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BENJAMIN F. CARPENTER, OF ROSELLE, NEW JERSEY.

TUNNELING DEVICE.
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To all whom it may concern:

e it known that I, BENJAMIN F. CARPEN-
TER, & citizen of the United States, residing
at Roselle, county of Union, State of New
Jersey, have invented certain new and useful
Improvements in Tuanneling Devices, fully
described and represented in the following
specification and the accompanying drawings,
forming a part of the same.

The present invention relates-to a.method
of construeting a tunnel beneath a street,
park, or other body of earth without disturb-
ing the surface of the earth, which method
consists 1n supporting the unbroken surface
material by suspension during the excavat-
ing of the tunnel and the erecting of the un-
derground supports, and the present applica-
tion is a division of my application, Serial No.
662,164, filed December 16, 1897, for patent
upon improvement in the art of tunneling.
In such prior application I have claimed the

‘above-described method broadly and have

filed the present application to claim specific-
ally the means for temporarily suspending
thesurface material by metallic frames adapt-
ed to support poling-boards during the exca-
vation of the material and until the perma-
nent structure is erected within such boards.
To support the material between the surface
and the roof of the excavation, rods are ex-
tended downward through the soil or pave-
ment into the upper line of the intended ex-
cavation, the rods being inserted at suitable

intervals upon a line determined by a previ--

ous survey upon the surface. In the present
construction two or three metallic frames hav-
ing the same contour at the top as the roof of
the proposed tunnel are formed with holes or
lugs to engage thesuspending-rods, which are
provided at such intervals that the adjacent
frames may support both ends of the poling-
boards. As the excavation progresses the
frames are successively introduced into the
heading beneath the front ends of the poling-
boards and support the same as other boards
are driven forward sufficiently to remove the
earth and insert another frame. The frame
1s preferably made in sections with suitable
fastening devices, so that the parts of the

F

| heading and bolted together when assembled

in their operative position.

The primary object of the frame is to sup-
port the load imposed by the superincumbent
material, and it may therefore be used ex-
clusively forsuch purpose and timber framing
be employed when necessary to support the

embankments or sides of the tunnel, or the
{ frame may be provided with legs or posts ex-

tending down the sides of the heading, and
thus serve also to sustain the poling-boards
at the sides of the excavation.

To introduce the frames successively in the
heading, the excavation is made within the
front ends of the poling-boards a little be-
yond the line of the suspending-rod, and the
face-boards, if needed, are then erected and
the frame applied to such rods, so that other
poling-boards may be driven forward to sup-
port the earth during the succeeding excava-
tion. |

The construction and operation of the
frames will be understood by reference to the
annexed drawings, in which— -

Figure 1 is a cross-section of a sewer-tun-
nel with the surface soil supported adjacent
to the roots of a tree. Fig. 2 is a longitudi-
nal section of the same at the center line.
Fig. 3 1s a cross-section of the completed tun-

nel; Fig. 4, an elevation of one-half of the

frame shown in Fig. 1. Fig. 5 shows the bot-
tom end of such frame; Fig. 6, the joint-flange
upon the top end of such frame. Fig.7isan
edge view of a bar-frame with poling-boards;
Fig. 8,a plan view of the frame and suspend-
ing -rods; Kig. 9, a section of a tunnel be-
neath street-railroad tracks with a frame hav-
ing flat arch. Fig. 10 is an elevation of the
top of the frame shown in Fig. 9; Fig. 11, the
lower side of such top piece, and Fig, 12 an ele-

vation of a frame with flat top.

Figs. 1 and 9 show slotted frames made of
cast-iron, and Figs. 7 and 8 a frame of a flat
wrought iron or steel bar.

Figs..1 and 2 show frames adapted to ex-
cavate a round-top tunnel fora sewer in earth
which requires the use of poling-boards at
the sides and top of the tunnel.

By suspending the frames which support
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and driven much more rapidly than where

timber frames are nsed, and where it 1s nec-

essary to employ frames at the roof and sides
of the excavation my construction furnishes
a great advantage, as the frames are made in
parts bolted together, which permits the ar-
rangement of the parts and the erection of

the frames with much less labor than where
the timber frames are used. |
A special advantage 1s secured by suspend-

ing the frames which hold the poling-boards,

as the entire space within the excavation 1s
unobstructed, thus permitting the erection of
masonry in smaller tunnels than heretofore.

As timber frames depend wholly upon sup-
ports from within the tunnel, such supports
must remain until the masonryisconstructed,
and 1n the case of a small tunnel like that
fora sewer the supports substantially prevent
the erection of masonry and rendersuch small
constructions of masonry impracticable ex-
cept in an open trench. DBy the present 1in-
vention the tunnel may be driven and the
mason-work completed without disturbing
the surface soil or injuriously affecting the
roofts of growing trees and shrubs, and the ob-
struction of traffic upon the surface when in
streets is thus wholly avoided, as well as the
injury which is inflicted upon growingobjects
and the surface of the ground in parks when
a tunnel or sewer is built in an open trench
and the earth is thrown upon the surface at
the top of the same.

The term ‘‘frame” 1s used herein to desig-

nate the metallic beam or girder which is sus-

tained by suspension-rods inserted in the

earth in advance of the execavation by sur-

veying the route of the tunnel upon the sur- |

face and properly arranging beams to hang
the rods therefrom. Such girder may be a

flat bar of wood or metal suspended by the

rods and used in practice with an additional
bar or flat strap held above the same in ¢on-
tact with the previously-driven boards by re-
movable wedges, such wedges maintaining

temporary spaces between the bar and strap |
in which the points of the poling-boards are

driven.

Where the frame ismade in sections of cast

metal, it is preferably formed of a flat plate
having slots in the edge, the outer sides of

which serve to guide the boards, and the in-

ner sides of the slots may be fitted close to
the boards or extended into the plate a con-
siderable distance to reach the masonry when
finishing the same close to the frame.

Fig. 1 shows a frame with round top di-
vided vertically at the middle, while Figs. 9
and 12 show the top beam or girder in one
piece, with legs bolted thereto at the ends to
sustain lateral poling-boards.

Figs. 7 and S show the girder as a flat bar
with the suspension-rods extended through
the same to support it.

Although these frames are of such diverse
form, their use is identical and the method of

applying and driving the poling-boards isthe

same with all.

In Figs. 1 and 2 the two parts of the frame
form each one side of the arch and are formed
at the joint with flanges ¢ to reccive bolts ¢'.
The suspension-rods ¢ are inserted in the
earth in advance, and beams I3 or other sur-
face supports are provided to hang the rods
therefrom. Notched lugs ¢* are provided
upon the frames to receive the lower ends of

the suspension-rods, which are adjusted by

nuts cbelowthe lugs, and thusserve to wholly

sustain the lcad upon the frames. Each frame
is provided with slots S in its margin, through
which the poling-boards are driven. ‘I'wo
rods are shown provided to sustain the frame,
and such pairs of rods should be arranged at
suitable distance apart toreceive the lugs of

‘the frames and space them suitably in the
| heading to support both ends of the poling-

boards. |

During the excavation of the tunnel a pair
of the frame parts T is introduced when each
pair of bolts or rods is encountered, and the
frame parts are then set in the position shown
in Fig. 1 and bolted together at the center.

Fig. 2 shows the facing-boards W at the end
of the heading, one of the frames T in which
the poling-boards are being driven, and an-
other of the frames T in proximity to the fin-
ished masonry, ready for removal when the
poling-boards are freed from the same by

| pushing them pastthe edge of the frame. The

masonry is built up nearly to such frame, and
the face-boards W are supported by bars and
braces W' against the end of such masonry.
Footing-boards n are shown driven at the

sides of the excavation in contact with the.

legs of the frame and braced by bars ¢° and
beams2?. The excavationis carried forward,
so that the face-boards may be set beyond the
line of the rods ¢ to permit the application of
a frame to such rods.

Fig. 1 shows the frame T’ with the points of
one set of poling-boards «’ around the margin
of the frame and the butts of a succeeding
set in the slots S. o guide the points of the
boards, the strap or bar d is sustained around
the edge of the frame by the blocks or wedges
e, and after each board is driven forward the
wedges may be loosened orremoved to make
room for the other boards.

Fig. 2 shows in full lines the situation of
two of the frames T and 1", with the poling-
boards supported by the same, when the head-
ing has been advanced sufficiently to receive
a third frame T% which isindicated by dotted
lines adjacent to the face-boards W. Defore
the frame T? is inserted the most advanced
poling-boards are driven past the rods ¢, and
when the new frame is applied to such rods
the strap d is wedged against such board by
wedges e, which are shown most clearly in
Iig. 9, forming spaces ¢’ outside the margin
of the frame. The sets of boards used suc-

| cessively with the frames are designated in
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Fig. 2 by the letters %4 %', &e. The poling-
boards v are shown in full lines with their
rear ends resting in the slots S of the frame
TV; but such boards before the frame T? is
inselted would be driven forward to the po-
sition indicated by dotted lines at their for-
ward ends to free the boards from the slots in
the frame T'. A drift s is provided to pene-
trate the slot, being held in position against
the end of the board by a handle s', and pro-
vided with a seat s°, to which a hammer can
be applied when driving a board through a
slot. The frame T can then be removed by

disconnecting the bolts ¢’ at the center flanges
{ and swinging the sides of the frame parts.
inwardly, as indicated in dotted lines, within
the left side of the arch in Fig. 1. After Pass-;
ing the frame T' the rear ends of the boards
w are driven toward the frame T, leaving
their rear ends projected from the frame

sufficiently to be engaged by the masonry
when built up to the frame, as indicated at
the rear side of the frame T'. When theframe
T*issecuredin place, poling-boards should be
inserted through the slots S in the frame T
and inclined outwardly to enter the spaces ¢’

around the frame T%, and the driving of such |

edge of the preceding frame; but the outer
side of the slot furnishes all the guide that is
necessary for each board, and the slot may
therefore be made of any width upon the in-
ner side. The top of the frame which is
shown in Fig. 9 illustrates this feature of the
slots, as the poling-boards v’ are shown driven
in contact with the upper side of the open-
ing §', the remainder of the opening permit-
tmn' the operator to stand upon the forward
side of the frame when necessary to apply
the bricks through the opening to the top of
the adjacent brickwork.

The beams B, which sustain the rods ¢, are
shown supported at their opposite ends upon
stringers B', which are extended along the
ground beyond the side lines of the tunnel

to relieve the earth over the excavation from

any load, and the left-hand rod in Fig. 1 is
shown attached to the beam by a stirrup,

‘while the right-hand rod is inserted through

a strip b, resting upon the ftops of the beams.

A tree R is shown in Figs. 1 and 2, with
roots R’ extending into the earth over the
tunnel, thus illustrating the great facility af-
forded by this invention for tunneling‘under
parks filled with growing trees and shrubs

boards forward over the face-boards W fur- | without dlsturblnﬂ' or injuring such growth

nishes a support for the surrounding earth
when the face-boards are taken down to carry

the heading forward to or beyond the next

as close to each frame as is compatible with
the driving of the poling-boards, and two or

three frames may thus serve to brace all the |

poling-boards that are used.

Where 1t 1s not convenient to carry the
masonry forward as rapidly as the heading is
extended,other frames and poling-boardsmay
be used until the masonry can be built. The

frames T and 1" are shown applied to the for-

ward sides of the suspension-rods, with the
lugs # upon the rear side of the frame to en-
gage such rods; but the frame T?is shown ap-
phed to the rear side of the rods, which may
be effected by turning the fr ame with the Iu oS
upon the forward Slde

When building the brickwork close to the
frame, as represented in Kig. 1, the operator
can lay the bricks to a certain height without
difficulty; but to enable him to reach the top
of the arch from the front end enlargement
is made of the slot-opening S’ in the top of
the frame in Fig. 9 at and near the center,
through which the bricks and mortar may be
placed upon the top of the arch, so as to stay
there securely. Openings c¢* are also shown
below the bolt-lugs ¢ in Figs. 9 and 10 to
reach the nuts upon the lower ends of the
rods ¢ when applying the frame in front of
the rods, as may be done contiguous to the
facing-boards W.

The slots S are shown in Fig. 4 extended

between flanges * at such an inclination as |
65 to guide the poling-boards toward the outer i whereverconvenient.

The masonryis built I

in the least.
- Observation has shown that the roots ot
most trees penetrate the ground but little
over four feet, and tunnels may therefore be
made beneath the surface at that depth with
the frames I have invented and the removal
of the trees avoided, which is required with
an open excavation. |

It will be noticed in Fig. 1 that the suspen-
sion-beams B are set transverse to the line of
the tunnel; but such arrangement is not ad-
missible where the tunnel is extended be-
neath car-tracks, and Fig. 9 therefore shows
an arrangement of beams extended longitu-
dinally between the car-tracks C and serving
to sustain the frames without obstrueting the
traffic upon the track. Such beams may be

‘made considerably longer than the heading,

and thus avoid throwing any load upon the

‘earth over such part of the tunnel, the for-

ward ends of the beams resting over the solid
earth and the rear ends of the beams resting
over the finished masonry of the tunnel.

It will be understood that the strap d oper-
ates the same as a part of the frame in fur-
nishing openings to receive the poling-boards
as the same are driven successively through

the frames, and that the slots ¢’ are formed

within a loose strap instead of the solid frame,
so that the frames may be successively de-
tached from the boards, which are not driven
wholly through the frame, but remain to rest
upon the masonry, as the boards «' in Fig. 2

The wedges ¢, which form the spaces ¢/, are

removable and may be shifted, in the appli-

cation of the boards, to insert their points
Theloosestraparound
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the margin of the frame is thus an important

attachment of the same and greatly facilitates

the use and operation of the frames.
Where an arched frame i1s jointed in the |
middle, as shown in Fig. 1, the bolted flanges
foperate to spread the legs of the frame apart
as thevare set in place and the bolts tightened
up in the flanges, and the frame 18 thus more

- readily arranged in the required position and

10

forced outward more firmly against the sur-
rounding boards.

I have therefore claimed
such bolts and flanges for eenandmw the legs
of the frame in place |

- The appliances described herein are very

80

cheap and easily used and afford a means not

only of constructing railway-tunnels in soft

soil, but of laying sewers and similar conduits

in the ground without disturbing the surface.

of the same.
Having thus set forth the invention, what
I clelm helem is—

. In the constr uctlen of tunnels, the com-'

'bmatlon with suitable suspension-rods, of a

30

frame Sheped to fit the top of the tunnel ex-
cavation and applied to the rod or rods, as
and for the purpose set forth.

2. Intheconstructionof tunnels, the means
forsupporting nhe sul feee matemel eonsmtmw

frame made in pzuts or jointed sectmns as

and for the purpose set forth.

3. Intheconstruction of tunnels, the means

- forsupporting the surface material,consisting

of the suspension rod or rods, and the metallic
frame having slots in the margin to receive

- the poling-boards, substantially as set forth.

40

50

55

4. Intheconstructionof tunnels, the means
forsupporting the surface material,consisting
of the suspension-rodscand the metallicframe
provided around the margin with flanges #°
having between them the inclined slots'T", as
and for the purpose set forth.

5. In the construction of tunnels, the means
for supporting the surface material, consist-
ing of the metallic frame having in the mar-
oin slots for the admission of poling-boards,
and provided with a series of lugs to admit
the suspension-rods at different points, sub-
stantially as set forth.

6. Inthe constructionof tunnels, the means
for supporting the surface material, consist-
ing of suitable surface supports, suspension-
rods extended downward therefrom to inter-
sect the top of the tunnel, and the iron frames
sustained by such rods, with joint at the mid-

dle, and means, as the flange 7 and bolts 7,
for drawing such joint torrethe1 and thereby

expanding the legs of the frame.

7. In the construction of tunnels, the com-

bination, with suspension-rodsextended from

6o

the surface into the line of the tunnel, and a
frame shaped to fit the top of the tunnel ex-

cavation and sustained by such rods, of a

strap wedged against the boards outside of

such frame, with intermediate spaces to re-

tially as set forth. -

8. In the construction of tunnels the com-
bination, with a metallic frame ha,vmfr mar-
rrmal slote fer the msertion of poling boerds,

of such frame w1th mtermedmte spaces to re-

ceive the points of poling-boards, substan-

70

ceive the points of other poling-bhoards, %ub -

stentmlly as set forth. .

9. In the construction of tunnels, the com- :
.bma,tlen with suitable suspension rods, of a

cevemon e,nd su ppel ted by such rods and hav-
- ing within the margin an opening S’ adapted
for the application of materials to the masonry

when built close to such frame.
- 10. The frame for the construction of tun-

nels, provided in the margin with slotstore-

ceive poling-boards, and having the cenfter

slot enlarged, as in the opening S, for apply-
ing materials to masonry when built close to

sueh frame.
11. In the construction of tunnels, a metal-

lic frame shaped to fit the top of the tunnel .

excavation, and provided with side posts to

ing slots in the margin to recelve poling-
boards, substantially as herein set forth.

12. In the construction of tunnels,the means
for supporting the surface material during
the excavation of the tunnel, consisting of
suspension-rods extended downward in a se-
ries upon the line of the tunnel to intersect
the top of the same, and a beam extended
above the surface longitudinally of the tun-
nel tosustain the upper ends of such rods, as
and for the purpose set forth.

In testimony whereof I have hereunto set
my hand in the presence of two subsecribing
witnesses.

BENJAMIN F. CARPENTER.

Witnesses:
THOMAS S. CRANE,
EDWARD F. KINSEY.
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