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In the construction of subaqueous or other
shield-driven railroad tunnels, particularly
for subways, it is usually advisable to con-
struct a station not far from the edge of the

8 riveror atleast in the soft ground portions of
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the tunnel: Such tunnels are ordinarily com-
posed of two independent parallel cast-iron-
lined tubes driven with shields under com-
pressed air. Stations such as those referred
to are customarily built by the removal, seg-
ment by segment, of the adjacent portions of
the cast-iron lining of the two tubes and the
piecemeal construction of a passageway be-
tween them that will serve as an 1sland sta-
tion. Such construction has proven difficult,
dangerous and exceedingly slow. ‘
On_account of the difficulties previously
experienced, I have devised an improved
method of and means for constructing a sta-
tion or enlargement in soft ground between
parallel tubes previously driven. Among the
objects of this invention are to expedite very
greatly the construction of such stations, to
reduce the cost of such work materially, and
to prevent settlement of the surface and con-

sequent disturbance of superincumbent struc-

tures or public utility facilities beneath the
surface of the ground. ‘

My invention consists of the driving of a
new tunnel arch between the tubes, prefera-
bly by the tunnel plate method, the haunches
of sa1d arch being supported upon the shells
of the two tubes and the shells of the tubes
being in turn supported interiorly by up-
right timbers or other temporary struts or
supports, so as to permit the subsequent re-
moval of the portions of these shells adja-
cent to one another. The tunnel plates are
supported immediately after placing by arch-
rings made of structural members, and, dur-
ing the subsequent excavation and construe-
tion of the interior portions of the station,

these arch-rings act as true arches and their

end reactions are transmitted through the
tube linings to the timbers or internal sup-
ports hereinbefore mentioned. It is, of
course, necessary subsequently to- remove
these timbers, and the overlying loads car-
ried by the arch must then be transmitted
through suitable structurable members to ‘a
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new floor slab directly beneath the arch. The
top portions of the arch-rings are therefore
preferably constructed so as to serve as beams
orgirders after the loads are transferred to

the permanent structure and through it to the -

floor slab, and the temporary supporting tim-
bers are removed.: In practice, said top por-
tious constitute bow-string trusses.

In more detail, the process of construction
isas follows :— . ‘

The tube tunnels are supported interiorly
by properly placed struts; preferably of tim-
ber. The arch tunnel is driven, preferably
by the'so-called tunnel plate method, above
and between the two tubes, and the'overlying
load is supported by arch rings bearing at
their ends against the tops of the tunnel
linings.. The material bensath the arch and

“between the tubes is removed to a level ap-

proximately that of the bottom of the tubes
and a-concrete or other foundation slab is
placed. - The linings of both original tubes
between the foot of the arch and the top of
the new floor slab are removed; horizental

struts being supplied as required to take care

of the lateral pressire of the earth outside
of the tubes. The permanent structural
framework: of the station is constructed in
the open space beneath the arch, but the final
clostires. between this structural framework
and thie bow-strings and between the frame-
work and tunnel linings are not made at this
time.  Suitable jacking means ave provided
between' the structural framework of the sta-
tion and roof of the station tunnel, the frame-
work is-stressed to a degree determined in
accordance with the expected final load, and
while this stress is maintained the closures
referred to are made. ‘

In the accompanying -drawings forming
part hereof:: U Lo

Fig. 1 is a vertical longitudinal section of
a station'in course of construction, including
a-completed portion, intermediate portions
being broken out to economize space on the
drawings & - ; E

Figs. 2-7 are sections taken on correspond-
ing section lines of Fig. 1 illustrating differ-
ent steps or stages in the method; and
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Tig: 8 is a fragmentary sectional view on a
larger scale. ’ ’ ,

The shells of the two previously driven
tunnel tubes arve marked 2, these shells being
preferably composed of usual cast-iron seg-
ments. As a preliminary, these shells are
braced internally, for a distance-correspond-
ing to the length of the station to be con-
structed, by timber struts 3 wedged between
the concrete inverts 4 and the upper segments
of the shells. The timbering also preferably
includes transverse braces.5. : ‘

While the steps of constructing the station.
‘are successive, it will be understood that they
15

progress simultaneously at different points
along the length of the station location, as
indicated in Fig. 1. S
At the head end of the work; an arched
top heading 26 is driven, this top heading
being supported promptly as it is advanced,
by means of known pressed  steel tunnel
plates 6, which are temporarily braced by.
trench jacks or the like 7. '
Following thereafter, curved structural
members 8, preferably of channel section,
having chord members 9, are placed beneath
the tunnel plates on temporary supports 10,
and are wedged up against the plates. The
trench jacks are removed, and lower curved
channel members 11 are placed between the
ends of the members 8 and longitudinal sills
12 resting on the tube shells, and are wedged
tight.” The members 8, 11 then constitute
arch-rings-or arch-ribs which carry the over-
lying earth load and the load of any super-
imposed structures, and apply their end re-
actions to the tunnel shells, which in turn are
supported internally by the struts 8. The
temporary posts can then be removed. -
 The upper bench being then excavated;

transverse track sills 13 may be laid, these .
track sills being useful also for transverse

bracing. The lower bench is excavated, and
the concrete 14 is placed on the sub-grade.
At this stage the segments of the inner or
adjacent portions of the tunnel shells are
removed. T .
The permanent structural steel work of

" the station, including, for example, uprights

50
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15, lower transverse members 16, upper
transverse girders 17 and longitudinal gird-
ers 18, is erected on the floor slab. * The con-
erete of the platform is poured up to the top
o the transverse channels 16. - :
Temporary longitudinal girder beams 19

hydraulic jacks 20 and posts 21 are inter-
posed between these temporary girders and
the ends of the bow-string trusses. The jacks
are then actuated to impose on the framework
of the station a downward stress closely ap-
proximating the expected final loading of
the station. Then, and not until then, the

final closures are made between the arches -
<3 and the framework of the station, and like-

1,800,819

wise between thié strilcture and ‘the sheﬂs 7

_of the tubes. .

The closure between the framework and
the bow-string trusses forming the roof
beams is formed by placing the concrete 23
of the upper or mezzanine part of the struc-
ture.- The closures between the framework
and the tube shells consist of special castings

24 and 25 wedged between the tube segments

and the framework: :

‘Tinally, the bracings in the tubes are re-
moved and the concreting inside the tubes
ig'completed.” - o

Cerfain of the tunnel plates are provided

with “openings through which grout is .

pumped outside of the lining in the first in-
stance, and in order to havé the metal of the

station roof.surrounded on all sides by: con--

crete, concrete blocks 22 may be interposed
Letween the tunnel plates and the arch-rings.

* While the preferred mode of execution has

been described in some detail, it will be un-

derstood that the procedure and the elements

which enter into it may be modified within
the scope of the invention as-defined in the
claims: . e

T eclaim: Cielw” .

1. In the construction of a station or en-:
largement in tunnel between two previously

driven tunnel. tubes, the excavation of said .
station or enlargement under the protection-

of arch-rings bearing upon the top of the
shells of the tubes; the shells in turn being
supported by temporary struts within - the
tubes. . ' ;- , S
- 9. A method of constructing a station be-
tween two previously driven tunmel tubes,
which comprises tunneling the station under
the protection of arches, causing said arches
to bear upon the tops of the shells-of the
tubes, and supporting the shells in turn by
temporary internal struts, thereafter taking
out the adjacent portions of the shells, con-
structing the interior of the station, and
eventually transferring-the reaction of the

load -overlying the station.from - the tube:
shells to the permanent. structure, diregtly_

beneath. . . Sinieho .
3. A method of constructing a station be-

tween two previously driven tunnel.tubes,

which comprises tunneling the station under
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the protection of areh-rings which are placed -

to bear upon the tops of the shells of the

tubes while the shells are supported in turn -

] , -by temporary internal struts, the top por-
are placed on the transverse girders 17, and

tions of said .arch-rings being adapted. to
serve eventually as roof beams, removing the

“adjacent portions of the tube shells, construct-

ing a permanent framework in the-station en-

largement, connecting said beams with said-

framework as parts of the permanent struc-
ture, and thereafter removing the temporary
struts from the tubes. ‘ IR

4. A method of constructing a station or

enlargement in tunnel between .two . pre-
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viously driven tunnel tubes, said method in-
volving the provision of arch-rings the top
portions of which are adapted to serve
eventually as roof beams, the method com-
prising placing temporary supports inside
the tube shells, excavating an arch tunne] be-
tween the tubes and progressively placing
sald arch-rings so that they bear on the tops
of the tube shells, completing the excavation
of the station or enlargement beneath the
protection of the arch-rings, constructing #
permanent structure in said enlargement,
and eventually incorporating said beams in
the permanent structure so that the over-

ying load which they carry is transferred.

from the tube ghells.

5. A method of constructing a station be-

tween two previously driven tunnel tubes,
which comprises placing temporary sup-
ports in the interior of the tube shells, tun-
neling between and above the tubes, pro=
gressively placing plates and arch rings to
carry the overlying load and applying the
end reactions of said rings to the tops of the
tube shells, completing the excavation for
the station under the protection of said rings,
laying a floor slab, removing the inner sec-
tions of the tube shells-down to the floor slab,
constructing the station structure on said
floor slab, and eventually transferring the
reaction of the load on the top portions of the
arch-rings from the tube shells to said station
structure.

6. A method of constructing a station be--

tween two previously driven tunnel tubes,
which comprises placing temporary supports
in the interior of the tube shells, driving an
arch tunnel between and above the shells,
placing arches to carry the overlying load
and to apply their end reactions to the tops
of the tube shells, completing the excavation
for the station under the protection of said
arches, removing the adjacent portions of the
tube shells, constructing a foundation and a
permanent station structure in the excava-
tion thus protected, stressing the station
structure to a degree corresponding to its
expected final load by jacking between the
structure and the arches, and making a clo-
sure between the station structure and the
arches while this stress is maintained.

7. A method of constructing a station be-
tween two previously driven tunnel tubes,
which comprises tunneling the station under
the protection of arches, causing said arches
to bear upon the tops of the shells of the
tubes, and supporting the shells in turn by
temporary internal struts, thereafter taking
out the adjacent portions of the shells, lay-
ing & foundation for the station at the bottom
of the excavation between the tubes, erect-
ing a permanent framework thereon, stress-
ing said framework to a degree correspond-
ing to the expected final load, and while said

> stress is maintained making closures between

3

the framework of the station and the arches.

8. A method of constructing a station be-
tween two previously driven tunnel tubes,
which comprises tunneling the station under
the protection of arches, causing said arches
to bear upon the tops of the shells of the
tubes, and supporting the shells in turn by
temporary internal struts, thereafter taking
out the adjacent portions of the shells, laying
a foundation for the station at the bottom of

the excavation between the tubes, erecting a-

permanent framework thereon, stressing said
iramework to a degree corresponding to the
expected final load, and while said stress is
maintained making closures between the
framework of the station and the arches and

between the framework and the shells of the.

tubes. ‘

9. In'the construction of an island station
in soft ground, the combination with two
previously driven tunnel tubes, of temporary
supports in said tubes, tunnel plates and arch-
rings carrying the load overlying an arch
cunnel driven between and above said tubes,
the ends of said arch-rings bearing on the
tops of the- tube shells so as to transmit the

-roof load to the temporary supports within

the tubes, and the top portions of the arch
rings being constructed so as to form root
beams of the station. :

10. In the construction of an island station
in soft ground, the combination with two
previously driven tunnel tubes, of temporary

‘supports in said tubes, tunnel plates and

arch-rings carrying the load overlying an
arch tunnel driven between and above said
tubes, the ends of said arch-rings bearing on-
the tops of the tube shells so as to transmit
the roof load to the temporary supports with-
in the tubes, and the top portions of the arch
rings being constructed so as to form roof
beams of the station, and means for relieving
the supports within the tubes of the roof
load and transferring it to a permanent
structural framework resting upon founda-
tions between the tubes.

FRANCIS DONALDSON.
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