As will be noted, the head pumped against, and also the
water delivered, were somewhat greater than those speci-
fied in the contract.  For purposes of comparison with
this test, therefore, both the third and the fourth tests on
the De Laval centrifugal pump have been taken. Table 2
compares the leading facts in regard to the two units and
their performances.

To make a further comparizon of these two units it
would be necessary to consider installation at the same lo-
cation, as the cost of buildings and foundations depends
Iargely on local circumstances.  The total weight of the
reeiprocating engine is over fifteen times that of the tur-
bine-driven centrifugal pump, while the cubieal space
occupied is about ten times as great. In view of this,
it may he assumed for comparison of economic results
that the buildings and foundations for the reciprocating
unit would in general cost four times as much as for the
centrifugal unit, although they might be even more.

The cost of bituminous coal (13,000 B.tau. per 1h.)
to the City of Cleveland is $1.64 per ton, whereas in St.
Louis washed coal showing 11,000 B.tu. per 1b. is pur-
chased for $1.69 per ton.  For the purpose of comparizon
it has been assumed that both units are supplied with
steam generated from the coal costing $1.69, which, if
burned under boilers of 65% efficiency, would give a fuel
cost of 13c. per 1,000,000 B.t.u. It has further been as-
sumed that the nominal horsepower capacity of boilers
installed will be the same ax the hoiler horsepower of steam
used. Operation at 200 above nominal rating is now
common, =0 that thix gives ample spare hoiler capacity.
The interest rate upon money has been taken at 4%, main-
tenance and supplics for pumping engines and buildings
at 2%, with 30 vears as the probable life. This gives a
total annual charge against engines and bhuildings, in-
cluding depreciation or amortization, of 7.6%. TFor
boilers the same rate of interest has been assumed, while
maintenance and supplies have been put at 49% and
the probable life at 20 vears, making the total 11.3%.
These assumptions give the following figures for compari-
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son, using the results of the fourth test upon the cen-
trifugal pump:

Centrifugal Reciprocating

Unit Ut

Cost of buildings and foundations, assumed. .. .. 20,000 $50,000
Cost of boilers, settings and stack, assumed as

330 per nominal boiler horsepower. ... . 16,371 10,503
Annual interest, maintenance and depreciation

chuarges on pumps und buildings e 5,130 21.310
Annual interest, maintenance and depreeiation

charges on boilers. ... . o 0, 1,549 1,188
Total interest, repuirs, maintenance and depreci-

ation charges. .. 6,979 22,198

Annual fuel coxt nf-s.tl\.u.m‘, at 13c. .]'x"l-.i,(NX),(X)(')
R.t.u,, based on full load 24 br. per day, 365

days per vear.......... ... 000 22,030 14,540
Total annual cost per water horsepower, exelu-

sive of attendance and supplies, assuming

1005 load factor. ... ..o o 23.11 3H 1

As will be seen, the annual cost per water horsepower
is $23.11 for the stcam-turbine-driven centrifugal pump
and $34.45 for the vertical triple-expansion reciprocat-
ing puniping engine. In neither case has any charge been
made for supervizion and attendance, although there can
be no question that in view of the great complexity and
great number of valves, packings and other parts con-
nected with a reciprocating pump, its cost for attendance
will be greater, both because more men will he required
and because they will need to possess a greater degree of
gkill and intelligence. For the same reasons, and also le-
cause of the rapid wear of valves and packings, the prob-
abilities of falling off in duty are greater for the recipro-
cating unit.

Further, full-load operation 2¢ hr. per day and 363
days has been assumed—an improbable condition. If the
load factor is put at 66.6%, the comparison is still
more favorable to the centrifugal pump., The annual
fuel costs become $14,690 and $9,690 for the centrifugal
and reciprocating units respectively and the annual costs
per water horsepower-year become $25.90 and $44.90.

For average operations, therefore, and with fuel prices
such as are generally found in the Middle West, a modern
steam-turbine-driven centrifugal pump will deliver water
at about half the cost for pumping as compared with the
highest development of the reciprocating type of pumping
engine.

&
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Track Elevation on the NicKel
Plate Railroad at Chicago

NYNOPSIS=—The piece of work described in tiis
arlicle is peculiar in that conditions necessilated
abandoning the original line and huwilding an ele-
vated line on a new localion.  The line has to rise
lo cross one rathreay, then descend to pass under
fwo railways and then rise ayain to connect with
one of the latier. There is a large amount of con-
crete work for the length of the line, and a nolable
structure is a steel skew bridge with plale girders
of from 12514 do 132 ftin lenglh,

The track clevation at Grand Crossing, Chicago, in-
cludes the elimination of railway crossings of hoth streets
and railwavs at grade, and has involved special problems
for the New York, Chicago & St. Louis Ry, (Nickel
Plate), whieh is one of the four railways concerned. The
situation is shown by the sketeh plan and profile, Fig. 1.

Google

Originally all the railways were at the street level. The
two parallel lines of the Lake Shore & Michigan South-
ern Ry. (now New York Central Lines) and the Penn-
svlvania Lines croszzed the Tllinois Central R.R. at grade,
and the New York, Chicago & St. Louis Ry, (parallel
with the Ilinois Central R.R.) crossed the Pennsyvilvania
Lines at grade (by a 1.£° curve) to connect with the Lake
Shore tracks.  To ecliminate the street grade ecrossings
the Tlinoix Central was clevated sufliciently to clear the
streets, which were depressed at the intersection, and the
parallel lines of the Lake Shore and Pennsylvania were
elevated still hizher in order to pass aver the Tlinois
Central R.R.  Each road has numerous tracks and heavy
traffic at this point.

To eliminate the grade crosxing of the Nickel Plate
with the Pennsylvania Lines, the old connection was
abandoned and a new one located as shown on the plan.
Beginning at R7th St., this connection rises on a grade
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grade of 3.6%, with a subway beneath this to give access
to the railway company’s property. - This necessitates the
triple-wall arrangement shown at the left in Fig. 2. At
the 79th St. bridge over the Illinois Central R.R. the
retaining wall and abutment meet in a sharp angle, as
shown on the plan. The sections are given in Fig. 3.
Fig. 5 is a view at this angle, with the wall at the left
and the bridge abutment on the right. The tie bars are
pieces of old rails which anchor the walls together.

All concreting was done by means of a train having
a mixer and elevator tower on the first car and mate-
rial cars behind, as described in Engineering News. Aug.
12, 1915. The walls are surmounted by pipe hand rail-
ings carried in standards, which are secured to the outer
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FIG. 3. ABUTMENTS AND RETAINING WALLS

face of the wall. Lach standard is a flat bar, twisted
at the middle so that the lower part lies against the wall.
As the walls have no coping this construction is very
simple, but rust streaks oceur on the wall as soon as
the mietal is placed.

The filling was of bank vand hauled from South Gary,
Ind.. where it was loaded by a 70-ten steam shovel on
side-dump cars and side-door gondola ecars.  The cars
were supplied by the railway, which also hauled them
in trains of 30 cars each.  Most of the material was un-
loaded by hand shoveling, and was spread and leveled
by means of a Jordan spreader car. Part of the filling
wits deposited from a temporary trestle, hut on a con-
siderable part of the work it wax necessary to jack up
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the track as the filling progressed. The work required
only about 42,500 cu.yd. of material and was done be-
tween July 1 and Aug. 3, 1915, -

BRIDGES AND SUBWAYS

The private subway at 78th St. is 12 ft. wide and 13
ft. high, with a roof of 15-in. I-beams embedded in a
concrete slab, as shown in Fig. 5. The end walls are
carried up to hold the fill for the main tracks and wing
walls provide for the slope of the fill on the inner side.
Streets are crossed by steel bridges having four spans,
with bents on the curb lines and in the middle of the
roadway. The steelwork of girders'and bents is all in-
cased in concrete. The roadway spans have through
plate-girders, while the sidewalk spans are of I-beams.
Nome of the bridges are built as two parallel single-track
liridges, with a narrow space between them, giving light
in the street. Over the sidewalks this space is covered
hy concrete slabs. The bridge floor is a concrete slab
on transverse I-heams.

The %8th St. crossing is shown in Fig. 6, with three
structures, On the higher level is the Lake Shore &
Michigan Southern Ry. and on the lower is the Nickel
Plate railroad. At the left the latter passes under the
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F1G. 4. SMALL SUBWAY UNDER TRACK ELEVATION

AT 78TH ST.

former by a long skew subway on a curve and then runs
parallel with it on an ascending grade (to the right)
until it comes to the same elevation and makes a june-
tion with it. It will be noted that the wing wall of
the bridge at the left is extended as a dwarf retaining
wall to confine the toe of the upper slope and give roon:
for the tracks on the lower level.

The most important structure is the five-span skew
bridge over the Illinois Central R.R. at 9th Nt It i~
notable in having plate girders 125 ft. 6 in. long and
one girder 132 ft. long. It has three lines of girders.
An unusual feature of the abutments is that the girders
do not rest upon bridge seats in the usual way, but each
rests upon a steel column in the face of the abutment.
This is done to reduce the length of span as far as pos-
sible. The abutment was built with rectangular recesscs.
the steel columns being set later, each on an I-beam
grillage on the footing. The recesses will be filled with
concrete flush with the face of the abutment. This con-
struction is shown in Figs, 3 and 5. Steel bhents with
wide columns on conerete footings form the intermediate
supports,  The superstrueture will be deseribed in a sep-
arate article.

The construction is under the direction of E. K. Hart.
Chiel Engineer of the New York, Chicago & St. Lows
R and Ao €. Harvey, Assistant Engineer, is in Jli-
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