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To all whom it LY COTLCETTL:

Be it known that I, THEODORE OOOPER a
citizen of the United States, residing in the
city, county, and State of New York, have in-

vented certain new and useful Improvements

in Tunneling-Shields, which are particularly
designed for tunnohnn' through loose orgranu-
]a,ted material, such as earth, sand, or gravol
of which the following 1S a speciﬁcation.
The object of myinvention is to reduce the
amount of material to be removed in advance
of the shield to a minimum, and thereby to

increase the efficiency of the old method of

tunneling, and also to avoid the risks of sub-
sidence of the superimposed ground, and con-
sequent injury of structures resting thereon.
The means heretofore employed in this tun-
neling method for advance working have been
poling-boards, bulkheads, or movable shut-
ters to restrain the flow of material or, on the
other hand, a long projecting hood in front

of the shield extending beyond the natural

slope of the material to be excavated. The
first of these means has necessitated working
by men stationed in advance of the forward
bulkhead of the shield, which involves risk
and expense in the case of water-bearing ma-
terials and is impracticable where the water-
balance is to be maintained. In the second
method the long hood increases to an incon-
venient extent Lho length and weight of the
shield, and because of “the heavy eccentric

~ load sust&med by the hood there is difficulty
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in keeping the shield in true alinement.

My invention resides in the combination,

with a shield, of devices projecting forward of

the front bulkhead for adjusting and main-.

taining the angle of slope of the external ma-

- terial facing the forward end of the shield
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and consisting of revetment-shutters of anew
and peculiar form, which are operated from
within the air-chamber of the shield, prefer-
ably automatically. The shutters just men-
tioned consist, in substance, of movable plun-
gers of any desued cross - sectional form
mounted in openings extending through the
forward bulkhead or stiffening-frame of the
shield and fitted with suitable guides. These

plungers are preferably hollow and open to-
ward the rear, so as to besubjected to the in-
ternal air-pressurein a pneumatic shield or to
the action of screw-jacks, springs, hydraulic

“water - level.

' pf'éssure, or other mechanical appliance that

may be used in their operation. By such
means the shutters are automatically forced

forward thronghthe bulkhead and maintained
under pressure against the receding face of
‘the material in front of the shield as such
material is excavated from below. DBy thus
‘maintaining a econstant retaining pressure on

the material in front of the shield while the
excavation is carried on from below the face

of the material can be held at a steep angle

well within the limits of a moderate-sized
hood. By this means the amount of mate-
rial to be removed as the shield advanoes will
be reduced to a minimum.

In a pneumatic shield where a watel bal-
ance is maintained behind the forward bulk-
head the pressure.needed to retain the mate-

rial at a steep angle, as aforesaid, will be far

less than in the methods herenofor'e used,

‘since the water-head and sach portion of the

weight of the material as is represented by

168 buoyanoy will be balanced by the internal

air-pressure, leaving only the weight of the
material less its buoyancy to be counterbal-
anced by the pressure which restrains the
flow of such material. In this shield the in-
ternal air-pressure for all points above the
balanced water-line will be in excess of the
external hydrostatic pressure, being approxi-
mately sixty pounds per square foot of verti-
eal surface for each foot of height above the
Hence the shutters sliding
through the openings in the forward bulk-

head will be pressed and- held by the air
against the face of the external material. For

the lower tier of shutters, where the pressure
is lowest, it may be found desirable tosupple-

ment the air-pressure by secrew-] acks,sprin o8, .

or other mechanieal devices. The position of
the shutters will also indicate within the air-
chamber the progress of the external excava-
tion and the slope of the external material,
which can be modified and controlled by
changing the point of excavation or by relax-
ing the pressure on certain shutters. The
ohleld itself may be pushed forward steadily
or at intervals, the shutters being free to
move backward through the forward bulk-
head as the shield advances without relaxing
their pressure on the face of the material in
front. Tho pressure applied to the shuttels
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- will be less than and independent of that re- | a poling-plate O, attached to the edgeof one =
of the shutters on theside of the shield. This
plate projects forward from the shutter into

N quired for moving the shield.
- plied to the shutters individually.
~ends of the shutters shounld be fitted with

2

It is also ap-
- The front

traps, which can be opened for exploration or

for loosening the material or for other pur-

Theirfrontfaces may be eithersquare
Pref-

poses.
or inclined to the axis of the shutters.

o erably the shnttersshould be soarranged that

10

any one or all of them can be entirely with-
~drawn from the bulkhead or frame and the

- openingsthen closed with a plate or trap,if de-

~ sired. Moreover,theshuttersnear the periph-
ery of theshield can, if desired, be fitted with

i projecting or poling platesto act as a supple-
~mentary hood, which may be forced beyond

- the per manent hood and act as an extension

- thereof.
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| Theaccompanymﬂdrawmn'smpresent that
form of my invention which I now regard as

~ the best one out of the various formsin which

‘the principle of the invention may be ap-

plied.

- In the drawings, Figure 1 is an end eleva-
{ion of the shield viewed from the inside with
Fig. 2isa ver-

myinvention applied thereto.

- tieal lonwltudmal section of the shield shown

S 30
o Cdblnﬂ' for ming the shell of the shield and
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in Fig.
the eonsbl ucl}mn |
- In the drawings, A is a hollow 05 1111(1[‘1(3:1,1

aulta,bly blaced

B isthe forward vertical buthead closmﬂ'.
" the front end of the shield, with the excep- |

tion of the lower third theleof which is left
open to communicate with t,he external ma-
terial.

D 1s a conical rear bulkhead constructed in
accordance with the principles of the inven-
tion shown in my Patent No. 715,244, dated
December 9, 1902.

Pis a shmt projecting hood extending in
front of the bulkhead B.

Q Q are the hydraulic jacks for advancing
the shield.

The forward bulkhead B is perforated by a
series of openings, which in the present illus-
tration areof substantially*rectangular shape
and provided with bearings in which may
slide the shutters E, whlc,h are hollow, but
closed at the front and open at the rear, and
fit snugly within the perforations. Stufﬁnn‘-

‘boxes G serve 1o pack the shutters within -

the perforations when the shutters are oper-
ated by the internal air-pressure and make
a tight joint, while still allowing the shutters
to move in and out. The shutters E are
shown as decreasing in length from the top
to the bottom tiers, correspondmw in general
to the limiting-slope within which it is de-
sired to maintain the face of the exter nal ma-
terial.

As shown in Figs. 3 and 4, the front ends

of the shutters are plowded with traps H, |
hinged on the inside, so as to open inward, and |
fastened by a latch, as particularly shown in |
Fig. 4. Thereis also shown in I‘wq 3 and 4 |

- Figs. 3, 4, aud 5 show detallb of-

out against it, as already deseribed.
- slope and shape of the face of the material

724,666

the material in front and serves to lestlam S

the flow of the material.

- In Fig. 5 the shutter E is shown as opel-- .
ated by a screw and spring, which maybe

o

supplementary to the air-pressure or, if de-

sired, used alone. Inthisfigure, Lisa spring

seated against the inner face of the shutter -

in a ¢ylinder wherein moves a piston on the-

end of rod J, so that the spring may be com- =
pressed by pressure applied to the rod. The
opposite end of the rod is serew-threaded and

30

passes through a corresponding threaded

with- a hand-wheel M.  In all of these ar-
rangements the pressure is elastie, allowing

the shutters to automatically adgust them-
selves to the face of the receding material.

sleeve set into the stanchion K and provided

In dry ground with or without mtern:,ﬂ air-

pressure the after bulkhead D may be omit-

ted.

In operation the material in front of the

shield will be excavated through the opening

in the lower part of the forward bulkhead,

and as the work proceeds the slope -Gf-the

material facing the end of the shield will be

controlled by the shutters, that are pressed
- The

may also, as above mentioned, be adjusted
as desired by regulating the pressure on the
several shutters.
atoresatd, the need for a long overhanging
hood and also limit the excavation to the
amount required for the passage of the shield.

What I claim as new, and desire to secure
by Letters Patent, is— |

1. Thecombination with a tunneling-shield
of a forward bulkhead therefor having an
opening in its lower part through which the
excavation is carried on and means for ad-
justing and maintaining the angle of slope of
the external material facing the end of the
shield.

2. Thecombination witha tunnelin g-shield
of a forward bulkhead having an opening in
its lower part through which the excavation
i8 carried on, and a series of devices project-
ing forward 'of the bulkhead for adjusting
and malntaining the angle of the slope of the

external material facing the shield as such

material is excavated from beneath.

3. Thecombination with a tunneling-shield
of a forward bulkhead or frame plerced with
a series of openings and revetment-shutters
in the form of plungers contained in said
openings and movablelongitudinally therein.

4. Thecombination with a tunneling-shield
of a forward bulkhead or frame pierced by
openings, shutters mounted in said openings
and movable therein and means for applying
and maintaining pressure upon the shutters.

9. 'I'hecombination witha tunneling-shield
of means for advancing it ahead of the com-
pleted tunnel, a bulkhead or frame at the for-
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ward end of the shield,slope-retaining devices
projecting in front of the bulkhead but mov-
able with respect thereto and means for ap-
plying pressure to the said devices less than |
the pressure required to force Lhe shield for-
ward.

6. Thecombination witha tunneling-shield
of a forward bulkhead orframe, slope-retain-
ing devices projecting through said bulkhead
and movable with respect thereto, and means
for maintaining a constant pressure of said

- devices against the external material facing

15

- 20

25

30

the end of the bulkhead independent of the .

pressure required to force the shield forward.

7. Thecombination with a tunneling-shield

of a forward bulkhead or frame and movable
revetment-shutters projecting through said
bulkhead and exposed to the internal air-
pressure back of the bulkhead.

8. Thecombination witha tunneling-shield
of a forward bulkhead or frame, a series of

revetment-shutters movably mounted in per-

forations through the said frame or bulkhead
and means for applyving pressure to said shut-

ters within the shield for holding them against -

the face of the external material.

9. Thecombination with a tunneling-shield-

of a forward bulkhead or frame, revetment-
shutters movably mounted in perforationsin

sald bulkhead or frame and means for main-
taining internal air - pressure against said |

3

shutters to force and hold them against the'

face of the external material.

10. The combination with a funneling- -

shield of a forward bulkhead or frame, revet-
ment-shutters mounted movably in perfora-

| tions through said bulkhead or frame, means
| for applymrf and maintaining air-pressure
against said shutters and mechanical pres-

40

suredevicessupplementing said air-pressure.

11. The combination with a tunneling-
shield of a forward bulkhead orframe, revet-
ment-shutters movably mounted in perfora-
tions -through said bulkhead or frame and
elastic pressure devices for forcing the said

12. The combination with a tunneling-

shield of a forward bulkhead or frame, a se-

ries of revetment-shutters movably mounted

35
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shutters against the force of the external ma-
terial.

50

on said bulkhead or frame and elastic pres-

sure devices acting individually on said shut-

ters to hold them respectively against the face

of the external material.
In witness whereof I have hereunto set my

35

hand, before two subseribing witnesses, this

23d day of January, 1903.

THEODORE COOPER

Witnesses:
BERNT BERGER,
GUS P. MACIAS.
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