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UNITED STATES PATENT OFFICE. 
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TUNNEL CONSTRUCTION AND METHOD AND APPARATUS FOR FORMING THE SAME, 

No. 836,215. Specification of Letters Patent. Patented Nov. 20, 1906. 
Application filed March 5, 1906, Serial No. 304,310, 

To all, Luhon, it inval/ conce77. 
Be it known that I, JESSE W. RENO, of 

New York, in the county of New York and in 
the State of New York, have invented a cer 
tain new and useful improvement in Tunnel 
Construction and Method and Apparatus for 
Forming the Same; and I do hereby declare 
that the following is a full, clear, and exact 
description thereof, reference being had to 
the accompanying drawings, in which— 

Figure 1 is a partial vertical longitudinal 
section illustrating a tunnel provided with 
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my reinforcing-girder and also illustrating an 
apparatus for the practice of my method of 
constructing said girder. Fig. 2 is a horizon 
tal sectional view taken in the plane of the 
bottom of the tunnel as illustrated in Fig. 1, 
the positions of the manholes being indicated 
by dotted circles. Figs. 3 and 4 are vertical 
sectional views taken, respectively, on the 
lines 33 and 44 of Fig. 1; and Figs. 5 and 6 
are detail views. 

25 

35 

45 

The objects of my invention have been to 
provide an improved tunnel construction 
embodying the generic idea in tunnel con 
structions which is covered by the Letters 
Patent granted to me March 24, 1903, No. 
723,307, but illustrating a different specific 
embodiment of said generic idea, to provide 
an improved method of forming such tunnel 
constructions, and to provide improved ap 
paratus for practicing said method; and to 
such ends my invention consists in the tun 
nel construction and method and apparatus 
for forming the same, substantially as herein 
after specified. 

In carrying my said invention into prac 
tice as illustrated in the said drawings I pro 
vide a tunnel 10, placed in position in any 
desired manner and having any desired con 
struction, except that it is provided with man 
holes 11 or other form of opening for a pur 
pose to be explained. I prefer to have the 
tunnel formed of metal plates 10 and to 
have it form a complete circle, so that the 
strength of the tunnel is not impaired in any 
way. Beneath the tunnel is a reinforcing 
girder 12, which, as stated in my said patent, 
is provided to give the tunnel strength longi 
tudinally, so that it can bear the concen 
trated weight of a locomotive or the distrib 
uted weight of a train without bending, even 
though the earth through which it is driven 
may not afford a good support. Said girder 

is also for the purpose of giving weight to the 55 
tunnel, so that it will not tend to rise or float 
in soft material in which it may be embedded. 
Said girder also serves the purpose of absorb 
ing the shock and vibration of passing trains, 
and thus avoids their transmission to the 
surrounding earth and the harmful loosening 
effect that would follow. 
The girder 12 consists of a body formed of 

concrete or other similar material which fits 
the bottom of the tunnel and is secured there 
to by bolts 13, such bolts passing through 
such bottom and having heads or nuts on the 
upper side thereof and also having heads or 
nuts that are embedded in the concrete. In 
the lower portion of the body of concrete lon 
gitudinal metal rods 14 are embedded, this 
being the portion of the girder which is sub 
jected to tensile strains by weight in the tun 
nel. Embedded in the body of the girder is 
a preferably rectangular pipe 15, winich may 
serve as a drain. In the completed tunnel 
the manholes 11 are preferably covered by 
plates 16, that are secured in place by bolts 
17, anchored in the body of the girder. The 
completed tunnel is also provided with a ce 
ment lining 18 and with a road-bed 19 and 
track 20. - 

In constructing the above illustrated tun 
nel by the practice of my method preferably 
use my improved apparatus for the purpose, 
which comprises what I shall term a 'work 
ing chamber.' Such chamber consists of a 
sheet-metal bottom 21, sheet-metal sides 22, 
and top plates 23, which extend from the side 
plates inward, the adjacent edges of said 
plates being separated a distance preferably 
equal to diameter of the manholes in order 
that the working chamber may be guided on 
flanged rings 24, that are temporarily seated 
in the manholes and project sufficiently be 
low the tunnel to engage and guide the adja 
cent edges of the top plates. 
The working chamber is preferably braced 

by longitudinal I-beams 25 on the bottom 
and top plates and by Cross I-beams 26 on 
the sides, top, and bottom; but any other 
form of bracing can be used. The working 
chamber is provided with an excavating 
head 27 of any construction, but preferably 
one suitable for being forced into the mate 
rial beneath the tunnel in order that the ma 
terial ahead of such chamber may be exca 
vated. Such head may have the usual cut 
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ting edges 28 and a shelf 29 to direct a por 
tion of the material displaced into the upper 
manholes 29. 
At the rear end the bottom and side plates 

extend some distance beyond the bracing; 
but the top plates terminate farther forward 
for a purpose to be explained. 
A bulkhead 30 closes the space between 

the bottom of the tunnel and the bottom and 
side plates of the working chamber, and such 
bulkhead has formed in or attached to it a 
number of cylinders which are preferably ar 
ranged four at the bottom of the bulkhead 
and four at its top. If the pistons do not 
come in line with the I-beams 25, a cross 
plate or frame 33 may be provided for the 
pistons to bear against. Means are provided 
to produce pressure, preferably by means of 
water, in the cylinders to force out the pistons. 
The bulkhead is provided with holes 34, 

through which the rods 14 may be passed, 
and with an opening 35, by which the sec 
tions of the pipe 15 may be set into place. A 
clamp 36 is secured to the bulkhead in order 
that the latter may be secured to the pipe 15 
for a purpose to be explained. The bulk 
head is also provided with manholes 37, by 
which a man may pass to a space back of the 
bulkhead and by which concrete may be in 
troduced into such space. 

In the practice of my method of forming a 
strengthening-girder under a tunnel, as illus 
trated in the formation of the above-illus 
trated girder, using the above-illustrated ap 
paratus the working chamber is gotten into 
position under one end of the tunnel by mak 
ing a suitable excavation or in any other de 
sired manner. Apartition having an air-lock 
is preferably located in the tunnel at a point 
nearer the open end of the tunnel than the 
manholes 11, giving access to the working 
chamber. The rods 14, bolts 13, and pipe 15 
having been placed in position, the space 
back of the bulkhead is filled with concrete 
or other suitable material. For the purpose 
of placing said rods and bolts and said pipe in 
position and of distributing and tamping said 
concrete a man preferably gets behind the 
bulkhead. When such material has set, the 
water-pressure may be turned into the cylin 
ders 26 and the working chamber forced 
ahead, its movement being guided by the ac 
tion of the top plates against the flanged 
rings 24 in the manholes. After sufficient 
length of the pipe 15 has been set in the con 
crete to firmly support such pipe the bulk 
head, without waiting for the concrete to set, 
may be clamped to the said pipe by the 
claimp 36 and the Working chamber then 
forced ahead. The projecting rear ends of 
the side and bottom plates are supported 
against the external pressure by the concrete 
and by the bulkhead. After the working 
chamber has been forced forward the bulk 
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um in the cylinder) to afford the space for 
working behind it. The sections of the pipe 
15 fit into each other, and the adjacent ends 
of the rods 14 are screwed into sleeves to 
make, in effect, one continuous rod. The 
working chamber preferably has a groove 38 
formed in its top to permit it to pass the 
flanged ring 24 without the removal of the 
latter. After my girder is formed the man 
hole-covers are bolted on, the tunnel is lined, 
and the road-bed 19 is put in. 

It is obvious that various changes can be 
made in the above-illustrated constructions 
and method without departure from the 
spirit of my invention, and I desire not to be 
limited beyond the terms of my claims and 
the requirements of the prior art. For in 
stance, the pipe 15 may, as illustrated in Figs. 
5 and 6, be provided with corrugations 39, and 
the clamp 40 may be complementally formed 
so that the pipe will be more firmly anchored 
in the cement, and the clamp will get a firmer 
hold on the pipe. 
The above-described method of and appa 

ratus for forming tunnel constructions are 
of course applicable to the formation of other 
tunnel constructions than that illustrated 
herein. For instance, they can be used in 
forming such a tunnel construction as illus 
trated in my said Patent No. 723,307. 

I claim- w 
1. In a tunnel structure, the combination 

of a metal shell forming a complete circle, a 

75 

concrete girder beneath said shell and ex 
tending longitudinally thereof, bolts em 
bedded in said girder and secured to said 
shell, and tension-rods embedded longitu 
dinally in said girder. 

2. In an apparatus of the class described, 
the combination of a working chamber hav 
ing an excavating-head at one end and a 
bulkhead at the opposite end of said cham 
ber, said working chamber having its top 
shaped to fit the under side of a tunnel-shell. 

3. In an apparatus of the class described 
the combination of a working chamber hav 
ing an excavating-head at one end, a bulk 
head at the other end, and means for moving 
said chamber relative to said bulkhead. 

4. In an apparatus of the class described, 
the combination of a working chamber hav 
ing an excavating-head at one end, a bulk 
head at the other end, means for moving said 
chamber relative to said bulkhead, and 
means for guiding said working chamber on 
a tunnel-shell. . 

5. In an apparatus of the class described, 
the combination of a working chamber hav 
ing an excavating-head at one end, a bulk 
head at the other end, and means for moving 
said chamber relative to said bulkhead, said 
bulkhead having an opening therein for the 
passage of material. 

6. In an apparatus of the class described, 
65 head is drawn forward (as by creating a vacu- the combination of a working chamber hav 
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ing an excavating-head at one end, a bulk 
head at the other end, means for moving said 
chamber relative to said bulkhead, and 
means for guiding said working chamber on 
a tunnel-shell, said bulkhead having an 
opening therethrough, and a clamp about 
said opening. 
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7. In an apparatus of the class described, 
the combination of a tunnel-shell having 
manholes in its bottom, tubes seated in said 
manholes, a working chamber having an ex 
cavating-head at one end, and a bulkhead at 
the opposite end, means for moving said 
working chamber and bulkhead relative to 
each other, and guides on said working 
chamber adapted to engage said tubes. 

8. In an apparatus of the class described, 
the combination of a tunnel-shell having. 
manholes in its bottom, tubes seated in said 
manholes, a working chamber having an ex 
cavating-head at one end, and a bulkhead at 
the opposite end, means for moving said 
working chamber and bulkhead relative to 
each other, and guides adapted to engage 
said tubes, said guides being formed by the 
adjacent edges of the top plates of said work 
ing chamber. - 

9. In an apparatus of the class described, 
the combination of a working chamber, an 
excavating-head at one end of Said working 
chamber, a bulkhead at the opposite end of 
said chamber, and means for moving said 
bulkhead and chamber relative to each other, 
said bulkhead having holes for the passage of 
rods therethrough. w 

10. In an apparatus of the class described, 
the combination of a working chamber hav 
ing an excavating-head at One end thereof, a 
bulkhead at the opposite end thereof, and 
means for moving said working chamber 
and bulkhead relative to each other, said 
bulkhead having a manhole therein for af 
fording access to its outer side. 

i. in an apparatus of the class described, 
the combination of a working chamber hav 
ing an excavating-head at one end, a bulk 
head at the opposite end, means for causing a 
relative movement of said working chamber 
and bulkhead, said bulkhead having a cen 
tral opening therethrough, and a clamp sur 
rounding said opening. - 

12. In an apparatus of the class described, 
the combination of a tunnel-shell, a concrete 
girder secured to the bottom of said shell, 
and extending longitudinally thereof, a sec 
tional pipe or rod extending through the cen 
ter of said girder and projecting from its front 
face, a working chamber beneath said shell 
and having an excavating-head at its for 
ward end, a bulkhead, at the rear end of Said 
working chamber, means for causing a rela 
tive movement of said working chamber and 
bulkhead, said bulkhead having a central 
opening, and a clamp about said opening and 
adapted to engage said pipe. 
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13. In an apparatus of the class described, 
the combination of a tunnel-shell, a concrete 
girder secured to the bottom of said shell, 
and extending longitudinally thereof, a sec 
tional pipe or red extending through the cen 
ter of said girder and projecting from its front 
face, a working-chamber beneath said shell 
and having an excavating-head at its for 
ward end, a bulkhead, at the rear end of said 
working chamber, means for causing a rela 
tive movement of said working chamber and 
bulkhead, said bulkhead having a central 
opening, and a clamp about said opening and 
adapted to engage said pipe, said pipe being 
corrugated. 

14. In an apparatus of the class described, 
the combination of a tunnel-shell, a concrete 
girder secured to the bottom of said shell, 
and extending longitudinally thereof, a sec 
tional pipe or rod extending through the cen 
ter of said girder and projecting from its front 
face, a working chamber beneath said shell 
and having an excavating-head at its for 
ward end, a bulkhead, at the rear end of said 
working chamber, means for causing a rela 
tive movement of said working chamber and 
bulkhead, said bulkhead having a central 
E. and a clamp about said opening and adapted to engage said pipe, said pipe and 
clamp being corrugated. 

15. In an apparatus of the class described, 
the combination of a tunnel-shell, a concrete 
girder extending longitudinally of and se 
cured to the outside of said shell, a working 
chamber beneath said shell, said working 
chamber having an excavating-head at its 
forward end, a bulkhead at the rear end of 
said working chamber, and means for caus 
ing a relative movement of said working 
chamber and bulkhead, said working cham 
ber comprising side and bottom plates which 
extend beneath said bulkhead and are adapt 
ed to embrace the forward end of said con 
crete girder. 

16. In an apparatus of the class described, 
the combination of a tunnel-shell, a concrete 
cured to the outside of said shell, a working 
chamber beneath said shell, said working 
chamber having an excavating-head at its 
forward end, a bulkhead at the rear end of 
said working chamber, and means for caus 
ing a relative movement of said working 
chamber and bulkhead, said working cham 
ber comprising side and bottom plates which 
extend beneath said bulkhead and are 
adapted to embrace the forward end of said 
concrete girder, said working chamber also 
having top plates, whose adjacent edges are 
separated from each other, and projections 
on said tunnel-shell that are adapted to be 
engaged between said top plates to guide the 
working chamber. 

17. The method of constructing reinforce 
ments for tunnels, which consists of partially 

girder extending longitudinally of and se 
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forming a reinforced member, providing said 
member with a central rod or pipe, clamping 
an excavating apparatus to said pipe, and 
forcing said excavating apparatus ahead, 
using said pipe as an abutment. 

18. The method of constructing reinforce 
ments for tunnels, which consists in forming 
a reinforcing member for a portion of the 
length of the tunnel-shell, inclosing the for 
ward end of said member in a thin mold, 
filling said mold with material for forming 
said reinforcing member, and forcing said 
mold forward by pressing backward on said 
reinforcing member. 

19. The method of constructing reinforce 
ments for tunnels, which consists in forming 
a reinforcing member along a portion of the 
length of a tunnel-shell, inclosing the for 
ward end of said member by the thin walls of 
a forwardly-extending chamber having a 
movable bulkhead at its rearward end, fill 
ing the space between said bulkhead and 
said member with material for forming said 

member, and forcing said chamber forward 
by forcing said bulkhead against said mate 
Ilal, 

20. The method of constructing reinforce 
ments for tunnels, which consists in forming 
a reinforcing member for a portion of the 
length of a tunnel-shell embedding in said 
member a rod Or pipe projecting from the 
forward end thereof, inclosing the forward 
end of said member in the walls of a working 
chamber having an excavating-head at its 
opposite end, filling the mold formed by said 
inclosing walls with material for forming said 
member, securing a clamp to said projecting 
rod or tube, and exerting pressure between 
said clamp and said working chamber, to 
force said working chamber forward. 

In testimony that I claim the foregoing I 
have hereunto set my hand. 

JESSE W. RENO. 
Witnesses: 

ANNA. A. O'BRIEN, 
EDWIN J. PRINDLE. 
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