No, '770',894. .__. PATENTED SEPT. 27, 1904,

. C. N. DUTTON. .
(ASING OR LINING FOR TUNNELS.

- APPLICATION FILED FEB. 2, 1804.

NO MODEL,

£y
s
o

IS,

ﬁfffd"fﬂf J’J"ff

[ 4 :‘-'.‘ - '1-"-:_. \\\ Ky
- : H' -
" ""’F:

4 3
4
7
\r
J
16

N
A
N
ifa
SIS IS SIS
T
s
'
1..-* -
b
N \
==
/4

WITNESSES: \"‘""" A INVENTOR.
R 7/ ' awwe . 072
Z Yeures 0y Dl

TSl f’” _ @ W
' ‘ I | Att’y.l



No. 770,894. | ' PATENTED SEPT. 27, 1904.
' ~ ¢. N. DUTTON.
CASING OR LINING FOR TUNNELS.

| APPLICATION FILED FEB. 2, 1904.
NO MODEL. | - e | 6 SHELTS—SELET 2.

IR

T — " % S
| | ! N
qr/_,_—m—_\_\__& | = N

*.%uﬂ’

WITNESSES: | . INVENTOR.

Chauncey V. Deillsn

- Att’y.




No. 770,894. PATENTED SEPT. 27, 1904.
B C. N. DUTTON
CASING OR LINING FOR TUNNELS,

APPLIOATION FILED FEB. 2, 1004. |
| 5 SHEETS—S:

F’;é 5. 7 Fig13.
. WITHGEZ;SES | | Cé IN::NTOH’/V :Dcm

Att'y.



No. 770,894. ~ PATENTED SEPT. 27, 1004.
- - C. N. DUTTON. |
'CASING OR LINING FOR TUNNELS.

APPLICATION FILED TEB, 2, 1804,

" 5 SHEETS=SHDRT

L]
. o - :1‘
it ‘.'-"I' W
L]
; % I-“ 14
- L] A - .'ll
ey T - " g ¥
aé t - ap ¥ T UM T "‘ 1= 1 ' )
4 n PN T i .

CUSESESRTS  Chauncey N Dl

Att’y.




No. 770,894.
¢. N. DUTTON.

CASING OR LINING FOR TUNNELS.

APPLICATION FILED FERB. 2, 1004,

- NO MODEL.

4,

|

7a

WITNESSES:

FROFO-LUTHOSRAFHRED AY SAlMETT I WILHELMS LITHO, & e, L0, HEW YORR.

INVENTOR.

b
'

>

caa,w?w?y N JUIZ??'&

PATENTED SEPT. 27, 1904.

5 SEEETS—SHEET 5.

Fig. 19,

O

m/fm—u,—j

Att’y.



IO

15

20

30

35

A0

45

so designer.

No, 770,894,

Patented September 27, 1904.

UntTED STATES PATENT OFFICE.

CHAUNCEY N. DUTTON, OF NEW YORK, N. Y.
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To «ll whom it maly conceri:

Be it known that I, CrauNcEY N. DUTTON,
of the city of New York, county and State of
New York, have invented certain Improve-
ments in the Casings or Linings for Tunnels,
designed to make their construction cheaper,
safer, and quicker and to make them safer,
more durable, drier, and more comfortable
in after use, of which the following 1s a speci-
Rcation. - |

My improved tunnel-lining constitutes, sub-
stantially, a spiral riveted calked wrought-
metal plate structure, the plates being spirally
internally flanged, riveted through the said
flanges with rivets normal to the spirals or
substantially parallel with the axis of the tun-
nel, the longitudinal joints being preferably
riveted with butt-joints, their riveting being
made possible by springing the forward end
of the lining already in place inwardly, so that
the arm of a power-riveter can be introducecd
between the back of the longitudinal joint to
be riveted and the inside of the lining already
set, the riveting of the spiral joints being held
back, say, one-sixth to one-third of a circum-
ference to that end. The edges of the inter-
nal spiral flanges and of the inside butt-plates
of the longitudinal butt-joints are calkked with
a calking-tool, making an absolutely tight
joh as against either internal or external fluid-
pressure.

My lining will be made of wrought metal —
say of wrought-iron or mild or soft steel.
Wide thin .plates may advantageously be
buckled or corrugated. Wroughtiron or steel
can be so fabricated as to make a tunnel-lin-
ing which will be absolutely impervious to
the entrance of water from without or the
escape of air from within—desirable ends prac-
tically unattainable with tunnel-linings of any
other material. -

Heretofore attempts to line tunnels with
wrought metal have been unsatistactory,
owing to faulty design, and metallic tunnel-
linings have been made of cast-iron in the form

of rings, generally in segments with both cir-
cumterential and longitudinal joints flanged

and bolted and packed with fibrous material
or soft metal, according to.the fancy of the

1

Because the ring . segments are |

true helices in a screw-lathe.

voussoirs and, moreover, because 1t 18 1mpos-
sible to make them accurately to dimensions
without machining them it 1s usual to key or
wedge up one segment of each ring and to
give the bolts considerable play in their holes;
but a bolt ‘‘is a vain thing for safety” in a
structure subject to shocks, jars, and vibra-
tion, as is a tunnel for railroad or vehicle
service, and such a construction is obviously
wholly unfit to sustain the torsional strains
found in a double-track tunnel in soft mate-
rial. Further, during construction, as fre-
quently happens, when a tunnel runs out of
firm material into silt and 1t becomes neces-

sary to change from atmospheric to com-

pressed air the stress in the tunnel-lining may
change from compression to tension and the
poorly-designed joints of the cast-iron lining
open, greatly increasing both the cost and the

danger of operations.
My improved spiral riveted calked steel
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casing or lining will make an absolutely per-

fect lining, air and water tight, and adapted to
safely and permanently sustain any stress or
strain or alteration thereof to which 1t may
be subjected, either during construction or in
after use. |

(Cast-iron is not well adapted for use in spi-
ral tunnel-linings. It has small coefficients
of distortion and flexure, and therefore cast-
iron flanges cannot be successfully riveted

and calked, and for the same reasons cast-

iron spirals cannot be successfully assembled
unless their contact-surfaces are turned to
Wrought iron
or steel, on the contrary, hasa very large co-
efficient of distortion, and therefore the spi-
ral edges of my spiral segmental steel tunnel-
lining platescan be flanged to approximate the
theoretical helix, and they can be successfully
assembled and riveted with safety and celer-
ity, because the pressure requived to rivet
them will press the flanges into sufficiently
close contact for subsequent calking.

The term ‘‘steel” where used herein means
wrought-steel or wrought-iron or equivalent
material.
preted 1n its broadest sense; but generally 1t
means the closure of riveted joints by upset-
ting the metal of the members thereof by con-

The term °°calked” may be inter-
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cussion applied at their edges, as with a calk-
ing-tool and hammer or pneumatic calkmw-
tool———that 18 to say, it has the significance
usual in good plate-metal work.

Such a hmnﬂ is described in the following
specification and shown in the accompanying

drawings, in which—

anes 1 to 4, 11 to 13, and 17 to 19, in-
c]uswe and 21 show a spnal flanged steel
buckled plate-lining with flanged and riveted
and calked spiral joints and double butt-riv-
eted and calked longitudinal joints, Fig. 1
being a transverse section on the line 1 1 of
Kig. 2, Fig. 2 a longitudinal section on the

‘hne 9 9 of Flﬂ‘ 1, FIU 5 a transverse sec-

tion showing a Sectlon or segment with a
manhole-opening and manhole and Fig. 4 a
plan thereof. Figs. 5 to 8, mcluswe and
Figs. 14, 15, and 16 show a spiral sheared
1olled pl‘Lte- ning with angles riveted to the
plates to make both the spiral and longitudi-
nal flanged joints, Fig. 5 being a transverse
section on the line 5 5 of Fig. 6, Fig. 6 a lon-
gitudinal section on the hne 6 6 of Fig. 5,
Fw 7 an enlarged partial lono‘ltudmal sec-
tion showing a mode of lemtorcmﬂ‘ a spiral
joint, and Flﬁ‘ 8 a plan thereof. Fw‘s 9 and
10 are qupectlvely a transverse and lonmtu—
dinal section showing the mode of riveting
longitudinal butt or lap joints. FKigs. 11, 12
and 15 are respectively an inside view, Slde
view, and end view or section of a %plral sey-
mental flanged steel buckled plate adapted for

double-butt longitndinal joints; and Figs. 14,

15, and 16 are respectively a developed plane
view, transverse section, and ongitudinal sec-
tion of a spiral secrmenta,l 1an0*ed sheared
rolled-steel tunnel- lmma'plate Blos 17 and
18show a composite tunnel-lining of spirally-
riveted and calked steel plates W1th ribs or
frames and concrete filling, Fig. 17 being a
transverse section on the line 17 17 of Fw'
18, and Fig. 18 a longitudinal section on the
hne 18 18 of Fig. 17. Fig. 19 shows, partly
in elevation a,nd partly in section, a tunnel-
lining with a plurality of splrals Fig. 20
show,s a modified form of dam for 111(3105-3111113F
the inside ends of members which plerce the
tunnel-lining and which cannot themselves be
calked, and Fw 21 1s an enlarged partial lon-
0’11311(21111&1 section showing the riveting of a
spiral flanged joint. -

My 1mpr0ved tunnel construction is most

advantaﬂ*eously applied by the so-called

"shield system” of tunnel-driving, although
1t may be used in connection with any. method
of driving. In the shield system the work of
excavatlon and the placing of a temporary or
permanent lining are sought to be facilitated

| b the use of a. movable tunnel head called a

shleld ” because 1t shields the workmen from
accldents. The Dbest - designed tunneling-

shields are generally cvlmdrlcal structures
- divided by transverse bulkheads into three
65 longitudinal divisions—namely, a cutting or

770,894

driving face, a working chamber., and a hood.

The hmctmn of the drwmo face 1s to extrude

or cut the mater mlthrouo'h whnich the tunnel
1s driven and to compress it and deliver it in
sufficiently compact condition and conven-
lently to the working chambers and the op-
erators. The function of the working cham-
bers 1s to facilitate and render safe the re-
moval of such material, and to this end the
working division is frequently subdivided by
vertical and horizontal longitudinal partitions
into cells.
provide a chamber in which sections of the
lining can be erected with safety and celerity.
H le aulic powerand compressed air are piped
to the shield, the chief office of the hydraulic
power bemf‘r to actuate hydrauhc jacks, by
which it is driven forward, and in my system
to rivet the joints of the lining. Whether
the tunnel be driven by the shield gystem or
by some other it is obvious that the lining.
whether temporary or permanent, should be
put in position with the greatest possible
celerity and in the closest possible proximity,
if possible in contact with the material it is to
support and exclude. My spiral steel lining
accomplishes these ends perfectly.

Referring to the drawings, T is a tunnel-
bore, and 11 spiral stee] casing or lining
The drawings generally show the

plates.
lining as formed of convolutions of a single
spiral; but it is obvious that two, three, or
any desired number of spirals can be used
with equal facility, and in some cases with
ogreat advantage, as in large tunnels, where

there is plenty of room, and as many gangs

of men can be worked at lining as there are
spirals.
of spirals renders the speed of driving-en-
tirely independent of the work of lining and
dependent solely on the speed of excavation.

Such a plurality of spirals is shown in Fig.

19. 1t 1s obvious that the members of a tun-
nel-lining and their joints and fastenings must
be so defswned as to assemble and be fastened
by workmen insice the tunnel, and in case a
fastening projected outwardly or was of such

design as to necessitate work on the outside

of the lining after it was assembled it would

be necessary to do wasteful and difficult ex-

cavation for the mere purpose of getting at
the fastening. To facilitate joining the spiral

plates 1 1 and to render it practicable to rivet
‘them and to rivet them with power-riveters

working inside the tunnel, inwardly-project-
ing
dO’GS

“The plates are riveted through these

Stantla,llv parallel with the axis of the tunnels,

‘as shown on anenlargedscalein Figs. 7Tand 21,
and are calked on the inner edwes of sa,ld.
flanges 2 2 may be tormed by

flanges. The
ﬂ&nmno' the plates 11, ortheymay be formed
by riveting on angles, the flanging method be-

Ing shown in Figs. 1 to 4, 11to 13,_a,nd 17t019,

The function of the hood is to

Therefore in such cases a plurality

anges 2 2 are formed along their spiral

‘ann es with rivets normal to the SplI‘&lS or sub-
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inclusive, and 21, and riveted on flanges in
Figs. 5 to 8 and 14: to 16, inclusive. Whereit
1S desired to resist heavy external or internal
pressure and to thatend to develop and utilize

approximately the full strength of the lining-
plates, the longitudinal joints are best made'

butt-joints, 81n01@ or double butts, as may be
desirable, as shown in Figs.1to 5 and 11 to 13,
inclusive., in which 3 3 are the 10ngitudinal

joints, and 44 butt-plates. Whendouble butts
are used, as shown in the drawings, the ends of

the spiral plates 1 1 are pressed inwardly, as

shown, to form exterior recesses or rabbets
» » to accommodate the outer butt-plates 4 4,
so that they will be fair with the outside
of the lining. One great advantage of the
butt-joint for tunnel- 111111:10'5 15 the tacﬂlty 1t
a:des tor justifying the Tivet-holes in the
spiral flanges. So far as I am aware, no at-
tempt has Teretofore been made to promde a
satisfactory and convenient method for mak-
ing such justification, the necessity tfor which
will be obvious when it is considered that
the bolt or rivet circle in a circular single-

track railroad-tunnel lining may approximate

seventy-two feet in circumference and may
be lengthened or shortened nearly an inch by
strain within the elastic strength of the metal.

It has been usual to elongate the bolt-holes,
and thereby get the work together at the

total sacrifice of its ability to sustain torsion.
Inmy lining the rivet-holes of the spiral joints
are justified at the longitudinal joints by mak-
ing said joints wider or narrower, as may be
desirable. 1 malke the lining-plates standard

and provide butt-plates of different widths or
‘with differently-spaced lines of rivet-holes

for the longitudinal joints, so that thespiral
rivet-holes can be instantly justified by the
use of butt-plates having rivet-holes of the
proper spacing. Where thereis no necessity
of developing great strength or for justify-
ing the rivet-holes of the spiral joints, the
longitudinal joints may be flanged, as shown
in Figs, 5 to 8 and 14 to 16, inclusive. To
find the angular length of a spiral segmental
lining-plate where only one spiral is used,
divide three hundred and sixty, the degrees in
a circle, by an odd number and taketwo such
parts for the angular length of the segments.
Such plates “‘break joints” perfectly when
assembled. When more than one spiral 1s
used, the segments may be of any convenient
length.

Where it 1s desired to use very light plates
of considerable width, the plates may be
buckled, as shown in Figs. 1to 5, 11 to 13, and
17 to 19, inclusive, in which 5 5 are buckles,
and 6 6 flats, or rather cylindrical surfaces,
parts of the generating-cylinders. 'The ob-

ject of these flats 6 6 1s to facilitate the rivet-
ing on of longitudinal stiffeners 7 7, which
are desirable to malke the lining rigid and fa-
cilitate the driving of the shield by the hy-
The best form for such stifi-

draulic jacks.

&3

| eners is the Z-bar, because of the ease with

which other members may be riveted to it.

Wherebuckled plates of light weight are used,
it isobviousthat the strength necessary to pre-

vent the tunnel from collapsing must be pro-
vided inthe spiral ribs 88. Such stiffening-ribs

can be readily assembled with my spiral steel

lining-plates and riveted to the spiral -flanges
thereof and will act with the same to develop
the maximum strength with the minimum
weight, because the members will act together,

can sustain tension as well as compression, md
will resist distortion asan arched beam, where-
as cast-iron linings cannot sustain tension and
function merely as block structures or simple
arches and require very much larger and
heavier members to develop an equal strength.
Where thick plates are specified or where 1t
is desired to use a cheaper material, rolled
sheared steel plates may be used, as shown in
Figs. 5 to 8 and 14 to 16, inclusive, and the
Aanges 2 2 may be formed of angles 2% 2%
riveted to the plates.
plates may be so flanged. Whereit 1s desired
to use flanged connections for the longitudi-
nal joints, as shownon the same ﬁcrures calk-
ing is facilitated by making the ﬂange-angles
9% 9* sontinuous along the sides and across
the ends, the corners being pressed hot with
sharp exterior arrises, the angles 2% being
spliced conveniently with Spllce or covering
angles, as shown in Fig. 14, in which 2 %
are the, splices, and 2° % the splicing-angles.

| —

It is obvious that any
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The splices should always come at the same

end of the plates and about one-fourth of its
length, as shown, so that no splice will co-
incide with a lono'ltudma,l jolnt  or with an-
other splice.

The spiral stiffening-ribs 8 8, which stiffen
the lining, are riveted to the flanges 2 2 and
spliced to the longitudinal ribs 7 7 where they
meet. In Figs. 1, 2, and 21 the ribs are shown
as formed of angles 8* 8%, riveted to one side
of the spiral flanged joints. In Kigs. 5 to 8
and 17 to 19, inclusive, the ribs are shown as
built-up members, those in Figs. 5 to 8 hav-
ing a web-plate 8" riveted to or into the spiral
joint and having angles 8° 8° riveted to the
web-plates at their intrados. In Figs. 17 and
18 the ribs of the outer or temporary lining
or casing are shown as formed with open- -web
members.} either lacing or lattice bars 8¢ 8¢
uniting the flanges 2 2 ot the plates 1 with the
inner &1’10168 8¢ 8%  This open web facilitates
bedding ‘the ribs in concrete. In the same
joures the ribs of the inner lining are shown

10O

105

I1Q

115

120

as T-bars, the lead and web bedded in the

"

concrete filling, and the plates of the inner
lining riveted by their flanges 2 2 at the in-

trados of said T-bars.
All connections are power-riveted, prefer-
ably hydraulic-riveted. Obviously the rivets

can be readily set and gripped in the spiral
flanges 2 2 of the lining-plates 1 1 and in the
flanged longitudinal joints. Longitudinal
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butt-joints may be power-riveted from inside

- the tunnel with almost equal facility by the
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method illustrated in Figs. 9 and 10. This
method 1s assuming a portion of the lining to
be 1in place and riveted up. The riveting of
the forward end of the spiral joint between

the completed lining and the plate or plates

last assembled therewith is held back, say,
one-sixth to one-third of a circumference, so
that such a length of lining-spiral is free
along its spiral edge. Said free end of said
plate 1s sprung inwardly suffi
the arm of a power-riveter between the back
of said plate and the inside of the finished
lining, a butt-plate or butt-plates and a seg-
ment of lining are assembled with the free
end of the plate aforesaid, and the longitudi-
nal joint is riveted up, (the spacing of the
lines of rivet-holes in the butt plate or plates

being such as to justify the rivet-holes in the

spiral flanges of the added segment and the
finished lining,) the riveter is removed, the
plate first referred to is sprung or drifted to
1ts final position, and the riveting of the
spiral joint 1s progressed a Iencrth equal to
that of the added segment, leavmo* the for-

ward end thereof free in order that another

segment may be Jomed to it 1n manner afore-
smd and thisprocess is continued throughout
the tunnel The elasticity of steel is such
that the lining-plates of a twenty-three-foot
tunnel it flanged for three-fourth-inch rivets
and rolled to be of exact tunnel diameter, with
all the fibers free from strain, can be sprung
to a diameter of about twenty-one feet with-
out exceeding the elastic limit of strain in
the fibers most strained, which allows a maxi-
mum working clearance of about twenty-one
inches for riveting said longitudinal j
The middlespiral (drawn in full lines in Figs.
9 and 10) shows this proportionately. If

" more clearance be wanted, or if the plates

45

55

have less elastic movement, as in case the
rivets are relatively larger and the flanges
deeper, or the flanges be formed of angles

riveted to the plates, or the metal be poor, the

lining-plates 1 1 may be rolled to a diameter
so much smaller than that of the tunnel that
when they are sprung out to their final posi-
tion thelr inner fibers of the flanges will be
stretched to a point just inside their elastic
limit. As such a plate can be sprung in-
wardly (putting said fibers in compression)
about as far as it can be sprung outwardly,
this method gives nearly twice the elastic
movement and clearance for riveting longi-

~ tudinal joints that the first-described method

6cC

65

does. The middle spiral before referred to
in said figures shows the plate, as above de-
scribed, with its fibers free from strain, and
the inner spiral (shown in dotted lines) shows
proportionately the inmost limit of the elas-
tic movement of the lining-plates and the

maximum clearance possible without over-
straining the fibers of the flanges.

In a

correspondingly little e

ciently to admit-

joints.

770,894

twenty - three - foot tunnel the clearance can

be thirty to forty inches in plates not buc-
kled. Buckled plates have about half greater
elastic movement than plates not buckled.
The flanges are of such small sectional area

relatwely to that of the plates that they have
Tfect on the pOSItlon of

the center-of gravity and the neutral axis with
respect to this bending. On the contrary,
buckles, because they occupy nearly the entire
surtace of the plate, do have a very marked
effect and cause the center of gravity and the
neutral axis to move inwardly about one-third
the depth of the buckles and so much nearer
the inner edges of the flanges, thereby reduc-
ing the strain on their inmost fibers for a de-
termined elastic movement or flexure, which
1s directly proportional to their distance from
salcl neutral axis and increasing the total pos-
sible elastic movement which is inversely pro-
portional thereto. If the buckles are as deep
as the flanges, the elastic movement 1s about
one-half greater than in plates not buckled.
(zreater force is necessary to bend the buckled
plates, but they bend a half farther.

The torsional elasticity of the plates 11 is
such' that the spiraling can be forecibly re-
versed and one, two, or more complete spi-
rals
tunnel, so that stock, as 1t were, of plates with
longitudinal joints riveted can be assembled
in readiness for an unusually rapid forward
movement of the shield or tunnel-head, and
the plates so longitudinally riveted and held
in reacdiness can be sprung into position in a
few seconds and their spiral joints tempo-
rarily secur ed by bolts 1n a very brief time—
say four or five minutes to a spiral. If the
plates were four and one-half feet wide, this
would give a speed of driving for a few min-
utes approximating a foot a minute. The
best time on record for setting a cast-iron
ring of tunnel-lining 1s forty-five minutes.
While a cast-iron ring is being set the shield
must stand still. The celerity with ,which
spiral steel lining can be placed is hereby
forcibly illustrated and also the fact that with
my lining the speed of driving a tunnel de-
pends not at all on the speed with which the
lining can be placed, but solely on the speed
at which the shield or heading can be driven.
In soft material this facility of placing and
securing the lining 1s of the highest impor-
tance, because the shield should be driven for-
ward with the greatest possible force and ra-
pidity, the operation being much safer and
cheaper under such conditions. These ad-
vantages inhere in a properly-designed spiral
lining of steel or wrought-iron, because such
linings can sustain both tension and com-
pression and are capable of great elastic move-
ment or flexure. They are not possible with
cast-iron linings or with ring linings of any
material.

The usual width of cast-iron ring segments
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is eighteen inches. My spiral riveted steel
lining-plates can be advantageously used of
much coreater width, the number of joints be-
ing correspondingly reduced. The limiting
factor as to width is the most advantageous
width and height of air-lock doors through
which the plates must frequently be passed.

Very wide plates may have a spiral stiffen-
ing-rib 8' or a plurality of such ribs interme-
diate between the spiral flanges 2 2. Such
intermediate ribs are shown in Figs. 5 to 3
and 14 to 16, inclusive. In order that such
plates may be flexible until they are in final
position, the flange-angles 8’ 8’ only of the in-
termediate ribs are shop-riveted,and the other
members of said ribs—that is to say, the web
members 8" and inner angles 8° and cover-
plates, if such there be—are riveted on atter
the plates are in place. After the spiral
joints are riveted the spiral and longitudinal
joints are calked, the term ** calked” meaning
made tight, preferably by upsetting the metal
in the joined members. Inspection of the
drawings shows that both the spiral and lon-
oitudinal joints have the edges of thelr mem-
bers pertfectly accessible for calking.

In driving tunnels by the shield system it
is usual to let the hydraulic jacks of the shield
bear against the lining already in place for
driving the shield forward by hydraulic
power. Thus the lining already In place
serves to a greater or less extent as a guide
for keeping the shield approximately 1n true
line. Such guiding of the shield 1s better ac-
complished by the use of a plurality of spi-
rals in the lining, as shown in Fig. 19, and by

machining the extrados of the web-plates 8”-
of the stiffening-ribs 8 to a true cylindrical

surface and riveting such rib-plates into the
flanged spiral joints with their extrados
slichtly projecting beyond that of the lining-
plates 1 1, as shown in Fig. 19, so that the
hood of the tunneling-shield may be guided
on such machined surfaces. This also facili-

tates curving a tunnel, as in such cases the

ribs may be made eccentric with the lining—
that is to say, they may be machined and

drilled for the rivets—so that when assembled

they will project and hold off the hood of the
shield to one side of the lining already in
place, and thereby tend to steer the shield in
the desired direction.

In cases where it is desired to build foun-
dations under a tunnel or do work beneath 1t
a. manhole-section 10, containing a manhole-
opening 10% as shown in Figs. 1 to 4, inclu-
sive, or a number of such sections may be in-
terpolated and riveted into the spiral lining.
Such a manhole-section is made of standard
lining-plate width and pitch and has inwardly-
projecting flanges 2 2 for making the spiral
joints, longitudinal flanges 3" for making
standard butt-joints or flanged longituainal
joints, as may be used in the rest of the tun-

anges 10™ about the manhole-opening 10* for
riveting in a manhole-casing 11, made to fit
the opening 10* and having a laterally-pro-
jecting flange 11%, to which a manhole-cover
12 or an air-lock can be riveted and calked.
All the joints of the manhole-section, man-
hole, and manhole-cover can be power-riveted
and calked, their design being similar to that
of similarly-joined parts of the lining.
Where a tunnel is supported at intervals on
foundations or piles or where a tunnel runs
out of firm ground into silt, a tunnel-lining
acts as a beam and is subject-to beam strains,
and an unsupported tunnel throughsilt orother
vielding material and used for railroad or vehi-
cle service acts as a beam in distributing the
rolling load over a considerable length of the
yvielding material.
train passing on one track causes a torsion on
the lining in addition to the beam strains
above referred to. The spiral flanged joints
and the longitudinal butt-joints of my tun-
nel-lining are preferably adapted to resist
shearine and compressive stresses and the
spiral joints will resist a definite amount of
tensile stress; but in cases where the beam
strains are very heavy and it is desired to de-
velop approximately the full strength of the
lining-plates to resist them it is desirable to
reinforce those spiral joints which are liable
to severe tension. . Such places are the tops
of the spiral joints above supports and their
bottoms midway between supports. This re-
inforcing may be done inside the lining by
longitudinal members—as, for example, by
sufficiently splicing the longitudinal ribs 7 7
with splice-plates 7* 7%, as shown 1n Fig. 19.
It may also be done by the method shown 1n
Figs. 5 to 8, inclusive, in which 13 13 are ten-
sion splice-plates shop-riveted to the back of
a lining-plate 1 1 near and projecting beyond
its forward edge, so that said splice-plate 13
will extend over the next forward lining-plate
1 sufficiently to be bolted and pinned thereto

“with bolts 14, which hold the plates together,

and tapered pins 15, the holes for which are
reamed while the plates are in final position
and held together by the bolts 14, the pins
heing driven hard. This joint will carry ten-
sior as well as it would if riveted. To make
it water and air tight, a dam 16 is riveted and
calked about the inner ends of the pins and
bolts 14 and 15, consisting in a box 17 made
of angles and shop-riveted to the plate 1 and
inclosing the bolts and pins, and a cover 18 of
channel section riveted into the box, the in-
ner space being filled with concrete or lead,
so that the pins cannot back out. In lhieu of
making the box of angles it may be made of
channel section 17 with the back of the web
inside the box and the flanges projecting out-
wardly, one flange being shop-riveted to the

plate 1 and a cover-plate 18* being riveted to

the other flange, asshownin Fig. 20. IKither

65 nel-lining, and inwardly-projecting parallel [ of these details admits of power-riveting all

>

In double-track tunnelsa
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the joints and perfect calking and wil
sately and permanently water “and air ti

My spiral riveted tunnel-linings may be
classified relatively to their modes of carrying
the loads into direct-acting and indirect-act-
ing. Thedirect-actinglinings{(shownin Figs.
5 to 8 and 14 to 16, inclusive) have heavy
cylindrical rolled sheared plates, which form
elements 1n the arch structure and sustain cir-
cumferential compression. The buckled plate-
linings, on the contrary, act indirectly, the
arch functions being practically localized in
the spiral ribs 8, the buckled plates acting as
covers and conveying the pressures to the
nearest perimetrical spiral and longitudinal
ribs 8 and 7.

My tunnel-linings will be Sub]ect to w1dely

different COHdIthDS and must function differ- .

ently, according to the conditions existing in
the localities where they are built. In tun-
nels through hard material for passenger ser-
vice they will sustain but little stress, and
their chief function will be to absolute]y eX-
clude water and make the tunnel dry: but
in tunnels through soft stuff and under water
they will not only exclude water and earth, but

~ alsosustain greatcollapsing and other stresses.
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conditions.

Where the ground-water is fresh and pure, it

has little corrosive action, and steel linings |
flanged spiral wrought-metal buckled plates

placed in direct contact with the earth will
have a very long life. Where the ground-
water has great corrosive action, because of
its saltness or acidity, steel linings are sup-
posed to be less durable than Where the water
1s Tresh and pure. The'drawingsshow differ-
ent types of linings adapted to such varying
Figs‘. 1 to 16, inclusive, show
linings in direct contact with the material they
exclude and having thick plates 1 1. Where
the tunnel is driven through soft stuff and the
oround-water is very corrosive, I prefer to use
the type of lining shown in Figs. 17 and 18,
which exhibit a composite lining consisting
In a very light outer spiral riveted calked
steel buckled plate-casing 1°, a concrete fill-
ing 9, and a moderately heavy inner spiral
riveted calked steel plate-lining 1', the stiff-
ening-ribs 8 of both the steel casings or lin-
1ngs being bedded in the concrete 9, thus form-

1ng a very light, strong, durable, and air and
The

water tight steel-and-concrete structure.
outer spiral flanged steel buckled plates are
just heavy enough to be safe against perfora-
tion by ordinary accidents-—say one-eighth
inch thick. Their inwardly-projecting flanges
22 are formed of angles 2* 2" riveted to them

and thelr spiral stiffe enlng-ribs 8 8 have open

webs 8%, the better to ;tacﬂltate bedding them

in the concrete filling., This outer casing 1°
1s put in with the shield, and its plates 1 1 are
supposed to be temporary, and intended,
mainly, to constitute substantially a tubular
alr and water tight steel coffer-dam, inside of
which the permanent lining can be built 1n
the open and subject to 'rigid inspection and

_...Hlnﬂ.-lllmuh-nliﬂl-;-l—ﬂﬁh--h. .

1oht..

fHanged spiral wrought-metal
| riveted together and hzwmﬂ‘ thei

segmental

770,894

safe for the removal of bad work. ' After the
sald outer casing 1s wholly or partly in place
and riveted and calked it will be lined with
concrete 9, thoroughly rammed, and at the
same time the spiral ribs 8 of the inner lining
1" will be set and bedded in the conerete, and
this operation will be followed by riveting in
the inner lining 1' to said ribs and calking its

70

joints and by grouting behind said inner lin-

ing. It will be observed that the drawings
show these inner lining-plates instead of be-
ing buckled as corrugated 1n a single continu-

ous spiral corrugation 1%, a cheap and prac-

tical constructwn where there is no occasion
for longitudinal stiffeners.

W’hat I claim as new, and desire to secure
by Letters Patent, is—

1. The combination of a tunnel-bore with an
impervious tunnel-lining formed of a plur ality
of smral segmental wr()ua'ht metal plates in-
wardly
stantially as set tortl

9. Thecombinationof a tunnel bore with an

Impervious tunn el-lining formed of a plurality

of spiral segmental wrought-metal plates in-
wardly flanged along theirspiral edges, joined
with riveted and calked joints and forming
continuous spirals, substantially as set forth.

3. The combination of a tunnel-bore with

riveted together to form the lining thereof.
4. The combination ot a tunnel-bore with
buckled plates

to form a water and air tlo"ht lining thereto.

5. Thecombination of spira,l W rought—metal
tunnel - lining plates inwardly
flanged at their spiral edges and making butt-
riveted longitudinal joints with the adjacent
plates of l:he same splml qubstantmllv as set
forth. |

6. Thecombination of spiral wrought-metal
segmental tunnel - lining plates inwardly
flanged at the spiral edges and making double-
butt-riveted joints with the adjacent plates of
the same spiral and rabbets formed in the

ends of the plates to receive butt- plates sub- |

stantially as set forth.

- 7. Thecombination of spiral wrought-metal
segmental tunnel-lining plates with mwardly-
fening-ribs riveted

prO]ectmﬂ‘ flanges and stif
to the anges, Substantlally as set forth.

8. The oombmatlon of spiral segmental
wroutrht metal tunnel-lining plates with 11-

-Wardly projecting flanges and longitudinal

stiffening members rweted to the lining-
plates, substantmlly as set forth.

9. The combination of spiral segmental
flanged buckled wrought-metal tunnel-lining
plates with inwardly-projecting flanges, longi-
tudinal eylindrical surfaces between the buc-
kles and longitudinal stiffening members riv-
eted thereto, substantially as set forth.

10. The combination of spiral segmental
wrought-metal tunnel-lining plates Wlth n-

a,ncred along their smml eclges sub-

r joints calked
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wardly-projecting flanges and inwardly-pro-
jecting stiffening-ribsr iveted to the plates be-
tween sald ﬂan{res substantially as set forth.

11. The combm%wn of spiral segmental
wrought-metal tunnel-lining plates and aman-
hole p]ate having a manhole - opening and
forming part of a spiral, substantially as set
torth

The combination of a tunnel - lining
fmmed of spiral segmental flanged wroutrht-
metal plates with inwardly-projecting flanges
and a manhole-section similarly flanged and
adapted to form part of a spiral in said lining,
substantially as set forth.

13. The combination of spiral segmental
wrought-metal tunnel-lining plates with. in-
Wmdh -projecting flanges, ammﬂmlv-ﬂanwed
spiral segmental manhole—sectlon having an
inwardly-ﬂanged manhole -opening, a man-
hole-casing riveted therein and a-laterally-
projecting ﬂanc‘re formed on the manhole-cas—
Ing. snbstantmlly as set forth. |

14, Tn a tunnel- lining the combination of
spir&l segmental “anged l[ining-plates and ten-
sion splice members connecting the plates of
adiacent spirals. substantially as set forth.

15. In a tunnel-lining the combination of

“metal lining-plates, longitudinal stiffening
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members and tension-splices splicing said lon-
ogitudinal members, SubstanthV as set forth.

16. The combination of spiral segmental
flanged tunnel-lining plates, long itudinal stiff-
ening - members and tension spllce plates
sphcmcr said longitudinal members, substan-
tially as set forth.

17. In a tunnel-lining the combination of

flanged segmental metallmmo plates, asplice-

plate secured on the back of a lining-plate and
projecting beyond its forward edoe ancd merm-
bers uniting said splice-plate with the adja-
cent llnlno*—plate substantially as set forth.
18. In a tunnel-lining the combination of a
flanged segmental 11111110“ plate, a splice-plate
secmed on the back of said plate near and
projecting beyond its forward edge, members
uniting said splice-plate with the admcent lin-
mo'-plate and a tight dam inclosing the inner
ends of sald membera, Substantia,lly- as set

forth.

19. In a tunnel-lining .the combination of

flanged segmental metal linin o-plates, asplice-

pl%te secured on the back of a lining-plate
near and projecting beyond its forward edge,
members uniting said splice-plate and the ad-
jacent lining phte a ticht dam inclosing the
inner ends of said members and material fill-
ing the interior ot sald dam, substantiall
set forth.

90. The combination of Splml se@mental
wrought-metal tunnel-lining plates with in-
war dl\r—pm]ectmﬁ flanges and riveted joints,
a tension splice-plate shop riveted to the out-
side of a lining-plate near and projecting be-
yond its forward spiral edge and membersunit-

vV as

74

ing said splice-plate and the adjacent spiral ot
the lining, substantially as set forth.

21. The combination of spiral segmental
wrought-metal tunnel-lining plates with 1n-
wardly-projecting flanges and riveted joints,
a tension splice-plate shop-riveted to the out-
side of a lining-plate near and projecting be-
vond its forward spiral edge, bolts -holding
together said splice-plate and the adjacent
spiral of the lining and pins fitting closely 1n
holes 1n said spllce and ]1n1n0 plates substan-
tially as set forth.

9292. The combination of spiral seﬂ’mental
wrought-metal tunnel-lining plates with in-
wardly-projecting flanges and riveted joints,
a tension splice-plate shop-riveted to the out-
side of a lining-plate near and projecting be-
yvond its forward spiral edge, bolts holding to-
oether the said splice- plate and the deJacent
spnal of the lining-plate, tapered pin-holes
reamed in position in said plates and tapered
pins driven intosaid holes substantially as set
forth. |

93. In a tunnel-lining the combination of
members passing through said lining and a
riveted and calked closed box inclosing the 1n-
ner ends of said members, SUbbt‘LIltl‘tHV as set

forth.
924, In a tunnel-lining the combmatlon of

members passing throucrh said lining, a
wrought-metal box 11101081130‘ the inner ends of
sald members and riveted and callked to the

lining and a cover riveted and calked to sald

box, substantially as set forth.

95. In a tunnel-lining the combination of
members passing - throue-“h said lining, a
wrounght-metal box mclosuw the inner ends of
said membels and riveted and calked to said
lining, a wrought-metal cover riveted and
calked to said box and material fiilling the 1n-
terior of said box, substantially as set forth.

26. Ina spiml wrought—metal tunnel-lining,
the method of riveting longitudinal butt-joints
consisting in holdmﬁ back the riveting of the
spiral joint so as to leave the forward partand
end of the spiral free, springing said free end
inwardly, introducing the arm of a riveter be-

hind it, assembling with it a butt plate or

plates and the end of another segment of lin- -

ing, riveting up the longitudinal Jomt remov-
ing the riveter, placmn‘ the said plate in final
position and advancmw the riveting of the
spiral joint, Subfsta,ntla,lly as set forth.

27. Ina spiral wrought-metal tunnel-lining
the method of a%emblmtrthe Jining consisting
in holding back the riveting of the Spiml ] oint
so as to leave the forward segment or seg-
ments and the end of the spiral free, forcibly
springing the said free end inwardly and back-
wardly into the lined portion of the tunnel
and reversing the direction of the spiral there-
of; ‘:Lsserrﬂolm'DF with it the end of another seg-
ment of hmng, riveting up the lonmtudm%l
joint, foreibly holdmo‘ inwardly and back-
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wardly the forward end of the segment just

added and reversing its spiral direction, simi-

larly assembling another segment of lining
therewith and so on, holdmo the Seﬁ‘ments

‘thus assembled in the lined portlon of the tun-

nel with the direction of their spiraling foreci-
bly reversed until the heading of the tunnel
18 sutiiciently advanced to permit them to be
placed in final position and ther eupon spring-
Ing them into and fastening them in final po-

sition, substantially as set iorth

98. The combination of a tunnel-bore with
a spiral segmental lining formed in a plural-

1ty of Splra,ls substantmlly as set forth.

29. The combination of a tunnel - lining
formed of segmental metal lining-plates with
flanged joints and plates in said joints having
true outer surfaces and projecting beyond
the general outer surface of the lining, sub-
stantially as set forth.

30. The combination of a tunnel - lining
formed of segmental metallic lining-plates
with flanged joints and plates in said joints
having true outer surfaces and projecting be-
yond the general outer surface of the lining
and set eccentrictherewith, substantially as set,

- forth.
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31. In a tunnel- hmnﬂ‘ the combination of
an external spiral riveted calked wrought-
metal plate-casing with inwardly-projecting
flanges and ribs and a concrete filling in which
sald ribs are bedded, substantially as set
forth.

32. In a tunnel-lining the combination of
an external spiral riveted calked wrought-
metal buckled plate -casing with inwardly-

projecting flanges and ribs and a concrete

filling in which said ribs are bedded, substan-
tially as set forth.

33. In a tunnel-lining the combination of

an external spiral riveted calked wrought-
metal plate-casing with inwardly-projecting
flanges and ribs, an inner spiral riveted calked

770,894

wrought-metal plate-lining with outwardly-

projecting ribs and concrete filling the space

between the two linings and having their pro-
jecting ribs bedded in said concrete, substan-

t1ally as set torth.

34. In a tunnel-lining the combination of
an external spiral riveted calked wrought-
metal buckled plate-casing with imwardly-
projecting ribs and flanges, an inner spiral
riveted calked wrought- metal lining with out-
wardly - projecting I‘le and concrete qlling
the space between the two linings and havmw
their projecting ribs bedded in SE:Lid concrete,
substantially as set forth.

35. A new article of manufacture, a spiral,
segomental, inwardly-flariged - wrought-metal
tunnel-lining plate adapted to be assembled
with a plurality of similar plates and riveted
and calked therewith to form an impervious
spiral tunnel-lining, substantially as set forth.

36. A new article of manufacture, a spiral,
seomental wrought-metal tunnel- hnmcr plate
inWardly flanged along its spiral edges and
having its ends adapted to make butt-joints
with the adjacent plates of the same spiral,
substantially as set forth. -

37. A new article of manufacture, a spiral
seemental wrought-metal tunnel-lining plate

mwardly flanged along its spiral edges and

having end recesses acdapted to receive butt-

plates for joining it with the adjacent plates

of the same spiral, substantially as set forth.

38. A new article of manufacture, a spi-
ral cylindrical segmental flanged buckled
wrought-metal plate

39. A new article of manufacture, a Smral
cylindrical segmental wrought - metal man-
hole-plate h&ving flanges at 1ts edges and a
manhole-opening flanged with paralle]l flanges.

(JHAUN CEY N. DUTTON.
Witnesses:

JACOB LORSGH,
Mrs. M. WALSH.
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