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To all whom it may concern:

Be 1t known that I, JuLEs BrREUCHAUD, a
citizen of the United States, and a resident
of Yonkers, in the county of Westchester and
State of New York, have invented certain
new and useful Improvements in Tunnels
and 1n Means for Constructing the Same, of
which the following is a specification.

This case 1s a division of my application
filed February 24, 1902, Serial No. 95,330.

My ivention relates to the construction of
subaqueous tunnels, aqueducts, pipe-lines,

bridges, piers, docks, or other analogous sub-

merged structures.

As shown herein the shield has been de-
vised and equipped more especially for the

construction of the foundations and walls of
a subaqueous tunnel and from within the

working chamber of the shield itself, arrange-
ments being made for the forming of an air-

tight connection at the sides and walls of the

tunnel, so as to permit of a horizontal move-

ment of the shield in the direction of the line

of the tunnel upon wheels or rollers properly
25 P

laced on the foundation formed from with-
in the shield, hydraulic jacks or other power

being employed to advance the shield pro-
gressively as the foundation-work is con-

structed. The air-tight connection between
the outer walls of the tunnel and the shield
inay be maintained by means of a suitable
packing or calking composed of a plastic sub-
stance, preferably stiff clay.
walls of the tunnel are placed suitable air-
tight partitions provided with air-locks for

maintaming a connection between the shield

and the completed portion of the tunnel and
for the passage of the men and the bringing
I and sending out of material and for all
other purposes and requirements of the work-
men. The forward or leading end of the
shield 1s provided with means for excavating
and displacing and removing mud, silt, or
other obstructions that may be in the line of
travel of the shield. Foundations con-
structed from within the shield may extend
through water, and over, through, or under
soft material, so as to provide trestles,
bridges, or foundations, or supports for the
structure to be built, the shield traveling
step by step over and on the permanent arti-
ficial foundation built from within its own
walls, thus enabling
safely 1n a true line and be guided by the por-
tion of the completed work over which it

travels, and thereby making it possible to |

Within the

the shield to travel

- build tunnels and other subaqueous struc-

tures 1 places hitherto impossible. Here-
tofore 1t has been necessary in tunneling un-
der rivers to have firmmaterial, such as rock
or stiff clay, through which to drive the tun-
nel. To obtain this condition it often ne-
cessitates going to a great depth, which re-
quires objectionable steep inclines and long
approaches in order to get under the soft
material forming the bed of the river. Ac-
cording to my invention it is required only

| that the tunnel be located at a sufficient

depth for the safe navigation of the streams

- or other bodies of water under which the tun-

nel 1s to be built, since T am enabled to con-
struct the tunnel in mud, silt, or other like
soft material previously considered quite
impracticable. Being able now to build the
tunnel 1n and through soft materials, the
work of . constructing it is thereby greatly

i facilitated and cheapened. The shield .is

adapted to penetrate through and remove

the mud 1n the line of its travel by the use of

air and water jets and other apparatus here-

mmafter described. .
The shield may be provided with a de-

tachable superimposed caisson provided with

numerous air and water tight compartments,

thus providing accessible and convenient
places for the carrying of necessary weight to
overcome the buoyancy of the shield when
compressed air 1s used for expelling the water
from the interior of the shield orchamber,
water-tight compartinents affording a ready
means torincreasing or decreasing the weight,
as. they can be readily filled with water or
emptied, as may be necessary. Ample pro-
vision 1s also made for the carrying of ballast
in the lower part and within compartments

‘1n the shield proper, thus enabling the shield

to be operated at considerable depth beneath
the water when desired. Within the shield
are numerous air-tight compartments pro-
vided with switable connections and com-

ready access thereto.
vided with a telescopic shaft fitted with air-

locks and which shaft may be projected up- -

10§

ward to the surface of the water to enable
workmen to enter and leave the chamber
therethrough, and also to enable the bring-
ing 1 and sending out of material. On the
completion of the tunnel the traveling shield
may be brought to the surface by the re-
moval of the ballast, whereupon it will float
and may be towed to any convenient place.
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municating one with another, so as to afford
The shield is also pro-
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Various other features are provided, all of | accordance with the necessities of the work

which will be hereinafter more fully de-
scribed.

My invention consists in the construction
of the shield and in the construction of the
tunnel, all as will be hereinafter more fully
described, and particularly pointed out in the
appended claims.

In the accompanying drawings, Ifigure 1 1s
a longitudinal section of a subaqueous tun-
nel constructed in accordance with my 1m-
provements. IFig. 2 1s a longitudinal sec-
tional view illustrating the method of con-
structing the tunnel. Fig. 3 1s a cross-sec-
Fig. 418 a
similar section taken at the line y v of I1g. 1.
Fig. 5 is a longitudinal section somewhat
similar to Fig. 2, but on a larger scale, so as
to show more fully the construction of the
shield and the mode of operating therefrom
in the construction of a subaqueous tunnel.

- Fig. 6 is a vertical cross-section taken at the

30

7, being preferably joined.

line = of Fig. 5, but showing only one-half of
the width of the shield thereat. Iig. 71s a
vertical cross-section taken at the line w w
of Fig. 5 and showing the other half of the
width of the shield, the two views, Figs. 6 and
Fig. 8 1s an 1n-
side elevation of the front wall of the shield.
Fig. 9 is an outside elevation of the front
wall or head of the shield, the two views, Ifigs.
S and 9, being preferably united and showing

- each one-half of the wall from the inside and

35

the outside; and Fig. 10 is a bottom plan
view of the shield.
- In the various views the same parts will be

found designated by the same numerals of

. reference.

40

Tt will perhaps be best to describe first the
general construction of my novel shield and
then subsequently the mode of using the same
in the operations of bulding subaqueous

. tunnels, &c.

The most noteworthy feature to be ob-
served is that the shield 1s constructed with-
out a bottom or is open on its under side, and
it is owing to this fact that I am enabled to

‘build the proper foundation-work for the

tunnel and to build the tunnel itself, as will
hereinafter more fully appear. _
- The shield is rectangular in contour and

~ comprises two longitudinal sides 1 1, a front

55

60

~ on each side and three in the middle, making

‘side or head 2, and a top 3, there being no

rear end and no bottom to the shield. At
various places within the shield are con-
structed suitable air and water tight com-

r

partments, which may be utilized for various

purposes. For example, at the upper por-

tion of the shield are shown a series of large
compartments 4, extending transversely and

longitudinally of the shield, there being three

such compartments extending longitudinally

in hand. These various compartments com-
municate one with the other through suit-
able doors or air-locks 5 in an ordinary man-
ner and so that workmen may go from one
compartment to another and may carry ma-
terial therethrough or store it therein, as may
be found necessary. |

- Below the series of compartments 4 there
are provided at each side of the shield a num-
ber of smaller compartments 6, nine 1 num-
ber, which may communicate with each
other through doors or air-locks and which
may also communicate with the main work-
ing chamber or portion 7, extending be-
tween the said compartments 4 and 6 and the
head 2 and rearmost open-ended portion of
the shield. -

The various compartments are preferably
constructed of sheet iron or steel with flanged
edges at which they are securely bolted to-
oether and to the shield.

Each of the lower and side longitudinally-
arranged compartments 6, has its inner walls
62 inclined or sloping downwardly and out-
wardly, so that the bottom portion of the
compartment is narrower than the upper
portion, thus giving more working room
within the chamber 7, while at the same time
said compartment affords a firm and sub-
stantial brace or support for the upper com-

partments 4.

The lower portions of the compartment 6
bear upon a series of antifriction-rollers 8,

which are adapted to travel on the upper

surfaces of vertically-arranged I-beams 9,
which are laid longitudinally upon the sub-
structure as it is constructed and as will be
hereinafter more fully explained. Tie-bolts
10 may be secured at their upper ends to
eyes 11, projecting inwardly from the walls
62 of the compartment 6 and at their lower
ends to the upper ends of anchor-bolts 12,
secured in the substructure at desired places
as the latter is built, these tie and anchor
bolts being adapted to hold the shield or
caisson down and steady it during the work
of constructing the tunnel and the founda-
tions therefor, the tie-bolts 10 being removed
when it may be desired to advance theshield
by sliding or forcing it forward on the sup-
porting antifriction-rollers 8.

The forward movement of the shield 1s pret-
erably accomplished by one or more serles of
hydrautic jacks.
such jacks, one, 13, at the rear portion of the
shield and one, 14, at the front portion of the
shield. The jacks 13 are arranged in acurve
or arc conforming substantially to the con-
tour of the tunnel. "In rear of the compart-

‘ments 4 and 6 is a curved plate or wall 15,
“against which the forward ends of all of the
Jacks may press to force the shield forward,

nine altogether; but these may of course be | the rear ends of the jacks having for their
65 varied in rnumber as may be desired and in | abutment a plate or head 16 at the forward 130

T have shown two series of
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end of the tunnel proper in course of con-
struction, as shown more clearly at Fig. 5.
The top and sides of the shield extend rear-
wardly from this plate and partially surround
the forward end 17 of the constructed tunnel
and 1n a mannersuch that the said end 17 will
act as a guide to the shield when it is moved
forward. Thejoint betweenthe rear end por-
tion of the shield and the forward end 17 of
the tunnel i1s maintained air and water tight
by means of suitable packing devices, asindi-
cated at 18. .

The jacks 14 are arranged horizontally and
longitudinally of the shield and at the lower
forward portion thereof. The forward ends
of the jacks 14 bear against a hollow struc-
ture or box-beam 19, secured on the rear side
of the head or front plate 2 of the shield, and
the rear ends of the jacks abut against the
forward end or last completed portion of the
foundation-work, which will
more fully explained.

The head of the shield, like the sides and
top, 18 composed of separate flange-plates
riveted together and is formed or provided
at 1ts lower portion with numerous small
holes or apertures 20, through which air and
water, or either, may be ejected for the pur-
pose of agitating and loosening the mud, silt,
or the like at the front side of the shield, and
thus displacing such matter, soastofacilitate
the advance of the shield. I have shown
three transverse lines or series of apertures
20 at the lower portions of the head of the
shield ; but of course there may be more or
less of these apertures, as may be found. de-
sirable. I have also shown at about the mid-
dle of the head a single series of similar jet-
openings 20, which may be employed advan-
tageously for the same purpose as the lower
series. A system of piping communicates
with these openings and with the various
compartments, as will hereinafter be more
fully described. The head of the shield is
likewise formed with several transverse se-
ries of openings 21, provided each interiorly

of the shield with a cover 22, which may be

clamped or bolted over the opening.” These
openings 21 are provided for the purpose of
enabling any material to be carried into the
shield which would not be easily displaced
by the jets and which might have to be other-
wise removed to enable the shield to be ad-
vanced. These covers are preferably pro-
vided with central outlets 23, controlled by
valves 24 and which may be used for the ejec-
tion of air or water, or both, to loosen or dis-
place the mud or other material in advance
of the head.

At suitable intervals transversely

of the

head of the shield are provided a series of

openings 25, provided with suitable covers on
the imnside of the head,and theseareemployed
In connection with a pumping or suetion ap-

presently be

65 paratus for the purpose of enabling material | of which the head of the

to be dfawn into the shield which may not be

readily displaced and moved out laterally of

the head of the shield, and such material may -

subsequently be either carted away or dis-
charged through pipes at the point 26 or else-
where, as may be found most expedient.
Transversely of the head of the shield is still
another series of openings 27, each of which
18 provided with a stuffing-box or gland and
through which may be introduced a drill, as
28, operable by hand or by compressed air
irom within the shield and for the purpose of
drilling holes in rock or boulders which may
be ahead of the shield and *which may be nec-
essary to blast away for the purpose of en-
abling the advancement of the shield.

If desired, there may be provided on the
top of the shield a superimposed caisson 29,
which may be bolted or otherwise secured to
the shield, but which is preferably detach-
able therefrom. This caisson may, however,
form a permanent part of the shield, and in
such case would constitute the top of the
same. As here shown, 1t is formed of three
longitudinal series of compartments 30, there

| heing six compartments in each series. These

compartments all communicate with each
other by means of doors 31, and these doors
have valve - controlled apertures 32, so as
to let the air or water in from one compart-

ment to the next when this may be desired.
These compartments are to be used, pri-

marily, for the storage of weight, either water
or pig-iron or the like, where the shield is in
operation at some considerable distance be-
low the surface of the water and where the
buoyancy of the shield is greatest. The for-
ward chambers or compartments of the su-
perimposed calsson may be provided with
glass-covered openings or ports 33, through
any one of which by the aid of an electric
light applied at one of the other glass-cov-
ered openings or ports the workmen may ob-
serve the character of the material immedi-
ately i front of the shield, and, ifdesired,
some of the lower openings 21 in the head of
the shield may likewise be provided with
glass covers for the same purpose.
Referring to Fig. 5, it will be observed that
the rearmost compartment 4 of the middle

series 18 provided with a telescopic tubular
shatt 34, some of whose sections are adapted
to pass out through one of the compartments

in the superimposed caisson and be extended

up above water-level, so that in case of emer-

gency the workmen could escape through

3
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sald shaft, or, if desired, material carried into

the shield through the head may be elevated
through said shaft to the surface of the water,
at which may be located scows or the like for
recelving the same.

as many of these telescopic shafts as may be
necessary.

It will be observed at Fig

>. 5 that the platés
shield 1s composed

There may of course be
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are formed with deep or wide flanges, which |

oreatly strengthen the head; but in addition

thereto I prefer to employ a series of remov-

able or adjustable stiffening bars or braces
35 (shown 1n dotted lines) and which extend
from said flanges in truss-like form to the
front face of the upper series of compartments
4. thus effectually resisting any liability of
the head buckling or distorting. At the
same time this bracing serves to transmit
the force of the jacks 13, exerted through the
walls, tops, and bottoms of the compart-
ments 4 to the head of the shield, 1t being un-
derstood that the wall 15 is specially strength-
ened or stiffened to resist the pressure of the
jacks, so as to prevent injury to said wall.
By referring to Figs. 5 to 9,inclusive,1t will
be observed that the side walls of the shield
extend slightly below the lower or cutting

edge of the head of the shield in order that

any escape of air from the shield may be un-
der the head or forward portion thereof,
where it is desirable to displace or dissipate
the material rather than at the sides of the
shield, where it may be desirable to have the
material remain mntact. -

The initial or first work of constructing the
foundation of the tunnel is performed at the
forward end of the shield and near the head
thereof, and for this reason there 1s provided
at this locality a pile-driving mechanism
(represented generally at 36) and which may
be of any suitable construction. 1 have
illustrated a carrier 37, which may be sup-
ported to travel transversely of the shield
with the driving mechanism and so asto drive
successively crosswise of the shield a hne of
piles 38. The driving mechanism for piles 1s
represented as being adapted to be moved
progressively longitudinally of the carrier
and shield so as to enable 1t to drive suc-
cessive forward lines of piles until the requi-

gite number have been driven to renew or

§0

55

60

6c seen at Fig. 7, ten are shown. Some of these |

continue the constructional work of the floor-
ing or platform of the tunnel-foundation.
The system of piping for the various com-
partments and for the jet-openings, pile-
driver, &c., will be readily understood and 1s
easily installed by the hydraulic engineer,
but is difficult of illustration herein. I have,
however, endeavored to show such a system,
although it may be varied in accordance with
the detail construction of the shield and in
accordance with the various working devices
which may be employed therein.
iet-openings 20 there is a line of piping 39
with branches 40 extending to said openings.
For the next tier of jet-openings 20 there 1s a
line of piping 41 and branches 42. Kor the
topmost series of jet-openings 20 there 1s a
line of piping 43. These transverse supply-
pipes are connected by hose or like flexible
connections to the longitudinally-arranged
main supply-pipes 44, of which, as will be

e,

- air-compressors and water-pumps.

depth and 1n

For the

' 832,120

pipes are, however, used to conduct air or wa-
ter at different pressuresto the compartments
4, 6,7, and 30, said main supply-pipes 44 be-
ing built into or laid in the masonry or foun-
dation in sections as the work progresses and
being connected at their outermost ends to
In adds-
tion to these main supply-pipes there 1s a
larger centrally-arranged water-pipe 45, like-
wise laid in sections and which is similarly
connected by hose to the jet-pipes and to the
pipes leading to the compartments and to
any other portion of the shield or any other
device therein which may require the water
from thispipe. Various branchpipes,as4647,
connect with the supply-pipes 44 and 45, so
as to conduct the air and water to and from
the various compartments. When it may be
desired to draw In the mud or other material
through the suction-holes 25 or from under
the cutting edge of the shield, a suction or

sand pipe 1s placed near the bottom of the

bed of the shield and connected to the ex-
haust-pipe 48. Saild pipe may be supported
on the jacking-timbers, or it may be suspend-
ed within the shield or otherwise suitably
supported, and the suction end of the pipe
may be either passed out through one of the
holes 25 or inserted below the lower edge of
the head of the shield. It is perhaps unnec-
essary further to describe in detail the ar-
rangement of the pipes or of the valves which
control said pipes or of the valves which con-
trol the passage of the air and water from one
compartment to another, these systems be-
ing well understood by those skilled in the
art.

Having now described specif;

cally the con-
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struction of the shield and its appurtenances,

I will now describe more particularly the

manner of its use in the building of the tun-

nel and the foundation therefor. |
The shield being unprovided with a rear
end is for the purpose of sinking or submerg-
ing the same temporarily provided with a
rear end or wall which may be made of tim-
ber and which may be removed after the
shield has been brought down to the proper
alinement with the shore end of
the tunnel. To sink the shield, 1t 1s filled or
partially filled with water or other weights,
such as pig-iron, depending upon the depth
to which the shield must be submerged, and
the shield is permitted to descend until 1t
rests upon the mud or other material below
the surface of the water. It may then be
necessary to excavate from under the shield
in order to get it down in alinement with the
shore-opening of the tunnel, and to accom-
plish this it may be necessary to pump air
into the working chamber 7, and thus drive
the water therefrom, whereupon workmen
may descend into the shield and proceed with
the work of excavating by suitable means,
and for this purpose a sand or suction pump

1C5
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may be connected with the pipe 48 and the | supports may be placed under the lower

material all blown out or exhausted at 26.
As the material is thus expelled from under
the shield, 1t may be necessary from time to
time to add more weight to the shield to
malintain it in its depressed condition and en-
able 1t to follow down on the bed of material,
as will be readily understood by those familiar
with pneumatic caisson-work. When the
shield or caisson has finally been brought
Into alinement with the shore-opening of the
tunnel, the latter may be built forward the
required extent to connect with and enter
the rear end of the shield, whereupon the
temporary rear end of the shield may be re-
moved and open communication established
between the interior of the shield and the
tunnel, and the air and-water_pipes running
through the tunnel from suitable pumps, and

alr-compressors may then be connected with |

the shield either at this time or subsequently,
depending upon whether the pipes leading
from above which were used in the sinking of
the shield have or have not been disconnect-
ed. The parts are now in condition for the

workmen to proceed with the operations of
removing the mud, silt, &e., and building or
constructing and forming a suitable founda-

tion and bottom for the tunnel.

The order of the operations may vary
under different circumstances; but ordinarily
the first operation would be to drive into the
mud or sand a series of transverse lines of
piles to a sufficient depth to enable a founda-
tion of the requisite strength to be built
thereupon. The sinking of the said several
rows of piles may be accomplished by jacks
or other devices employed within the shield,
instead of by pile-driver shown; but after the
line of piling has been constructed up to near
the forward end of the shield the piles will
then, preferably, be driven by the pile-driver
shown, and after two or three transverse
rows ot piles have been driven by the pile-
driver and the beams and concrete or other
masonry laid thereon the shields will then be
moved forward, as will presently be explain-
ed. The piles may be of wood or of iron in
sections. When the piles are driven, they
are preferably laid on true lines longitudi-
nally and transversely, and at the proper
times longitudinal I-beams 49 are bolted to
the sides thereof, as shown more particularly
at Figs. 6 and 7, and transverse I-beams 50
are also bolted to the sides of said piles and
additionally secured thereto by straps 51,
which pass around said transverse beams and
over the top of the pile, their ends being se-
cured to the pile below the longitudinal beam.
Then concrete is laid between and over said
I-beams and the top portions of the piles, as
represented at 52, the bed of the river or
stream usually being firm enough to support
the concrete between the beams and piles;
but, if 1t should be too soft, buckle-plates or

flanges of the I-beams to hold and retain the
concrete. When the longitudinal and trans-
verse beams 49 and 50 have been secured and

concrete laid thereupon and therebetween,

the longitudinally-arranged I-beams or rails
9 9 are laid upon the eross-beams 50, and con-
crete 53 1slaid upon said transverse beams and
also around the lower portions of the beams
or rails 9 9,80 as to embed them therein and
maintain them in proper position for the anti-
riction-rolls 8. It will thus be seen that the
tops of the supporting-piles are embedded in

| @ masonry base and anchored thereby and

that a masonry superstructure is built upon
sald base. During the laying of the concrete
53 the pipes 44 and 45 are inserted or laid,
and at the same time the sectional bottom
plates 54 are laid transversely upon the cross-
beams 50 and covered with concrete. They
are, however, first bolted together and to the
cross-beams. At the same time the bottom
plates are put down the end plates 55 are also
erected and also surrounded by conecrete.
These end plates project slightly above the

~concrete and support the series of arching

plates 56, which are subsequently putin in sec-

<D

75

30

.gC

tions and filled with concrete between their

flanged ends, the said plates 56 constituting
when completed the inner walls of the sub-
aqueous tunnel. The concrete 57 on the outer
side of said platesislaid to accurately conform
to the contour of the rear end of the shield, and
which is preferably constructed so as to pro-
vide a working space at the portion marked
58. The section of the tunnel having now

‘been built within the rear portion of the

shield and just back of the jacks 13, and piles
having been driven at the forward end of the
shield, and longitudinal and transverse beams
and flooring-concrete having been laid, and
the rails 9 9 and the bottom plates 54 of the
tunnel and the end plates 55 thereof, and the
pipes 44 and 45 having also been laid or
placed in position, the next operation will be
to move the shield horizontally forward a
suitable distance—for example, such as that
represented at Fig. 5. To do this, the water
and air jets 20 are first permitted to operate
on the mud or silt in advance of the shield,

and if rock is to be removed drills 28 are oper-

ated. Also if some of the material is to be
brought in through the shield the ports 23

are opened for this purpose or a suction-

pump 1s employed, as before explained.
When the material has been sufficiently re-

moved or displaced from in front of the
eans

shield, the latter is moved forward by
of the jacks 13 and 14, or either of them, de-
pending upon the resistance ahead of the
shield and also the friction on the sides of the

shield. The jacks 13.are always arranged in

the position shown; but the jacks 14 are
only placed in their positions when it be-

| comes necessary to move the shield. It will
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be understood by those skilled in the art that
when water is admitted to all of the series ot
jacks which it may be necessary to employ
said jacks will operate to press the shield for-
ward, the series of jacks 13 having for their
abutment the forward end of the previously-
constructed tunnel and pressing against part
of the shield at the forward end thereof, and
the jacks 14 having for their abutment the
foundation or crib work of the piling and press-
ing at theirforward ends against the box-beam
secured near the lower edge of the head of the
shield. During this movement of the shield
it is steadied and euided by the front end ot
the tunnel, which telescopes into the rear end
of the shield, and owing to the employment
of the antifriction-rollers 8, which support
the weight of the shield, the resistance to the
movement of the shield is greatly reduced.
One of the lower compartments 6 1s shown as
partially filled with pig-iron 59, which may
be used with other weights to keep the shield
down in bearing contact with the rollers 8,
and these rollers and their tracks or rails,
firmly fixed in the bed-foundation buult with-
in the shield, prevent any depression of the
shield and insure its moving forward in the
proper line or path, while at the same time
the said foundation-work, including the rails,
prevent any lateral movement of the shield,
owing to the sides of the latter extending
down to and past the flooring or covering of
the foundation-piling, and which flooring or
covering constitutes the bottom of the com-
pleted tunnel. The shield having been
moved forward the desired extent or to, say,
the position shown at Fig..5, and the air and
water jets and other mud displacing and re-
moving devices having ceased their opera-
tions and the jacks 14 having been removed,
the operation of driving piles will again be
resumed, and then the work of laying beams
and concrete will be repeated until another
section of the tunnel has been added. Thus
the work is continued progressively until the
completion of the tunnel.

As shown at Fig. 5, and as customary, the
tunnel is provided with a suitable bulkhead
60, provided with an air-lock formng com-
munication between the forward portion of
the tunne! and the shield, so that workmen
may from time to time pass from one struc-
ture to the other, so that piles and other ma-
terial may be taken from the tunnel into the
shield for the building of the foundation, and
so that, if desired or necessary, excavated
matter may be taken from.the shield back

into and through the tunnel.

If desired, openings 61 may be formed in
the front and sides of the shield for ropes or
cables which from the front may extend tor-
ward from the shield to the opposite shore
and be there secured and which from the
sides may be connected to anchors, all for the

|

‘rock, where said rods are

832,120

strains from swiftly-running or strong cur-

rents and which might tend to displace it lat-

erally or cause 1t to bind onthe tunnel. = Also,
if desired, there may be arranged a serles ol

temporary emergency air and water pipes 62

to connect with the various compartments
from the pumps and air-compressors on the
shore. '

70

Of course if at certain places it should be

desired to construct a foundation of columns
instead of piles tubular iron or steel sections
may be sunken into the bed of the river by
the well-known pneumatic process or by the
equally well-known process involving the use
of jets of air or water at the leading end of the
column, and the column may be formed of
sections screwed or bolted together, depend-
ing upon the depth to which it isto be sunken.
After the column or columns have thus been
driven they may be filled with concrete or
other suitable material. In such work, of
course, 1n line of the pile-driving apparatus,
suitable pneumatic or jetting apparatus would
be employed and at about the locality at
which the pile-driving apparatus 1s now
shown as arranged.

Referring to Fig. 1, the view represents the
tunnel as having been constructed from one

shore to the other under the water, and said

view shows in dotted lines where the mud
and rock have had to be removed and also
those places where it was necessary to drive

piles in order to secure a firm and stable foun-

dation for the tunnel 1tselt.

At Tig. 2 isrepresented on a small scale the
work of constructing the tunnel and the foun-
dations from within the shield, while at Kigs.
3 and 4 cross-sections of the tunnel and river-
bed are shown at portions of the tunnels rep-
resented, respectively, by the lines z zand vy,
Fig. 1. -

As will be observed from Figs. 3 and 4, 1
prefer to surround or cover the completed
tunnel on the top and two sides with broken
rock, coarse gravel, or other suitable mate-
rial 64, so as more firmly to maintain the tun-
nel upon its foundation and in proper posi-
tion and at the same time protect the tunnel
against damage—as, for instance, by sunken
vessels or the dragging anchors of passing
boats.
erably extends for the entire length of the

This covering of rock or the like pref-
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submerged portion of the tunnel and may be -

formed by dropping the material from scows
or the like anchored over or alongside of the
tunnel.

At Fig. 3 anchor-rods 63 extend from the

flooring or base of the tunnel down into the
provided with
spreaded ends, which by means of wedges re-
tain a firm hold in holes drilled in the rock,

own buoyancy. These anchor-rods may be
at such points as will permit of their

thus further securing the tunnel against ris-
ing or upward displacement by reason of 1ts
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use during the entire length of the tunnel. If

desired, at various points in the structure
where the nature of the river-bed will admit
screw-plles may be driven into the soil and
secured at their upper ends to the bottom of
the tunnel, so as more effectually to hold it in
position. It will thus be seen that by the use
of piling and anchor-rods ample provision is
made for immovably holding the tunnel in its
proper position not only againsi upward
movement, but lateral movement as well.

No one, so far as'] am aware, has previously
made and employed in connection with the
building of tunnels a bottomless shield con-
structed and adapted to enable workmen to
construct a suttable foundation for a tunnel
and to construct the tunnel progressively
from within such shield and then to advance
such shield in the line of the tunnel for the
building of additional foundations and addi-
tional sections of the tunnel, and this con-
struction of shield I desire to claim as broadly
as possible.

While I have shown and thus far described
my lmprovements more particularly in con-
nection with the building of tunnels, it will be
understood that they may be employed for
the building of subaqueous pipe-lines and

aqueducts and in connection with the con-

struction of suitable foundations for bridges,
piers, docks, and other submarine structures
where the work has got to be carried on lin-
carly and progressively. The nature of the
operations trom within the movable shield
will of course vary according to the kind of
structure and foundation to be built or pro-
vided, and it will therefore be understood
that various changes in the construction of
the shield and 1n the mode of its employment
may be made without departing from the
spirit of my invention.

I do not claim herein the hereinbefore-
described 1improvements in the art of con-
structing subacqueous tunnels, since the same
are made the subject-matter of claims in my
aforesaid application, filed February 24,1902,
Serial No. 95,330. |

What 1 claim as new, and desire to secure
by Letters Patent, 1s—

1. A bottomless pneumatic shield pro-
vided interiorly with means whereby founda-~
tlons may be constructed on or in the bed of
a river from within said shield, with means
tor keeping said shield under water, and with
means for advancing the shield horizon-
tally as the foundations therebelow are con-
structed.

2. As a means for constructing founda-
tions for subaqueous structures, a pneu-
matic shield having a head, sides and top but
no bottom and no rear end and provided in-

teriorly with integral appliancesfor buildinga -

foundation for the structure beneath said

shield and from within the same, substan-

tially as set forth.

‘the

3. As a means for constructing founda-
tions for subaqueous structures, a pneu-
matic shield provided with means for moving
1t forwardly horizontally progressively and
also provided with means for enabling the

foundation for the structure to be built from
within the shield. |

4. As a means for constructing founda-
tions for subaqueous structures, a pneu-

matic shield having means at its head for dis-
placing andwremoving the mud, rock or other
material in advance of the shield and having
at or near the head of the shield pile-driving
mechanism for driving piles downwardly into
the bed of the stream or river from within the
shield, and ahead of the tunnel to form a
foundation upon which to build the tunnel.
5. As a means for constructing founda-
tions for subaqueous structures, a pneu-
matic shield having means at its head for dis-
placing and removing the mud, rock or other
material in advance of the shield and having
within the shield at or near the head thereof

in advance of the head of the tunnel con-

structed within the shield suitable mechan-
ism for inserting into theriver-bed from with-
ﬁ the shield foundation-piles, tubes or the
1ke.

6. As a means for constructing founda-
tions for subaqueous structures, a pneu-
matic shield having at or near the head there-
of an open bottom and provided thereat with
suttable means for inserting foundation-pil-
ing into the bed of the river from within the
shield and 1in advance of the head of the tun-
nel constructed therein. '

7. As a means for constructing founda-
tions for subaqueous structures, a pneu-
matic shield adapted to be forced forward
horizontally and constructed without a bot-
tom and without a rear wall and provided in-

teriorly at 1ts head with material displacing

and removing devices and with pile-inserting
devices, to enable the building of foundation-
work 1n advance of the head of the tunnel,
and also provided with a series of jacks for
torcing the shield forwardly over and while
supported upon the foundation-work previ-
ously constructed from within the shield and
at the head thereof.

8. As a means for constructing founda-
tions for subaqueous structures, a pneu-
matic shield having a head and an open bot-
tom to enable the insertion of foundation-
piling from within the shield and to enable
flooring or covering to be placed upon
said piling, and said shield having means for
mserting sald foundation-piling and also
means for advancing the shield over said pil-
ing and flooring or covering and while sup-
ported thereupon.

9. As a means for constructing founda-

tions for subaqueous structures, a pneu-

matic shield comprising a head, top and sides,

| and being open from end to end at its bottom,
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the lower edges of the sides being arranged to
extend slightly below the plane of the lower
edge of the head so that the air can escape at
the head of the shield. |

10. The combination of a pneumatic shield
having an open bottom, a foundation and
flooring or covering thereto constructed from
within said shield, rails built longitudinally
of said foundation, rollers on said rails and
supporting said shield, closed weight-con-
taining compartments within said shield, and
means for moving the shield forwardly in the
line of construction of the foundation.

11. A subaqueous-tunnel structure com-

832,120

prising a series of supporting-piles, a series of
longitudinal and a series of transverse beams
secured to the tops of said piles, a masonry
bhase embedding said beams and the tops of
sald piles, and a masonry superstructure

‘upon satd base.

Signed at the borough of Manhattan, in the
city of New York, in the county of New York

“and State of New York, this 23d day of May,

A. D. 1902.
JULES BREUCHAUD.
Witnesses: | |
K. V. DoxovanN,
E. M. WrLLs.
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