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1

This invention relates to the lining of tunnels
with concrete, and more particularly concerns an
improved method and apparatus for the lining of
small-bore tunnels.

One method of lining tunnels is to load a num-
ber of cars with mixed concrete, form them into
g train, and transport them into the tunnel where
the lining opeération is taking place.. With this
method only the most inward car of the train is
readily accessible for the emptying of its con-
tents into the lining form, - After this car has
been emptied it must be moved out of the way so
that the next succeeding car can be emptied.

In lining tunnels of large bore, the problem of
shunting the empty cars to render the loaded cars
accessible “is ‘not serious.  However, when the
tunnel is of such small bore that the cars can
not pass one another, the problem of disposing
of the emptied cars becomes serious. One solu-
tion would be to take in and remove one car at
a time. This is cbviously uneconcmical, largely
because of the prolonged idle time, during which
the caris in ‘transit.  This would be particularly
objectionable in long tunnels.

Another solution would be to provide a series
of turn-outs along the length of the tunnel, by
use of which the arrangement of the cars in-the
train could be altered.  This minimizes, but of
course does not obviate, the shunting time re-

_quired in transit between the working region and

the nearest turn-out. . Furthermore, it involves

“costly: lateral excavation which ultimately must
be filled in, inasmuech as it is undersirable after
the tunnel is completed.

It is an obiect of this invention.to provide an

impreved method and apparatus for the lining

(513

o

i

it

of ‘small bore tunnels, which reduces to a large -

extent, the-idle time between unloa.dlng of the
conerete laden cars of a-train.

. It is another object of this inventlon to pro- A
‘vide a method and apparatus for lining small bore -

tunnels with  concrete by the aid of which a train
of concrete laden cars may be taken into a tun-

nel and the cars successively emptied without re--

. quiring rearrangement of the cars in the train as
the emptying proceeds.
. It is-a further chject of this 1nvent10n to pro-
. vide 2 method and apparatus for lining small bore
tunnels with concrete which obviates. the neces-
sity for turn-outs, which have been required in
the past to alter the order of concrete laden cars
inatrain.
“'Tt'is'a further object -of this 1nvent10n to pro-
vide ‘a- methed and apparatus as outlined above

which obv1ates the necess1ty of excavating special |
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turn-out chambers in the tunnel, which must be
refilled as the tunnel is lined.

It is another object to provide in the art of lin-
ing small bore tunnels, a method and apparatus
by means of which a:car for removing miscel-
laneous equipment, debris, and the like sometimes
known as a “muck car,” may be positioned con-
tiguous to the working region in the tunnel, at
the same time that cement laden cars are being
emptied to form the tunnel lining.

I} is a further object of this invention to pro-
vide in the art of lining small bore tunnels;, a
method whereby @ train of conerete laden cars
may be taken info the tunnel, the most inward
of the cars emptied to form the tunnel lining then
placed out.of the way, and the succeeding cars

‘may be emptied successively in a similar manner

and placed out of the way. Following the empty~
ing of all cars in the train, the cars may then be
hauled out of the tunnel.

It is a further obiect to-simplify the lining of
small bore:tunnels by the provision of a single
region from which substantially all the lining op~
erations may be controlled at will; thereby mini-
mizing the amount of time-consuming movement
from point to point, sometimes required of tun-
nel lining operators.

This invention possesses many other advan-
tages and has other objects which may be made
more easily apparent from a consideration of one
embodiment of the invention. " For this purpose
there is shown a form in the drawings accom-
panying and’ forming part of the present speci-
fication. This form will now be described in de-
tail, illustrating the general principles of the in-
vention; but it is to be understood that this de-
tailed description is not to hé taken in a limiting
sense, since the scope of the invention is best
deﬁned by the appended claims.

- The prineciples of the invention will ‘now be<
explained. in connection with that type of  con.-

‘crete’ lining process in which compressed air is

applied to the concrete in a concrete laden car,
forcing the concrete from the ear 'into a tubular
conduit, the discharge end of which is disposed
within ‘the tunnel lining form, so that the air
flow causes the conerete to flow through the con~
duit and into the form. - It is eustomary in such -
an ‘operation to place a railed track on the floor
of the tunnal-and to:transport the concréte laden
cars into the tunnel over the track by means of -
a small Iocomotive, generally electmnallj powersd.
—in ar'cordance withthis invention, there is
provided a -long sled whigh is adantﬂd to ‘be
pushed mto the tunnel on' fhe trac‘cs The sled
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is high enough to accommodate thereunder, down
the center thereof, the concrete carrying con-
duit, one end of which is at the outer end of the
sled, and the other end of which communicates
with the lining space surrounding the tunnel form.
The sled is provided at the top with a pair of
rails of the same gauge as the track angd adapied
to accommoslate the wheels of the concrete car-
rying cars. Tt thusforms in effect a super-track
upon which emptied cars may be accommodated,
away from the inlet of the conerete conduit, while
succeeding cars are being emptied of their con-
tents.

In the embodiment of the invention described
herein, the inner end of the super-frack or sled
is provided with a pair of wheels, while the outer
end is merely flanged and allowed to slide on the
rails of the track. The over-all appearance of
the structure is thus much like a sled, and this
4erm ‘will be used hereinafter when referring to it.

In order to elevate the:cars from the track onto
the sled, & ramp is provided, which is felescoped
inwardly of the sled in order fo allow the con-
crete laden ears to be moved inte junction with
the intake end of the conerete conduit, which,
as stated heveinbefore, is positioned at the outer
end of the sled. When the contents of the inner-
most ear in the train have been discharged into
the conduit, the car is withdrawn outwardly,
away frem the sled, and the telescoped ramp is
projected from the sled te form.an inclined track-
way up which the empty car may be pushed onto
the rails of the sled. The ramp is then retractsd
and the next succeeding wcar joined to the con-
duit intake.

The sled also serves the useful function of al-
lowing & muek car to be positioned ahead of the
conerete carrying cars during the concrete dis-
charging cperation.  In this way, as debris, ex-
egavated material, and equipment, such as track
and pipes, are dismantled for withdrawal from
the tupnel, they may be placed directly on the
muck car instead of being laboriously transported
in the narrow tunnel space around the concrete
earrying cars.

Referring now to the drawings:

Figure 1 is a longitudinal sectional view of a
tunnel partly sehematie, illustrating the equip-
ment of the invention, located in the working sec-

tion of the tunnel adjacent the end of the tunnel

lining form,;
Figure 2 is a view similar to Figure 1 fllustrat-
ing the manner of disposing of empty cars;
“Figure 2 is 2 view similar to Figure 1, iflustrat-

ing the manner in which the floor of the tunnel :

is lined, and also showing the manner of use
of the muck car;

Figure 4 is a cross section -of the funne], show-
ing the lining form in place ready for. the recep-
tion of conerete;

~ gure 5 is a view similar to Figure 4, but illus-
trating the means for forming the tunnel floor
or invert;

Figure 8 is a longitudinal section of one of
the concrete carrying cars, illustrated in Figure
1, showing the car eonnected to the material de-
livery line;

PFigure 7 is an elevation illustrating the man-
ner of coupling the car of Figure 6 to the delivery
line;

Figure 8 is a plan view of the coupled car shown
in Figure 7, certain portions thereof being broken
away to more clearly illustrate the structure, the
main air valve operating member being shown in
its folded position;
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Figure 9 is a longitudinal section of the outer
end portion of the sled, taken substantially as in-
dicated by line 8—38 of Figure 10;

Figure 10 is a plan view of the outer end por-
tion of the sled partly in section, taken substan-
tially as indicated by line (8—{8 of Figure 14;

Figure 11 is a view generally similar to Figure
9 showing the telescoping ramp of the sled in
extended position;

Figure 12 is a detail vertical section showing
the closure for the discharge opening of the car
illustrated in Figure 6;

Figure 13 is an end elevation of the structure
of Figure 12, as seen from the right;

Figure 14 is a cross section on an enlarged
scale of the sled taken along line {#—{4 of Fig-
ure 10; and

‘Figure 15 is a top plan of the body portion of
the car shown in Figure 8, illustrating the closure
for the filling opening.

Referring now 4o Figure 1, there Is shown a
portion of a tunnel 21, along the floor of which
extends a narrow gauge, two rail track 22. At
the inner end of the tunnel there is a lining form
23 in the form -of an arch extending upwardly
from each side of the tunnel floor and beneath
the roof (Figure 4). For the purpose -of filling
the horseshoe-shaped space thus formed, with
conerete, there is provided a conduit 24 or mate-
rial -conducting line -extending into the svace
above the arch and resting .on top of form #8.
This conduit 24 may be -of rigid material, such
for example as steel pipe. The outer end portion
of conduit 28 is directed downwardly and is
secured between the rails of a sled 25 riding on
the track 22. A short section 28, Figures 1 and 2,
of the conduit 28, immediately forward of the
sled 25 is made -of flexible material, to allow of
self alignment of the inner end of conduit 24 as
it rests on the top of the form 22. FPurther, that
portion -of the conduit 24 adapted to rest on the
form 23, if desired may be provided with sup-
porting wheels (not shown) at suitable intervals
for engaging the top of the form and facilitating
movement of the conduit thereon.

‘Conduit 28 extends the full length of sled 28
so that the intake end 27 is positioned adjacent
the outer end of the sled and is thus in position
to be connected with the discharge opening 2§ of
the most inwardly disposed or first concrete
carrying car 29. Following connection of the car
29 to the conduit 24, as will be desecribed herein-
after, the concrete contained therein is forced
therefrom by -compressed air and into conduit
24, emerging from the discharge end of the con-
duit into the arched lining space bhetween the
form 23 and the wall of the tunnel 2{. In gen-
eral, the character of this operation is similar to
that disclosed in my U. S. Patent 2,313,826, and
reference thereto is made for further understand-
ing of the process thus far described,

Following the emptying of the first car 29, it
is necessary to get it out of the way in order
that the next succeeding car, indicated by the
numeral 31, may be connected with conduit 24.
I} is at this point in the process that the sled 25
is utilized. Sled 25 is provided with an extensible
ramp 32 which is norimally retracted within the
framework of the sled, but which may be extended
optionally to the position shown in Figure 2 to
form an inclined track over which emptied cars
such as 29, 31, may be moved up onto sled 285,
thereby making room in front of intake 27 for
the next succeeding car.
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As {ltustrated in Figure 2, the car 29 has been
emptied and moved onto the sled 2% being stopped
at the innér end thereof by abutting against an
upwardly extending angular member 33, detach-
ably secured on the inner end of sled 25. Car 3{
has likewise been emptied of concrete, and is in
process of lbeing rolled up ramp 32 to rest on
sled 28, where it will refnain with the car 29 until
the train is re-formed and withdrawn from the
tunnel,  With car 3! out of the way, the ramp
32 is then retracted within the sled 25, and the
next-car 84 is brought up against the outer end
of sled 25 to have its discharge opening 28 con-
nected .with the intake end 2T of conduit 24, .
- As will be explained hereinafter, each of the
concrete cartying cars 29, 31 and 34.is so designed
that compressed air may be injected into it dur-
ing transit, for the purpose of agitating the con-
crete to préevent separation or setting of the con-
stituents: during a long. transit period. from the
mouth -of the tunnel to the working region. For
this purpose the train, which is shown as powered
by a locomotive 38, includes a tank car 36 carry-

ing compressed air, and suitable connectlons for .

injecting the air into the cars.

As a rule, the compressors which supply air to
discharge concrete from the cars into the conduit
. 24 are located at the mouth of the tunnel. The
compressed air is conveyed to the operating
region of the tunnel by means of a pipe 37, the
inner end portion of which is made in the form
of a flexible hose 38 to allow movement of the
sled - 25 and ofther eguipment.” The hose 38 is

coupled to a pipe T 3% mounted on the member .

- 83 of the sled 26. Compressed air passes from
the pipe 37 through the hose 88 and T 39 into' a
vertically disposed pipe 41, through T 201, and
thence into pipe 42 secured to the flameworls: of

“the sled 28 between the side members thereof and
extending generally parallel to conduit 24. - The
outer end of pipe 42 is adapted to communicate
upon appropriate connection, with- air conduits
provided on each of the cars 2§, 31, 34, where it

serves to discharge concrete from the car to which

it is connected into the material discharge line 24.
To compensate for the pressure drop in' the
~pipe 3%, there is shown, as provided in the inher
end of the tunnel iminediately adjacent form 283,
a wheeled storage tank 43 conuected to the -air
line 3% and 41—&2, at the T 38 by means of a
flexible hose £4.  This tank 42 serves to stabilize
the operating gir pressure applied to the concrete
- ecarrying cars, and may serve additionally t¢ pro-
vide o support for conduit 24, adjacent the end of
the form £3.  Fer this latter purpose an upright
standard 45 is mounted atop tank 43, having a
“saddle at its ubper end for receiving the conduit
24,  Means such as a jack (nof shown) may be
interposed betwesn the saddle and the lower por-
tion of standard 45 for adjustably positioning the
-.end of pipe 24 with respect to the roof of ‘the
Ining form 23.
- In practice, the form 23, although in saveral
-sections, is generally of considerable length; so
that as concrete is.discharged from:conduit 24

10
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by an air 1
stantially the same monner as winch #7,

to allow full withdrawal of conduit 24 from above
the form 23. The outer end of cable 48 is an-
chored firmly, as by being secured to a post 48-¢
(Figure 2) embedded in the floor of the tunnel
excavation.

Compressed air for operating the winch 47 is
supplied through a pipe 49 connected, within sled
25, to the main air supply pipe 42, as will be ex~-
plained hereinafter. When air is supplied to the
winch 47, the winding drum is driven in a direc-
tion to reel in the cable 48, thus causing the entire
assembly, including conduit 24, tank 42 and sled
25, to -move outwardly of the tunnel, away from
form 28, thereby withdrawing the discharge end
of conduif 24 to a position nearer the outer end
of the liniing space above form 23. - Although this
operation is generally performed when there is
no concrete-carrying train present, it is custom-
ary-to provide sufiicient power in the winch 47 so
that if necessary,; such & train, including locomo-
tive 35 and the concrete carrying ears 29, 31, 24
cte., may be moved outwardly along. track 22 if
required.

Lining of the tunnel in the manner just dis-
closed.is accomplished without disturbing in any
way. the track 22 or the pipe 37.  Following such
operation, the storage tank 43 and the wineh car
48 are taken fiom the tunnel and replaced by a
floor lining apparatus commonly known as a
stacker and denoted by the numersal 51 in Figure
3. . As shown in Figure 5, stacker: §{ spans the
floor ‘of the tunnel, the edges thereof sliding on
paralle]l trackways ‘54 formed at the bottom of
the ~previously constructed concrete arch or
lining 58. Stacker §{ has on its bottom edge, fac-
ing into the tunnel, a screed §§ which serves to
ieed concrete onto the fioor of the tunnel and to
appropriately shape the upper surface of the con-
crete, thereby forming what is known as the
tunnel invert 87. In Figure 5, the space to be
occupied by the invert is indicated by 8i-a.

Stacker §t-is fed concrete from- the concrete
carrying cars 29, 3{ efc., in g manner similar to
that explained helelnbefore in connection with
lining of the arch. In linihg the invert however,
the overheaq portion of concreté carrying con-
duit. 24 including the hose 28 is disconnected at
the inner end of the sled .25 and removed, being
replaced by a rigid, horizontal conduit 5§, the
discharge end £9 of which feeds directly inio the
stacker §i.  The impact of the air-driven con-
crete mass is absorbed by a. baffie 6i mounted in
front -of the discharge end §$ of the conduit 58.
As the forming of the invert 57 proceeds, the
stacker 81 is steadily withdrawn from the tunnel
along the trackways 54 by means of an air cper~
ated winch- 82 mounted on the Stacker and fed
ine §3. The winch §2 functions in sub-~
and
includes a cable §&-a suitably anchored at a point

- remote from the stacker and wound on the winch

and fills thie lining space, it becomes necessary to- -

. gradually withdraw the conduit.  For this pur-
pose winech means 47 are mounted-on a small car

4§ interposed between the ‘sled 25 and the tank 7

43, comprising a’ winding drum arranged to be
operated by compressed air, such ‘winches being
well known in the mining art. A cable 48 extends

outwardly .of the tunnel from the drum &% be-
tween the rails of track 22 for a distance sufficient -

-of the pipe

drum. - As the winch 82 is opérated to wind in the
cable B2—a, the stacker ¥1, the sled 25, together
with any cars thereon, as: well as concrete laden
cars connected to the sled are moved outwardly
ofthe tunnel 2i along the track 22. ‘

- As stacker 81 is steadily withdrawn from the
tunnel, thereby forming the.invert 57, it is nec-
essary to remove the sections of the track 22 and
27 immediately in advance .of the
moving stacker, - In addition, debris and mud;

B known generally as. muck; must be excavated

from’ the floor of the tunnel in order to provide

‘a proper foundation for invert 51,

‘To. this end there is prov1ded a muck car 64
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which is placed on the inward end of sled 2§, as
shown in Figure 3, and which is therefore in the
most convenient position to receive the track,
pipe, and muck as they are removed from the floor
of the tunnel in advance of the stacker 51. It
will be readily seen by reference to Figure 3 that
the provision of sled 25 makes possible the posi-
tioning of the muck car 64 directly adjacent the
working area 85 where the muck and materials
no longer required must be removed from the
tunnei fioor. At the same time, a  concrete
carrying car, such for example as the car marked
31, may be disecharging concrete through the por-
tion of conduit 24 remaining on the sled and into
the conduit 82 and stacker B1. A previously
emptied car 28 is shown as also carried by the
sled 25.

Conduit 98 is preferably made of steel and is
of sufficient strength so that the withdrawal of
stacker B{ by the winch 52 pushes the sled 25,
car 34, ete., along the track 22 in advance of the
stacker. .

It wiil be seen that the method above described
hag the advantage of leaving the lined tunnel
clean and free of debris, inasmuch as the arch
is formed before the invert, thereby obviating
the dropping of debris and grout from the arch
were the steps to be reversed. ‘This method has
the further advantage of requiring only a single
laying and dismantling of track 22 and pipe 37,
there being no necessity for elevating the track
above the floor of the tunnel and forming there~
under the invert, as is the case with certain
methods of tunnel lining.

Details of the method and apparatus herein-
before generally described will now be described
with reference to the remaining figures in the
drawings. The sled 25 will first be described,
with particular reference to Figures 9, 10, 11
and 14, Figures 9 and 10 show the outermost
end portion of the sled with the ramp 32 retracted.
The sled 28 comprizes a pair of parallel channel
members §6, the top surfaces of which form the
super-track onto which the cars 28, 31, ete., are
rolled after discharging their load of concrete.
Channel members §6 are connected at spaced in-
tervals hy eross members 67, thus forming the
general framework of the sled. Arcuabe seats 88
are provided in the upper edges of each of the

cross members 87 for seating of the outer end

portion of the concrete carrying conduit 29, which
is secured as by welding to the several seats. In
a similar manner, the main compressed air pipe
42 is supported on the top of the cross members
81, as is the winch air pipe 49. Pipe 49 is joined
-t0 supply pipe 42 at the juncture point 69, and
is provided with a manually operable valve 11, by
means of which the operation of the winch 47
and the withdrawal of the conduit 24 from the
form 228 may be controlled through operation of
the reel 47.

A part of the length of each channel member
35 is closed hy plate 72, thereby forming guides
for receiving the reciprocabie rails 73 of the ramp
32. As shown in Figure §, the outer ends of the
rails 73 are beveled to provide a smooth, inclined
junction with the respective rails of the track
22, angd are slidable on the rails 22, being main-
tained in proper lateral position by the con-
necting T-shaped cross member 74, the vertical
‘leg of ‘which depends below the top surface of
the track and engages the inside edges of the
track rails. The rails 12 may be slightly con-
vex to provide a smooth transfer for the wheels
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of the cars from the ramp fo the channel mem-
bers 66.

To the inner ends of the fwo ramp rails 73
are pivoted actuating rods 75 which extend along
the inside of channel members 66 and are con-
nected at their inner ends by a yoke 716. Yoke
T6 spans the several pipes 24, 42 and 48, and slides
along the top of the conduit 24 as the ramp 32
is reciprocated.

Adjacent pipe 24 are mounted compressed air
motive means, including an air cylinder 77 with
2 packed piston therein, which serve to recipro-
cate the ramp 32. Piston rod 78 is connected to
the piston in the cylinder 17 and is connected at
its outer end to the yoke 76 by means of a pin
19 (Figure 14). The piston and piston rod 78
may be operated to move the ramp 32 in either
direction by admitting air under pressure from
the pipe 42 to the appropriate end of the cylin-
der 7%, and at the same time opening the op-
posite end of the cylinder 77 to exhaust. For
this purpose the opposite ends of the cylinder T7
are connected by a pipe 83, having g conventional
manually operated 4-way valve 84 interposed
therein. The inlet of valve 84 iz connected by
means of a pipe 85 to the main air supply pipe
42 at 86, the outlet opening to the atmosphere.

An air gauge 87 may be installed in pive 85 to
conveniently indicate at all times the air pres-
sure in the main air supply pipe 42.

In order to insure a smooth joint between the
rear ends of the rails 73 and the corresponding
outer ends of the channel members €6 forming the
supertrack of the sled 25, means are provided for
slightly elevating the inner ends of the sled rails
13 ‘as the ramp 32 reaches its extreme extended
position.  This means assumes the form of a pair
of foot members 88, pivoted respectively on the
inner ends of the rails 78. The foot members
88 extend outwardly from their pivotal mounting,
with their ends sliding on inclined plates §9 se-
cured as by welding, below the channel members
§6. At the outer ends of the plates 89 are welded
stop members 9 against which the foot members

5 88 abut as the ramp 22 approaches its fully ex-

tended position.  Further outward movement of
the rails 13 causes the foot members 88 to swing
upwardly about the stops 91, lifting the inner ends
of the rails 713 and wedging them against the
underside of the upper flange of the channel
members 686, as shown in Figure 11. In this man-
ner, a firm and smooth joint is formed at 92 be-
tween the extended ramp rails 73 and the sled
rails 66, facilitating movement of the cars from
the ramp 32 to the sled 25.

It will be noted that the foot members 88 are
provided with toe plates 93, which are the actual
engaging members abutting stop ¢i. As the foot
members 88 swing upwardly, the weight of the
rear end of the ramp 32 is shifted from the tce
plates 893 and is assumed directly by the foot
members 88 resting on top of the stop members
81. Thus, the only function which the toe plates
83 fulfill is that of sliding on the plates 89 and
of effecting the swinging of foot members 35 by
abutting the stop members 91.

At its inner end, the sled 25 is provided with
a pair of wheels 84. At the outer end, however,
the sled 25 merely slides along the track 22 on a
transverse cross member 95 secured o the hot-
tom of the sled between the channel membars §8.
To prevent lateral displacement of the sled 25,
the member 95 is provided with a pendant Sange
9% extending between the inner cdges cof the rails

of the track 22.
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In order to connect the cement-carrying car
which is to be discharged, to the conduit 24, as
well as. to connect the main air pipe 42 to such
car, means are provided on the end of the sled
25 for simultaneously coupling the respective
cement and air conduits. of the sled to those of
the car.. Such means will now be described with
particular reference to Figures 6, 7 and 8, showing
one of the cemsnt carrying cars, as for example
car 28, coupled to the sled 25.

As explained. hereinbefore, the intake end 21
of conduit 24 is positioned adjacent the outer end
of the sled 25.- In this position the intake 27
is ‘adapted to mate with the end 2& of the dis-
charge conduit 87 of the car 28. The mating con-
nection between conduits comprises a ring- 88
welded. around the outside of the intake 27 to
form a female coupling for receiving the male
coupling represented by the end 28 of the con-
duit 87. - A resilient gasket 99 is secured to con-
duit 87, against which ring 98 is adapted to abut
to provide a fluid tight fit.

Each of the cars, as 29, is prov1ded with an
air pipe 101 which is adapted to receive air from
the main air line £2 when the car is connected
in discharge relation with the sled 28. This
coupling will now be described. ‘

Functionally the only problem presented in ef-
fecting the air coupling is the simple one of pro-
viding an air tight joint between the pipe 42 .and
the pipe 18! on the car.28. However,-in.view of
the .central positioning of the juncture between
the concrete conduits 28 and 87, a single coupling
between air pipes 42 and i94 would, of necessity,
render the overall connection unsymmetrical, and
subject to leakage brought about by strains due
tounbalanced pressures. - The advantage of struc-
tural strength achieved through symmetry is par-
ticularly noticeable when it-is necessary to move
the coupled sled -and car together over the track
22, as when the winch 47 is operated during the
placing of the concrete.

To effect symmetrical coupling between the air
lines 42 and 181, the sled 25 and each of the cars,
for example car 29, are provided at their ends
which are to be coupled, with fransverse air
chambers 182 and 123 respectively, which sur-~

round the ends of their respective concrete con--

duits 24 and 97. The pipe 42 extends completely
through -the sled air chamber (082 at one side
thereof and terminates in a male coupling mem-
ber 164. That portion of pipe 42 within chamber
162 is provided with a plurality of perforations
105 by means of which air from pipe 42 may enter
freely the chamber 182. On the opposite side of
chamber 102 there is a pipe 186 of the same size
as pipe 42, which likewise extends through cham-
ber. 182, with its outwardly projecting end ter-
minating in a male coupling member 187. Pas-
sage of air from chamber {82 into stub pipe 108
is effectuated by the provision of a plurality of
perforations 188 in that portion of the pipe 106
which lies within the chamber {82. The rear end
of the pipe 186 is closed by a cap 109,

The forward ends of the two air vipes 42 and
§66, constituting the male coupling members 104
and 187, respectively, are adapted to fit into open-
ings in the vertical outer wall of the air cham-
ber 182, The air pipe .18} communicates with
chamber (03 as shown in Figures 7 and 13. It will
thus be seen that through the use of the air
chambers 182 and {83, and the provision of the
stub air pipe 166, a fully symmetrical coupling
between the sled 25 and the car. 28 is provided.
To prevent escape of air about the pipes 42 and
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185 when the chambers are in coupled relatioxn,
resilient sealing rings {04-g¢ and {97-a are pro-
vided respectively about the pipes £2 and 186 so
as to be compressed between the adjacent walls
of the chambers 102 and 182 when in coupled re-
lation (see Figures 8 and 10). The holes in the
chambper walls for accommodating the pipes may
be countersunk, as indicated for example abt 42--g
and i86-a in Figure 138, to. improve the sealing
effect of these rings, if desired. If desired, the
male coupling members 104 and {07 of the air
pipes 42 and 168, respectively, may be provided
with lateral apertures {1 to aid the flow of air
‘from the pipes into the chamber {83. The air
coupling assembly, inecluding chambers 102 and
158, and the coupling members 184 and {07 is so
positioned with respect to the central, concrete-
carrying conduits 24 and §7 and the respective
juncture members 27 and 28, that concrete cou-
pling and air coupling are effected simultaneously
as the car 28 is brought dgamst the end of the
sled 25.

To secure the car 28 and the sled 25 together
‘during the discharge of conerete, the sled is pro-

‘vided with a pair of hooks {12 engageable with

herizontal pins or bosses 113 extending cutwardly
from the opposite sides of the air chamber 123,
Hooks {2 are braced by the transverse . cross
member {14 and are pivotally mounted at their
ends on lever arms {15, which are in turn pivot-
ally mounted at {18 on a reenforcing band ({8-qa
encircling conduit 24, and air pipes 42 and {88,
and appropriately secured thereto. As the lever
arms ({5 are raised by means of a transverse
handle 117, the hooks #{2 are moved outwardly
10 hook over the studs 1 {3; upon lowering of the
lever arms ({5, the hooks {2 are drawn inwardly,
thereby drawing the ecar 2¢ firmly against sled
28 and sealing the air and.cement connections
described above. As seen in Figure 7, lever arms
115 are retained in position by  being pivoted
slightly past the center point to effect over-center

‘locking in the well known manner.

Application of compressed air from pipe 42 to

the air conduit 101 of the car 28 is controlled by
& manually operable valve. {8 inserted in the
pipe 42 near the outer end of sled 25.  Actuation
of the valve {18 which is of a type commercially
available, is achieved by rotation of ifs operating:
handle (19 about an axis parallel to the length
of sled 25. Handle {19 is hinged at 12{ in order
that it may be swung downwardly into a hori-
zontal rlane to permit passage of the cars 28, 3i,
ete., as they are moved onto or off the sled 25.
- The construction and operation of a typieal
conerete carrying ecar, such as the one indicated
by 28, will now be described, with particular ref-
erence to Figures 6, 7 and 8. o

The body of the car 29 for carrying the con-
crete is in the form of a sealed container 28-a
adapted. to withstand the pressute of the- air
which serves to force the concrete from the con-
tainer into the conduit 248. This container 28-a
is. shown as mounted on .a rectangular frame
29-b, which may be conveniently formed of struc-
tural steel and is arranged to be supported on the
track 22 by pairs of axially aligned wheels 28-c
and 29-d rotatably mounted on opposite sides of

‘the frame 29-b adjacent the opposite ends there-

of. The general configuration and use. of this
type of pressure vessel is illustrated and described
in my prior Patent 2,313,826, and reference there-
to is made for further details.

A conical hopper portion i22 of the contamer
29-q opens downwardly into the concrete dis-
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charge conduit 97. The rear of the conduit 97 ter-
minates in an air control valve 123 dlsposed at the
edee of the opening 124 in the lower end of the
conical hopper {22. The construction and oper-
ation of valve i23 is similar to that disclosed in
my prior Patent 2,344,703, and reference thereto
is made for a full understanding of its function
and mode of operation. It will suffice here to
refer to Figure 8, which shows the air pipe Y]
connected, as by a T 125, with the valve inlet 126,
Valve inlet 128 communicates with the intake
chamber 121 of the valve 123 (Figure 6), from
which point, by opening of the valve 123 air
under pressure may be fed into the end of the
conduit 91, into which concrete passes by gravity
from the hopper 122 of the container 28-a.

Valve 123 is operated by means of a horizontal
lever 128 pivoted at 129 and connected to a
longitudinally reciprocable rod {31, which in turn
is pivotally connected to a hand lever 132, which
thus serves to open and close valve {28 as de-
sired. Valve 123 is normally maintained closed
by & helical spring #83 surrounding the valve
stem, as shown in Figure 6. Upon manual actu-
ation of Iever i32 to open valve 123, air flows
from the main air pipe 42, through the coupling
means including the air chambers {62 and 103,
into. pipe 101, and through valve 123." It forces
concrete, dropping downward in the hopper (22,

outwardly of the conduit 9T and into the ma- ;

terial discharge line or conduit 24. This general
mode of operation is similar to that disclosed
in my aforementioned Patent 2, 313,826.

During transit of the cars, such as 29, 31, 24 into
the tunnel 21, the conduit 97 is closed by a flapper
valve 134, which may be opened and closed by
means of a hand lever i35 connected to the valve
member 134 by a linkage 136. Lever 135 may be
secured in its upward position, to maintain valve
134 closed, by means of a link {37 pivoted to the
outer wall of the container 29-¢, which may be
slipped over the end of the lever {35.

When the transit time between the loading of
the mixed conerete into the cars and the empty-
ing thereof within the tunnel 2f is of extended
duration, the concrete may acquire an objection-
able set in the conduit 97 and in the bottom part
of the hopper 122. To prevent this setting of
the concrete, as well as to prevent separation of
the solid constituents, means are provided for
agitating the contents of the container 29-a
through the use of compressed air. For this
purpose, the discharge opening 28 is closed, and:
valve 123 is slightly opened to allow compressed
air to flow into the rear of the conduit 97, thence
upwardly into the container 29-a¢ and through
the concrete.

To achieve such agitation of the concrete, two
especial features are provided on the contdiner
29-a. First, the cover 138, provided for the load-
ing aperture, is designed so that it-may be opened
slightly to allow escape of the agitating air, yet'
still prevent expulsion of the concrete as the air
is forced upwardly therethrough. The design of
the cover, or closure means; 138 will be described
more particularly hereinafter. It.forms the sub-
ject matter of my U. S. Letters Patent No.
2,565,029, issued August 21, 1951.

The second feature is a cap 139, for supple-
menting the valve 134 and sealing the discharge
opening 28 of the conduit 91. This cap (39 is

illustrated generally in Figure 6 and shown more.

particularly in Figures 12 and 13. Cap 139
serves to insure tight closing of conduit 8T, sup-
plementing the valve 134 which is generally not
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constructed to seal against leakage of grout; and
also permlts 1nJect1on of a counter-flow of agi-
tating air through the provision therein of an
opening' through which air under pressure may
be admitted to the discharge end 28 of the con-
duit 87 simultaneously with the admission of air
through valve 123. During the agitating process,
valve (34 is maintained open, being hinged at
{41 to swing into a recess 142 (Fig. 6) formed in
the upper wall of the conduit 91. When air is
thus forced into the hopper 122 from hoth the
normal inlet 124 and the normal ouflet 28;
thorough agitation of the concrete is effected,
thereby completely obviating the chanee forma-
tion of a plug of concrete in the conduit 8T which
might prevent normal discharge of concrete from
the conduit. _ »

Referring particularly to Figures 12 and 13,
the cap 139 is shown hinged, by means of & bifur-
cated member (43, to the conventional coupling
member {44 provided on the car. The arms 145
of the member 143 are hinged to the car coupler
44 by means of bolts 146, The cap 3% is
normally swung back, out of the way, as shown

- in Figure 6; when oceasion arises it may be swung

downwardly to cover the discharge opening 2§
of the conduit 97, as shown in-Figures 12 and 13.

The cap 139 is adapted to be secured in closed
position by means of 2 hook 14T pivcted at (48

- t0'a pair of short links 49 secured to a shaft {52

rotatably supported by the car coupler 144, An
operating handle (5t is fixed to the shaft 152.
By reference to Figures 6 and 12, it will be readily
seen that clockwise movement of the handle 15{
and shaft 152 will serve to cause hook 4T to en-
gage the lip of a cross member (53 secured be-
tween the arms (45; thereafter reverse movement
of the handle 5t causes hook {47 to draw cap
139 securely into position against the ring gasket
99 mounted around the edge of the discharge
end 28 of the conduit 97. Cap (39 is maintained
closed by over-centering the short link {49, as
shown in Figure 12.

In order to provide for the introduction of air
into the discharge end 28 of the conduit 97, the
cap 139 is provided with an aperture into which
is fitted a pipe joint (55, connected by a fexible
hose 56 to & nipple 15T opening into the-air pipe
101 (Figure 7).

It will be understood that introduction of agi~
tating air is not required when the car 2§ is
coupled to the sled: 25, but instead; to be effective, )
musb be accomp_bshed prior to the time that the
car is ready for emptying into the conduit 24.
Thus, air for agitation is not introduced thr ough
the normal air 1n1et chamber {903, but is intro-
duced: through & special fitting {58 at the rear
of the car 29, which joins the T-junction {25
in the air pipe (0. During agitation, the air
bipe (&1 must be isolated from the intake cham-
ber 103, otherwise the air would simply escape
through the openings in the chamber. To pre-
vent such venting, & manually actuatable valve
(61 is provided in the pipe 181 between the
chamber 6% and, the T 157. Another air valve
162, located at the end of the hose 158, is normally
maintained' closed, being opened ohnly for the
special step of introducing agitating air into the
car 28 through the discharge opening 28.

In operation, an air line is attached to the
fitting (88, and cap 139 is, swung down and
secured over the cpening 28 by means of hook
i47. Air then flows through two paths, the first
being, from fitting 158; through the valve 123; into
the hopper 122 and upwardly through the con-<
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crete mixture., The second path. for the:air is:

from fitting {58, through pipe {0, to joint 187,
through hose 158, and into the discharge open-
ing 28 of conduit §7 through cap {39. Air is
thus injected into the bottom of hopper 122 from
both ends of conduit 97, thereby completely ob-
viating the formation of plugs of concrete which
might otherwise block the normal discharge of
concrete at the desired time. .

" The foregoing described agitating feature, in
which  air is injected into the hopper 122 simul-
tanecusly from each side thereof forms the sub-
jeet matter of my U. 8. Letters Patent No.
2,534,270, issued December 19, 1950, . .

On very long hauls it may be advisable to effect
concrete azitation during: the actual transit of
the concrete carrying train. . For this purpose,
the auxiliary air tank 38 shown in Figure 1 may
form a part of the train, thus providing during
transit a source of comprassed air which may be
connected to the Atting 158 at the rear of each
of the ears as 29, 31 and 24.

It may alsc be advisable .in certain cases to
introduce additional water into the concrete mix-
ture before its discharge into the conduit 24; and
o this end the water pipe 168 ‘which is custo-
marily 1aid during the excavation of the tunnel
21 is allowed to remain during the lining opera-
tion, to provide a source of water in the working
region of the tunnel.

The specially designed closure means {38, which
facilitates the agitiating operation hereinbefore
described, will now be described with reference
to Figures 6 and 15. As shown in Figure 6, the
container 28—¢ of car 29 is provided with a loading
aperture {64 through which concrete may be
poured into the car. A frame I85 serves to de-
fine the aperture 184 and extends into the con-
tainer 28-a.a short distance for supporting a
sesling gasket 172, Beneath the opening 164,
there is provided a closure plate {66 mounted on
the end of an arm {87, which is shown as formed
integrally with a vertical, rotatable shaft (68
suitably journalled in the top of the container
28.¢. A horizontally extending handle. {69,
mounted on the upper end of the shaft 168, pro-
vides a means for rotating the shaft and thus
swinging the arm (87 and the plate 166 away
from the opening {64, to the position shown -in
dotted lines in PFigure 15. Seating of the clo-
sure plate (6§ against the under rim of the
frame (65 is effected by mounting the shaft 168
in its supporting bushing {71{ so as to permit axial
movement thereof.  Thus, after plate 166 has been
swung into position directly under the opening
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¢64; upward sliding of shaft 168 serves to force

it against the gasket 172, thus sealing the opening.

Raising of shaft 168 is conveniently effected
by pivotally connecting arm {59 to shaft 1868,
as shown at 178, and providing a fulcrum about
which the pivot point 173 may be raised by verti-
cal movement of the outer end of the arm (89,
The fulerum is formed by 2 horizontal groove {14
formed along the outside.of the adjacent portion
of the frame 185, which may be suitably rein-
forced- as by welding a relatively thick metal
block {78 thereto. ’ :

As arm {89 is swung horizontally to bring
closure plate 166 into registry with opening (64,
a nose 178 formed on the end of the arm {69
enters ‘the groove 174, With the closure plate
165 properly positioned, the outer end of the
arm 189 is then raised, drawing shaft 168 and
closure plate 186 upwardly until proper sealing of
the plate 166 is attained against gasket {72, Arm
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{68 may be maintained in position by a small
brace member §171 hinged to the top of container
29-g and engageable in one of the notches 178
formed on the underside of the arm £69.

To insure proper seating of the closure plate
186 against the gasket 172, the arm £88 is at-
tached to the plate 186 by means of a loosely fit-
ted pin 178, thereby allowing limited universal
movement of the plate 186 with respect to the
arm. The swinging of plate 165 is confined to
about a 90° angle, as shown in Figure 15, by the
provision of pendant stops 81 on the underside
of the top wali of the container 28-a.

By ‘dropping the brace 177, thereby -allowing
shaft 168 to drop to its lower position, the closure
plate 166 may be moved slightly downwardly from
the gasket 172,  This provides an annular space
permitting escape of agitating air, while still
retaining closure plate {88 over the face of the
opening 164 to prevent any substantial expulsion
of concrete.

Each of the cars in the train, including the
auxiliary tank car 38, is provided with a coupler
144 similar to the coupler shown in Figures 12
and 13. . The coupler {44 has an outwardly fac-
ing slot 82, the top and boittom walls being
apertured at (83 for the reception of a suitabie
coupling pin  (not shown) which engages a cou-
pling bar or link i44-g joining adjacent cars
{(Figures 1 and 2). A generally similar coupling
arrangement is provided between the sled 25 and
the winch car 48, and between the winch car 46
and the storage tank car 43.

The method of using the apparatus will now be
explained.

Following excavation of the tunnel 24, during
which the track 22 is customarily laid, a given
length of lining form 23 is erected. For this pur-
pose, timbers 1§t are placed along each side of
the track 22. Bracing between the timbers {84
is provided at intervals by transverse timbers {92
resting atop the track 22 and extending hetween
the inner sides of the timberg £9f. 'The bottom
edges 193 of the form 23 are then secured along
the top edges of the timbers 191, adjustable posi-
tioning thereof heing achieved by the use of wedge
members 185 in any suitable, known manner.

The concrete. conveying conduit 24 is then ad-
vanced into the arch-shaped lining space, being
slid along the top of form Z8 until the discharge
end thereof is positioned adjacent the inner end
of the form. The concrete feeding assembiy,
consisting of the storage tank 43 coupled to the
winch car 46, in turn coupled to the slad 2B, is
then disposed on the track 2% just outside the
form 23, as shown in Figure 1.

A train of concrete laden cars, such for exam-
ple .as cars 28, &i, 34, is then pushed into the
tunnel by suitable means, such as the lecomoetive
35. If the tunnel length is great it may he de-
sired to include in the train the auxiliary tank
car 36 containing compressed air. In this way,
a, source of air is provided for agitating the con-
crete mixture during trausit, in the manner pre-
viously :described in my aforemsentionsd Patent
No. 2,534,270, :

The train having reached the working region
of the tunnel, the most inward ecar 2§ is pushed
against the sled 28, either by hand or by the locn-
motive 38, This connects the discharge end 28
of the car conduit 87 and the intake end 27 of
the material discharge line 24. Simultaneously,
the two nozzle members: {84 and 8% forming the
outléts of the air line 42 engage the symmetrically
disposed.openings in the air chamber 143 on the
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c¢ar 28, By referring to Figure 7 it will b€ seew
that the hook members 1{Z are so formed and
are so conhected to the arms Fi5, theat with the
arms in their lowered normal positions, the outer
ends of the hooks (12 will be engaged by the
bosses {13, formed in the chamber (83, being
raised thereby as the car is mioved into conhected
position, to allow the bosses to- pass under them.
Thereafter, the arms {15 are raised by rneans of
a handle {1, causing the hocks ({Z to drop over
the bosses 113. Returning the arms ({5 to their
horizontal position draws the car 28 firmly
against the sled 25, sealing the air and conerete
couplings. It will be cbvious that the car 2§
preferably should ke uncoupled from the train
befors operating the handle T to draw the car
into sealing position. - This coupling positicn: is
maintained by the over-center action of hook
members {42 about the pivot points {48~ of the
arms 48,

The hinged handle {9 of the valve (I8 on the
sled 25 ig then raised (Figure 7), and the valve
is opened by appropriate movement of the handle.
This operation supplies air under pressure from
the pipe 42, through the air chambers {02 and
{63, to the pipe (0i, and thence to the valve
chamber {27 (Figure 6). Handie i35 on the car
28 ig then lowered; raising flapper valve 34 into
the recess 142 by means of the linkages 138. The
car is then ready to deliver its load of concrete
into the conduit 24. This is effected at any cde-
sired time by appropriate operation of the vaive
123,

Pollowing emptying of the car 29, the arms {5

are raised to release the hooks i {2 from the bosses: ¢

{43. As the arms {5 are lowersd, the hooks #i2
are lifted slightly by means of the crcss piece #i4
to prevent reengagement of hooks {2 with the
bosses {13,

Car 29 is then ready to be shunted out of the
way onto the sled 25. This is effecteéd by first
backing the emptied car 29 away from the sled
25 g sufficient distance to allow extension of ramp
32. This accomplished, the four-way valve 84
(Figure 10) is actuated to apply air pressure to
the right hand end of the cylinder 11, thus draw-
ing the piston rod 78 into the cylinder, and by
means of the actuating rods 7%, coupled to: pis-
ton rod 18 by yoke 18, forcing the ramp 32 out-
wardly of the sled 25. Upon engagement of the
toe plates §3 with stop 91, the inner ends of rails
13 pivot. upwardly about the stop members 9i
and are wedged against the underside of the
channel members 68, as shown.in Figure: 11.

Car 25 is pushed up the ramp 32 and thence
to the inner end of the sled 25, where it is stopped:
by abutment of its whieels with the inclined end

member 33 of the sled 25. Ramp 32 is then:’

retracted by actuating valve 8% to-apply air pres-
sure to the left hand or outer end of the cyl-
inder 77, thereby forcing the piston rod 178 out
of the eylinder and moving the ramp 32 to the
right from the position shown:in Figure 11, This
drops the foot. members 88 to their generally
horizontal position; and then: retracts: the ramp
32 to the position, as shown in Figure 9.

Each of the succeeding cars 31 and 234 is: then
emptied in a similar manner, the former being
also moved. onto the sled 25, as shown in Figure
2, to make room for the final car 34. Following
emptying of all the cars, the train is reformed
and taken out of the tunnel 21 to make room:
for another concrete laden train:. Although the
apparatus has been shown and described as
utilizing. three concrete carrying cars; it is not
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is
necessarily so limited, and may be adapted read-
ily for use with a greater number of cars.

During use of compressed air, the normal flow
of air is from air pipe 31 into flexible hose 38,
T 29, vertical pipe &1, pipe 42, and thence into
the air pipe 101 of the car being unloaded, for
example car 29, as explained above. A sub-
stantially uniform air pressure is maintained
during intermittent use of the air by employ-
ment of the storage tank 43, which is connected
to the air line by means of the hose 44 coupled
to the T 38.

As the.placing of the coxcrete progresses, and
the inner portion of the space above the form
2% fills with concrete, the discharge énd of the
conduit 24 becomes embedded therein. Thus, it
is desirable that the conduit 24 be moved back
out of the lining space as the work progresses,
so that the back pressure against which the
conerete must be discharged, is decreased. This
is effected by the air operated winch 47, which is
operated to wind in the cable 48, by compressed
gair supplied through the valve Ti, conveniently
located near the outer end of the sled 25. As
the space between the support 45, mounted atop
tank 43, and the outer end of the form 23 in-
credgses due to the withdrawal of the conduit
2¢, suitable supports (not shown) may be placed
under the conduit 2& at appropriate points.

Following completion of the arch lining 38
(Figure 5), the stacker §f is taken into the tun-
nel and. 2 section §5 of suitable length behind
the stacker (see Figure 3) is cleared of pipe,
rails, ete., and appropriately excavated for the
The sled 25 is returned
to the working region of the tunnel without the
wineh car 4% and the storage tank 43. On the
inner end of the sled 2§ is the muck car 64,
which receives the dismantled and excavated
material from the region 5. As shown in Fig-
ure 3, the inclined forward portion 33 of the
sled 25 is removed for the floor forming opera-
tion, as are also the upstanding air pipe 4i and
T 39, The flexible air hose 38 is then connected
to the air line 42 through the T 28f. A trans-
verse cross: member (not shown) is substituted
for the end member 33. The removal of the
forward. end portionr 33 of the sled serves to ren-
der the muck car §4 readily available from the
region: 65.

'The several concrete laden: cars 29, 31 and 34
dre connected successively to the sled 25, in the
same manner as whel effecting the lining of the
grch. The stacker 5i is steadily pulled out-
wardly of the tunnel as the concrete is discharged,
by operation. of the winch 62, supplied with air
through the air line: 68 connected with the air
line 49 of the sled 25, and controlled by the valve
Ti. As the: stacker 5f is moved outwardly of
the tunnel, it pushes ahead of it the rigid, con-
erete-carrying conduit 58, which in turn pushes
the: sled. 25, and any car, such as car 31, which
may be connected to the sled.  During this op-
eration, the screed 56 om the inner end of the
stacker 5l smooths the invert 57 and forms it
into the desired floor shape illustrated in Fig-
ure 5. .

If desired, a small wheeled platform  (not
shown), adapted to ride on the shoulders 58 at
the bottom of the arch §5, may be provided be-
hind the stacker 51 fo carry one or meore finishing
operators who give a-smooth final finish to the
top of the invert §1.

Stackers of this: general type are well known
in the drt, but heretofore they have not oper-
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ated in the above described manner involving
the delivery of concrete from successive cars in
a train and the provision of the muck car im-
mediately adjacent the working area.

The final step may comprise treating the in-
ner surface of the entire lining with a curing
liquid to properly control the rate of drying,

Prom the above it will be apparent that there
has been disciosed a method and apparatus
whereby a series of individual, concrete-laden
cars may be moved into a small bore tunnel, and
the cars successively emptied, without the need of
shunting the cars by means of turn-out, pass-
ing tracks, or structure requiring superfluous
excavation. It will be secen that the method of
this invention is carried out in a single region in
the tunnel in close proxzimity to the actual work-
ing ‘area of the tunnel, thereby eliminating  ex-
tensive moving about ¢f the operators. It will
be further seen that ope-ation is effectuated and
controlled from a single position, namely, the
region adjacent the outer end of the sled 25,
where all the controls are located.

Thus, it is at this point that the car to be
unloaded is connected to the conduit 24 and to
‘the air line 42, and the main air valve (18, the
ramp controlling valve 84, and the valve 7{ con-~
trolling the winch 47 or 62 as the case may be,
are operable.

I claim:

1. The method of forming the top and side
walls of ‘a-small bore tunnel having a form for
defining the inner surfaces of said walls, as well
as a material discharge line extending longi-
tudinally above the form for conveying the wall
material to the desired location in the form,
which comprises: advancing a train of loaded
mobile containers to the working region in the
tunnel; connecting the most forward container

to said discharge line; discharging the material 1

from said container; disconnecting said container
from the discharge line; advancing said con-
tainer along said line; and connecting the suc-
ceeding conftainer of the train to said discharge
line.

2. The method of forming the floor of a small
bore tunnel, which comprises: delivering the
floor material through a material discharge line
from a mobile container connected to said line;

forming the floor surface while withdrawing said ;

line and said container in accordance with the
delivery of the material; disconnecting said con-
tainer, when empty, from the discharge line;
and advanecing said empty container along said
line to provide for connecting a laden container
to said line.

3. The method of forming the floor of a small
bore tunnel, which comprises: clearing the bot-
tom of the tunnel and excavating to an ap-
propriate depth, in a working region of the tun-
nel; delivering floor material through a material
discharge line from a mobile container connected
to said line, forming the floor surface as the
delivery proceeds; providing a mobile vehicle
between said container and said excavation for
the excavated material and debris; and with-
drawing said conduit, said container and said
vehicle in accordance with the delivery of said
material.

4. The method of forming the floor of a smalil
bore tunnel, which comprises: clearing the pot-
tom of the tunnel and excavating to an ap-
propriate depth in a working region of the tun-
nel; delivery floor material through a material
discharge line from a mobile container connected
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to said line; forming the floor surface as the ma-
terial delivery proceeds; supporting a mobile ve-
hiecle above said line between said excavation and
said container, for receiving the excavated ma-
terial and debris; withdrawing said container,
said conduit and said vehicle in accordance with
the delivery of said material; and moving said
container when empty, to be supported above
said line to provide for conneciing a filled con-
tainer to said line.

5. In material handling egquipment: a mobile
container having a discharge opening adapted
for connection to a conduit upon advance of
said container to discharging position; and mo-
bile means for supporting said conduit and said
container, and a ramp operatively connected with
said mobile means and over which said con-
tainer is movahble from said discharging position
cnto said mobile means to permit the contents
of a sueceeding container to be discharged
through said conduit.

6. In material handling equipment: a plu~
rality of mobile containers coupled to form a
train; each of said containers having a dis-
charge opening adapited respectively for connec-
tion to a conduit, upon advance of the container
to discharging position; a vehicular support
for said conduit, and means over which the con-
tainers are movable onto said support after the
contents thereof had been discharged through
said conduit.

7. In material handling equipment: a mobile
container having means forming a discharge
opening adapted for connection to a material
discharge line, upon advance of the container
to discharging position, said opening being di-
rected in the direction of advance, a mobile sup-
port for the discharge line, disposed in advance
of said container, and means between said con-
tainer and said support over which said con-
tainer is movable onto said support past the in-
take end of said line, whereby the opening in a
succeeding container may be connected to the
intake of said line while a container is mounted
on said support. :

8. In material handling equipment: a mobile
container adapted for operation on a track com-
prising. a pair of parallel spaced rails; a sled
structure movable along said track; providing a
pair of rail forming members for supporting said
container above the track; a discharge conduit
supported on said sled structure for movement
therewith and adapted to be connected with
the mobile container for discharging the con-
tents of the latter at a point forwardly of said
sled structure, an extensible ramp carried by the
sled providing inclined rails extending upwardly
from the track rails to the sled rail surfaces; and
optionally operable means for projecting and re-
tracting the ramp with respeet to the sled.

9. In material handling equipment: s sled
structure for use with a track having a pair of
spaced parallel rails, comprising a pair of side
members joined in spaced parallel relation and
providing respectively rail surfaces above said
rails; means including a pair of elements pro-
viding inclined surfaces adapted to extend up-~
wardly from said rails to said rail surfaces on
said members and slidable respectively in said
side members; and means including a power
cylinder for optionally moving said elements to
telescope in the respective side members, or to
extend therefrom.

10. In material handling equipment, a sled
structure for use on a track having a pair of
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parallel spaced rails, comprising a pair of side
members joined in spaced parallel relation, and
a conduit extending between said members with
its intake adjacent corresponding ends of said
members and adapted: for connection to a4 mobile
container on said track, optionally operable ex-
tensible: means on said structure providing in-
clined rail surfaces froin said rails to the tops of
said members for facilitating movement of said
container from said track to said sled, said sled
serving to support said container above said con-
duit for movement lengthwise thereof.

11. Tn coupling means for a pair of axially
aligned main pressure conduits, as well as for a
pair of supplamental pressure conduits; means
forming a pressure chamber extending about
each of said main conduits and maintained out
of communication therewith, and respectively
communicating freely with said supplemental
conduits; means urging said pressure chambers
together; means maintaining said supplemental
conduits respectively in continuous communica-
tion with said chambers; means forming a pair
of nozzles extending between said chambers
when coupled and symmetrically disposed on op-
posite sides of said main conduits, for transfer-
ring fluid pressure between said chambers about
said nozzles; and mesans for connecting said
main conduits in fluid tight exchange relation
when said chambers are coupled.

12. In coupling means: a pair of axially alighed
main conduits; means forming a pressure cham-
ber extending about each conduit; means urging
said pressure chambers together; a supplemen-
tal conduit on one side of said main conduit ex-
tending through and beyond one cof said cham-
bers and providing g nozzle adapted to enter an
opening in the adjacent wall of the other cham-
ber when the chambers are coupled; and means
forming a nozzle symmetrically disposed on the
other side of said main conduit with respect to
said supplemental conduit, extending from one
chamber and adapted to enter an opening in the
adjacent wall of the other chamber; means in-
cluding said nozzles for admitting fluid pressure
from said stupplemental conduit into each
chamber; and conduit forming means leading
from the other chamber.

13. In combination: a mobile container for

fluent materials, adapted for advance along a 5

guiding track, said container having a discharge
conduit at its lower end directed in the direction
of advance; a movable sled structure on said
track, providing surfaces for guiding said con-
tainer offset from said track; g material discharge
line having a portion fixed to the sled, said con-
duit being normally aligned with said discharge
line for connection therewith in fluid tight rela-
tion; and optionally operable means for causing
movement of said container to said guide surfaces
in response to advance of the container; the off-
set being such as to position said conduit for
longitudinal movement along said line.

14. In combination: a mobile container for
fluent materials, adapted for advance along a
guiding track, said container having a discharge
conduit at its lower end and a fluid pressure con-
duit respectively with openings directed in the di-
rection of advance; a movable sled structure on
said track; providing surfaces for guiding said
container offset from said track; g material dis-
charge line and a fluid pressure line, each having
a portion fixed to the sled, said conduits being
normally aligned with the respective discharge
lines for connection therewith in fluid tight rela-
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tion; and optionally operable means for causing
movement of said container to said surfaces in
response to advance of the container, the offset
being such as to position said conduits for longi-
tudinal movement along said lines.

15. In combination: a mobile container for
fluent materials, adapted for advance along a
guiding track, said container having a discharge
conduit at its lower end opening in the direction
of advance; a movable sled structure comprising a
pair of side members disposed respectively above
the rails of said track and forming an elevated
track forsaid container; a material discharge line
having a portion extending between said side
members, adapted for connection with said con-
duit opening; and optionally operable means for
causing advance of said container to raise said
container to the elevated track, said elevated
track being of such height as to position said con-
duit above said line to allow advance of the con-
tainer past the end of said line.

18. In a quick acting coupling for connecting
a pair of members; a lever arm pivoted on one of
said members for movement about a horizontal
axis adjacent one end of the arm, g hook member
pivoted on said arm at a point spaced from said
axis for engaging a boss on the other member, and
extending over the pivoted end of the lever, move-
ment of said lever to coupling position causing
said pivot fo pass below g line joining said axis
and said boss, means to limit movement of said
lever in coupling direction, said member being
adapted to rest on the end of said lever when not
engaging said boss, said lever, when in its limit-
ing position, being freely swingable upwardly to
permit passage of said boss to coupled position.

17. In material handling equipment: a.. sled
structure for use with a traeck having a pair of
spaced parallel rails, comprising means provid-
ing a pair of supporting surfaces vertically spaced
above each rail; g pair of elongated elements, the
inner ends of said elements being slidably sup-
ported respectively above the lawer of said sur-
faces, the outer ends of said elements being slid-
ably supported respectively on said rails; means
for advancing said elements with respect to said
surfaces; means for elevating said inner ends re-
spectively to substantial alignment with the up-
per of said surfaces, said means comprising a pair
of members respectively carried by each of said
surface providing means and each of said ele-
ments and engageable upon a predetermined out-
ward movement of said elements, one member of
each pair being mounted for rotation upon en-
gagement with the other member of the respec-
tive pair; and means for limiting rotation of said
members when aligning position is reached.

18. In material handling equipment: a sled
structure for use with a track having a pair of
spaced parallel raiis, comprising means provid-
ing a pair of supporting suriaces vertically spaced
above each rail; a pair of elongated elements
slidably supported respectively at one end on said
rails, the opposite ends being supported respec-
tively by forwardly inclined rotatable foot mem-~
bers engaging the lower surfaces; means for ad-
vancing said elements with respect to said sur-
faces; stop means for causing said foot members
to rotate in response to advance of said elements,
the rotation of said foot members causing said
opposite ends to align substantially with said up-
per surfaces; and means for limiting rotation of
said foot members when aligning position is
reached.

19. In mafterial handling equipment: a sled
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structure for use with a track having a pair of
spaced parallel rails, comprising -a pair of side
members joined in spaced parallel relation and
providing respectively rail surfaces as well as
supporting surfaces above said rails; means in-
cluding a pair of elongated elements adapted to
extend upwardly from said rails to said rail sur-
faces, the outer ends of said elements being
slidably supported on said rails respectively be-
yvond the ends of said supporting surfaces, the
inner ends of said elements being slidably sup-
ported on said supporting surfaces respectively:
means for moving said pair of elements with
respect to said members; and means operative
in response to arrival of the inner ends of said
elements adjacent the outer ends of said sup-
porting surfaces fo raise the said inner ends,
causing said elements to form a ramp between
said rails and said rail surfaces.

20. In material “handling equipment: a sled
structure for use with a itrack having a pair of
spaced parallel rails, comprising a pair of side
members joined in spaced parallel relation and
providing respectively rail surfaces as well as
supporting surfaces above said rails; means in-
cluding a pair of clongated elements adapted to
extend upwardly from said rails to said rail sur-
faces, the outer ends of said elements being
slidably supported on said rails respectively be-
yond the ends of said supporting surfaces;
means for moving said pair of elements with re-
spect to said members; a forwardly directed foot
member pivotally mounted on the inner end of
ecach of said elements slidably supporting said
inner ends on said supporting surfaces; stop
means adjacent the outer ends of said support-
ing surfaces for engaging said foot members and
rotating them about their pivots in response to
a predetermined outward movement of said ele-
ments, whereby the inner ends of said elements
are substantially aligned with said rail surfaces;
and means for limiting rotation of said foot
members upon said elements reaching aligning
position.

21. In material handling equipment: a sled
structure movably mounted on a track; a mate-
rials discharge conduit mounted on said sled
having an intake adapted for ccnnection with
means forming a discharge opening on a mobile
material container on said track; 1
means carried by said sled adapted to form a
ramp for facilitating movement of said container
Trom said track on to said sled; and means on
said sled ior supporting said container clear cf
said conduit to permit movement of said con-
tainer along said sled.

22. In material handling equipment: a sled
structure comprising a pair of side members,
movably supported on g track having a pair of
spaced parallel rails, said side members respec-
tively providing rail surfaces spaced above the
rails of said track; a materials discharge conduit
mounted on sald sled intermediate said members
and extending longitudinally of the sled, said
conduit having an intake opening adjacent the
rear end of the sled, said intake being adapted
for connection with means forming a discharge
opening of a mobile container on said track; ex-
tensihle ramp forming means carried by said
sled structure adapted to facilitate movement of
said container from said track onto said sled
structure; said rail surfaces being so spaced with
respect to said conduit that, whean said con-
tainer is on said surfaces; said discharge forming
means is clear of said conduit, to permit longi-~
tudinal movement of said container on said sled.
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23. In material handling” equipment: a sled
structure movably mounted on a track; a mate~
rials discharge conduit and a fluid pressure con-
duit mounted on said sled and adapted for con-
nection respectively with means forming a dis-
charge opening and a fluid pressure inlet on a
mobile material container on said track; exten-
sible means carried by said sled adapted to form
a ramp for facilitating movement of said con-
tainer from said track onto said sled; and means
on said sled for supporting said container clear
of said conduif to permit movement of said con-
tainer along said sled.

24. In material handling equipment: a sled
structure movably mounted on a track; a mate-
rials discharge conduit and a fluid pressure con-
duit mounted on said sled and adapted for con-.
nection respectively with means forming a dis-
charge opening and a fluid pressure inlet on a
mobile material containzr on said track; exten-
sible means carried by said sled adapted to form
a ramp for facilitating movement of said con-
tainer from said track onto said sled; fluid pres-
sure responsive means for operating said exten-
sible means; optionally operable control means
for admitting Auid pressure from the fluid pres-
sure conduit to said fluid pressure responsive
means; and means on said sled for supporting
said contfainer clear of said conduits o permit
movement of said container along said sled.

25. In material handling equipment: a sled
structure movably mounted on a track com-
brising a pair of spaced parallel rails; a materials
discharge conduit mounted on said sled and hav-
ing an intake adjacent the rear of the sled; means
for coupling a mobile container on said track, to
said ‘sled for movement therewith along the
track; said container when coupled, having a
discharge opening communicating with said in-
take; said sled structure including means form-
ing a pair of rail surfaces spaced above said
track for optionally mounting said mobile con-
tainer for movement independently of said sled.

26. The method of forming a structure in a
small bore tunnel wherein fluent material for
forming the structure is contained in a plurality
of mobile containers disposed in line in the tun-
nel, and wherein the fluent material is subject
to being discharged from said containers through
a discharge conduit extending along the tunnel
to a zone therein where the structure is to be
formed; there being a longitudinal space in the
tunnel between the ends of the conduit for ac-
commodating at least one of said containers,
which comprises: advancing the foremost con-
tainer to a position adjacent the outer end of said
space, connecting the foremost container with
said conduit and conducting the material there-
from to said zone, disconnecting said foremost
container from said conduit, advancing said fore-
most container into said longitudinal space, ad-
vaneing the suceceeding container to a position
adjacent the outer end of said space, and con-
necting said succeeding container with said con-
duit for conducting the fluent material there-
from to said zone.

27. The method of forming a structure within
a small bore tunnel in which are positioned a
structure-defining form and a discharge conduit
for conducting fluent material to said form, which
comprises: advancing in line in the tunnel, con-~
tainers loaded with fluent material; moving the
foremost container to a position spaced from said
form, connecting said foremost container with
sald conduit for conducting the material to said
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form, disconnecting said foremost container from
sgid: conduit; moving: said foremost container
from said position toward. said form, advancing
the succeeding container to said position, and
connecting said succeeding container with said
conduit for conducting additional fluent material
to said form.

28.. The methad of forming a structure within
a small bore tunnel in which are disposed a
structure-defining form and a discharge conduit
for conducting fluent material to.said form, which
comprises: advancing in line in the tunnel, con-
tainers loaded with fluent material; moving the
foremost container to a position spaced from said
form, connecting said foremost container while

at said position with said conduit, forcing the

material from said foremost container through
said econduit to said form, disconnecting said

foremost container from said conduit, effecting
relative movement between said foremost con- o¢

tainer and said .conduit to dispose one above the
other and said foremost container between the

24
intake:end of the conduit-and said form, and ad-
vancing the container next in line and connect-
ing:it-with said conduit for conducting additional
fluent material to said form.
: MAXWELL F. KEMPER.
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