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To il whom Tt nuay coneeri:

Beit known that I, CHARLES SOOYSMITH, a
citizen of the United States, and & resident of
the city of New York, in the county of New
York and State of New York, have invented
certain new and useful Improvements in the
Method of Excavating and Construeting T'an-
nels or other Subterranean or Submarine
Structures and in the Structures so Con-
structed, of which the following is a specifi-
cation.

My invention relates to the processof con-
structine tunnels, shafts, or other excava-

tions, and especially to tunnels or excava-

tions in soft or yielding or water-bearing ma-
terials, and has more particular reference to

those instances where the freezing method
mayv be advantageously or necessarily em-

ployed.

The objects of my invention are to provide
a practical method of excavation and con-
struction which shall be at once economical,
easy, rapid, safe, and stable. These objects
I attain by the use of the process and devices

illustrated in the accompanying drawingsand
described in the following specification, and

claimed hereinafter. |

In the drawings like figures of reference
refer to like parts throaghout the respective
Views.

Figure 1 is a longitudinal sectional view of

the head of an excavation or horizontal tun-

nel—for example, under a river—showing the

methods of and devices for freezing the ma-

terial and the method of and means for sup-

porting and anchoring the completed struc-

ture. Iig. 2 is across-section of the tunnel,
showing said methods and means for anchor-
ing and supporting.

Heretofore methods of excavation in loose
or water-bearing materials, while in some

cases utilizing the well-known method of

freezing the soil in advance of the work, have
not provided for a stable foundation or
against the strains set up in the completed
structure by the settling and undermining of
tho work. Moreover, heretofore, and espe-
cially as indicated in the Letters Patent No.
417,288, heretofore granted to me on Decem-
ber 17, 1889, the freezing effect was produced

in a tube of comparatively small area and ex- |

tent, which was with some difficulty forced
into the material to be excavated and which
on account of the limited area and dimen-

sions failed to attain to an entirely satisfac- 55

tory extent the result desired, thus rendering
the work more tedious, slow, and relatively
difficalt.

By this invention I am enabled to work
more freely, rapidly, and effectively, with a
oreater space or area for the freezing process,
and am enabled to secure a more solid, stable,
and durable foundation for the finished struc-
ture. Of course it is much easier, cheaper,
and quicker to construct a small tunnel than
a large one, so by advancing my pilot-tunnel
and then freezing and proceeding with the
larger 1 attain some of the objects above
specified. |

Referring tothe figures,1 1 are piles orother
supports arranged on theline of the structure
and preferably placed in position prior to its
actual construction.

2 is the main structure of the completed
tunnel. |

3 is the heading or face of the excavated

material. -

4 is the pilot-tunnel, penetrating th= _maés
of soft material.
5is a car or traveler adapted to bear & re-

frigerating deviceand tobe adjustably moved
within the pilot-tunnel.

6 is the refrigerating device, which may
consist of any means for producing sufficient
cold within the pilot-tunnel so as to freeze or
solidify the surrounding soft material.

7 represents the frozen or solidified soil in
contact with the pilot-tunnel; 8, the heading
of the pilot-tunnel; 9, the frozen soil exca-
vated to the final line, but without the tun-
nel structure’'in place; 10, a movable partl-
tion adapted to confine the cold to the work-
ing chamber. -

IFig. 2 shows some of the piles cut off, so as
to conform to the exteriorsurface of the tun-
nel, while about the heads of the others the
tunnel is itself built, thus incorporating a
portion of some of the piles in the body of
the tunnel itself. In Fig. 2 I have also indi-
cated a tie-bar 11, which I may use to still
further strengthen and secnre the tunnel to
the piles. Thave foundthatforme. methods,
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counsisting in the use of a small pilot-tube Y will have become frozen and to such a dis-
only large enough to contain the refrigerat- | tance that the excavation may be made of
ing fiuid, were not capable of accomplishing | sufficient size for railway or other traffic, the
the work as rapidly as desired. I therefore | frozen material remaining outside of this ex-
replace them by construeting one or more pi- | eavation serving as a barrier to inflow of ma-
lot-tunnels, preferably of steel, wood, or other ' terial or collapse of the surrounding earth.
material, built in sections of conerete, brick, | The movable partition 10, if used, serves to
or other material and of a diameter sufficient | confine to any desired extent the cold air to
to permit one or more men to work therein. | the heading or uncompleted portions of the
This tunnel is started in any of the well- | tunnel. This partition ean of course be pro-
known ways into the approximate center or | vided with the usual and necessary doors and
other desired point of the heading or face or | openings for various purposes.
in proximity thereto; but before starting this l I do not confine myself to the use of any
pilot-tunnel I prefer to drive or otherwise | particular material, shape, size, or propor-
place a sufficient foundation of piles or other l tions either of the tunnel or other codperat-
sultable supports in the proposed line of con- | ing or accessory parts, nor their exact indi-
struction, though I may in some cases omit | cated arrangement or positions, nor do I con-
artificial foundations entirely and carry out | fine myself in the use of this process to any
my process without them. Where these are | particular class of work, as submarine tun-
employed, they may be so placed that their | neling, or to any particular direction, as the
tops or heads are approximately on the line of | horizontal, as it is evident that variations
the bottom of the completed tunnel or extend | from the exact features here shown may not
In part or entirely over its entire cross-sec- | depart from the essential features of my in-
tional area. Ifinthe latter case, as the pilot- | vention, nor do I confine myself to the use of
tunnel is advanced these piles or supports are | auy particular method or way of driving the
encountered and so much of them successively | piles or otherwise placing the supports and
removed as to permit the continual progres- | anchorages, nor of constructing or advanecing
sion of the work. Upon the advance of the Ithe pilot-tunnel or the tunnel itself, or the
main structure those portions remaining | particular way or means for freezing, nor do
within the cross-sectional area are either en- | I limit myself to theuse of any tangible means
tirely removed, so as to allow the masonry or | or device for freezing situated in the pilot-
substance of the finished tunnel to rest upon | tannel or elsewhere, as I may perform the
their heads, or those of them that are suit- | operation of freezing by means of cold air
ably located may be inclosed within its walls | or other gases or any other vehicle of cold or
or otherwise serve to support and secure it, | freezing agent by which the result is accom-
some methods of which are indicated in Fig. | plished, and the apparatus or means for pro-
2.  When the pilot-tunnel is sufficiently ad- | ducing such cold need not be situated in the
vanced,a track may belaid therein, on which a | pilot-tunnel or main tucnel itself.
carrier supporting coils or pipes or other re- Where 1 have used in the specification or
frigerating device may be supported and the | claims the words *‘ meansfor freezing,” I wish
whole moved from end to end. On this track | it to be understood that I include in this a
also cars may, if desired, be run to facilitate ; vehicle of cold, as cold air, gas, brine, or any
the removal of the soil asitis excavated. The | othersubstance ormedinm by which the freez-
refrigerating means in the pilot-tannel are | ing effect is produced. It should also be un-
adapted to so solidify the surrounding soil | derstood that while I prefer to first place my
that it may be removed not only in advance | supports—as, for instance, piles—in the line
of the pilot-tunnel, as at 8, but also at the | of the proposed excavation I do not limit my-
face 3 of the main excavation and at the por- | self to this exact order in the steps of the
tion 9 of the excavation before the lining is l process, as the foundation may be put down
in place. It will be evident that as the ma- ] at a subsequent time—as, for instance, after
terial at 3 is excavated and removed new sec- { the completion of the main tunnel or during

|

|

!

tlons of the pilot-tunnel may be put in place, | any step of the process—nor do I confine my-
thus continually keeping the latter well up | self to the use of piles in my invention, as I
tothe end of the excavation, and it is equally | may use pillars or other means of support, or
evident that as the excavation of the heading | omit them all. Moreover, I may vary the
o of the main tunnel is advanced the sections | means for excavating the material frozen or
of the pilot-tunnel, which will then be left | otherwise,asby digging,blasting while frozen,
exposed at 3, may be detached and used over | or thawing and removing while soft by means
again at 8. well known or otherwise and in part particu-

It will be understood that the pilot tunnel | larly set forth and claimed in the Patents No.
or tunnels may be built complete before the | 340,162, granted to me April 20, 1886, and No.
refrigeration is commenced, or their excava- | 340,161, granted on same day. Therefore
tion and construction may be going on at the | while I do not c¢laim, broadly, the method of
same time that the refrigeration in the fin- | tunneling by means of freezing the soil nor

ished portion ig taking place. After a cer- i doIclaim here the tunnelitself asconstructed
taln t:1°C the material about the pilot-tunnel | by this method, as that forms the subject-
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matter of an application foran improvement !'Other subterranean or submarine structure

in tunnels filed by me March 3, 1902,
numbered 96,359,

serially

What I do claim, and desire to protect by | ing a pilot tun

Letters Patent, is—

1. The method of excavating which consists
in first placing a plurality of supports in the
iine of the proposed excavation second, con-
structing one or more pilot-tunnels; third, in-
troducing freezing means into the pilot-tun-
nel; fourth, excavating the frozen soil, sub-
stantially as deseribed.

2. The method
which consists in first placing a plurality of
supports in the line of the proposed tunnel:
second, constructing one or more pilot-tun-
nels; third, freezing the surrounding soil
by means introduced into the pilot-tannel;
fourth, excavating through the frozen mate-

rial to the tunnel-line; fifth, constructingthe .

tunnel, substantially as described.

3. The method of constructing tunnels
which consistsin first driving piles in the line
of the proposed tutnel; second, constructing

-one or more pilot-tunnels; third, freezing the

soil about the pilot-tunnel and heading of the
maln tunnel; fourth, excavating said frozen
soil to the required extent; fifth, construct-
ing the main body of the tunnel, su bstantially
as described. | | |

4. Tne method of constructing tunnels in
water-bearing material which consists in first
driving piles in the line of the proposed tun-
nel; second,. constructing one or more sec-
tional pilot-tunnels of sufficient size to permit

men to work therein; third, introducing into

the pilot-tunnels means forfreezing by which
the surrounding and adjacent material to be

excavated may be solidified; fourth, freezing |

sald material; fifth, excavating the material
and piles in advance of the pilot-tunnel and
In advance of the main tunnel; sixth, con-
strueting the walls of the main tunnel ; SeV-
enth,advancing the pilot-tunnel alwaysahead

ofthe main tunnel,substantially as deseribed.

o. The method of constructing a tunnel or
other subterranean or submarine stractnre

which consists in first, constructing a pilot- |
tunnel, of suffieient size to permit excavation

from within the same; second, freezing the
surrounding and adjacent material; third,
excavating the same; fourth, completing the
structure, substantially as described. |
0. The method of construeting a tunnel or

of constructing tunnels, |

]
3

I

which consists in first, placing supporisin the
proposed line of the same; second, construct-
nel or tunnels through or over
thesame; third, freezing the surrounding and

adjacent soil; fourth, excavating the latter

and the supports to the approximate dimen-
s1ons of the finished tunnel; fifth, construct-
Ing the tunnel on the supports, substantially
as described. S

7. The method of construeting é, tunnel ot

other subterranean or submarine structure,
which consists in first, driving piles on the

| proposed line thereof; second, building the

structure upon said supports and incorporat-
ing the latter or some of the latterin the body
of the structure, substantially as deseribed.

5. The method of constructing tunnels or
other subterranean or submarine structures,
which consists in, first, construeting one or
more pilot-tunnels, of sufficient size to permit
éxcavabion within the same; second, freezing
the surrounding and adjacent soil by means

- introduced into the pilot-tunnel; third, exca-

1
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vating the soil; fourth, constructing the body
of the structure, substantially as desecribed.

J. The method of constructing a tunnel
which consists in first, preparing a founda-
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tion; second, freezing the soil Immediately

over the same; third, excavating the tunnel;
fourth, constructing the lining of the same,

substantially as deseribed.

10. The method of eonst’fncting tumiels
which consists in, first, preparing a founda-

tion; second, freezing the snil over the same;

third; exeavating a tunnel through the frozen

‘material; fourth, constructing the lining of
‘the tunnel upon the foundation fifth, secur-

ing thelining to the foundation,
ag described. - |

11. The method of constructing tunnels
which consists in first, preparing the founda-
tion; second, constructing one or more pilot-
tunnels; third, freezing the surrounding soil;
fourth, excavating said frozen soil to the re-

substantially

quired extent; fifth, constructing the main

body of the tunnel, substantially as deseribed.
Signed at New York, in the county of New
York and’State of New York, this 20th day of

| CHARLES SOOYSMITH.

‘Witnesses: |
HENRY W. KENNEDY,
Epw. T. RAarar.IL.O.
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