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*and with outcrops of rock according to the district. The
Chie difficulty met with is in excavating through quick-
Sand which, owing to the great weight of the surrounding
Mildings, persists in pouring up into the subway and
€cessitates the retaining walls peing carried to a con=
Sderable depth below the floor of the tunnel. Under-
Ploning of building foundations is another heavy ltéem 1n
€ cost of construction. Subways are excavated by the
St and cover method, but civic ordinances usually require
€ street to be timbered and mlade safe for the ordinary
faffic to proceed during excavation. This means that
and labor only can be used and mule trains will be
lecessary for bringing the muck away from the heading.
Ppropriation of cellars and the re-location of sewers,
flephone and power cables is a necessary preliminary
Work which must be completed before construction proper
S begun. i
& Figs. 1 and 2 show diagrams of typical ’steel-beam
Ubways in Buenos Aires and Hamburg respectively. The
Ormer g part of the new rapid transit develop'ment of
Pi‘enos Aires and runs through the heart of the city from

aza Mayo to Plaza Once, a distance of 24 miles, the
®onstruction being now under way for 2 further 2%-mile
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Subway Construction, Buenos Aires.

e::tensk'n’ to Caballito, where the subway cars come up
the surface and continue the journey along Fhe highway
inv(,le more remote suburbs. The line now 1o .operatnf)ri
Cly ved“the excavation of 527,000 cubic yar<.is in alluvxaf
brizkor tosca’’ and the use of 98,000 cubic yards ©
is y masonry and 13,000 tons of steel. Brick masoml'y
ecsed practically to the exclusion of concrete, probably
bricalll se all the cement used has to be 1mp0rted.whllst tt&e
¢k is a local product. The cost of construction on this
€ amounted to $2,680,000 per mile of double track.
he Hamburg subway, opened a few years ago, is
o m‘f a suburban system of which 3-41 miles is elevated
ile lles on the surface on private .rxg}‘{t-of-way and 4.15
§teels underground. The construction 1S steel beam with
~'€l bents in the centre of the tunnel and concrete retain-
t'm Construction costs figured out at $1,000,000
I mile of double track and it is interesting to compare

Als €xtremely low cost with the figures prevailing in

Part

'trace;ica of $2,250,000 to $3,000,000 Per mile of double

lReinfofced concrete for subway construction has been

1:°)'ed with success, notably in the Boston Boylston

8 €t subway and in New York for the Hudson and Man-
~2n Railway, .

Whic’lfh-e third type of construction is the deep level tube,

1s preferable in some locations to the shallow sub-

In London, England, where this line has been the
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furthest developed, the necessity of crossing under the
River Thames as well as the éxisting underground rail-
ways and sewers was the main factor influencing the
adoption of tubes. Added to this the presence of the blue
clay belt from 40 to 200 feet below the street surface
rendered it possible to mine by the use of a shield without
blasting or any interference with the surface except at
the shafts. The clay contains little rock or water-bearing
strata; other locations are not so fortunate as London in
this respect, however, and it is doubtful whether tubes
could be -driven through a subsoil like that of Toronto.
In New York the deep level tube is economically imprac-
ticable except-for river crossings on account of the rock
and quicksand which would be encountered. '

The depth at which the London tubes are driven, 60
to 200 feet below the street, is such as to cause no inter-
ference with foundations, and where necessary the rail-
way cuts across a block instead of following the align-
ment of the street above. The method of shield construc-
tion forms a constant support to the soil above and little
or no timbering is used. The shield consists of a steel
cylinder about six feet long and the same diameter as the
outside of the tunnel segments. The front of the shield
forms a cutting edge and the back is provided with seven
or eight hydraulic rams around the circumference. These
rams obtain their purchase on the last tunnel segments
bolted into place and drive the shield forward at the rate
of about ten feet per day when working in clay. In the
cover afforded by the shield the heading is driven and
earth excavated by hand or by a compressed air exca-
vator. Behind the shield as the work progresses the
muck is run out along a tram line and the cast-iron tunnel
segments are bolted into place. Afterwards the space
outside the segments is filled with cement grout pumped
through holes in the casting, thus protecting the seg-
ments from rust and decay by the elimination of air
spaces.

The foregoing has briefly summarized the methods
adopted in building railways of the three types.

Table 1.—Average Length of Run on City Rapid
Transit Systems.

Stops per  Average run,

Railway. mile. feet. ‘
Buenos Aires subway +........ 3.10 1,690
North Western Ry., London... 1.20 4,400
District Railway, London. ..... 1.50 3,500
Inner Circle, London ......... 2.10 2,510
Central London, London ...... 2E0E N 2,510
South London Elevated ....... T 20w 4,400
Interboro’ Subway, New York. 2.40 2,200
Berlin Elevated ....c.onveeeee 2.00 2,640
Hamburg Elevated' .......... 1.90 2,780
AVErage . .--conreneriece 1.95 2,700

Summarizing the costs, the investment per mile of
double track for construction alone is:—

Elevated railway ............ $ 632,500
SUbWAY  seevcnrrrrresannrnne 2,500,000
BB sl 16,0 oy s s atolarefols waoab adehe 2,550,000

The above figures are purely construction costs; that
is, they are quite independent of the traffic. The railway
will cost just as much to build whether one or one
thousand trains run over the mile of double track in a
day. We have now to estimate and add to the above
amounts the cost of the equipment of the road; that is,
the cars, feeders, substations, shops and other items
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