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clay, until the entire cavity is filled with a
thell of cement which fits it exactly, and
orms an impermeable coat round the sub-
way,protecting it from moisture and oxidation
\tter the shield has been moved forward a
Fing of regments 18 bolted in, the rate ot
Erogress Leing about ten feet in thirty-four
ours,
The works are being actively pushed on,
and already one tunuel is completed from
the north to south side of the Thames,
and the recond is following it. The plan of
Operations shows the same economy and res-
- Pect for public convenience which marks
the entire scheme. No street surface has
Jeen taken to form a contractor’s yard, but
18 place of this a stage has, by the permis-
8ion of the Thames Conservancy, been
€rected in the river behind the old Swan
Pier, and trom this & shaft has been sunk
through the river bed to the requisite depth.
)0 the stage there is erected a crane which
fts the ukeps of clay, and delivers thewm to
8 small tramway, along which they run to
eliver their contents into barges; there is
4l80 & rand and un air compressor driven b
8 small engine, and a wooden office this
Constituting the entire present overhead
Plant ot this great undertaking. The shaft
1813 feet in diameter, and is made of cast
ton rings, each cast in one piece. The
thickness of metal is 13 of an inch, except
8 the bottom where it is thickened on the
Inside, contrary to-usual practice, to form a
Cutting edge.” This shalt. was erected in
the usual manner by removing the
Waterial from inside it with a grab
and  descends nearly to the crown
. the upper tunnel. From this
Boint §t s carried down in brick
w°'k..lnuuthings for the two subwavs beiny
L“Me in it of the eame material. There is
O water to be deali with, the tunnels being
olutely tight, and the work of extension
ﬁl')es most smoothly. Indeed it is inpossi-
wl: to realize, except by personal inspection,
heeu a simple method tunneling in clay has
Ggoowe by the method employed by Mr.
reathead. This plan, however, is by no
®ans restricted to clay, but can be modified
fuit mud, sand, gravel and rock.
hen the ground in 8o soft that it can be
Pick ed away, the method of removal by
of 1} nd epade is abandored, and in place
maje .2 constant circulation of water is
10tained at the outer face of the shield by
to:.ns of a pump. In the firat instance. be-
¢ the distance from the ¢halt becomes too
bi 'at, & very simple plant will suffice. Two
are o one bent over to dip into the river,
Wy ed down the shaft and along the tunnel
one 1€ hield, through which they pass, the
ton, near the 10p and the other near the b it-
tron, wﬂ\‘:er in drawn by a circulating pump
v the river and torced out through the
wh; l’;Plpe against & bank of mud or sand
Ch preases against the face of the bulk-
I the shield. The pressure thus
"8 ed finds an ontlet at the lower pipe,

along which the current flows back
to the shaft, carrying the solid matérial
with it into the river or barge moored along-
side the shaft. The two columns of water
balance each other, and all the work re-
quired of the pump 18 to overcome the fric-
tion in the pipes and at the working face.
As the work proceeds the friction, however,
becomes a very important item, and other
arrangemeuts have to be adopted. Should
there be any boulders in the ground they will ’
become lodged at L and can be broken, by
means of tﬁe bars, into pieces capable of
passing along the pipe. It a boulder should
prove refractory to this treatment an air lock
would be erected in the'ghield or tunnel and
the forward ends filled with compressed air
until the cover of the receptacle could be
romoved eafely and the boulder extracted
bodily. In many cases, however, no such
difficulty could be metand the process of
pumping would suffice to remove the whole
of the debris and deposit it in the tank. As
the rand or gravel accumulated it would
displace an equal quantity of water from
the tank, which must have an outlet to
permit the ehield to move forward. For
this purpose the pipe is carried backwards
and up the shaft, and through this the sur-
plur will escape. When the tank is to be
emptied the valves e e e are closed to cut off
all exterual pressure, and tubs K K filled
with water are brnught under the outlets f 1.
These dip into the tubs and when they are
opened an interchange of the contents of the
vesgels F and K takes place. The sand
dercends into tlie tub while the water rises
to take its place, the arrangement being ex-
ceedingly ingenious. To clear out the pipes
the entire current can be sent from the pipe
D direct to the pipe E through the connec
tion P. :

Clav, mud, sand, gravel and boulders do
not exhaust, however, the list of substances
to be met with iu tunneling. There atill
remains rock to be dealt with, and for this
Mr. Greathead bhas designed the appliances
shown in figures three and four. Through
the face of the shield A there projects a
shaft carrying & two-armed toolholder O
fitted with steel tools. ‘I'he shaft is driven
by & compressed air motor ; and as long as
the tools are in a satiefactory condition it
‘A protruded so ‘ar through the shield that
the holder stands in the position ehown in
dotted lines in figure four and bores its way
throngh the rock. When the tools breome
blunted and require renewal, the holder
is  set herizontally  and is drawn
back under the hood end M. It is then set
vertically, and the space under the hood is
filled with compressed air to permit of a
manhole being opened in the shield, and &
man entering the chamber. After the tools
on one arm of the holder have been re.
moved, the shaft is rotated through 180 de-
grees, and the other set are renewed. The
man then retires, closes the manhole, the
spaft is pushed out ugain, and the work pro-



