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Ht crty Owners Alone ae LIh m DIMent.
Hrs' tic In TilaortllSE Thronssj San ataa
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H In Compressed Air Tha System Sneeess.
Mf fat In London Clay, but Might rati la
H' Olher eoloslcal Foramlloas.

V Londos. 8opt. 10. The Junction of King Wll- -

HJ Hum and Arthur etrentii with the end ot Lon
H- - don Bridge, close to the spot

iH Whtrs LonAnn'i f olamn, polntlnr at Ibt ikU.I Like a till ballr. lift ill hem! nJ Utt,

Ha Iii perhaps tho busiest plare on earth. From
B dayjlght until dark traffic Is nil but concestod

On the brides and In tho near-b- y stroets. Tho
procosslon ot horse, foot, and wheol Is contin-
uous. Every spooler of vehicle, from vast
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merchandise vans, tnnrtom market
lumbering buteheis' ond brewers'

the elegant equipages of grent
and llnaneierj, tho doe or

and traps of stnnrt young
11 bleyelo of tho olty clerk.Iitwcostor mone?r'a tiny ilonkoy wneou.
and confused procession,

from curb to curb, whtle nil
conditions of mon. women, nnd

thu sidewalks, the doorways, nnd
up tho Intel htlrca between the
street. From tlio time business

the morning until It Is over at night
not n single momont wlien u mnu

tho street without running tho
knocked down, except when tho

poilodlcully stop nil vehicular
foot passengers to co over; nor Is

moment that ono may stand still
on tho sidewalk without being jostle J along,
whether ho will or not.

nieht'in this tumultuous corner, however,
there is n door whore one may enter, pay two
pence, drop down over n hundred feet Into the
bowels of tho earth by elevator, shoot rleht
under the bottom of tlio Thames by electric
railway, nnd bob up seronoly on another eleva-
tor almost thrco nnd a half miles away, in the

; comparative peacefulness and quiet ot subur
ban Btockwell. where dwell myriad clorks.
tradesmen, nnd working people of tho
city. This Is tho City nnd South Lon- -

f don Railway, only recently opened to tho
public, a system which promises to solvo

' tho problem ot underground locomotion
and rapid transit for great cities. Mr.
Louis Btorne, a Now Yorker who has done
business in London for twenty years and as-

sisted in tho promotion of this new subway,
' took a Hun reporter through llthlsweek. Thoy

descended 87 foot in tho clovator, which car- -
ries 50 people, and were deposited In a beauti
fully clean station with walls of whito enamel,
the atmosphere being much moro puro and
refreshing than nt tho surface. Their follow
passongors were mostly working people, er-
rand boys with bundles, women going back to

, tholr homos from shopping tours, and early
'' returning clerks.
, "The great bulk of our traffic." said Mr.

t Sterne. "Is douo enrly in the morning nnd
after ahops and offices closont night In carry-
ing working peoplo back and forth. Then tho
elevators nml trains uro crowded to tholr full
capacity at ovory trip."

A blast of cold air. almost sufficient to take
one's hat off. from the black mouth of tho tun-
nel, was tho precursor of tho arrival of tho
train, which camo up on n single track be- -
tween two platforms, so that the Incoming

' passengers got out on one side and tho out- -
colng ones got In on tho othor. An they

' took their seats in the car tho eloctric lights
Huddouly went out. but after a second's delay
gleamed ncaln as suddenly. This. Mr.

' Btorne oxptntned. was duo to tho fact
that the light was supplied from the

' engine. nnd. when tho engino that had just
brought tin tr.iln In was uncouplod. It cut offt tho communication until tho gthor engino nt

' the othor end was coupled. The tir.in ran vory
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asllynnd smoothly, though there was somo
training and ginnnlng of tho woodwork, owing

to tlio inferior construction of tho rolling btock.
tThoro Wttsn continual loaring also whllo tho

v 'train was in motion, hardly suflldont, how- -
' i Ver, to prevent convocation.

i " Vie are now going down nn Incline of one
' loot In fourtoon." said Mr. riterne. as tlio train
(Started, "and thus wo get down uudor the bod

"r ofthorlvor to a depth of about thirty-fiv- e feet
H Additional to tho eighty-seve- n feet doscentln
Hf the elevator."
H, Tim train made throe stops :it Borough, ntHj thoElophant and Cuttle, and nt Konulngton
H' , Oval before it reach j.l tho bouthern ter- -

H minus at Btockwell. where the works nro situ- -

H'v ted. and all In n vory llttlo moro than II (to on
H. ralnutcs. On tlio return with Mr. Btorne along
H', 'busy Arthur street and down Bwnu lane, under
Ht' ,which thoroaghfaro far bolow the surface the
H.t turinol runs to tho Thames, Mr. fitorno pointed
HVh to aome tall warehouses on tho opposlto side

't- ot tho river.' , " The tunnel." ho said, "coos directly under
n those buildings. Whllo it was building tho

'. ownors Bent to us ono day to ask us to let them
f !:now when wd roachod tholr vicinity so thatv thoyooald hnvo a man on hand to look out for
V their conduits and drains. Wn sent back word
L:; that the tunnel bad been already borod under

their buildings, and for half n mllo on the

H" The ongincnr who devised this bold ochemn
H i Ot railway enterprise vut Mr. J. J). Greathead

, of London, and ft is to his prufoosionnl ability
W nnd energy in currying out his plans that Lou- -

owe so much In tho Improved prospocttdenon eased somewhat of the iutolmabie
increasing burden of locomotlou.

"f To those at all acquainted with enterprises
H '. of this nature It will bo evident tliat Mr. tlrcat--

i liend Jiad to create his own precedents, or.
i rather, to create new precedents for futuro
A works of n similar kind. To tunnel through a
'. , Mil or raountaln In the open country may pro- -
' I sent many different prnbloms for the on- -

giuocr, but they uro of nqulto different ua- -

H niro front thoso whioh have to bo faced in' drlvlug along tunnel in a densely populated
In nn rTd country, uud especially in ono

bB? wliero vented Inlcrcf'ts urn held m tsacred its In
' Unglaud. the physical dlflleultlcs uro liy no

H,'-- i menus the greatest onen with which an
CF tnglnoer hns often to contend lu Introducing

ffif new departure. A.iong-forgottc- n but
j? unrepealed ordinance, dating porliaps from

T the middle neos when England )mdnoroads
VA Wut those wlilch weron irgaorof tho Itoman
m;. MouaaUociuAr btexliuaied irotu a mass of
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nrehfcologleal law by an opposition lawyer,
and gravely accepted by Parliament an n valid
plea against somo modorn schomo orimprove-men- t

This plcturesquo lumber of the past s
often very embarrassing to tlio engineer. It l;
ftprieopaldfor llrlng lun country of nnclont
traditions. It wouidake far too much apneo
to record the fight In Parliament before tlio
promotors of tho CItr and South London nail-wa- y

got tho bill pasod which authorized thorn to
proceed with their work. It will bo sufflclont
to say that thonct of Parliament was obtnlnod.
nlthougli It wns opposed by overy puhllo body
on the route, and. tho necessary cnpltal hav-
ing boon subscribed. Mr. areathead hod no
other than the englnoorlng Utfllcultloa of his
schomo boforo him.

Tho business mon of London nnd of Now
York stand on ft vory different footing In tlio
mottor of dally access to, their ofllcos. Tho
Londoner mny elect to rosldo either at infield
on tho north. Croydon on the south. Romford
on tho oast, or Richmond on tho west, nnd he
will find direct access to tho City by a straight
lino of railway.

Now York is bounded on three by
wntor. nnd, though that has produced a forry
sorvico unrivalled by any othor city In tho
world, there remnlns a land approach on ono
sldo only. That heaps up tho obb and flow of
the dally tide of land travel in ono channel.
Thntlde, too. is moro active moro Impetuous
In its units than that of London, for the num-
ber of journoys por Individual In the latter city
is not much more than half that of tho nvorage
citizen of New lork. Tho reason for this is
nppnroot. To tho Londoner who is old enough
to remombcr things n they woro twenty-liv- e

to thirty years ngo. tho evor-rnstle- flux of
humnulty In tho present day Is a con- -
rnnf ttrMsjtvtn it w ifiHn Tit farm nt tlrrwtu

If ono saw n carpenter, bricklayer, or
laborer nt work, ono might ho pretty
sum that ho HmmI In tho neighborhood.
frobably was born thoro llko his father before

ho quits woik nt C o'clock, or I
o'clock on Bntmdnys. nnd passes iieihaps nu
hour In reaching his home. Cheap fares nnd
the Increased value of land in tho grcnt cities
hnvo beijn both the cnuso and effect ot this
change. Tho concentration of business, for-
merly diffused among many linmK In a few
vnst llrms Is another modern cause. Formerly
every neighborhood was nnd
tho creator pait of Its Inhabitants seldom
pnssod Its boundaries. It had Its own butcher,
linker, green grocer, furniture dealer. Iron-
monger. Ac. each tradesman occupying his
own shop, and living over It. often with Ins ap-
prentices and assistants. Now tho tiadcsinun

of the town hnvo their suburban residences
and come to town by train In the same woyas
tho merchant, lawyer, or stock broker. In
England nocluss has beuellted by tho general
prosperity or tho laJt quarter of a century
more than have the shopkeepers ot the towns.
A suburban butcher makes n fortune in a few
years, and purchases a country seat which nn
impoverished baronet has to throw on the
market. Ho is succeeded by his assistant, who
a few years before wns going round for orders
bnreheadedaftorthe manner of buthorboysln
England, and he. too. retires in a few years. A
small bakergtartsmaking bread by machinery,
and now dines with his butler behind his
chair, while in tho enmo neighborhood tho
linen draper or dry goods merchant has bo ex-
tended his connection nnd enlarged his shop
that his son has become ono of the best known
among tho wealthy ownors of d

drags. It is conditions kucIi as these which
swell tho volumo of travel nnd rondor schemes
llko Mr. Greathead's railway a necessity of tho
age.

The City and South London Railway is but a
short line not much above threo miles In
length. It tops n populous, respoctnblo. and
quite uninteresting part of London, uhiofly in- -
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habited by the city clork and shop assistant
class. Its northern terminus Is on the ap-
proach to London Drldge on the City side,
whero tho trafllo is denser and stead-
ier than in any othor part ot London. Imme-
diately after leaving tlio City terminus tho line
bends abruptly with a sharp curve and rapid
incline to tho fcouth, and this tnkos it below
tho bed of the Thames. Excepting where
the line pasties undor the river and be-
neath one block of warehouses on tho
southorn bank. It is wholly beneath the
puhllo highway, followiug tho lino of
Arthur streot and Bwau Inno for the short
dlntnnco on the north bank; then, when it
emerges on the Surrey sido.lt runs benvnth
tho continuous thoroughfnro formed by tho
ISorough High stroet, Newlngton causeway.
Kennlngton Park road, nnd Ctnpham road.
These thoroughfares nre tho most ancient and
the chief approaches to London from tho
south, Hwnsfnini tho Jlorough.lt will bo re-
membered, that Chaucer's pilgrims started on
their pious ionriioy to Canterbury, and thoro
still exIstsaTnbard Inn, although the original
building has now disappeared. Iioeldos tho
termini thero.nre four stations at opproxl- -
mntnlv nnitnl nlfttjinpna. Th rnllwnv iinRlt
of two tunnels, the up nnd down lines being
each in its own subway. Tho rails are never
less than forty foot bolow tho surface, that
is thn minimum depth, but in many
cases this is greatly exceeded, for Instance,
in crossing the river whoro tho tunnel:, had to
be carried far down In order to got Into firm
ground below the tidal influence. Passenger
communication with the turaeo is carried on
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entirely by hydraullo elevators, as it would bo
hopoless to expect peoplo to descend and as-
cend on foot alxtr or sevonty foet while omnl-hUB-

nnd trnm cat s were running on tho sur-
face Tho traction Is entirely electrical, ithaving been ii stringent provision on tho part
of tho legislature that toam looomotlvos
should not bo used. Londoners have had quite
suflloleiit experience of tho sulohurous

caused by running eoal orcoko fur-
naces thiough long covered rnllwavv.

Tho lonath of the City and Kouth London
Railway i a ti mllos. tho route being shown
in figure 1. Thu extension which is to bo
made to Clnpliam shortly Is shown by thn
dotted line. The routa followed lu boneath
level ground, although the tunnels themselves
are by no moans in n horizontal plane, therebeing purposoly modo a dip between stations.
This putting of tho stations on hills has a two-JoJ- d

adYautoie, md lsoueoi thocod oolnU- --v. . i,iV --. i

claimed for the Greathead system. Tho trains
can run at srood ntmost up to tho platform,
and nro qiilokly brought to, a stop simply by
shutting off power, so that the brnkes huvo to
bo used very little, if nt all. On starting,
when most power Is required, there Is tho
down grndofo give the train a send-of- f. The
advantages ot this arraugomont nro well known
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to engineers, nnd will bo apparent to any ono
who H'liiember.H that n loeomotivo has to ho
made more than threo times ns powerful as is
required to keep Its train going In order to
glo the extra pull for the start, and tills two-thir-

extra iKiwqr, Is absorbed by tho brakes
In stopping at thn noxt station. The system Is
naturally not nvnllable for railways that hvo
to follow tho Mirfai'it. In nn overhead railway
the plan coUld bo adopted, but would entail a
inoio costly structure, nnd further would neces-
sitate tho stntlons being placed fnrthor from
tho stieet level. A few feet higher or lower
nro. however, of no eoubequenco to tho doep
tunnel inllwuy.

The upiuid the down lines run In Its own
tunnel. This may bo said to hen necessary
P.utof thu (Irentluuul system. In tho first placo
It assists entll.tlon. ot. lather, Mippllos a
moans of ventilation In Itself. Tho trains nro
a pretty close lit in the tunnel, nnd they act as
Pistons In alongcyllndei'.drhingoutnlrbofnru
them nnd drawing freh nlr In behind, thus
causing a con-tii- nt circulation. This Is very
imiU'ciihlii nt tho stations where n distinct
draught can be felt Intltoshnltonthonppioach
of a train. On tho District Underground, and
htlll more so on the .Metropolitan Underground
line, thisnrtungenient would hnvo done much
to overcome tho honors of tho passage on
those railways: but both up nnd down Hues be-
ing carried in ono tunnel, tho nlr escapes nt
the side of the train, nnd even what Is Impelled
inonodiieetioii byuu up train is carried back
by the down tiniii.

AnntliMr rruismi u'hv thn iin.nnil.iloivn (raffle I

should lie can led in different tunnels Is In
order to cITeutn saving in horizontal space.
Vertically the engluoera have powers of co-
nstructionthat is. statutory, not physical
pouuis of construction lo the centre of tlio
globe, but they must keep beneath the public
streets and nut take away landowners' earth,
nlthougli tho landowner might never know It
had gone. Somo of the streets boneath which
tlio City and South London Hallway passes nro
very nariow. and there Is no room for two tun-
nels nbreast. This seemed nn insupcrnhleilll-llcult- y

at llrst. mill it was thought that the
houses on one side of the street would
have to bo purehnsed. until Mr. Orcathead
suggested tho simple expedient of tipping his
lino up edgeways, as It were, mid running one
tunnel nboe thu other. It was also seen that
this arrangement had it further ndvnntnge. so
that tho tunnels have been placed at different
levels, although not immediately one ubovo
the other, even where the roads are wide. Tho
communication between the station platforms
and the streets above Is by hydraulic eleva-
tors. It is desirable, of course, to use tlio same

lifts for thn up and down lines. This could bo
accomplished by bringing the lift shnft down
between the two lines were tho tunnels side by
side, but tho surface, apneo between tho two
lines Is the public street, which must not
bo encroached upon. Tho tunnels have,
thorefore, been set with their axes in
n plune diagonal to the street surface,
and thus either ono can bo reached
from tho elevator cage bv menns of a
short and easy incline. In this way there is
avoided that stair oxorclso to which nvorngo
clvilizod humanity has a decided objection.
The general nrrnngomont of tho typo of inter-
mediate station is well shown In llguro '.

Tho city terminus, which is Bhown on tho
plan figure .', is beneath a house at the corner
of Arthur street and King William street, and
is on the direct approach from tho north side
of London Urldgo. Tlio ticket or booking
offices axe on thn ground level, tho upper part
of the building being used for offices, ns
shown in tho section llguro 4. Tho work here
wns carried out without disturbing tho walls
of tho house uboo.

The leading fentnro In constructlngtlils rail-
way as it should ho in constructing any rnll-wu- y

in a crowded city was to disturb tho sur-foc- o

as llttlo as possible. The largest open
space In the neighborhood Is tho rl er Thames,
and It was determined to uso tills as tho out-
let for tho excavutlon. A shaft was sunk from
tho bottom of the Thames near tho Old Hwan
Pier on the Middlesex shoro. but sufficiently
far out not to interfere withtho wharfage. This
shaft was Iron-line- d nnd thirteen feet In diam-
eter. It was carried down through sand and
gravel into the London clay, and was
carried up so as to bo above tho
level of high water. It was nrotocted
by a temporary staging, as shown in
figure 15. This was tho first work nud point
of departure, and from this shaft was driven
tho first tunnel, begun In November. 1880.
Tho second or lower tunnel was next begun,
and the two then proceeded together. The ad-
vantages of sinking tho shaft In the rlvor bod
nro obvious In tho facility offered for carrying
away tho soil in barges, the cheupost modo of
transport. Tho two tunnels woro worked in
both directions north toward tlio city ter-
minus, and south undor the rivor. A space of
4 feet 0 inches separated them.

Tim construction of tin tunnels was carried
on by means of up apparatus devised for tho
liuriiosii by Mr.Greatlioad and generally known
toougliieorsiistho "Orcathead shield." Tho
tunnelling shield was first Invented by Rrunol
for the purpose of carrying the old Thames
Tunnel iiiidertheilveratWapplng. Tollrunol,
thorefore. belongs tho credit of Inventing tho
shield, but ninny Improvements huvo sineo
been made. Thn most notable nro

thoso embodied in the Groat-hea- d

svstom. An account of the manner in
which tho work was carried out nt tho shaft in
the river bed will perhaps afford tho best de-
scription of the shlold. Tho vertical shaft
Inning boon sunk, a short oxcuvatlon
In nn horizontal direction wns made,
nnd this formed thn beginning ot tho tunnel.
In this excavation wan placed a steel cylindor
10 foot ti Inches In diameter and 0 foet
0 Inches lu length. In figure 0 thn shield Is
shown In longitudinal soctlon .and in cross-soctlo- n.

Thn outor thick black line represents
the steel cylinder. Inside of tho latter, and
fixed to It near tho front ond, is a strong cast
iron ring. Attachod to this is tho shield proper,
consisting of a steel diaphragm, which forms
an ond partition of the stool cylinder. Tho
shield Is supported on tho outsldo by an Iron
ring, which also serves as an abutment for tho
cutters about to bo described. In the rolddlo
of the stoel plato which forms tho shield, is an
aporture about l) feet high and 4 foot U

Inches in breadth. This opening can be olosed
with planks if necessary.

The mothodof operation is as follows: The
miners stand within the stool cylinder and
bring down the soli through the aperture in
tho shield, whence it is taken to the nearest
shaft communicating with tho surface A
"bonding" having been formod intlilsway by
removing n central coruot earth, the shlold is
pushed forward in a roannor which will re-
quire further roforence to the Illustration. The
tunnels are lined with oast Iron rings. Those
rings aro formed of segments bolted together
through Internal projections or flanges,
the latter bolng Mi Inches deep and
1.' Inches thick. Tho comploted ring is
1 foot 7 Inchos long nnd 10 feet In
diameter, tho latter, ot course, bolng tho
diameter nt thn tunnel. Ono of those rings nnd
apart ot anothor aro shown in placo on tho
lelt of llguro It. An thn work progresses tho
ring nearest the shield naturally forms the
end of tho comploted part of tho tunnel, and
this end supplies nn abutment against which
pross six hydraullo rams. The rum cylinders
nre marked A In llguro 0 and tho rams them-
selves a. It will bo seen that ns the rams nro
forced out of thn cylinders tho tendency is to
push apart tho lining of the lunnol
and the heavy cast iron rings before re-
ferred to. Now as the tunnel lining
is immovable, tlio cast iron ring has to go for-
ward, and, aa It is attached to tho stool
cylinder, that lias to bojsjXIw '.StSSi.

cylindor Is thorefore pushed forward, sliding
on the last orectod part of tho permanent tun-n- ol

lining, just as a telescopo is oponod. It
will bo remembered that only ft core of earth
has been removed by tho minors, thus form-
ing ft, "heading." and therotoro the soil sur-
rounding tho heading Is forced inward, thus
filling up thooontral Bpaoo. What englnoers
understand by a heading Is a small tun-
nel, of loss diameter than, tlio com-
pleted tunnol. driven ahead of tho work.
Tho forcing down of tho .circumfer-
ential oarth, is not performed bytho dgo of
tho steel oyllnder, but Is effected by adjustable
stool cuttors or curved knives. Each blade is
tho sogment of a oircle, nnd tho whole when In
placo is a cutting hoop dished outward toward
Its forward edge. Thn notion of tho outtors is
assisted bv timbor wodgos shod with stool, as
shown nt B in figure 7 : t ho latter bolng an

view of n part of tho ond ot tho cylin-
dor with tho cutters shown by B.

In llguro 0 the shlold is movod forward to
nearly its full extent, and tho rams are there-
fore oxtendod. The noxt oporatlon will be to
withdraw tlio hydraullo rams a into tho cylin-
dor A, and then build up. Inside of tho Btool
cylinder, anothor ring of tho cast-Iro- n tunnel
lining, which in turn will form nn abutment
for tho rams to press ngalnst in forcing tho
shlold forward another length.

It will bo soon that ns tho stool cylindor
slides roranrdon tho tunnel lining nn annular
spaco Is loft surrounding tho lining. This
would bo nn undesirable feature wot o it left,
but Mr. Orcathead has taken advantage of it
to add n considerable Improvement to Tils sys-
tem. In llguro 8 is shown a grouting, appa-
ratus used for tho purposo of Illllng this an-
nular spate. Thn npparatus consists of nn
nir-tig- cylinder hawng an axial shaft with
nulla! paddles, the shaft working through n
stuffing box nt H. and having attached, n
handle outside. The object ot tho paddles
Is to keep tlio grout, which has to bo
falily liquid, nt n homogeneous consistency,
so that thn lienvv part will not settle ut the
bottom. Tho grouting lsmndoot a blue lias
lime. In vifh seginont of tho cast Iron lining
a hole Is loft, nud in those holes is Inserted
tho nozzto ot n strong hoso which lends from
tho grouting cylindor. 'Che nozr.lo being in
place, nlr compressed to thirty to forty pounds
to thu squaro Inch is ndmlltcd to tho cylinder,
nnd this forces tho liquid grout into tho an-
nular epneo loft around tho iron lining. In
ordorto make sure that tho space is tilled tho

07.zl o is attached to tho lowor holes
first and tho grout is forced through
until It appears nt tho hnlo above.
Thn grout soon sets, and in this way a shell of
cement about uti Inch thick is placed round
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tho iron tunnel lining, forming-a-n itnpormoa-bi- o

coating, and piotcctlng the cast Iron from
moisture und oxidation, it should ho hinted
that each of tho rings ot lining Is composed of
six segments. In addition to which there is u
short key segment with pnrallcl flangos to
form tho top. as shown in llguro 0. Tho cir-
cumferential joints nro mado with tarred ropa
nnd cement, and the longitudinal ones with
pine strips.

In tho description it has hitherto been as-
sumed that the tunnel was being driven
through llrra earth. In the City and Kouth
Loudon Railway by far tho greater length wltconstructed In tho goologlcul stratum known
ns tho London clay, but lu places thcro woro
faults, and ono of thnso caused the engineers
n great deal of trouble. lion the lino hp.s al-
most completed tho contractors were

surprised by an Inflow of water ut
thn btockwell end. and it wns then found thati... ...t.. i i .....i..i .... n i...IIIU MllllUl HUM Wl'lltUU Ull, VII I1IU
flu" into a bed of clean, water-bearin- g

sand and gur.nl. Tills was undoubt-
edly the bed of nn ancient stream, or
rather It might bo described as nn under-gioun- d

river, for the flow of water was con-
stant, and the pressure was equul to a bead of
atioutthlrty-iUofce- t. It wasjust onoof tho-- e

unpleasant Incidents which spoil a record job.
take the gilt oft" a contract, and may eonert It
into a heavy loss. It was soon seen that this
short length, for It waaonly a few hundred feet
across, would require a different modo of treat-
ment from that pursued with tho reliable Lou-
don clay. A largo nir compressing plant was
erected closo by. and an air lock was built
ncross thn end ot tho tunnel. Although the
system of working in compressed nir as a
means of keeping out wateris now woll known
to engineers, a few words of explanation may
not bo out ot place. The plan was first intro-
duced for tho purposo of sinking bridge foun-
dations in the bed of a rivor. In such an opora- -
tJon a vertical caisson is used, and tho caisson
may bo said to corrospondlo thotunnel shield,
tho former working vertically nnd tho lattor
horizontally. In tho case of the tunnol In
question, tho procedure was ns follows: A
double air-tig- partition or nir lock was built
ncross tho tunnel a short distance from the
end, so that a closed chamber was formed by
tho lining of the tunnel, tho nir lock shutting
oif tho after end. and the shlold the

end. In case of tho water's com-
ing freely through tho opening, the shield.

Fit II L
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through which tho men work, has nntuiallyto
be tightly fastened. Upon tho chambers being
filled with compresod air. however, tho open-
ing In tho shield may bo oponed nnd water will
not come through so long ns the air pressure
Is In excess of that duo to tho bead of water:
in other words, the air will escape through
tho opening, and thn current bolng in nn out-
ward direction, tho water will not flow lu In op-
position to it. Of courso these results are not
absolutely obtained In practice, for working
undor pressure Is always very wet business,
hut tho principle is ns described. In
tho Btockwell tunnel tho pressure required
was not very great, only lf pounds to tho
squaro Inch, or just tlio umount to which ma-
rine bailors wcro pressed nbout tnonty-flv- o

ago. Working In comprossod ulr Is voryrears to the men and lends at tlmostocom-plnlnt- s
of a curious and special nature. Somo

mon cannot stand tho work at all. u good deal
depending on I he constitution and habit of
life. It Is by no means the most robust in ap-
pearance who uro best flttnd for tho work,
but ono thing Is absolutely roqulslto. a tern- -
Cernto mode of life. A clean mucous

is n necessity.
Thcro Is n method of working on the Great-hea- d

system which is curried on wholly within
tlio shield. This Is naturally used whero the
ground Is vory soft nnd It Is desirable to have
no opening. Thoillustrntlou (llguro 10) shows
the arrangement. Kills the cylindrical bteol
lube nml A Is the shield, w hlch lu this enso Is
of special construction. Thoro Is a closedtn.,l. ! Hit. Int. Ifi r.il.inni ... .. imna .1 . ..! Innum. . vtiiiuii la puijrib lu .iurnuiu unit
flllod with wnlor. This wator llnds an outlet
through the shield by means of sovernl jets,
ddd. Tho force of thn jets washos down the
mud or snnd which falls Into tho receptacle, L.
nt tho bottom. From this recoptnele u plpo. L
returns to tho tnnk.and through this tlio water
returns, carrying tho diSbrls with it. Tho boll
is loosened by means of the projecting bars,
which work through tho shield. The pipe II Is
for carrying off tho surplus water. When sufll-clo- rt

material has been removed from tho
working fnco in front ot tho shield and has ac-
cumulated in thu tank, steel trucks, K Iv, filled
with wator uro brought undor tho openings f f.
The valves e o nro closed to shut offall ex-
ternal nrossuro. Commuutcntlon having boon
oponod botwoon the trucks and tho tank, the
sand or mud iii tho lattor falls into tho tubs ny
its own gravity and tho wator asconds to take
its placo. To cloar out tho plpos should thoy
bocomo blockod. tho curront of water is sont
direct froin tho plpo D through the branch P
toE.

" 'jl.ijV -
J vi1-- f . (,

Tor cutting through rook, although no rock
was met with In tho courso of the City and
South London Railway. Mr. Groatboad has also
devised a plan which it may be as well
to deBorlbe. although It has not been
put to actual nso. For this purpose
the cutting apparatus shown In figure 11 would
bo, used. It consists of a d tool
holder. O 0. whloh Is a crosspleoopf Iron into
which steel cutters aro firmly fixed. This cut-
ting part of tho apparatus is attachod to n
shaft which passos through tho shlold and
which Is rotntcd by an air motor. When out-
line, thu tool is pressed up to tho rock faco to
be operated upon as shown by dottod linos.
When the cutters want rcnowlng tlio holder Is
set in n horizontal position and Is thou drawn
back until it is under tho hood M. It is then
turned vertically so ns to bring ono arm within
tho hood. Compressed ulr Is then admitted to
the latter so that a man can go In to replace
the cutters. The othor arm. Is then turned up
and the process repeated. Before forming an
opinion as to the practical utility of this plan,

. It would, oj coarse, be" "riejftBBarr to MTOex-- .

perlonco of its working, and to team some-
thing of the cost nnd rate of working.

It would take far too much snaoo to give
all tho features In tho construction of this
railway. Those describod aro perhaps the
most Intorosttng nnd most novel. With tho
Grcathoad shield thn contractors, working
at six tocos, accomplished as muoh as 100
foot In ono day: but the nvorngo nt each
faco was 13 feet 0 Inchos n day. When going
through tho bod of thn old water courso at
Btoekwoll, tho rnto of advance wns fi foot 0
Inches a day. In this portion a good deal of
use was mado or the grout jet;" that Is to
say. tho fnco of tho gravel as soon as exposed
was played upon by n jet of grout, which

tho gravel or sand aud provontod tho
water from flowing through.

If LTl

It will bo seen that tlio Greathead mothoo! ot
oxcavntlon entails no settlement of land. vA
hole of tlio hIzo of thn tunnol Is borod by tho
shlold nnd the earth is never left unsupported.
Tho hole that Is mado is filled by tho cast-Iro- n

lining. It is clear, therefore, that no subsi-
dence con take pluen. Certain owncru of prop-
erty adjoining tho lino of routo weronot of
this opinion, and various claims were mado
for cracks lu walls nnd othor damages, of u
likomituie, which wero attributed to iho tun-
nelling operations In tho stroot below, itcd
were .supposed to bo forerunners of worso to
eome. .fortunately for himself. Mr. Greathead
hnd taken the precaution, boforo tho work be-
gan, of photoginphlng evorv cracked wnll or
other sign of bad foundations on thn lino, and
these muto witnesses were of tho greatest uso
In refreshing tho memories of tlio propotty
owners ns to the antiquity of tho cracks.

Tho lift wcllsof tho Olty and Houth London
Railway nro twenty-flv- o foet in diamcror. and
are lined with iron, us Is thotunnel. lu oach
well thoro won: two semicircular cages, each
occupying half of the cross section of tlio well.
Tho capacity of the cages is fifty persons ent'i.
bo that tho two will hold just a trnlnful of 10t)
passengers. Al tho Btockwell terminus thore
Is tlio necessary hydraulic pumping plant
working up to 1,200 pounds pressure. Tho
main nt first is seven and u half Inches In di-
ameter, nud is gradually reduced to three uud
u quart or.

The lifts on the railway aio worked on this
principle, and not by the direct ram. tlio height
of lift being so groat. Thoro nro four wlro
ropes to a cage, each having a breaking strain
of flfty-lh- o tuns, or 220 tons in all. Tho work-
ing load will bo three and a quarter tons, bo
thcro is a fair mnrgin of safety. There are,
morevor, tho usual safety appliances. Tho
waste water is returned to tlio pumping sta-
tion, und Is used over nndovor again. Thoro
Is un accumulator seventeen inches in dlumo- -
teratid siiventeeu inches stroke at thu pump-
ing depot, nnd a second ono nine ana ono-ha- lt

inches lu diameter and twonty-sovo- n

feet stroke nt nbout tho mlddlo of the
lino to reduce the velocity of tho stroke. An-
othor use to wliieh the hydraullo power Is put
is freeing the tunnels from water, for tho level
is below all drains. Tills is effectod by tho
Greathead ejector. It consists of a jet of pros-sur- e

water emerging into a lecoptnelo whloh
contains the collected druln water. Tho pres-
sure water escapes with considerable velocity
and set: up uu induced current in the

water. It is very curious to st'e-wate-

thus doing that which, according to tlio
nuelent proverb, is uu impossibility, namely,
flowing up hill. '

It wns originally Intended that tho City and
Soutli Ijoudou Railway should bo worked by
cable traction, and arrangements wore made
for this system. A schomo for olectrlcal trac-
tion was considered nnd rejected in favor ot
iiiu wire rope. tv line me x .iriiaiueuiary uunu
was being carried on, however, electricity
madesuchadMinecs that it was finally adopted.
The contractors for this part of tho scheme
undertook that the haulage of the trains
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should not exceed n cost of 3H ponce nor train
mllo. A train consists ot throe coaohos, and.
witli tho electric locomotive, weighs from IH)
to :io tons. Tho full complement ot passengers
is 100 persons. It Is claimed that the figure
given Is thn cheapest nt which eloctric trac-
tion lins yet been undertaken.

Tho run is made at the rato of lfi miles an
hour. Includlngfour stoppages. Thoroisatlve-inimit- o

sen ice. Tho locomotives urn able,
however, to draw thn train nt tlio rate of '25 to
JO miles on hour. Tor railway travelling the
speed is low: for short distances within city
boundaries it has boon found to ho sufflclont.
The carriages aro of tlio American system,
that Is, there is a long continuous car with
doors and platforms nt oach end. In placo of
having the doors nt tho side, and tho carriages
dhlded by transverse partitions, after tho
fashion of tho old English conches. Thn
American bystcm of paying a fixed fare for all
distances on entering the station Is also
adopted. Both innovations on English practice
appear to meet with general approval. Tho
height of cars from floor to roof is boven feet,
nnd tho. maximum width of tho car is about
ten feet That, of course, is only in thn mlddlo
height, but on thn whole the ton foet diameter
of tunnel ghesnmplorooin iu tho car.

In figure 12 Is an exterior viow of ono
of tho electric locomotives. Tho admirable
feature of tliesn engines is that thoro is no
gearing of any kind required to transmit tho
JMiwcr to tho wheels. Around the wheol axles
there Is constructed tho armature of an elec-
trical engine: that is. the axle of tlio carrying
wheols forms tho spindle of tho motor. As will
bo seen in llguro lit, which Is a section of tho
locomotive, there nro two sets of wheels, both
driven and both running independently, thoro
being a double motor. Tho sectional drawing,
figure 13, shows this arrangement. Tho mo-
tors nro series wound, nnd tholr speed of revo-
lution naturally varies with that of the train.
Tho size of wheels adopted on tho locomotives
In quostlon requires 100 turns to glvo fifteen
miles un hour. Tho maximum horse power is
1( units.

Tho engines and dynamos which constitute
tho power generating plant aro situated at tho
principal btation at Btockwell. shown in
llguro 14. Tho cross section through tlio
engino house is shown In llguro lf. Horo
am three Edlson-Hopkinso- n d names, euch
driven by a belt running from compound
Inverted engines giving off ;75 indicated horso
power. Thorn Is u Wilsoii-llartnn- ll governor.
by means of which nutomatlo cut-on- ? gear Is
workud so Hint tho quantity of steam admitted
to the engine Is regulated automatically as tho
load on the engine varies. Hteamut HOpoumls
pressure is supplied by four Lancashire boil-
ers having mechanical stokers. Tho arrange-
ments for to king In coal and bringing it to tho
automatic firing apparatus uro well thought
out, but would take too much spaco to de-
scribe, Thcro are feed water heaters nnd va-
rious othor nppllancoj which need not bo
dwelt uiion.

Thn electric curront gonorntlng dynamos
are fitted with bar armatures, the weight of
each being about two tons. Each complete
machine weighs nbout sovonteen tons. The
magnet limbs nro exceedingly mneslto, each
limb with its pole pleco being ovor four tons,
and tho yoko ot the machine threo tons. Theoutput Is 430 amperes at 500 volts, tho elec-
trical efficiency bolng as high ns 00 percent,

The City and South London Railway has now
been open nlno months, and has proved agroat engineering success, so much so that a
now lino on tho same principle, but of great-
er length, Is to bo constructed. Parliamentary
powers having boon obtained. This will
run from thn heart of the City and below
the main thoroughfares of Holborn and
Oxford street to the suburban neigh-
borhood of Bhepherd's Bush. Other lines will
doubtless follow. It Is to he hoped that some
definite nnd harmonious plan may be evolved
by which railway communication between dif-
ferent parts of tlio British metropolis may be
made moro rapid, more simple, and more cer-
tain. At present It requires a spools! educa-
tion to bo able to find ono's way about. Even
tho oxpertenced native too often dlsoovers
when ho wishos to get across London that,

matters how no will, ho cannot oontlnue
his journpy from onn lino to tho other without
0 wait of half an hour to an hour.

Tho CItr andBduth London Railway is. as has
boon Mild, an engineering success. Unfortu-
nately it has not been a financial success, a
clrcumstanco upon which tho shareholders
naturally lay most stress. It muy bo, however,
that though suitable for tho comparatively
Btrulghtforwaid Loudon clny, and oven tho
water-boarln- g satul and gravel, thn system
may not bo so well adapted fur other ecologi-
cal formation. Now York, for lnstanoo. stands
on u vory different basis, and It would be rash
to predict that because tho system described
in this artlolo has proved so successful in the
British capital t would be equally practicable
In the rooky and varying formation, upon which,
too Anerioan metropolis la ImUU
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Sill, Cmiil k oipsoi. I
Particularly Intertilling Heading for Intending 111
ttnjer ot Cloaks, Suits, JFurs, Jtlillincrij Goods, c llf
Ladies' and Misses' Cloaks and

Suits; Alaska Seal and fur-Lin- ed

Garments; Fur Capes,

Collars, Scarfs, Boas, Muffs.

Wo boar to Invito tho attention of buy-

ers to tho very grout bargains wo shall
offer on Monday, nnd dttrinir tho wcok.
In Ladles' Imported Suite and thoso ot
our own rnako; Ladles' London-mad- e

Jackets, Paletots, Newmarkets, and
Travelling Garments ot nvery descrip-

tion; Capes mado In Cloths, l'latn and
Brocado Volvcls und Plushes, 811k, Real,
Mink, Sablo, and all fashionable furs ;

also to our unapproochablo collection of
Misses' Cloaks and Suits.

TVe make ao caai-g- a for allarias altaar
X.4lr' or Mlaaea' Cloaaa, Suit a. For Oar.
acataa or Fur Caves.

Silk Department.
Exceptional Values for this Week.

100 Pieces

Novelty Plaid and Striped

& Surah Silk at
49Ca Yd.; actual value 91.

One Iiot
Black all-si- lk Satin Brocade,

69Ca Yd.; worth OBo.

VELVETS
For Millinery, Trimming, and Dress pur-

poses, in all tho staple and fancy shades,
from 91 per yard upward.

Dress Goods Department,
"SPECIAt." for This Week.

250 Pieces

im-rvu- ui rieuuu rumu,
9Ca Yd.; actual value 91.

Tlicso goods ni e this season's importation,
and comprise a full lino ot all the newest
shades.

3BXji.A.03B: GOODS.
50 Pieces 52-ln- ch

All-Wo- ol Cloth Suitings,

49Cb Yd.; worth 75c.

Ladies' Hosiery and Underwear.

Ladles' Bilk plated Hose, in a large va-

riety of colors, 35c. pair: worth 73c.

Ladies' fine quality English Silk Hose,
black and colored, $1.25 pair; worth $2.80.

Children's Fast Black extra heavy Bibbed
Cotton Hose, sizo C to 10 inches, 25c. pair;
worth 89c,

Lodiea' genuine Swiss Bibbed Wool Vesta
High nock, short sleeves, colors white,

sky blue, and medicated' scarlet, all sizes,
75c. each; worth $1. High neck, long
sleeves, in white only,- - 08c; worth $1.85.

Ladies' white Lambs' Wool Vests and
Drawers (Vests, high neck, long and short
sleeves), 91.25 each; worth $1.75.

Art Department.
Now stylos in Silk Chair Bests, plain and

figured silk pu (lines, finished with ribbon ties,
08c. each.

Iland-palnte- d Surah Bilk Chair Rests, light
to dark shadings, with gold outline, $1.05.

Down-fille- d Sofa Cushions, exquisite designs
in finest quality of figured China Bilk. $1.83.

China Silk Lambrequins, 2K yards long,
fringed all round, $2.80 each: extra values.

VEILINGS.
The largest and most complete assortment

of Vollines ever shown, comprising all the
latest novelties and nowest combinations of
Chenillo. Velvet and Crystal, In dots and
figures.

All-sil- k Gauze and Grenadine Draperies
nnd Flouncing, 45 and 48 inchos wide, at
G2c 79c. nnd 98c. yard; half former prices.

Men's Furnishings.
NECKWEAR.

Men's Silk nnd Satin Took, Four-In-Hnn-

and Puff Scarfs, in vory neat effects, light
and dark grounds, 45c. each ; worth 05o.

Men's Tock, Four-In-Han- and Puff .Silk
and Satin Scarfs, of tho vory best quality,
latest shapes, nnd nowest colorings, 5Bo.
each; worth 98c.

Men's finest quality Imported De Join- -

Tillo Silk and Satin Scarfs, in light and dark
colors, and vory latest ofTocts, l)8c each;
worth $1.50.

UNDERWEAR.
Mon's White Merino and Natural Wool Shirts

and Drawers, all sizes, 75c., 08a, $1.25 and
$1.50 each.

Mon's extra fine quality Carael's-hsl- r Shirts
and Drawers, all sizes, $1,50 each; worth
$i.oa

Mon's best quality full regular made Natural
Wool Shirts and Drawers, $2.60 each; worth
$2.08.

Norfolk & New Brunswlok full regular made
ol White Shirts and Drawers, $2.25 eaoh.

HALF HOSE. Five Special Values.
Men's genuine fast black Cotton Half Hois

(extra spliced feet), all sizes, 12,'c pair;
worth 25c.

Men's extra fino and heavy-weig- Merino
Half Hose, fancy striped and plain mode
oolors, 10c. pair; worth 35c.

Men's winter weight colored Cotton Half
Hose. In grays, tans, and fast blaolc all sizes.
25o. pair; worth 30o.

Men's superfine English Merino Half Hose,
tan and modo shades (oxtra spliced feet), all
slzos, 35o pair: worth SOc.

Mon's pure natural Lamb's-woo- l Half nose,
medium wolght. all sizes, 42c. pair; wbrth 05c.

UMUUKLLA8.
English Gloria Umbrellas, with

cascB, fancy ellvor mountings on handles,
at $1.00 each; worth $2.25,
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Millinery Department. II
Supplementary Opening of II

Imported Bonnots, Iff
Round Hats and Turbans. m

Owing to tho lnte arrival of many of 'H;
our Imported Models, wo have decided to ';
mako a supplementary exhibit on Monday Si

and Tuesday, Oct. 19 nnd '20, whon wo shall 5
'

show tho very latest nnd choicest creation i

of the loading modistes abroad. I r
r

Wo shall also display mnny now and orlgi- - : ,'

nal Ideas in DBESS and SUIT HATS from '

our own workrooms, marked at very low v

prlcos.
FELT GOODS.

10,000 dozen best quality Ladles', Misses',
"

(k
and Children's Fur Felt Hnts and Bonnots, 1$?
In all tho nowest shapes, styles, and colors, Jf
from 08c. upward. $

Largo variety of fine Imported Novelties ? '

In Felt Goods not to bo scon elsewhere. '
8PECIAI..-l00tfoinIaleaaaXU- Ma

Fell Data, la a lares assortment of akaaea, "

la alack aa all colors, at 48e. each.

Special Ribbon Sale.
850 pieces Fancy Novelty Stripe nnd Bro-

cade Blbbon, new cholco goods of superior
quality, 8 and 4 Inches wide, all good shades,
at21tc. por yard; worth C5c. and 75c.

Feather Boas and Collars.
1,000 dozen Feather Boas and Collars, In '

'all styles and grades ot Ostrich, Coque. and
Hackle Feathers. oIbo many cholco Import- - - '

ed novelties in Feather nnd Marabout
effects for neckwear, exclusive with us. .:

All air Cone an Ilachle Boas aa Col. ' '

lars are or Berlin make, which are the Terjr

best produced, belna; perfectly soft mat ,!

pliable.
SPECIAL VALUES. '

300 dozen Coque and Hacklo Collars, 1 j

Inchos long, nt 91.75 each; worth $3.00.

75 Coque and Hackle Boas, 1M yards lonr,
at 95.98 each; worth $8.75.

Ladies' and Infants'

Underwear Department,
CHILDREN'S CLOAKS (up to 4 years). '

In styles becoming; to all children. Assort-aie-nt

too large and varied to describe.
Special Bargains for this Week : r

HANDSOMELY TRIMMED CLOAKS j

At 92.75, 98.75, 95.

INFANTS' LONG CLOAKS,
In Cashmere and Lamb's Wool, j

At 91.03, 92.50, 98.25.

INFANTS' Complete OUTFITS, 98.09.(S pieces). '

Ladies' All-Wo- ol Flannel Wrappers, u
in a variety of colors, at """j,

82.75; worth 95. '

The "JudicT" Corset
Our Fall Importations of this celebrated

t
Corset are now on sale. Wo are the sole
ownors. .it(

i.ei
SPECIAL SALE m

Chenille Portieres. ;!;

(Upholsterr Department.) It

88 Chenille Portieres at $1.79 pair 4

Ono lot Chenillo Portieres, some plain, JJ

others with dodo and frieze, heavy fringe j
top and bottom, regular $9 quality, at $1.79 tl
pair. jj

911 Chenille Portieres at $5.93 pair b

Ono lot very fine Chenillo Portieres, in f
Nile, Gobelin, Terra Cotta, Tobacco, Gold, J

and Garnet, with rich Grecian border and g
hoavy fringe, regular $11 quality, at $5.98
pair. c
914 Chenille Portieres at $7.93 pair u

One lot French Chenillo Portieres, figured "j

all over, in cholco designs nnd colorings, .
regular $14 quality, at $7.93 pair.

a
SPECIAL SALE OF a

BLANKETS. ;
(Dasemeat.)

Housokoopors and hotel-keepe- will find j

this nn unuRual opportunity to (supply their tj
requirements In Wool Iilnnknts. Having been g
purchased by us on very advantageous terras B
(In many Instanocs bolow actual manufactur- - y;

Ing cost), tho prices now quoted muko thuat tl
positive and absoluto bargains. .K

10--4 Blankets, $2.S pal r ; worth $3.13. jj
10--4 Blankets, $2.98 pair ; worth $3.98. j,
10--4 Blankots, $3.98 pair; worth $5.25. ft
11-- 4 Blankots, $3.48 pair; worth $i.75. ,"

11-- 4 Blankets, $1.98 pair; worth $G.23,

11-- 4 Collfornla Lnmb's-woo- l Blankets at - t
9H.48 pair: worth $8.50. J

Extrn Inrgo sizo Blankets at $8.75 pair;
4

worth $10.50.
Extra largo California Wool Blankets at .

"

90.48 pair; worth $12.50.

Down Comfortables. :

Full size French Sateen Klder Down

Quilts, warranted not to shed feathers and .

fast colors at 95.08 and 97.48 eaou; .
worth $8.75 nnd $11.50. 4

1

Housekeeping Linens.

Opening Fall Importations of Bleached ,
and Cream Tublo Damasks, Xnpklno, I

Towels, Doylies, Lunch and Tea Sots with j
fringe and hemstitched, Whlto Dinner .'
Cloths with Napkins to match. ' 1

At 12Kc. each Buck Toweli. all Unen. 1

worth I80. i
At 20c. each Huok Towels. 22x44 lncnefc

puro linen, regular price 25e. , 1

At 50c. yard Bleached Tablo Damask, all

linen, worth 05c.
At 08c. yard Blenched Satin Damask. 0(J

inches wide, worth H5c 'i
At t)8c dozen Ii Napkins, oil linen, worth

$1.80.
At $1.85 ilonru Lnrcn Sio Napkin, ref

ulnr prieo --'..0. i
At $1.11) each I"r!nced Table Cloths, col- - ,U

ored bordor, 2K yards louir. worth $1.70. jV

6H1 Avenue, 19F10 2(1 Street.
' II
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