seal. Following
the sealed connection of the two outer units, bulk heads
{shown at 30 in Figure 1) in the walls of those units
are removed to provide a passage which extends
longitudinally through the water sealed cbupling 29 and
within the enlarged chamber formed by the combined
chambers 16 and 16°'. The inner chamber units 6 and 6°'
are now dismantled and conveniently removed through the
bore of the tunnel sections. One or both of the tunnel
sections 3 and 3' is now lengthened to join with the
other tunnel section within the enlarged chamber 16, 16"
to complete the tubular tunnel as shown at 31 in

Figure 3.

From Figure 3 it will be seen that the completed
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tunnel 31 is spaced from the sea bed and may be regarded
as a "submerged floating tunnel". Furthermore, the
tunnel 31 has the form of an inverted arch which resists
the buoyancy thrust thereon and, if required, the
anchorages 25, 25' can be removed. . |

Following completion of the tunnel 31 the coupled
chamber units 13, 13' are preferably retained to
provide the water sealed chamber 16, 16' and these
units can be longitudinally displaceable over the
length of the tunnel to permit servicing and maintenance
of the exterior of the tunnel as and when necesSary.
Any convenient means can be provided for longitudinally
displacing the combined units 13, 13' fo; example the
units ma§ be connected by hawsers to winches on the
base foundations 1 and 2 which are controlled as
necessary to move the units over the tunnel.

Usually the tunnel section or sections will extend
between 6bposed land bases so that the tunnel lies in
a single vertical plane and in plan view is subhstantially
straight - this permits maximum advantage to be taken

of the inverted arch form of the tunnel to withstand the
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buoyancy thrust. It is to be realised however that

the present invention is applicable to the construction
of a submerged tunnel which extends other than in

a single vertical plane between opposed base foundations,
that is to say the tunnel may be curved in plan view

and although it may still have a substantially arch-like
form in side elevation the curvature in plan view may
require anchorages to resist the buoyéncy thrust.
Furthermore, to counter variations in upward buoyancy
thrust that may occur on the tunnel section or sections
during their lengthening as a result of the movement

of heavy loads (such as material and equipment) along
those sections, it may be desirable that the winch
devices 26 provide self (automatic) levelling and/or
that buoyancy tanks are incorporated within the tunnel
sections or in the working chambers, such tanks being
optionally water filled or air blown to vary the

effective buoyancy of the tunnel sections as required.
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1. A method of constructing a submerged ﬁunhel in situ .
which comprises,providihg'arlongitudina11Y—exténding
substantially cantileverea'tunnelrseétion with a chamber
unit mounted on the free end théreof so that the chamber'
unit and bpre of the tunnel section érovide a water
sealed working chamber; lengthening therlbngitﬁéinal
extent of the'tunnel sectionrﬁithin thé chéﬁber unit, and
displacing the chamger uﬁit iongitudiﬁally fe1ati§e to
the tunnel section over,therlengthehedrpart thereof to
pernit further lengthening of the tunnel;sécfion within
the chamber unit. |

2. A’method as claimed in cléim j,Which'éompriSes
mounting two chamber units on the freé:eﬁd'ofrthe tunnei
section with one chamber unit located wholly within the
other chamber unit so that the inner chamber unit provides
with the boretof the tﬁnnelrseétion a first'workihg

chamber and the outer chamber unit provides with the
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exterior of the inner unit a second working chamber
within which there is access to the exterior of the tunnel
section; lengthening the longitudinal extent of the
tunnel section within the inner chamber unit, and
displacing the inner and outer chamber units longitudinally
with_respect to the tunnel section over the lengthened
part thereof.
3. A method as claimed in claim 2 which comprises
providing a watef’séal'betweenreaéh chamber unit and the
tunnel section.
4. A metﬁod as claimed in either claim 2 or claim 3
which comprises maintaining a greater pressure in the

-

second working chamber than that in the first wqQrking

chamber.

5. A method as claimed in any one of the preceding
claims_which comprises maintaining the pressure in the

or the first working chamber substantially at

atmosphericrpressure.

6. A meghod as claimed in any one of the preceding

claims which comprises restraining the free end of the

tunnel section in a submerged condition by anchoring.

7. A method as claimed in any one of the preceding

claims which comprises forming the tunnel as an inverted

arch to resist the upward buoyancy thrust thereon.

8. A method as claimed in any one of the preceding

claims which comprises providing two said longitudinally
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exéendiné-substantially cantileveredrtuhnel sections
with chamber unifs mounted on the free ehds thereof
within which lengthening of the longitudinal extent of
thé respective tunnel Sections'is effected; locating
'fhe first of the tunhel sections and its,aSchiated
chamber unit at a location corresponding to one end of
the tunnel which is to be constructed and'lqcatihg,the
second of the tunnel'secﬁibns éna its;assqciéted chamber
unit at a 1ocatiqn corresppnding to the other end ofrthe
tunnel which is to be construcfed; 1engthening the
respectives= first and.sééond tunnel'sectiéns towards
each other until the chambér'units,of,the respective
 tunnel sectionsrcah be coupled togetherf, céu?ling the
chamber units together; prOViding'a,longitudinélly
extending water sealed passage between thé chémber units,
and lengthening at'least one of the tunﬁel;sections to
extend through the sealed passage to ¢0nne¢t the two
tunnel sectiohs togetheﬁ and provide cdntinuity of the
tunnel.r

9. A method as claimed iﬁ claiﬁrs when appendant to
claim 2 in.which each of the first and second tunnel
sections has mountedrthereon arsaid inner and a said
outer chamber unit and which comprises coupling,togeﬁher

the two said outer chamber units; providing the
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longitudinally extending sealed passage between the outer
chamber units; removing at least part of the two

inner chamber units from the notional extent of the
tunnel through the sealed passage and lengthening at
least one of the tunnel sections to connect the first

and second tunnel sections with each other.

16.- A method as €laimed in claim 9 which comprises wholly
removing the two inner chamber units

Erom wiéhin ' the outer chamber units

prior to lengthening the first and second tunnel sections
to connect with each other.

11. A method as claimed in any one of claims 8 to 10
which comprises securing together the chamber units which
form the sealed passage and mounting thoce chamger units
on the tunnel sections so that they are longitudinally
displaceable in combination along the exterior of the
+unnel when constructed for servicing purposes.

12. Means for constructing a submerged tunnel in situ
comprising a longitudinally extending substantially

cantilevered tunnel section; a chamber unit mounted on
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the free end of the tunnel section so that that unit

and the bore of the tunnel section provide a'watér sealed
wofking chamber within which the longitudinal -extent of
the tunnel can be lengthened in the chamber unit, and
means for displacing the chamber unit longitudinally
relafive to the tunnel section over the lengthened part
thereof to permit further lengthening of the tunnel  _
section within the chamber unit.

13. Means as claimed in claim 12 and comprising two
chamber units mounted Onithe free end of the tunnel
section with one of the chamber units being located
wholly within the other, the inner chamber*unit periding,with
the bore of the tunnel section a first working'céamber and
the outer chamber unit providing with the exteribr,of the
inner unit a second working chamber within which there

is access to the exterior of the tunnel section,rand
means for displacing fhe inner and outer'chamber units
longitudinally with respect to the tunnel section to
permit lengthening of the tunnel section withinfthe.
inner chaﬁber unit. |

14. Means as claimed in claim 13 in which the inner
and outer chamber units are iongitudinaliy displaceable

relative to each other and to the tunnel section.
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15. Means as claimed in claim 14 in which displacement
of the inner and outer chamber units is effected by
means which reacts between those units so that when one
of the units is secured from longitudinal displacement
relative to the tunnel section the other unit is

displaceable longitudinally by reacting against the

wron

said secured unit and vice versa. ' .
16. Means as claimed in any one of claims 13 to 15 in
which both the immer and outer chamber units are in

water sealed engagement with the tunnel section.

17 . Means as claimed in any one of claims 13 to 16 in

which means is provided for maintaining the pressure in

-

the second working chamber greater than that in “the

first working chamber.

18. Means as claimed in any one of cléims 13 to 17 in
‘which spacer means is provicded between the inner and

outer chamber units to maintain relative alignment between

those units.

19. Means as claimed in any orne of claims 12 to 18 in
which the§br each chamber unit is substantially
bottle-shaped having a neck portion within which the
tunnel section is received and which neck portion is

in water sealed engagement with the exterior of the

tunnel section.
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20. Means as claimed in any one of claiﬁs 12 to 19 in
which the or at least one of the chamber units is
longitudinally displaceable relative to the tunnel
section by non-rotatable longitudinal sliding movement
over the exterior of the tunnel section.

21, Means as claimed in any one of claims 12 to 20 in
which the or at least one of the chamber units has

an intefnal thread which engages with a complementary
thread on the exterior of the tunnel section and
longitudinal displacement of the chamber unit is effected
by rotation of the unit relative to the tunnel section.
22. Means as claimed in any one of claims 12 €6 21 in
which longitudinal displacement of the or a cha%ber
unit is effecﬁed by at least one of fluid pressure
operated ram means and co—opéraﬁing rack and pinion
‘means.

23. Means as claimed in any one of claims 12 to 22

and comprising anchoring means for retaining the free-
end of the tunnel section at a desired . submefged
depth.

24. Means as claimed in claim 23 in which the anchoring
means cbmprises a winch device carried by the, or one of

the chamber units.

' .
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25. Means as claimed in any one of claims 12 to 24 and
comprising two said longitudinally extending
substantially cantilevered tunnel sections each having

a éaid chamber unit mounted on the free end thereof
within which the lengthening of the respective tunnel
sections is effected, a first of the tunnel sections and
its associated chamber unit being located at a position
corresponding to one end of the tunnel which is tb be
constructed and the second of the tunnel sections and
its associated chamber unit being located at a position
corresponding to the other end of the tunnel which is

to be constructed; the charber units associated with
said first and second tunnel sections being caéable

of being coupled one with the other and their structure
modified to provide a water sealed passage extending
longitudinally therethrough, the arrangement being

such that the first and second tunnel sections can be
lengthened towards each other until the chamber units

of the respective tunnel sections can be and are

coupled together and their structure modified to provide
the water sealed passage between the chamber units and
thereafter at least one of the tunnel sections lengthened
to extend through the sealed passage to connect the two
tunnel sections together and provide continuity of

the tunnel.
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2. Means as claimed in claim 25 in which the two chamber
units which are intended to be éoupled together are
movable into engagement one with the other and iﬁclude
means to facilitate alignment and docking ofrthose units.
27. Means as claimed in either claim 2> or claim % Qhen
appendant to claim 13 in which each of the first and
second tunnel sections has an innei and én outer chamber
unit mountéd thereon, the respective outer chamber units
being intended to be coupled together and their

structure modified to provide the water sealed ﬁassage
between those units aﬁd at least part of each of the

two inner chambeé units being removable from the notional
extent of the tunnel through the'sealédrpassage to

permit the first and secoﬁd tunnel sections to connect:
with each other. |

28 . Means as claimed in claim 27 in which the two

inner chamber units are remowvable from the water sealed
passage formed by the two outer chamber units prior to .
connecting together the first and second tunnel

sections through the sealed passage.
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29 . A tunnel comprising a submerged tube extending
between support foundations, said tube having the
form of an inverted arch to resist upward buoyancy
thrust thereon and there being mounted on the exterior
- of the tube a chamber unit providing with the exterior
of.the tube a water sealed working chamber and wherein

said chamber unit is longitudinally displaceable along

the tube for servicing the tube.
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