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To all whom it may concern:

Be it known that I, JESSE W. RENO, of the
city of New York, in the county and State of
New York, have invented a new and useful
Improvement in the Construction of Tunnels
for Railways and for other Purposes, which
invention is fully set forth and illustrated in
the following specification and accompanying
drawings.

The object of this invention is to provide a
tunnel for railways which may be constructed
in locations where soft or wet ground will be

- encountered, such as sands, elays, and quick-
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sands. ‘

The invention will first be described in de-
tail, and then particularly set forth in the
claims.

In the accompanying drawings, Figure 1
shows a transverse sectional -elévation of a
railway -tunnel construction embodying my
invention located under a city street and ca-
bleroad-bed. Fig.2showsalongitudinalside
view of one of the girder-panels forming the
casing of the tunnel hereinafter deseribed.
Fig. 3 is a cross-section taken through Fig. 2
at the line a b.

In said figures the several parts are respect-
ively indicated by reference-letters, as below
described.

The method of constructing the tunnel is
as follows: A rectangular hydraulic cutting-

shield of any approved design, having a cut-:
ting-edge of the same outline asthe periphery

of the tunnel proper, is placed in position in
an underground heading. Flanged girder-
panels A, (shown enlarged in Fig. 2,) which
form onesection of thetunnel-casing, are then
placed in position within the backwardly-pro-
jecting shell of the header-shield. These
flanged girder-panels are preterably made of
cast-iron, having the curved shape shown in
Fig. 2 and of a cross-section such as shown
in Fig. 3. The flanges K of said panels in-
crease in sectional area along their upper
edges, as shown in Fig. 3 at the points K,
thus adding greatly to their strength. Said
panels are also provided with a cross-web J,
Figs. 2 and 3. At the four corners G of the
tunnel proper said panels are provided with
flanges g, the angles of the faces of which are
preferably forty-five degrees, and through
which bolts may be passed to secure two pan-

els together. A tarred packing may be in-
serted between said flanges, if desired, thus
making said corners G water-tight. To resist
the tendency of one panel to slip upon the
otherin the direction of the faceof the flanges
g, dae to inward pressure upon the roof, floor,
or sides of the tunmel, a key or dowel-pin,
preferably round in cross-seetion and about
eight inches inlength, may be driven into the
hole or keyway m, provided in said flanges.
The pin or key extending half in one pair of
panels and half in the adjacent pair longi-
tudinally of the tunnel and also into a “half-
hole” in each panel, as indicated at m, Fig. 2,
will thus tie together four adjacent panels at
the corners G,

The panels A are bolted together through
their flanges K by means of bolts passed
through holes I in said flanges. At the four
points H said panels are also bolted together
by bolts passed through their flanges 7.

The letter B indicates vertical columns,
and C transverse girders, said columns and
girders being erected along the tunnel at the
points where four of the girder-panels A come
together. The vertical member or column B
is in one piece, and preferably an I-beam
shape, so that the transverse I-beams C Cecan
be easily attached to it. At the points of in-
tersection of the vertical and horizontal mem-
bers B C are fixed short iron or steel beams,
preferably I-beams, (shown in section at E,)
which eonnect adjacent columns and serve to
brace or stiffen the members B and C along
the axis of the tunnel. At the four positions
H each girder-panel A may be provided with
a projecting lug or shoulder, which will thug
secure in position in the manner of a socket
the vertical and transverse bracing-beams B
and C.

_In order to fill in the space left by the hood
of the shield as itis advanced by the hydrau-
lic jacks, a grouting of liquid cement may be
forced in through holes made for that pur-
pose in the panels composing each Dbelt or
section of the tunnel. Such grouting will pro-
tect the iron from corrosion and seal up all
cracks.

It will be evident that when the flanged
girder-panels A are bolted together through
their flanges they form.a very strong tunnel-
casing, impervious to water and other fluid
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substances in the soil. As their name im-
plies, said panels act as girders to resist the
external pressure upon the tunnel in both
vertical and horizontal directions. By this
construction there is obtained a very great
economy in space over tunnels of circular
cross-section because of the necessarily rect-
angular outline of the standard cars. The

panels A are preferably about two feet in.

width—that is, in their dimension parallel
with the axis of the tunnel—so that the hori-
zontal and vertical braces B C will occur at
intervals two feet apart along the tunnel. In
order to further economize space and also to
reduce the cost of construction, the horizon-
tal braces or girders C C may be used as cross-
ties for the upper pair of railway-tracks and
guard-rails, as shown in Fig. 1.

It will be observed that while the horizon-
tal and vertical braces B C are preferably
only about two feet apart, thus giving a very
strong construetion tothetunnel proper, they
yet leave it practically open in the interior
and give opportunity for the air to circulate
between the four trackways, thus permitting
of a singlesystem of ventilation for the whole
tunnel containing all the four tracks. This
open interior structure of the tunnel proper
is also of great importance whenit iscontem-

plated to run trains through the tunnel at |-

high speed, for in this case the air-resistance
becomes a large factor, unless, as in this con-
struction, opportunity is given for the air to
part in front of the rapidly-moving train.
Another advantage is that the track-inspect-
ors and workmen may stand in the openings
between the vertical columns B, so that they
will be out of danger from passing trains.
As shown in Fig. 1, a board walk F is pro-
vided for their use for said purpose.

The design of the flanged girder-panels A
is such that practically all the space within

the iron shell of the tunnel proper can be'|.

utilized. Thus the cross-ties for the lowerset
of tracks can be set in cement in the spaces.

469,453

between the flanges of the girder-panels com-
posing the floor of the tunnel, as shown in
dotted lines D in Fig. 1. The corresponding
spaces in the panels composing the roof of
the tunnel may be utilized for locating insu-
lators to support electric conductors or wires
about six inches above the roofs of the cars.
The spaces between the transverse girders C
C will also afford ample room for locating in-
sulators to support electric conductors for the
lower pair of car-tracks.

Having thus fully described mysaid inven-
tion, I claim—

1. In a subterranean railway structure or
tunnel,the combination of girder-panelsform-
ing the sides, floor, and roof of the same, and
vertical and horizontal beams or bracesdivid-
ing the structure into four compartments or
trackways, substantially as and for the pur-
poses set forth.

2. In a subterranean railway structure or
tunnel, the combination of girder- papels
forming the sides, floor, and roof of the same,
vertical and horizontal beams or braces abut-
ting againstadjacent panels at their common
points of interseetion, and shorter beams or
braces attached to said vertical and trans-
verse beams at their points of intersection,
substantially asand for the purposes setforth.

3. A girder-panel for subterranean railway
structures or tunnels, consisting of a curved
shell and interior side flanges and having an
interior mitered end flange provided with a
keyway for the insertion of a locking pin or
key.

4. In a subterranean railway structure or
tunnel, the combination of a series of girder-
panels united by bolts and locking dowel-
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pins or keys, substantially as and for thepur-

poses set forth.
JESSE W. RENO.

Witnesses:
JACOB WASHBURN,
FraNcis P. REILLY.




