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-

SPECIFICATION forming part of Letters Patent No. 706,380, dated August 5, 1902,

 Application filed February 24, 1902, Serial No, 95,330,

(No model.)

To all whom it Dualy CONCer:

Be it known that I, JULES BREUCHAUD a
citizen of the United States and a remdenb of
Yonkers, in the county of Westchester and

Stateof New York, have invented certain new

and useful Improvements in Methods of Con-

_struetmﬂ' Tunnels, of which the following 1s

a specification.

My invention relates to the construction of
subagqueous tunnels, aqueducts, pipe-lines,
bridges, piers, docks, or other analogous sub-
merged structures.

As shown herein, the shleld has been de-
vised and eq111ppec1 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 belng‘ 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 theline
of the tunnel upon wheels or rollers properly
placed on the foundation furmed from within

the shield, hydraulic jacks or other power be-

ing em ployed to advance the shield progress-

ively as the foundation-work is constructed.

The air-tight connection between the outer

walls of the tunnel and the shield may be

maintained by means of a suitable packing
or calking composed of a plastic substance,
preferably stiff elay. Within the walls of the
tunnel are placed suitable air-tight partitions
provided with air-locks for mmmtammw a con-
nection between the shield and the completed
portion of the tunnel and for the passage of
the men and the bringing in and sending out
of material and for all other purposeés and re-
quirements of the workmen. ‘The forward ov
leading end of the shield is provided with
means for exeavating and displacing and re-
moving mud, silt, or other obstructions that
may be in the line of travel of the shield.

“Foundations constructed from within the

shield may extend through water and over,

through, or under soft material, so as to pro-

vide trestles, bridges, or foundations or sup-
ports for the structure to be built, the shield
traveling step by step over and on the perma-
nent artificial fouundation built from within
its own walls, thus enabling the shield to

travel safely in a true line and be guided by

the portion of the completed work over which

| sidered quite impraeticable.

| in and sending out of material.

| it travels, and thereby making it possible to

build tunnels and other subaqueous struc-
tures in places hitherto impossible. Hereto-
fore it has been necessary in tunneling under
rivers to have firm material, such as mek or
stiff elay, through which to drive the tunnel.

going to a great depth, which requires objec-
tmua,ble steep inclines and long approaches
in order to get under the soft materlal form-
ing the bed of the river. According to my 1n-

 vention it is required only that the tunnel be

located at a sufficient depth for the sate navi-

oation of the streams or other bodies of water

under which the tunnel is to be built, since I
am enabled to construct the tunnel in mud,
silt, or other like soft material previously con-

to build vhe tunnel in and through soft mate-
rials, the work of constructing it is thereby
greatly facilitated and cheapened. Theshield
is adapted to penetrate through and remove
the mud in the line of its tmvel by the use of
air and water jets and other apparatus here-
inafter described.

The shield may be provided with a detach-
able superimposed caisson provided with nu-
merous 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 airis used for expelling the water
from the interior of the shield or chamber,
water-tight compartments affording a ready
means for increasing ordecreasing the weight,
as they can be readily filled with water or
emptied, as may be necessary. Ample pro-
vision is also made for the carrying of ballast
in the lower part and within compartments
in 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 suitable connections and com-

munieating one with another, so as to afford

ready access thereto. The shield is also pro-

vided with a telescopic shaflt fitted with air-
locks, and which shaft may be projected up-
ward to the surface of the water to enable
workmen to enter and leave the chamber
therethrough and also to enable the bringing
On the com-

Being able now.
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To obtain this condition, it often necessitates
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each side and three in the middle, making | The top and sides of the shield extend rear-
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pletion of the tunnel the traveling shield may | nine altogether; but these may of course be

be brought to the surface by the removal of | varied in number as may be desired and in
the ballast, whereupon it will float and may | accordance with the necessities of the work 7o
be towed to any convenient place. in hand. These various compartments com-

5§ Various other features are provided, all of | municate one with the other through suitable
which will be hereinafter more fully de- | doors or air-locks 5 in an ordinary manner
seribed. | - | | | and so that workmen may go from one com-

Myinvention consistsin the method of build- | partment to another and may carry material 75
ing the tunnel or other subaqueousstructure, | therethrough or store it therein, as may be

1o allas will be hereinafter more fully described, | found necessary. Below the series of com-
and particularly pointed out in the appended | partments 4 there are provided at each side
claims. | | | S of the shield a number of smaller compart-

In the accompanying drawings, Figure 1 is | ments 6, nine in number, which may com- 8o
a longitudinal section of a subaqueous tun- | municate with each other through doors or

t5 nel constructed in accordance with my im- | air-locks and which may also communicate
provements. Iig.2isalongitudinalsectional | with the main working chamber or portion 7,
view illustrating the method of constructing | extending between the said compartments 4
‘the tunnel. Fig. 3 isa cross-section taken at | and 6 and the head 2 and rearmost open-end- 8g

_ the line z z of Fig. 1. TFig. 4is a similarsec- | ed portion of the shield. The various com-

20 tion taken attheline i i of Fig. 1. Fig. 5isa | partmentsare preferably constructed of sheet
longitudinal section somewhat similar to Fig. | iron or steel with flanged edges, at which
2, but on a larger scale, so as to show more | they are securely bolted together and to the
fully the construction of the shield and the | shield. Each of the lower and side longitu- 9o
mode of operating therefrom in the construc- | dinally-arranged compartments 6 has its in-

25 tion of a subaqueous tunnel. Fig. 6 isa ver- | ner walls 6% inclined or sloping downwardly

~ tical cross-section taken at the line « x of Fig. | and outwardly, so that the bottom portion of
9, but showing only one half of the width of | the compartment is narrower than the upper
‘the shield thereat. Fig.7is a vertical cross- | portion,thus giving more workingroom within ¢x
section taken at the line w w of Fig. 5 and | the chamber 7, while at the same time said

30 showing the other half of the width of the | compartment affords a firm and substantial
shield, the two views, Figs. 6 and 7,being pref- | brace or support for the upper compartments
erably joined. - Fig. 8 is an inside elevation | 4. The lower portions of the compartment
of the front wall of the shield. Fig. Y is an | 6 bear upon a series of antifriction-rollers 8, 1.0
outside elevation of the front wall or head of | which are adapted to travel on the upper sur-

35 the shield, the two views, Figs. 8 and 9, be- | faces of vertically-arranged I-beams 9, which

- 1ng preferably united and showing each one- | are laid longitudinally upon the substructure
half of the wall from the inside and the out- | as it is constructed and as will be hereinaf-
side; and Fig. 1018 a bottom plan view of the | ter more fully explained. Tie-bolts 10 may I10-

~shield. | be secured at their upperends toeves 11, pro-

40  In the various views the same parts will be | jecting inwardly from the walls 62 of the com-

found designated by the same numerals of | partment 6, and at their lower ends to the
reference. . | upper ends of anchor-bolts 12, secured in the

It will perhaps be best to describe first the | substructure at desired places as the latteris 11c
general construction of my novel shield and | built, these tie and anchor bolts being adapt-

45 then subsequently the mode of using the | ed to hold the shield or caisson down and
same in the operations of building subaque- | steady it during the work of constructing the
ous tunnels, &e. tunnel and the foundations therefor, the tie-

The most noteworthy feature to be observed | bolts 10 being removed when it may be de- 115
Is that the shield is constructed without a | sired to advance the shield by sliding or fore-

50 bottom or is open on its under side, and itis ( ing it forward on the supporting antifriction-
owing to this fact that I am enabled to build | rollers 8.

~ the proper foundation-work for the tunnel The forward movement of theshield is pref-

~and to build the tunnel itself, as will herein- | erably accomplished by one or more series of 120
after more fully appear. | hydraulie jacks. 1have shown two series of

55 The shield is rectangular in contour and | such jacks, one, 13, at the rear portion of the
comprises two longitudinal sides 1 1, a front | shield, and one, 14, at the front portion of the
side or head 2, and a top 3, there being no | shield. The jacks 13 are arranged in a curve
rear end and no bottom to the shield. Atva- [ or are conforming substantially to the con- 125

‘rious places within the shield are constructed | tour of the tunnel. In rear of the compart-

6o suitable air and water tight compartments, | ments 4 and 6 is a curved plate or wall 15,
which may be utilized for various purposes. | against which the forward ends of all of the
For example, at the upper portion of the | jacks may press to force the shield forward,
shield are shown a series of large compart- | the rear ends of the jacks having for their 13c

~ ments. 4, extending transversely and longitu- | abutment a plate or head 16 at the forward

65 dinally of the shield, there being three such | end of the tunnel proper in course of con-
compartments extending longitudinally on | struction, as shown more clearly at Fig. 5.
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wardly from this plate and partially surround |

the forward end. 17 of the constructed tunnel
and in a manner such that the said end 17

will act as a guide to the shield when 1t 1s

moved forward. The joint between the rear
end portion of the shield and the forward end

17 of the tunnel is maintained air and water

tight by means of snitable packing devices,
asindicated at18. The jacksl4arearranged
horizontally and longitudinally of the shield
and at the lower forward portion thereof.
The forward ends of the jacks 14 bear against
2 hollow strueture 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 com-
pleted portion of the foundation-work, which
will presently be more fully explained.

The head of the shield, like the sides and
top, is composed of separate flange-plates riv-

eted together and is formed or provided at
its lower portion with numerouns small holes
or apertures 20, through which air and water
or either may be ejected for the purpose of
agitating and loosening the mud, silt, or the
like at the front side of the shield, and thus
displacing such matter, so as to facilitate the

advanece of the shield. 1 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 desirable.
I have also shown at about the middle of the
head a single series of similar jet-openings
20, which may be employed advantageously
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 desecribed.
The head of the shield is likewise formed
with several transverse series of openings 21,

provided each interiorly of the shield with a

cover 22, which may be clamped or bolted
Theseopenings 21 are pro-
vided for the purpose of enabling any mate-

rial t0 be carried into the shield which would

not be easily displaced by the jets and which
might have to be otherwise removed to en-
able the shield to be advanced. 'T'hesecovers
are preferably provided with central outlets
23, controlled by valves 24, and which may be
used for the ejection of air or water, or both,

to loosen or displace the mud or other mate- !
| as many of these telescopic shafts as may be

rial 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 inside of the head, and these are em-
ployed in connection with a pumping or suc-
tion apparatus for the purpose of enabling
material to be drawn 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 discharged through pipes at the point
26 or elsewhere, as may be found most expe-

dient.. "Transversely of the head of the shield

[ -

shield is greatest.

is still another series of openings 27, each of
whichis provided with a stuffing box or gland
and through which may be introduced a drill,

as 28, operable by hand or by compressed air .

from 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,

70

75

which may be bolted or otherwise secured to

the shield, but which is preferably detachable

therefrom. This caisson may, however, form
a permanent part of the shield and in such
case wounld constitute the top of the same.

As here shown, it is formed of three longitu-
dinal series of compartments 30, there being
six compartments in each series.

These com-
partments 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 compartment to the
next when this may be desired. '1hese com-
partments are to be used primarily for the
storage of weight, either water or pig-iron or
the like, where the shield is in operation at
some considerable distance below the surface
of the water and where the buoyaney of the
The forward chambers or

30

90

compartments of the superimposed caisson

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

Y00

other glass-covered openings or ports the

workmen may observe the character of the ma-
terial immediately in front of the shield, and,
if desired, some of the lower openings 21 in
the head of the shield may likewise be pro-
vided with glass covers for the same purpose.

Referring to Fig. 5, it will be observed that
the rearmost compartment 4 of the middle se-
ries is provided with a telescopic tubular shaft

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 said

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.

receiving the same. There may of course be

necessary. . -
It will be observed at Fig. 5 that the plates

of whieh the head of the shield is composed
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 in dotted lines) and which ex-
tend from said flanges in truss-like form to
the front face of the upper series of com-

105

ITO

115

120

125

130

partments 4, thus effectually resisting any lia-

bility of the head buckling or distorting. Af

the same time this bracing servesto transmit
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=23

the force of the jacks 13 exerted through the
walls, tops, and bottoms of the compartments
4 to the head of the shield, it being under-

stood 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, it
will be observed that the side walls of the
shield extend slightly below the lower or cut-
ting edge of the head of the shield in order
that any escape of air from the shield may
be under the head or forward portion there-
of, where it is desirable to displace or dissi-
pate the material, rather than at the sides of
the shield, where it may be desirable to have
the material remain intact.

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

20

30

thereof, and for this reason there is provided
at this locality a pile -driving mechanism
(represented generally at 36) and which may
be of anysuitableconstruction. Ihaveillus-
trated a carrier 37, which may be supported
to travel transversely of the shield with the
driving mechanism and so as to drive succes-
sively crosswise of the shield a line of piles
38.
resented as being adapted to be moved pro-

gressively longitudinally of the carrier and

shield, so as to enable it to drive successive
forward lines of piles until the requisite num-
ber have been driven to renew or continue

- the construectional work of the flooring or

35

40

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 |

18 easily installed by the hydraulic engineer,
but is difficalt of illustration herein. Ihave,
however, endeavored to show such a system,

- although it may be varied in accordance with

45

S50

55

6o

the detail construction of the shield and in
accordance with the various working devices
which may be employed therein. For the
Jet-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 is a
line of piping 41 and branches 42. For the
topmost series of jet-openings 20 there is 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
seen at Kig. 7, ten are shown. Some of
these pipes are, however, used to conduect
alr or water at different pressures to the
compartments 4, 6, 7, and 30, said main sup-

ply-pipes 44 being built into or laid in the |

masonry or foundation in sections as the work
progresses and being connected at their outer-
mostendstoair-compressersand water-pumps.
In addition to these main supply-pipes there
18 a larger centrally-arranged water-pipe 45,
likewise 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

The driving mechanism for piles is rep-

706,380

| other portion of the shield or any other de-
vice therein which may require the water

from this pipe. Various branch pipes, as 46
47, connect with the supply-pipes 44 and 45,
SO as toconduct 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 pump is placed near the bottom of the
bed of the shield and connected to the ex-
haust-pipe 48. Said pipe may be supported
onthe jacking-timbers,orit may be suspended
within the shield or otherwise suitably sup-
ported, 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 unneces-
sary, further, to desecribe in detail the ar-
rangement of the pipes or of the valves which
control said pipes or of the valves whieh con-
trol the passage of the air and water from one
compartment to another, these systems being
well understood by those skilled in the art.
Having now described specifically the con-
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 submerging the same
temporarily provided with a rear end or wall,
which may be made of timber and which may
be removed after the shield has been brought
down to the proper depth and in alinement
with the shore end of the tunnel. To sink
the shield, it is filled or partially filled with
water or other weights, such as pig-iron, de-
pending upon the depth to which the shield
must be submerged, and the shield is per-

-

75

80

90 -

95
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105

mitted todescend untilit rests upon the mud or

other material below the surface of the water.
It may then be necessarv to exeavate from
under the shield in order to get it down in
alinement with the shore-opening of the tun-
nel, and to accomplish this it may be neces-
Sary to pump air into the working chamber
/7, and thus drive the water therefrom, where-
upon 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 may be connected with the

pipe 48 and the material all blown out or ex-
hausted at 26. As the material is thus ex-
pelled from under the shield it may be neces-
sary from time to time to add more weight to
the shield to maintain it in its depressed con-
dition and enable it 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-open-
ing of the tunnel, the latter may be buils for-
ward the required extent to connect with and

i enter the rear end of the shield, whereupon

the temporary rear end of the shield may be

i removed and open communication established

110

II§
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125

130
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between the interior of the shield and the ] same time the bottoiii plates are put down

tunnel, and the air and water pipes running
through the tunnel from suitable pumps and
air 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 ot
the shield haveor havenotbeen disconnected.
The parts are now in condition for the work-
men to proceed with the operations of remov-
ing the mud, silt, &ec., and building or coun-
structing and fm ming a suitable foundablon
and bottom for the tunnel

The order of the operations may vary un-
der 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 requsite strength to be built there-
upon. The sinking of the said several rows
of piles may be accomplished by jacks or
other devices employed within the shield in-
stead of by the 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 trans-
verse rows of piles have been driven by the
pile-driver and the beams and concrete or
other masonry laid thereon the shield will
then be moved forward, as will presently be
explained. The piles may be of wood or of
iron in sections. When the piles are driven,
they are preferably laid on true lines longi-
tudinally and transversely, and at the proper
times longitudinal I-beams 49 are bolted to
the sides thereoi, 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.

45

5O

55

0o 1

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 it should be too soft buckle-plates or
supports may be placed under the lower
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 cross-beams 50, and con-
crete 53 18 laid upon said transverse beams
and also around the lower portions of the
beams or rails 9 9, so as to embed them there-
in and maintain them in proper position for
the antifriction-rolls 8. During the laying
of the concrete 53 the pipes 44 and 45 are
inserted or laid, and at the same time the sec-
tlonal bottom plates 54 are laid transversely
upon the cross-beams 50 and covered with
concrete. T'hey are, however, first bolted
At the

together and to the cross - beams.

the end plates 55 are also erected and also
surrounded by concrete. These end plates
project slightly above the concrete and sup-
port the series of arching plates 56, which
are subsequently put in in sections and illed
with concrete between their flanged ends,
the sald plates 56 constituting when com-
pleted the inner walls of the subagueous tun-
nel. - The concrete 57 on the outer side of

sald plates is laid 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
93, 'T'he 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, andlongitudinal and transverse beams
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and ﬂommﬂ 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
pipes44and 45 having also been laid or placed
1n position, the next operation will be to move
the shield horizontally forward a suitable
distance—{for example, such as that repre-
sented 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 asuction-pamp
1s employed, as before explained. When the
material has been sufficiently removed or dis-
placed from in front of the shield, the latter is
moved forward by means of the jacks 13 and

14, or either of them, depending upon the re-

|

sistance ahead of the shield and also the fric-
tion on the sides of the shield. The jacks13
are always arranged in the position shown;
but the jacks 14 are only placed in their po-
sitions when 1t becomes necessary to move
the shield. It will be understood by those
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skilled in the art that when water is admitted

to all of the series of jacks which it may be
necessary to employ said jacks will operate
to press the shield forward, the series of
jacks 15 having for their abutment the for-
ward end of the previously-constructed tun-
nel and pressing against part of the shield at

| the forward end thereof, and the jacks 14

having for their abutment the foundation or
GI‘IbWOlk of the piling and pressing at their
forward ends against the box-beam secured
near the lower edga of the head of the shield.
Duringthismovement of theshield it is stead-
iled and guided by the front end of the tunnel,
which telescopesintothe rearend of the shield,
and owing to the employment of the antifric-
tion-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 is shown as partially filled
with pig-iron 59, which may be used with
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other weights to keep the shield down in

bearing contaet with the mllers 8 and these
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rollers and their tracks or rails firmly fixed
in the bed-foundation built within the shield
prevent any depression of the shield and in-
sure its moving forward in the proper line or
path while at l:he same time the said founda-
tion-work, including the rails, prevent any
laternal movement ef the shleld owing to
the sides of the latter extending down to and
past the flooring or covering of the founda-
tion-piling, and which flooring or covering
constitutes the bottom of the completed tun-
nel. The shield having been moved forward
the desired extent, or to, say, the position
shown at Fig. 5, a,nd the air and water jets

and other mud d1spla,emfr and removing de-

vice having ceased their operations, and the

~ Jacks 14 having been removed, the operation

20

of driving pllee 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 forming com-

| mumeamen between the forward portion of
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the tunnel and the shield, so that workmen
may from time to time pass from one struec-
ture to the other, so that piles and other ma-
terial may be taken from the tunnel into the

s8hield 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.
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locality at which the pile-driving apparatus
is now shown as arranged.

Referring to Ifig. 1, the view repreeente the
tunnel as havmn'_ 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
pilesin order tosecure a firm and stable foun-
dation for the tunnel itself.

AtFig. 2isrepresented, on a small seale, the
work of constructing the tunnel and the foun-
dations from within the shield, while at Figs.
3 and 4 cross-sections of the tunnel and river-
bed are shown at portions of the tunnel
(Represented, respectively, by the lines z 2
and vy y, Fig. 1.)

As will be observed from Flgs. 3 and 4, I
prefer to surround or cover the completed
tunnel on the top and two sides with broken

rock, coarse gravel, or other ‘snitable mate-

rial 64_: SO as more ﬁ1 mly 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. Thiscovering of rock or the like pref-

‘erably extends for the entire length of the

sabmerged 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 f10m the
flooring or base of the tunnel down into the
rock, where sald rods are provided with

If desired, openings 61 may be formed in | spreaded ends which, by means of wedges, re-

the front and sides of the shield for ropes or

cables, which from the front may extend for-

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 purpose of relieving the shield from side
strains from sw1ftly-runnmﬂ' or strong cur-

‘rents, and which might tend to displace it

laterallv or cause it to bind on the tunnel.
Also, if desired, there may be arranged a
series of temporary emergency air and water
pipes 62 to connect with the various compart-
ments from the pumps end air-compressors on
the shore.

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

60

of sections serewed or bolted together, de-

pending upon the depth to which it is to be

sunken. After the column or columns have
thus been driven they may be filled with con-
crete or other suitable material. In such
work, of course, in lieu of the pile-driving ap-
paratus suitable pneumatic or jetting appa-

tain a firm hold in ho]es drilled in the rock,
thus further securing the tunnel against ris-
ing or upward displacement by reason of its
own buoyancy. These anchor-rods may be
provided at such points as will permit of their
use during the entire length of the tunnel.
If desired, at various poml;s in the structure
where the nature of the river-bed will admit,
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serew-piles 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 provi-
sion is made for immovably holding the tun-
nel in 1its
upward movement, but lateral movement as
well.

So far as I am aware no one has hitherto
provided any means for constructing a sub-
aqueous tunnel by first building therefor a
suitable foundation and then progressively
constructing the tunnel upon such founda-
tion, and this mode of construction I desire
to claim as broadly as possible. Moreover,

I15

proper position, not only against
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no one, so far as I 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 suitable foundation for a tunnel

ratus would be employed and at about the I and to construct the tunnel progressively

130
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7

from-within such shield and then to advance ] placing a movable pneumatic shield in posi-

such shield in the line of the tunnel for the
building of additional foundations and addi-
tional sections of the tunnel, and this con-

tion, in afterward building in the river-bed
o suitable foundation for the tnnnel and from
within the movable pneumatic shield, in then

¢ struction of shield and mode of building the | building an extension to the tunnel within 7o
runnel I also desire to claim as broadly as pos- | the shield, in then ejecting jets from the head
sible, of the shield and removing or displacing ma-

While I have shown and thus far deseribed | terial in advance thereof and in then forcing
my improvements more particularly in con- the shield forwardly over said foundation.

1o nection with the building of tunnels, it will 6. The method of constructing subaqueous 75

~ be understood that they may be employed for | tunnels which consists in first adjusting or

the building of subaqueous pipe-lines and | placing a movable open-bottom pneumatic
aqueduects and in connection with the con- shield in position, in afterward inserting pil-
struction of suitable foundations for bridges, | ing into the bed of the river from within the

15 piers, docks,and other submarine structures ; open bottom of said pneumatic shield, in then 8o
where the work has got to be carried on lin- | building a portion of the bottom of the tun-
early and progressively. The nature ot the nel upon said piling and within said shield,
operations from within the movable shield | in then building extensions of the sides and
will of course vary according to the kind of | top of the tunnel within said shield, in then

»o structure and foundation to be built or pro- | moving the shield forwardly over said bot- 85
vided, and it will therefore be understood | tom portion of the tunnel, and in then suc-
that various.changes in the construction of | cessively repeating said operations where
the shield and in the mode of its employment | necessary. |
may be made without departing from the 7. The method of econstructing subaqueous

25 spirit of my invention. tunnels which consists in first adjusting or 9o

I do not claim herein my novel construetion | placing a movable open-bottom pneumatic
of shield and tunnel, siuce the same are made | shield in position, in afterward inserting pil-
the subject-matter of a divisional applica- | Ing into the bed of the river from within the
tion filed May 29, 1902. open bottom of said pneumatic shield, in then

30  What I claim as new, and desire 0 secu re | building a portion of the bottom of the tun- 95
by Letters Patent, 18— nel upon said piling and within said shield,

1. The method of constructing snbaqueous | in then building extensions of the sides and
tunnels which consists in building progress- | top of the tunnel within said shield, in then
ively an artificial foundation in the bed ot displacing or removing material from in front

35 the river where needed, then building a por- of the shield, in then forcing the shield for- 100

40

§0

535

60

tion of the base or bottom of the tunnel upon

said foundation in advance of the head of the
tunnel, and in then progressively building
forward the sides and top of the tunnel.

2. The method of constructing subaqueous
tunnels which consists in inserting piling in
the bed of the river where needed, in building
thereupon a portion of the base of the tunnel
to be constructed, and in then building for-
ward on said base portion the sides and top
of the tunnel. |

3. The method of constructing subagueous
tunnels which consists in first adjusting or
placing a movable pneumatic shield in posi-
tion, in afterward building a foundation in
the bed of the river from within the movable
shield and in then building a forward exten-
sion to the tunnel within said shield.

4. The method of constructing a subaque-

ous tunnel which consists in first adjusting or

placing a movable pneumatic shield 1n posi-
tion, in afterward building in the river-bed

a suitable foundation for the tunnel and from.

within the movable pneumatic shield, in then
building an extension to the tunnel within
the shield, and in then moving the shield for-
ward for the construetion of additional foun-

wardly over the said bottom of the tunnel,

and in then repeating the several operations

where needed.

3. The method of constructing a subaque-

ous structure which consists in first adjust-
ing or placing alongitudinally-movable pneu-
matic shield in position, in afterward build-

ing a foundation from within said shield, in

then building an extension of such structure
upon such foundation, in then advancing the
shield, and in then repeating the operations
wherever needed.

9. The method of constructing subaqueous

structures, which consistsin first adjusting or

placing a longitudinally-movable open-bot-

| tom pneumatic shield in position, in after-

ward inserting piling into the river-bed from
within the open bottom of said shield, in then
building from within said shield a flooring or
covering upon such piling, and thereby ex-
tending the said structure longitudinally, and
in then moving the shield forwardly in the
line of the structure so as to enable the sev-
eral operations to be repeated. | |
10. The method of constructing a subaque-
ous tunnel which consists in first adjusting or
placing a movable pneumatic shield in posi-

105
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dation and tunnel.

tion,in theninserting pilingintothe bed of the
5. The method of constructing a subaque- ‘

river from within said shield and in advance

65 ous tunnel which consists in first adjusting or i of the tunnel, in then building a flooring or 130
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eovering upon said piling from within said | of New York, in the county of New York and
shield, in then building extensions of the | State of New York, this 21st day of February,
sides and top of the tunnel within said shield, | A. D. 1902.

and in then advancing the shield horizontally

JULES BREUCHAUD.
5 to enable the said several operations to be | Witnesses: .

repeated. ' K. V. DoNOVAN,
Signed at the borough of Manhattan, city

E. M. WELLS.
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