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This invention relates to excavation means, and 
more particularly to excavation means used to 
drive shafts or tunnels, such as tunnel shields. 
One of the objects of my invention is during 

5 the eXcavating operation to compress the mate 
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rial radially outwardly by wedging-means or spe 
cially arranged cutting means around the mouth 
of the excavating device and then to release said 
material by the progression of the excavating de 
Vice and thereby automatically allow it to ex 
pand into full surrounding support against the 
outside of the tunnel or shaft-lining previously 
erected in the rear end of the excavating device 
and from which it emerges during said releasing 
progression of the device. 

. . Another object is to excavate soft ground auto 
matically by forcing it through openings provided 
for the purpose in the header of the excavating 
device as it is forced against said material, said 
material being delivered through pipes or chutes 
in connection with said header openings to con 
veyances for removing and disposing of it. 
Another object is to specially irrigate the ma 

terial in advance of the excavating device to make 
Said material work like soft ground in connection 
with my invention. 
Another object is to provide improved means 

for forcing ahead the excavation device away 
from the last erected section of the tunnel-lining, 
Said means comprising jacks having special shoes, 
whereby the jacks can tilt with reference to the 
tunnel-lining, as required by any Swerving of the 
excavating device, but the shoes will remain 
Squarely seated against the end section of the 
tunnel-lining and thereby continue to distribute 
the thrusts evenly over said lining as distinguished 
from concentrating the thrusts unevenly to the 
probable damage of the lining. 
Another object it to provide in connection with 

the excavation device a chute for receiving the 
excavated material received into the excavating 
device and delivering it by gravity but with safe 
momentum and impact to the conveying means 
for conveying the material out of the excavating 
device. 
Another object is to provide an iron or steel 

bulk-head construction with its air-locks in lieu of 
the bulk-heads, now in use, my iron or steel bulk 
head being devised so as to be adapted to be an 
chored to the lining of the excavation so effective 
ly and over such a wide area of the lining that it 
presents far greater resistance to the high air 
pressures involved than has been attained here 
tofore, and is therefore far safer than the pres 
ent steel construction; and . which is moreover 

adapted to be readily erected and knocked down 
in portable units and as such, moved along to suc 
cessive locations and reassembled. 
Another object is to make tunneling and the 

sinking of shafts more rapid, less costly and im 
proved in result. 
Other objects will be in part apparent to those 

skilled in the art or in part pointed out herein 
after. 
The invention accordingly consists in the fea 

tures of construction and mode of operation, com 
bination of elements and arrangements of parts 
as will be exemplified in the method and struc 
ture to be hereinafter described; and the scope of 
the application of which will be indicated in the 
following claims. 

I. In order that the invention may be readily un 
derstood and its advantages from a practical 
standpoint fully appreciated, reference may be 
had to the accompanying drawing showing one of 
the preferred forms of embodiment, which my 
-present invention is adapted to take. 

In the drawing, Fig. 1 is a vertical longitudinal 
Section partly in elevation of a tunnel-heading 
on the line - in Fig.2 and shows a shield, a 
tunnel-lining and a bulk-head enclosing a com 

: pressed air chamber between them, these em 
bodying preferred forms of parts and structures 
within my invention; Fig. la is an enlarged de 
tail of the manner in which the rings of tunnel 
lining may be fitted together; Fig. 2 is an eleva 
tion of the front. Or advancing-end of the shield; 
Fig. 3 is an enlarged longitudinal section through 
a form of inverted cutting edge within my inven 
tion for the mouth of the shield, said figure also 
showing the skin or shell of the shield and a 
portion of the tunnel-lining; Fig. 4 is an enlarged 
portion taken from Fig.1 showing my improved 
pushing-shoe for One of the jacks as same would 
appear in side. elevation when viewed from the 
line 3-3 in Fig. 6 looking in the direction of the 
arrows; Fig. 5 is a view on the line. 5-5 in Fig. 4 
'showing the base of the Socket-part of the push 
ing-shoe; Fig. 6 is an enlarged elevation of that 
part of the pushing-shoe. which is at the end of 
the tunnel-lining; Fig. 7 is an enlarged longi 
tudinal section through the circular girder of the 
bulk-head containing the air-locks and through 
the tunnel-lining and the concrete connection 
between said girder and lining; Fig. 8 corresponds 
to Fig. 4 except that it shows a modified form of 
pushing-shoe of a jack which omits the ball and 
socket construction shown in Fig. 4. Fig. 9 is an 
tenlarged section of the manner in which the 
irrigating pipes of my invention may be con 
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2. 
structed. Fig. 10 is an elevation partly in Sec 
tion of a gate or Valve device capable of con 
tributing toward the control of the course of the 
shield of the present invention. 

In the drawing the invention is shown as ap 
plied to a device for driving tunnels as distin 
guished from a caisson for sinking shafts. How 
ever, many, if not all, of my herein improvements 
apply equally well to excavating devices generally, 
whether for driving tunnels or sinking shafts; 
and this is to be understood or implied in con 
nection with the following detailed description 
and the claims. 

or so-called shield, generally designated by the 
letter A, comprises a tubular shell 4, a bulk 
head or header 23 preferably supported within 
and carried by Said shell, and cutting means at 
the mouth of the forward end of the shell. . . 
The Shield A; the air-lock bulk-head, generally 

designated B; and the tunnel-lining generally 
designated C enclose between them the space D 
which is the compressed air chamber in which 
the men Work to carry on the tunneling opera 
tion, the compressed air, of course, serving to 
keep the Water out of the Working space as well 
as to supply the men with air to breathe. 

Jacks, generally designated E, Serve to force 
the shield end Wise towards the right in Fig. 1 
into the ground or material to be excavated which 
is either excavated by hand or is automatically 
delivered into the shell in accordance with my 
invention, and thence delivered through the locks 
in the bulk-head B for final disposal thereof. 
The space in the shell of the excavating shield 
behind its header forms part of the compressed 
air working Space and permits the men to 
erect the Successive rings of the tunnel-lining 
?c within the tail end of the shield as the latter is 
pushed for Ward and the material is excavated 
to form the tunnel. 
These jacks extend lengthwise of the shell in 

a circumferential series around the interior there 
of; and they operate between the end of the last 
erected ring of the tunnel-lining C and the header 
23 of the shield, or more specifically the ring 
shaped girder 25 to which the shell 4 and the 
peripheral portion of said header 23 are secured. 
Fig.1 shows the last rings if of the tunnel-lining 
that have been erected within the tail end of 
the Shell against which the jack-shoes bear as 
aforesaid to force the Shield for Ward into the 
laterial to be excavated. Fig. id. ShoWS in detail 

the manner in. Which these rings may be placed 
together. . 
The forward end of the Shell is provided With 

cutting means at its mouth. Which is inverted 
as compared to previous practice, that is to say, 
the inclined face a of said cutting means is 
located towards, the outside of the shell, said face 
sloping forwardly and inwardly. This has the 
effect, as will be hereinafter explained, of ex 
cavating less material than that actually dis 
placed by the outer cross-section of the shell 4 
and of compressing the remaining material radi 
ally outwardly and holding it in compression by 

: the outside of the shell 4 as the latter is ad 
vanced by the jacks through the material. This 
compression is only released. When the tail-end of 
the shell has passed beyond... it, Whereupon the 
compressed material expands in Wardly into con 
tact With the Outside of the tunnel-lining Sec 
ions or rings as they emerge from the tail 
ird of the shell due to its advance into the 
raaterial. - 

plastic for the purpose. 
is provided comprising the pipes 8 adapted to be 

2,010,422 
It will be understood that the aforesaid metallic 

cutting edge completely surrounds the perimeter 
or mouth of the shield and the front or botton 
Cf a caissOn. For convenience of application, 
removal and replacement, this cutting edge is 
usually made up in Sections secured end to end an 
and to the skin or shell or other frame work of 
the shield or caisson. 

the openings are provided through the 
header. 23 of the Shield Or other excavating device 
froin which preferably chutes, designated ia, 
lead rearwardly into the shell. The material 
from in front of the header is automatically 

In the drawing, the tunnel excavating device 
... Operation of forcing the shield and header against 
forced through these openings and chutes by the 

the imaterial by means of the jacks. Thus, the 
openings and chutes a form part of an 
efficient means for automatically excavating the 
Soft rilaterial in front of the header and for auto 
ratically delivering it into conveyances at the 
Shield Such as cars, conveyors, etc., for Subse 
quent removal. 
The foregoing assumes that the ground ahead 

of the Shield or the like is sufficiently soft and 
If not, irrigation means 

projected through Suitably provided holes in the 
header into the material in front of it in older 
to deliver Water or liquid under pressure from 
any Suitable Source of Supply into said material 
to soften it so that the material will be suf 
ficiently soft to Squeeze or flow through the afore 
Said openings if during the advance of the shield. 
Sinilarly, in Such case, pipes 3a are - provided 
for irrigating the material at the periphery of 
the Shield, these being adapted to be projected 
into Said material through holes provided for the 
purpose in the shell or skin of the shield. 
The holes in the pipes for delivering this liquid 

consist of a large number of fine holes 8b through 
the walls of the pipes for the distance the pipes 
enter the ground; whereas the end of each pipe is 
plugged up or closed. Moreover, said holes in 
the Walls are counterSunk slightly at the outside 
of the walls to prevent them fron being plugged 
When pushing or projecting then into the ground 
as heretofore described. This construction is 
-clearly indicated in Fig. 9 which also shows a 
simple manner in which the pipes may be 
housed for reciprocating movement through the 
header 23. 
On the other hand, I do not limit myself to 

impregnating the ground with liquid by pipes pro 
jected or forced ahead of the shield bulk-head 
23 because in Some grounds, such as sand, the 
pipes may end at the bulk-head or header and 
the water may be simply forced through the ends 
of pipes directly into the ground in front of said 
bulk-head. 
This irrigation operation takes place while the 

shield is at rest to prevent damage to the last 
named radially projecting pipes 8a, which should 
be withdrawn before the shield is set in motion. 
On the other hand, it is not necessary to with 
draw the irrigation pipes 8 that project through. 
the header, because the advancing shield Will 
automatically bring these back into the shell 
Without damage thereto. 

Platforms 24 are Supported by the circular or 
ring-shaped girders of the shield behind the 
header 23. Wertical chutes 5 for the excavated 
material are Supported in the shell behind the 
header by these platforms and have openings 
into them at said platforms whereby the exca 
wated material coming through the openings 7 
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2,010,422 
and chutes Ta may be delivered eitheridirectly 
into the aforesaid vertical chutes 5 or onto the 
platforms, whence it can be shovelled into the 
openings of the chutes 5. An important novelty 
of the chutes 5 is their zig-zag form whereby 
the flow of the material down the chutes is in 
peded at each elbow therein.with the result that 
it is delivered at low velocity to the car or me. 
chanical conveyor 6 without damaging the latter 
which cannot be done where the materialis deliv 
ered from an upper platform of a large tunneling 
shield unless the chute be made extra long So as 
to be inclined at a small angle, in which event, it 
takes up too much room and involves the further 
disadvantages hereinafter more particularly 
pointed out. For the same purpose of retarding 
the drop of the material, ribs hereinafter more 
particularly described may be provided on the 
interior of the chutes to further reduce the impact 
of the material upon the conveyor or car. ...: 
Gates or valves 7b, for instance, as shown in 

Fig. 10, are provided in connection with each 
opening T and chute 78 whereby the opening 
and closing of these openings can be controlled 
selectively. If the shield in the given operation 
has begun to swerve out of its true course, this 
can be corrected by appropriately closing SOme 
of the openings at one side of the shield and 
opening some on the other side; or the shield 
can be deliberately, made to Swerve with the ob 
ject of forming a bend in the tunnel by Selec 
tively manipulating said closures for the Openings 

. Or chutes a. 
The heretofore referred to jacks. E. embody 

pushing-shoes within my invention whereby Said 
pushing-shoes of the jacks always remain in full 
or square contact with the adjacent tunnel ring 
instead of being tilted out of square contact when 
the shield swerves. Two forms of these pushing 
shoes are shown in Figs. 4 and 8 respectively, the 
former embodying substantially a ball and Socket 
joint. . . ' 

The jacks E are supported all around the in 
side of the shield in the channels of the ring-like 
girders 25 and 25a of the shield. Each extends 
through a hole in the web of the girder 25 and 
pushes against the web of the girder 25. 

Describing first the ball and socket form shown 
in Figs. 1, 4, 5 and 6, each of these pushing-Shoes 
comprises an arcuate plate 3 shown in plan in 
Fig. 6 adapted to bear against the end of the last 
tunnel-lining ring it. Each of these plates has a 
boss 3a, shaped in the form of the exterior Surface 
of a portion of a sphere and acting as the ball 
part of the joint. The socket part consists of a 
concave boss 2a shaped in the form of the interior 
surface of a portion of a sphere, disposed upon 
another plate 2 and forming a seat to receive and 
coact with the partially spherical boss 3. These 
plates 2 and 3 with their coacting ball and Socket 
portions comprise what I have conveniently 
called the pushing-shoe and are yieldingly held 
together and, at the same time, attached to and 
supported by the base 8 of the related jack by 
bolts 4. These bolts project freely through Suit 
ably located holes in the plate 3 with their heads 
counter-sunk in the back of the plate and . With 
their shanks passing freely through enlarged 
holes in the plate 2 and the base 8 of the jack. 
The free ends of these bolts beyond the base 8, 
are provided with spiral springs 5 held thereon 
by washers 6 and nuts T, the latter engaging the 
screw-threaded free ends of the bolts. . . . 
In other words, the circular girders. 25 and 25 

of the shield, operatively support the jacks and 

3 
these, in turn support the ball and socket shoes 
with their arcuate plates 3 at the end of the last 
tunnel ring or other form of tunnel-lining; 
and it will be understood that the arcuate plates 
3 of all the jacks form an end-to-end series, so 
that... the collective thrust of the jacks is dis 
tributed practically over the entire end of the 
tunnel ring including its Outer peripheral portion. 
Moreover, these arcuate plates 3 of the shoes 
always remain squarely seated against the end 
section of the tunnel-lining in spite of any Swerv 
ing vertically or laterally of the shield as it is 
pushed forward. When this happens, the com 
bined jack and shoe construction accommodates 
for the Swerving by permitting the jacks to tilt 
Out of line with the shoes but without taking the 
latter out of square, full-face contact with the 
end-section of the tunnel-lining. 
i. The other form of less expensive pushing-shoe 
shown in Fig. 8, may be used for the sake of 
economy with jacks pushing against wooden lin 
ing or breasting and Working against Compara 
tively lights loads. The pushing-shoe of Said 
Fig. 8 is made of a heavy structural steel section 
such as an H-beam 20 with its plate stiffeners 2 f. 
In this form of the pushing-shoe, I omit the ball 
and socket joint, but use the previously described 
bolts 4, springs 5 and fastenings 6 and 7 as in 
Fig. 4 to connect the H-beam with the bases of 
the jacks. When the jack using the pushing 
shoe of Fig. 8 is called upon to yield laterally, the 
base 8 of the jack can tilt relatively to the push 
ing-shoe due to the yielding of the springs 5, but 
the pushing-shoe itself will still bear Squarely 
against the tunnel ring as in the other form of 
pushing-shoe construction. 
These pushing-shoes of my present invention 

avoid the damage often done by the ordinary 
jacks to the tunnel-lining arising from the Swerv 
ing of the shield which causes the ordinary jacks 
not provided with my pushing-shoes to tilt and 
thereby no longer bear Squarely against the tun 
nel-lining end-section over an area equal to the 
entire base of the jacks. On the contrary, the 
reaction from the ordinary jacks is often con 
Centrated under these circumstances on a Small 
area of the tunnel-lining and is the common 
cause of cracked and broken sections of tunnel 
lining so frequently met with and which must be 
removed and replaced, resulting in increased cost. 
All of this is avoided by equipping the jacks with 
my pushing-ShoeS. - 

When the material to be excavated is of the 
nature of pebbles and requires breasting and ex 
cavation by hand, I use jacks equipped with push 
ing-shoes of either kind located in the hollow 
platforms 24 of the shield so as to project for 
wardly from the interior of said platforms with 
their pushing-shoes bearing against a timber 
bulk-head 9, So as to Operate it in the usual 
manner in excavating practice where timber bulk 
heads or breasting are used. 

'. Instead of employing the usual bulk-head or 
dinarily built of concrete and some times of steel 
to form the rear end of the compressed air cham 
ber D.I provide an improved construction for this 
bulk-head of the metal or steel type, my object 
being to make this bulk-head safe from break 
down and blow-outs when in use and at the same 
time make it easier to assemble and reassemble 
this bulk-head as called for by the progression of 
the tunnel. S. 

My steel bulk-head construction B comprises a 
strong tubular shell or web 9 secured to and sur 
rounded by a plurality of circular Or ring-like 
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4 
structural members f having annular outwardly 
directed flanges. Oa. These flanges 10a project 
toward the tunnel-lining and are imbedded aS 
shown in concrete which is suitably applied in any 
Well known rhanner between the tunnel-lining 
and the outside of the shell 9 of the bulk-head SO 
as to fol'in a concrete joint extending all around 
the periphery of the bulk-head between it and the 
tunnel-lining for the entire length or depth of the 
bulk-head, which may have any desired length 
such as that shown which is equal to two or more 
widths of the tunnel-lining rings. Preferably, 
wherever the conditions permit, the outside diam 
eter of the bulk-head shell 9, conforms closely to 
the interior of the tunnei-lining so that the out 
wardly directed flanges i3a project into the chan 
nels of the tunnel rings between their flanges 
and are there imbedded in the concrete contained 
in said channels. This inter-leaving of the 
flanges a with the flanges of the tunnel-rings 
gives increased strength and resistance against 
blow-outs to the concrete union between the bulk 
head and the tunnel-lining. In either event, my 
bulk-head Construction has great strength and 
resistance against displacement applied over a 
large area of the tunnel-lining making it essen 
tially adequate to cope with the great pressures 
amounting at times to 45 pounds to the Square 
inch upon the bulk-head. 
The header 2 of my bulk-head is also prefer 

ably made of Steel construction properly Sup 
ported by the aforesaid members 9 and 0 and is 
equipped with the air locks 3. The structural 
steel framing for supporting this bulk-head 2 
from the parts 9 and are omitted from the 
drawing for the sake of simplicity, since these are 
engineering details which will vary with the par 
ticular size and construction of the given bulk 
head. 
In any event, the structural members 9 and e, 

the header 2, and the inter-connecting parts of 
the bulk-head B in practice will be made up in 
Sections adapted to be readily assembled and 
whenever necessary knocked down and reassem 
bled to enable the position of this bulk-head to 
be changed and advanced with the progress of 
the Shield. 
The tunnel-lining C in the particular form illus 

trated consists of a series of ring-shaped girders 
, circular in this particular instance to corre 

spond to the shell of the excavating device which 
in this case happens to be cylindrical to excavate 
a cylindrical tunnel. These ring-like girders are 
secured together side by side and each consists 
of an annularly flanged plate with its flages 
directed radially inwardly. The channel space in 
each girder is adapted to be filled with concrete. 
In the event that other forms of tunnel-lining 

are used such as a lining made up of concrete 
blocks or a monolithic lining be used, I still an 
chor my steel bulk-head B to the tunnel-lining 
by the concrete joint as heretofore described by 
keying said concrete joint on the outside with 
suitably provided recesses in the concrete blocks 
or monolithic tunnel-lining; and by keying it on 
the inside with the flanges C8 of my bulk-head 
construction B. - ' 

I will now amplify the foregoing description 
with additional comments and details as fol 
lows:-in previous excavating practice, the bev 
elled or sloping face of the cutting edge was 
located toward the longitudinal axis or interior 
of the shell, whereas, I have inverted the con 
struction so that its bevelled or sloping face is 
directed towards the outside of the shell. By my 

2,010,422 
inverted cutting edges, , I cut and take into the 
shield, as it is forced forward by the jacks, a 
Smaller amount of material or ground than the 
displacement of the shield requires. This differ 
ence in quantity of intake of material, although 
relatively Small compared to the displacement of 
the shield, is nevertheless important in the oper 
ation of my shield or excavating device with its 
inverted cutting edge. 
The aforesaid material forced radially out 

Wardly by the inverted cutting edge is compressed 
against the ground or naterial immediately about 
it, which latter is also compressed, whereby the 
moisture is forced from it farther into the sur 
rounding ground as the material is compressed 
to the line of the outside of the shell or skin 4 
of the shield. This compression is maintained 
as long as the advancing shell is in contact with 
it, but is released as Soon as the tail of the shell 
passes by, whereupon the compressed material 
expands radially inwardly both because of its 
release from compression and because it can now 
reabsorb its quota of moisture from the Surround 
ing ground, the result being that it automatically 
fills up the void left at the tail of the shell and is 
forced into Supporting contact all around. With 
the peripheral surface of the adjacent portion of 
the tunnel-lining. . . 

Previous methods which do not employ my in 
verted cutting device required the Space left by 
the thickness of the shell to be filled by a special 
operation consisting in forcing grout, sand or 
gravel into this Space by means of compressed air 
applied through holes in the tunnel-lining. 
Thus, my inverted cutting edge when used in 

soft ground eliminates these previous methods 
and their cost which is considerable and not al 
Ways effective in filling the Voids about the tun 
nel-lining which, if allowed to remain, result in 
Settleinent of the ground at the Surface and of 
any constructions in or Supported by said ground. 
The use of my inverted cutting edge is also 

applicable advantageously in connection with 
caissons for sinking shafts in Soft ground. 
By Soft ground I mean to include ground that 

contains or is Saturated With a liquid, or ground 
that can be moved. Or Compressed by external 
force applied, for example, by jacks; or ground 
that is plastic, such as clay, silt, Sand, or mixed 
Sand and pebbles, Cr loan, With a greater or less 
degree of moisture content. 
My inverted cutting edge is inade of Such a 

slope, or may be stepped. Similarly to a flight of 
flat stairs, to force OutWardly and prevent en 
trance into the mouth of the shell of the shield, 
a quantity of material Sufficient to fill the void 
left behind the shield at the outside of the tunnel 
lining. I do not limit myself to any particular 
slope or projection of the cutting edge or to any 
particular material of which it is made, as these 
matters are capable of Wide variation. - 
Referring to the pipes or chutes a, these di 

rect the Soft ground delivered Sausage-like there 
by from the front of the header in any desired 
or suitable direction to the cars, conveyors or 
buckets in the shield behind the header, thereby 
Saving the labor cost of handling this material 
at this point. This Saves the great cost of ex 
cavating by previous methods of digging, breast 
ing, cutting and loading cars with the excavated 
material all by hand labor. 

I do not limit myself to the number, size or 
position of the chutes a or openings through 
the header or of the irrigating pipes 8. 

In practice, I provide suitable means for con 
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2,010,422. 
trolling each opening through the header 23 or 
the delivery end of each chute f Ta; and this 
means may consist of any suitable form of gate 
or valve, for instance, Such as that indicated in 
Fig. 10. By Selectively operating these gates for 
the different openings f, it becomes possible to 
make the shield offer, greater resistance to ad 
Vance at One part thereof. than at other parts and 
thereby makes it possible to direct the progress 
of the shield as to line and grade: . . . . . . . . . . . 
In connection with my improved bulk-head B, 

attempt has been made heretofore to make a steel 
bulk-head wherein, however, the steel supports 
of the face or header of the bulk-head were con 
nected directly at isolated points to the tunnel 
lining and had the effect of concentrating, the 
Very heavy air pressures on the bulk-headsay up 
to 45 lbs. per Square inch, up n isolated parts of 
the tunnel-lining, which not infrequently caused 
the tunnel-lining to break-down and the bulk 
head to give Way with resulting loss in life and 
property." . - - - - 

It is the structural steel beam and channel 
Supports of the header of the bulk-head which 
developed these heavy concentrated loads at their 
ends and it is where these ends were: connected 
directly to the tunnel-lining... that the failures 
occur. Also it is here that I depart from the 
previous practice by connecting the structural 
members carrying the heavy concentrated react 
tions of and from the header not directly to the 
tunnel-lining but to the tubular or web mem 
ber 9, and the surrounding circular flanges, to 
and a of the bulk-head and thence to the tun 
nel-lining through the heretofore described in 
termediate concrete-joint, coninection. 

In order to form this concrete-joint, I assemi 
ble my steel bulk-head in the tunnel out of its 
component parts and then build forms around 
the ends of the space between the bulkhead and 
the tunnel-lining. I then force by compressed 
air concrete or grout into said enclosed space 
through holes in the tubular member 9 of the 
bulk-head and through holes in the forms en 

... closing the Space. 
filled and the concrete or grout has set, the an 
nular flanges of the chord angles and of the bear 

When the space' is entirely 

ing angles are embedded in the concrete that is 
now between the outer peripheral surface of the 
bulk-head and the inside of the tunnel-ining; and 
I thereby obtain support along the entire perim 
eter of each angle ring and the flanges of the 
beams or channels when they are used instead of 
the structural members 9 and, O in connection 
with the bulk-head construction. The concrete 
or grout in turn transmits the load to the tunnel 
lining over every inch of its circumference and 
for the length of the bulk-head used. There 
fore, with a proper design of the bulk-head B 
for stiffness, the large concentration of loads on 
said bulk-head is distributed over an exceeding 
ly large area of the tunnel-lining equalling the 
distribution attained by the solid, deep, concrete 
bulk-heads now used but which are So incon 
venient and expensive to move and rebuild and 
besides have other serious disadvantages. 
Of course, I do not limit my improved bulk 

head B to its application to cylindrical tunnels 
as illustrated in the drawing as the tunnel and 
bulk-head may have any particular cross-sec 
tional shape to correspond With each other, nor 
to the thickness of the concrete joint between 
the bulk-head and the tunnel-lining although 
this latter should be as Small as conveniently 
possible. My improvement makes for safety in 

5 
using steel bulk-heads for tunnels and has the 
advantage that the bulk-heads can be dismantle 
and used repeatedly. 
As a further improvement, I coat or paint the 

Surfaces of the flanges. Oa and other parts of 
the bulk-head that contact with the concrete or 
grOut. With paraffin or other equivalent substance 
which will prevent the concrete from adhering 
thereto, Said coating thus permitting easy With 
drawal of the Spliced Sections Of the bulk-head 
When dismanted. ... 
The following refers to the chutes 5:-When 

excavating a large diametered tunnel with a large 
shield, such shield may have several working plat 
forms, three being shown in the drawing. The 
material excavated at the upper levels must be 
dropped to the lower level where cars or con 
veyors are usually placed. The great height 
through Which the material is dropped in large 
shields through an ordinary chute causes the ma 
terial to gather large momentum which is de 
Structive to the coinveyors and cars When the 
material strikes them, or if this is avoided by 
using a Small slope for the chute, the material 
does not slide, and the chutes become choked. 
Also, the Small sloped chute must be very long 
and is always in the way of other work. The 
novel chute 5 of ny invention overcomes these, 
difficulties and saves time, space and expense, as 
well as damage to the conveyors. I am able to 
reduce the number of chutes required to at least 
one-third, none of which are required to be re 
moved and replaced when erecting the rings of 
the lining. My chute has an opening at each 
platform to receive the material thrown or fed 
into the chute, thence the chute slopes down 
Wardly at a sharp angle sufficient to cause the 
material to move quickly to a point midway be 
tween this, and the next lower platform where 
the slope of the chute is reversed which slows 
up the fast movement of the material by stop 
ping it and immediately starting it again down 
an opposite incline to the next platform. The 
same checking of the momentum is repeated until 
finally, the material is delivered into the car or 
onto the conveyor with only substantially the 
same momentum that it had when it was first 
dropped into the chute at the top platform. A 
gate is provided at the delivery end of the chute 
to shut off the flow when a car is full; or the 
last incline of the chute may be in one or two 
parts and the end part may be hinged and raised 
up into a vertical position to shut-off the flow of 
the material; and the whole chute up to the top 
platform may thereby be used as a storage for 
the excavated material while a ring of the tunnel 
lining is being erected, etc. 
The chute of my invention may also be used for 

dropping mixed concrete or other mixtures of . 
granular or large particles with a liquid from a 
height Such as down the shaft to the tunnel to 
prevent and control the segregation of the ingre 
dientS. 

Slightly raised strips may be placed flat on the 
inside of the bottom plates of the chute and at 
angles with the sides of the chute, but not ex 
tending entirely across to the sides. These strips 
also cooperate to retard the drop of the ma 
terial. These strips retard the momentum of the 
solid particles of the mixture but because they are 
inclined and do not extend fully to the sides of 
the chute, the mortar of the concrete or the more 
finely divided portion of the mixture can flow 
along the sides of these strips and around their 
ends. The slope of the chute and the number and 
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6. 
height of the strips and the angle which these 
make with the side of the chute are capable of 
wide and varied application, and it is these varia 
tions that control the flow of the ingredients to 
Suit different mixtures and different conditions Of 
placing and moving the mixtures, the slope of the 
different sections of the chute and the position 
of the strips may be arranged in Such a manner 
as to be adjustable to the conditions encountered. 
The metal beams, braces and other structural 

parts for Supporting and bracing the bulk-head 
or header 23 with respect to the rest of the shield 
have been omitted from the drawing for the 
sake of simplicity and because these are merely 
engineering details which will vary With the size 
and shape of the Shield. 

It will be understood that this invention is not 
limited to the preferential embodiment herein 
illustrated and described and that modifications 
and changes may be made therein in addition to 
those already indicated without departing from 
the Scope and Spirit of the claims. 
What I claim is:- 
1. In combination, a lining and a bulk-head 

construction for an excavated passage-Way, Said 
lining comprising ring-like girders Substantially 
fitting the CroSS-Sectional shape of the passage, 
Said girders comprising flanged WebS located with 
their flanges projecting inwardly, the channels 
formed between said WebS and their flanges being 
adapted to be filled with concrete; and said bulk 
head construction comprising a header surround 
ed by a tubular shell, said shell having external 
annular ribs projecting towards the channels of 
the lining and seated in concrete anchored in said 
channels. 

2. In combination, a lining and a bulk-head 
construction for an excavating passage-Way, said 
lining comprising ring-like girders substantially 
fitting the cross-sectional Shape of the paSSage, 
said girders comprising flanged webs located with 
their flanges projecting inwardly, the channels 
formed between said WebS and their flanges being 
adapted to be filled with concrete; and said bulk 
head construction comprising a header Surround 
ed by a tubular shell, said shell having external 
annular ribs projecting towards the channels of 
the lining and seated in the concrete anchored in 
said channels, said bulk-head construction con 
sisting of parts adapted to be knocked down into. 
portably Separate parts. 

3. In combination, a lining and a metal bulk 
head construction for an excavated paSSage-Way, 
Said lining comprising ring-like metal channels 
adapted to be filled with concrete; and said metal 
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bulk-head construction filling the croSS-Section 
of said lining and having a plurality of external 
annular ribs projecting towards the channels of 
the lining and seated in concrete anchored in Said 
channels. 

4. In an excavating device, in combination, a 
Substantially tubular shield, means for forcing 
the shield through the ground, and a cutting edge 
at the mouth of Said shield whose Outer face 
slopes forwardly and inwardly, the tail end of 
Said shield having an inner diameter Which is 
not materially Smaller than the corresponding 
inner diameter of the aforesaid cutting edge. 

5. In an excavating device, in combination, a. 
tubular shell, means for forcing the shell end 
Wise, and a cutting edge at the mouth of the 
shell whose face slopes forwardly and inwardly 
from the outside thereof, the tail end of the shell 
having an inner diameter which is not materially 
Smaller than the corresponding inner diameter of 
the aforesaid cutting edge. 

6. In an excavating device, in combination, an 
Open-ended tubular shell, and means for forcing 
the shell endwise, the forward edge of the shelli 
sloping from the outer peripheral Surface there 
of for Wardly and in Wardly to form a cutting edge, 
the opening at the tail end of the shell having 
Substantially the same diameter as that at the 
cutting edge and being unobstructed to permit 
the erection therein of a tunnel lining With its 
Outer peripheral surface closely adjacent the 
inner peripheral Surface of the tubular shell. 

7. In an excavating device, in combination, a 
circumferentially continuous tubular shell, means 
for advancing the shell endwise, and wedging 
means. On the forward end of the shell adapted to 
Wedge and compress the material to be excavated 
radially outwardly during the advance of the 
Shell, the body of the shell being dimensioned and 
arranged to maintain said compression. 

8. In an excavating device, in combination, a 
tubular shell, a header Supported and carried by 
Said shell, means for forcing the Shell endwise 
through the ground, wedging means on the for 
Ward end of the shell adapted to wedge and 
compress the material to be excavated radially 
outwardly as the shell advances, the body of the 
Shell being dimensioned and arranged to main 
tain said compression and to release same after 
the tail end of the shell has passed a predeter 
mined point, the tail end of the shell being hollow 
and having an inner diameter Which is not ma 
terially Smaller than the corresponding inner di 
ameter of the aforesaid Wedging means. 

WILLIAM. F. TOWNSEND. 
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