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In the construction of interlocking con-
crete-block tunnels it is of practical impor-
tance that the lines of projections and recesses

_ of the blocks be spaced equally apart so that
% each ring, as erected, may break joints with

the previous ring and that the projections
shall fit inte the corresponding recesses of
the joints between the rings. ‘This has been

_ done by spacing the projections and recesses
7 on each block the theoretical equal distance

Dby having the blocks of such equal lengths
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each way from the middle of the block, and

that the distance from the projections and re-

. cesses of -adjoining. blocks to the centre line

of the joint between them shall equal the
space between the projections and recesses on
the blocks. - This necessitates blocks of uni-
form dimensions when the longitudinal joints

are radial and are called “standard” blocks.

¥ Where longitudinal joints are not radial, as

hereinafter described, the length along a
middle are is approximately the same as that
of a standard block along the same arc. The
rings are erected so that the projections are
on the barkward side of the rings and fitinto
the recesses on the forward side of each ad-
joining previous ring. - . '

In the erection of concrete block tunnel
rings two methods have been used for closing

“ the rings. By one method a key block is
pushed radially outward into;a space between -

two set blocks, the planes of whbse end joints
are at such at angle to one another that.a
wedge ‘shaped opening is formed between

“. them which is wider on the inside of the ring

than on the outside. The concrete key block
-end joints are at a similar angle with' each
other so that when the key block is set in
place it leaves an open joint between itself
and each adjoining block which ‘closes the
ring when these are shimmed. "This has been

“done with corrugated steel plates, as shown

in.the drawings. These corrugated shims
are further shown and explained in my pat-

ent application,  Serial #400,108. The:ad-"

vantages of these shims are that they take up
“the arch stresses and.at the same time permit
a free flow. of grout until all' the joints are

filled with mortar from the grout. The an-
gles of these joints of the concrete key blocks

as’ hg}re’tdfc)‘re ‘used in the manner - described
are symmetrical with the middle axis of the

“key block, the same ‘as the angles of  longi-

tudinal jeints of symmetrical keystones of
stone arches. . Concrete block rings elosed in
this way require three different special blocks

“in addition to the uniform or standard blocks
composing the remainder of the ring,so'that:

four different kinds of block moulds are re-
quired, varying in size and form, which, with
the difficulties of separate moulding, separat-
ing the blocks in different piles for storage,

and selecting the proper blocks for each ring

asthey are taken into the tunnel for erection,
adds to the-complexity and -cost of the work.
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Moreover, no concrete block tunnels byilt in .

this way, so far as T am’ aware, have ever had

efficient independent means within' the key

block to hold it from falling out of the ring,

without outside .support, prior to its being 7

held in place by ‘compressive arch stresses
after the ring takes the weight of the overly-
ing ground. - Rt o ‘
The other method of closing concrete block
rings consists in having the rings composed

‘entirely of standard blocks, including the

closing block, which latter is taken forward

75

by the erector ‘into the space for the next . -

Ting, SWung up o]{posite its interided position
in the ring, )

and then backed into its pesition

80 -

in the ring where it is supported and :

shimmed. Inthis case, also,no efficient means
has been provided within the closing block to
hold it rigidly in place and to pesitively close
up ‘the blocks of the ring against the shims

‘in the joints prior to the ring taking up the
‘arch stresses after being loaded with the
‘weight of the surrounding ground. “This

method of closing the ring requires the use of
an erector having independent longitudinal

‘motion. In the case of shield driven tunnels

‘# dumimv block ig set and wedged in‘the space

“left for the key block, to close the ring before
the shield is shoved, from which “dummy

block ‘the shield jacks are shoved, the same
as from other blocks of-the ring; in moving
the shield forward to make room in its tail
for the next ring." -After the shield is shoved
and space is thus provided for the next ring

the dummy block is removed-and the erector
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carries forward a standard concrete block
into the space for the next ring and places 1t
in position to complete a ring as described.
The objections to this method of closing a
ring in shield driven tunnels are the increased
cost and complexity of the erector platform
and of the erector, and the additional time
required to erect and remove a dummy block
and then to set the key block in place. In
cases where the tunneling is done without
a shield and each ring as erected supports the
ground, the removal of the dummy block and
substitution of a standard block atfter ex-
cavation for the next ring is completed pre-
sents a serious problem of holding the over-
lying ground where it tends to fall when un-
supported during the substitution in the ring
of a standard block for the dummy block as
a key block. -

In accordance with my invention one of
the standard blocks of a ring is omitted, leav-
ing a space which a standard block would £ilL.
The closing of the ring is completed by in-
serting in said space what is in effect a stand-
ard block, which may be moulded in two parts
in a standard block mould, said parts being
sniccessively inserted radially. Thetwo parts
have an oblique angle joint between them.
The part in which the outside length is great-
er than that of the inside is first erected and
held in place in the usual manner. The key
block part with its outer side slightly shorter
than the inner side is next pushed into place
by the erector to close the ring, where it may
be supported and shimmed in much the same
manner as is done when full length special
blocks are used to close the ring, as in the
first method described.

When it is desired to have uniformity of
appearance in the pointing of joints inside

‘of a tunnel, which could not be done with

the oblique joints described, the joint is
made radial for a short distance in from the
inside surface of the tunnel. These joints
would be uniform in appearance with the
other joints of the ring both before and after
the pointing. )

In carrying out one of the modifications
of my invention I provide the inner end of the
joint between the key-block parts with a fa-
pered recess along the edge of the joint, which
adds to the width of opening through whicl
the key block is shoved into position by the
erector. This recess performs two functions;:
the reduction of the obliquity of the joint and
the enlargement of the joint between the
blocks for the necessary distance inward to
facilitate entering the pointing mortar in
the joint and also the locking of it into the
joint by the inward taper. I may also pro-
vide a Tecess in the joints at the outer side
of the tunnel to contain means for excluding
gravel packing or ground from entering the
joint before said joint has been grouted or
otherwise filled up. It isobvious that similar
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recesses can be used to advantage in all the
other joints of the rings.

Means for locking the key-block parts to-
gether whenever desired is shown. It is ac-
complished by moulding opposing wedge
shaped recesses in the sides of the blocks
which form the joint between them. When
the key-block is set in place in the ring the
opposing wedge shaped recesses form a
wedge-shaped keyway or channel befween the
blocks intec which wedges of any desired

‘length may be forced, so as to bring the blocks

into cloge relation with the blocls on each
side of them, at the same time firmly clamp-
ing them together.
This means of wedging the closure throungh
a suitable wedge keyway can be done to great
advantage when the key block, like all the
other hlocks in the ring, is a “standard”block.
Tn the ervection of rings composed entirely of
standard blocks, as shown in Fig. 20, a wedge
keyway is moulded at one end of the key
block of each ring by means of which they
are wedged tightly in place against the radial
joints of the adjoining blocks. This pres-
sure in turn is communicated to all the other
blecks of the ng to the effect of
their weight in om into cloge rela-
v T4 is obvious

tion to thei

[RAAGH 1} e sl
that two or more wedge keyways can be pro-
vided at one end of the key blocks and that
one or more wedge keyways can be provided
at cach end of the locks and that one

or more wedge keyways can be provided iz
the ends of other blocks of the rings and
that wedge keyways in th £ adjoining

blocks may :
other, in carrying out my invention.
Reference is to be had to the accompany-
ing drawings, wherein '

Rig. 1is & face view of a tunnel ring em-
bodying my invention; Fig. 2 is an enlarged
face view of the two part key-block of Ifig.
1; Fig. 3 isa stmilar view showing the joint

etween the block parts ag adia
distance from the inner surf

One an

1 for o short
face oFf the blnck
2 moilified
5 is a Tace

1s an en-
vy block
o, 8 s a view substantially
similar to . 7, illustrating corrugated
shims in the joint between the block parts:
Fig. 9 is a plan view of a muold for the
standard blocks:; Fig. 10 is a similar view.
showing the mold provided with a dividing
plate to form the oblique joint between the
lrey-block parts; Fig. 11 is a section on i
11,11 1in Fig. 10; Fig. 1 pective view
illustrating the division plate for the mold
for forming the oblique joint hetween the
key-block paits of Figs. 1 and 2; Fig. 13
ton plate for the

block p=
larged 3

line
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518

o



10

1,880,583

Fint betweeti the key-block parts in Fig. 8;
Tig. 14 illustrates the mould division plate
for the joint between the key-block parts in
Tig. 4; Fig. 15 illustrates the mould plate
for blocks as in Fig. 5; Fig. 16 is a detail
sectional view through a key-block joint,

Ulustrating recesses containing a wedge;

Fig. 17 is a similar view, illustrating a modi-
- Heation; Fig. 18 is a section on line 18, 18 in

Fig. 16 lustrating wedges between the key-
block parts; Fig. 19 is a similar view illustrat-
ing a single wedge; Fig. 90 is a face view of
a portion of a concrete block tunnel ring

- comprising uniform-length standatd blocks,
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the standard block for closing the ring hav-
ing a wedge keyway and wedge at one end
of the block and corrugated steel shims in
the joint at the other end of the block; Fig.
211san enlarged plan view of part of Fig. 20
and adjoining ring, and Figs. 22, 23 and 24
are enlarged sections on lines 92, 22, 23, 23,
and 24, 24 respectively, in Fig. 21. '

Similar numerals of reference indicate cor-
responding parts in-the several views.

The numeral 1 indicates staridard blocks
for the rings of a tunnel, subway or conduit
lining. The blocks 1 illustrated are of well
known form and comprise moulded concrete.
Said blocks have spaced recesses 2in one face
and correspondingly spaced projections 8 on
the reverse face. The rings are ‘usually
erected with the recesses 2 facing forwardly
to receive the projections 3 extending rear-
wardly from the next ring erected, in.a well
known way. The rings are usually set so
that the blocks of one ring will break joints
with the blocks of the ringson opposite sides
thereof. In the example illustrated in Fig.
1 a tunnel ring includes a sufficient  num-
ber of standard blocks 1 to nearly complete
the ring, one of such blocks being omitted

_providing a space A between certain blocks

1 to receive one of my improved key-blocks
4, which comprises block-parts 4¢ and 4d, to
complete the ring. "The outer ends of all the
blocks are shown radial and the inner or meet.-
ing ends4’, 4", of the key block parts 4¢ and
40 are at angle oblique to the radial ends
thereof, as indicated at the joint, 5, that is
oblique to a plane lying in the longitudinal
axis of the ring and intersecting said joint.
The overall length of the key-block parts is
substantially the same as a standard block,
whereby when a required number of standard
blocks have been erected, with a space A be-
tween the end blocks of the series, the key-

block parts will properly fit in said space.

The outside length of the key-block part 4«
is greater than the length of its inside, and
the outside length of the key-block part 43
is less than the length of its inside part.
After the series of standard
ring, have been erected, with a space between
the end blocks, the key-block part 4a is erected
in said space, with ifs radial end adjacent to

s illustrated in Figs. 9, 10 and 11.

“the mould into two spaced

blocks, for &

3

a standard block, and said block part is held
in place in any usual manner. The key-
block part 4% is next inserted in said space,
and by reason of the adjacent obliquely in-
clined ends of the block parts 4¢ and 45 the
pirt 46 may be placed in position by moving
it in an outward radial direction, where it
ay be supported and shimmed in any well

‘known way. The construction described is

advantageous in that it overcomes the previ-
ous requirements of an erector for the key-
blocks having an independent longitudinal
movement to insert backwardly the last block
of a ring into the space provided for it after
having swung such block outwardly within
the space to be occupied by the next ring to
be erected in front of where it is to be set,
sinte merely the vertical movement of the
erector is required with my improved key-
block 4b to place it in the space between the
block part 4a-and the adjacent standard block
without delay and before a space in which to
erect the next ring is provided, (Fig. 1).
The dimensions of the two block parts 4a
and 45 are such that ‘the recesses 2 in one
face and the projections 8 on the reverse face
are spaced-apart, when the key-block is in the
ring, substantially the same distance as the
recesses 2 and the projections 8.on the stand-
ard blocks 1, whereby as each ring is erected
the projections 3 will enter the recesses 2 .of
the ring previously erected. By preference
the blocks are so placed in a ring being erected
ag to break joints with the blocks in the pre-
viously erected ring. The oblique joint be-
tween the block parts 4¢ and 456 may be filled
with mortar or grout in a usual way, as indi-
cated -at 6 in Figs. 7 and 8, Shims 27 are
shown in the joint 5 between the block parts
40,4b,in Fig.8. = ’
A mould suitable for making the standard
blocks 1-and the block parts 4a and 45, of
the same general dimensions for a given ring,
mould shown comprises a bottom 7 having
spaced recesses at 8 for the production of
the projections 3 of the blocks, spaced side
walls 9, and end walls 10, with an open top.
Cores 11, to produce the recesses 2 of the
blocks, are suspended over the mould by cross
bars 12, secured to the cores and to the mould.
The mould, as shown in Fig. 9, will produce
the standard blocks 1 by pouring concrete
into the mould in a well known way. The
same mould may be used to produce the key-
block parts 4e and 45 by placing a divi-
sion plate 13, in the mould, set at an oblique
angle to the length of the mould, to divide
portions, as in-
dicated in Figs. 10 and'11. The botfom of
the division plate 13 is shown provided with

-projections 14 to enter holes in the mold bot-

tom 8, and recesses 407, 417, on each side to
fit over bars 40 .and 41 in the mold which
produce recesses 5 and 5’ in the concrete-
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blocks. The plate 13 has a top cross bar 15
to be secured to the mould, as by taper plugs
or pins 16 entering flanges 17 on the mold
sides, as indicated in Fig. 11. When the di-

. vision plate 13 is in the mould each end por-

t'on of the mould may be charged with con-
crete to produce the key-block parts 4a and
40 having meeting ends corresponding to the
angle of the division plate 13 in the mould.

To produce uniformity of appearance in
the pointing joints inside of a tunnel, which
could be done only with the oblique joints
5 between the block parts 4o and 40, the
adjacent ends of said parts are made radial
for a short distance from their inner sur-
faces, as indicated at 5¢ in Fig. 3. This may
be done by bending the division plate 13 of
the mould to a radial direction at 15a at a
desirved distance from where it abuts against
the inside of a side wall of the mould, as
indicated in Fig. 18. "When the concrete is
poured into the mould tue oblique angular
edges 47,47, and the radial edge portions ba,
will be produced at the adjacent ends of the
block parts 4¢ and 4.

As illustrated in Figs. 4, 6, 7, 8 and 17 =
tapered recess 50 is provided along the inner
edge of the joint b away from the key-block
part 40, which adds to the widih of the open-
ing or space into which the part 4 is shoved
into position by the erector, Said recess pro-
vides for the reduetion of the obliquity ot the
joint 5 and the enlargement of the joint be-
tween the bleck parts 4e and 40 for the nec-
essary distance inwardly to facilitate enter-
ing or filling pointing mortar in the jo.nt
and locking the mortar in the joint by the
inward taper. Said recesses may be formed
in the end of the block part 4a by attaching

1

ey

T
4
v

2 bar 18 %o the appropriate side edge of
the dividing plate 13, as in Fig. 14. A recess

¢ may be provided on the outer part of one
of the key-blocks, such as the part 4a, to con-
tain means such as a gasket 19q, Fig. 17, for
excluding gravel packing or ground from
entering the joint before the joint has been
grouted or filled wp, Figs, 7,8 and 17. The
recess e may be formed by attaching 2 bar
19 to the division pla along the side
edge opposite the bar 18, Fig. 14. Recesses
similar to Ba and B¢ may be formed in all

w14
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the other joints of a ring for similar pur-

poses. To provide for packing the circum-
ferential joints between rings of the tunnel
lining the blocks may have recesses 5" along
their outer or upper circuinferential corners,
and recess 57 along their inner or lower cor-
ners, providing open jeints, to be filled with
pointing or caniking material, such as mor-
iap. Also, at the appropriate ends of the
blocks recesses may be provided at 5d (Fig.
7). to be filled with peinting or cau kine;
material, such as mortar. Bars 40, 41, 42
and 43, Figs. 9 and 10 produce recesses &',
5", 5d and be, Figs. 6 and 7.

1,889,568

I provide means for locking the key-block
sarts 4a and 45 together, when such is de-
ired. For such purpose the adjacent oblique
edees of said block parts are provided with
recesses 20 and 21, which oppose, forming a

ha or recess 22 extending across the
Tigs. 4, 5, 7, 8, and 16 to 19. The
¢os may be formed by attaching wedge
shaped cores 20¢ and 21a, back to back along
sonosite faces of the dividing plate 13, as
shown in Figs. 14 and 15. When such plate
13 is in the mould and the concrete is poured
in the wedge shaped recesses 20 and 21
produced in the respective ends of
ilock parts 4¢ and 4. When the key-
avts are in place in a ring the wedge
channel or recess 22 will be provided,

¥ into which wedges of any de-
vy be forced, and driven with a
red, to bring the block parts
clese relation with the blocks
side thereof, at the same time
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keyway,
3 Iy

iy nping them together. Several
velatively short wedge keys 23 may Le driven
in%o the channel 22, (Ifig. Z:.S), or a wedge key
2 may be driven into the
: 9). Recesses 20 and 21

that the opposite sides of
parallel. Two opposed
d in this keyway to carry

o could be
my invention.
: tage of a wedge key or keys be-
1dard block 1 and a standard
may be obtained, as illustrated
Migs. 20 to 23. At one end of the standard
-1 a transverse channel or keyway

is moulded, into which channel a wedge
sy or keys 26 may be driven, by which means
» standard key block 10 is wedged tightly
piace against the radial joints of the ad-
acent blocks. The pressure thus-obtained
yv the wedge or wedges may be communi-
to some or all of the blocks of the
adding to the effect of their weight in
- them into close relation, and espe-
vith respect to the interposed shims 27
vme are used, which 1s also true of
other kind of shims that might be em-
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ployed for this purpose.
Project 98, suitably placed in the

mow, produce recesses 29 in the moulded
blocks to receive ercctor grippers, in a well
Jmown way. Cores 30 and 81 in the mould

ave provided to make gravel holes 304 and -

grout holes 8le in the moulded blocks.
Having now described my invention what
T claim is:
1. A tunnel ring comprising a plurality of
substantially similar blocks, and a two-part
key-block, each of said key-block parts hav-

i
doe

ing radial outer ends and inclined inner ends.
2. A tunnel ring as set forth in claim 1

having a joint between the two parts of the
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key-block at their inner ends at an angle
oblique to a radius of the ring. ‘

3. A tunnel ring as set forth in claim 1
having a joint between the two parts of the
key-block at their inner ends which is radial
for a part of its length and is oblique to
said radial part for the remainder of the
joint. _

4. A tunnel ring having a two-part key-
block provided with a joint between said
parts at their inner ends that extends at an
angle oblique to a plane lying in the longi-
tudinal axis of said ring and intersecting
said joint the outer ends of ‘the key-block
parts being radially disposed.

5. A tunnel ring as set forth in claim 4 in
which the blocks are provided with recesses
at the inside of joints for filling at the inside
of the ring. _

6. A tunnel ring as set forth in claim 4 in
which the blocks are provided with angular-
ly shaped recesses at the inside of joints for
filling at the inside of the ring.

7. A tunnel ring comprising blocks hav-
ing radially disposed outer ends and having
joints between adjacent ends of the blocks,
said blocks having recesses for filling at the
inner portions of said joints.

8. A tunnel ring comprising blocks hav-
ing radially disposed outer ends and having
joints between adjacent ends of the biocks,
said blocks having recesses for filling at the
outer portions of said joints.

9. A tunnel ring comprising a plurality of
substantially similar blocks, and a two-part
key-block, one of said key-block parts having
a recess in one end, and a key in said recess
to force said key-block parts respectively
against adjacent blocks of the ring, the outer
ends of the key-block parts being radially dis-
posed. v

10. A tunnel ring as set forth in claim 9
in which the recess is tapering and the key is.
wedge shaped. ,

11. A key-block for a tunnel ring having
two parts and a joint between adjacent ends
thereof, said parts having opposing recesses
in the adjacent ends providing a channel,
and a key in said channel to force said key-
block parts respectively against adiacent
blocks in a ring, the outer ends of the key-
block parts being radially disposed.

12. A tunnel ring comprising a series of
substantially similar blocks and a key-block,

5 said key-block having a recess at one end, and

a key in said recess to drive the blocks of the
ring into close relation, the outer ends of the
key-block parts being radially disposed.

13. A tunnel ring as set forth in claim 12
provided with shims between one of the parts
of the key-block and one of the first named
blocks.

14. A key-block for a tunnel ring compris-
ing two parts having adjacent ends provid-
ing a joint between them the outer ends of

5

the key-block part being radially ‘disposed,
the outer surface of one key-block part being
longer than the outer surface of the other
key-block part.

15. A key-block as set forth in claim 14
in which the inner surface of one key-block
part is longer than the inner surface of the
other key-block part providing adjacent ends
between said parts said ends being oblique to
a radius of one of said blocks.

16. A concrete-block tunnel lining com-
prising a plurality of adjacent rings having
circumferential joints therebetween, the rings
including a plurality of concrete blocks hav-
ing radially disposed outer ends, some of the
joints of said blocks having recesses at the
inside portions of the joints to receive filling
material.

17. A concrete block tunnel lining com-
prising a plurality of adjacent rings hav:
ing circumferential joints therebetween, the
rings including a plurality of concrete blocks
having radially disposed outer ends, some of
the joints of said blocks having recesses at
the outside portions of the joints to receive
filling material.

18. A concrete block tunnel lining com-
prising a plurality of adjacent rings having
circumferential joints therebetween, the rings
including a plurality of concrete blocks hav-
ing radially disposed-outer ends, some of the
joints of said blocks having recesses at the
inside and the outside portions of said joints
to receive filling material.

19. An interlocking concrete block tunnel
or conduit lining having rings comprising
a_ plurality of blocks having substantially
similar lengths and a key-block, the first
named blocks having projections on one side
and recesses in the other side in equally spaced
relation to permit the projections of one ring
to enter recesses in the blocks on an adjoin-
ing ring, the key-block of each ring. compris-
ing two parts, the combined length of said
two parts being substantially the same as the
length of the other blocks of said ring, said
key-block parts having radial outer ends and
having inclined inner opposing ends, whereby
the key-block parts may be moved outward
successively in a radial direction between
other blocks of the ring to close the ring.

20. An interlocking concrete block tunnel
or conduit lining as set forth in claim 19 in
which each key-block part has a projection
on one side and a recess on the opposite side,
sald projections and recesses being located in
position to cooperate with recesses and pro-
jections, respectively, of other blocks of ad-

jacent rings.
JOHN F. O’'ROURKE.
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