670

If n = 10, the initial radius », = m,d = 0.80 X
7.94 = 6.35 ft.; r, = 42 X 6.35 = 7.05 ft., r,g = 10 X
6.35 = 63.5 ft. The half perimeter = my,d = 1.51 X
7.94 = 12.0 ft., and 8§ = 71.5°. The hydraulic radins =
myd = 0475 X 7.94 = 3.76 ft., or = m,Va = 0.56
v 15 = 3.76 ft. The tension T = meaw = 1.06 X 45
X 62.5 == 2980 1b. per lin.ft.

Again, given b = 12 ft. and p = 18 ft,,

find d: From

b
13 = 0.66, read -

= 1.02; then az b =
d

curve 8, with é =
»

1‘)
1,02

Fig. 4 gives the ordinates of the curve in terms of d,
for values of 0/d, and enables the construction ol the
curve to be made quicker than by construction in Fig. 1
When b/d is more than 0.63, the maximum ordinate
iy the top one, 0, ; for values less than this, the maximum
ordinate does not occur at the top, but at some inter-
mediate point.

Comparing the hydrostatic catenary with the parabola

12 ft, d = = 11.62 {t.

B
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and the arc of a circle, it will be found that for values of
b/d about 1.0 and greater, it lies between the parabola and
the arc of a circle, but when 0/d is about 2.0 it lies out-
vide the parabola in the upper part and inside it in the
lower part.

The following is a comparison of the areas inclosed
by the hydrostatic catenary, the circular segment, and the
parabola, expressed in percentages of the inclosing rect-
angle, for varying values of b/d.

Ratiob/d.................... 1.0 1.2 1.4 1.6 1.8 2.0
Inclosing, rectangle. ... ..... ... 100 100 100 1.00 1.00 1.00
Area of hydrostatic catenary... 0.73 0.708 0.693 0.682 0.672 0.667
Area of segment............... 0.785 0.75 0.731 0.716 0.706 0.698
Area of parabola.............. 0.667 0.667 0.667 0.667 0.667 0.667

The application of this curve occurs in structures hold-
ing fluids, such as metal flumes, and large uncovered wa-
ter pipes under a very low head. For spherical bottoms
of water tanks and spheroidal gas-holder tanks (see
ExcINEERING NEWS, Aug. 6, 1914), the above curves
will give a close first approximation to the proper curve,
and the correct curve can then be found from this by
means of the funicular polygon.

Chicago Track Elevation;
Rock Island Lines

SYNOPSIS—This work represents an expendi-
ture of over $10,000,000. Its special problem was
the elimination of a railway grade crossing in addi-
lion to the street crossings, necessitating an unusu-
ally high elevation (for tracks on two levels) and
a five-span skew bridge over the lower tracks.
Among the inleresting features of the construc-
tion may be noted the following: (1) The high-
level crossing; (2) the concrete-cased steel bridges;
(3) the use of bin cars for the concreting trains
and traveling forms for the retaining-walls; (4)
the carrying of drainage from the fill to chambers
formed in the retaining-walls and having sewer
conneclions; and (5) the subway bridges, with
steel columns, steel and concrele cross-girders and
concrete slab spans.

One of the heaviest pieces of track-elevation work at
Chicago is the extension of the track elevation of the
Rock Island Lines from 72nd to 9Y0th St., about 3
miles.

The Rock Island Lines were already elevated as far south
as 76th St. and descended to the street level at about 78th
St., but the high elevation required for a double-track
crossing at T9th St., over the Chicago & Western Indiana
tracks, made it necessary to begin the new work at 72nd
St., increasing the present elevation on a grade of 0.5%
to the summit, beyond which a similar grade descends
to the normal level of the new elevated tracks. This new
work will extend to 90th St., but the portion under con-
struction during the past season only went to 84th St., as
it was desired to concentrate the work on the complicated
crossing at 79th St.

The work involves a total expenditure of about $10,000.-
000, and requires the placing of ahout 290,000 cu.yd. of
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concrete in walls, abutments and slab-deck bridges, besides
about 15,000 concrete piles, aggregating over 300,000
lin.ft.

The special features in the execution of the work in-
clude: (1) Careful planning in advance; (2) rapid
progress; (3) noninterference with a heavy regular traf-
fic; (4) low cost of construction; (5) the organization
and cost-keeping system.

RETAINING WALLS AND ABUTMENTS

Between the bridges at street crossings, the tracks are
carried on a solid fill of sand and gravel between heavy
concrete retaining walls. -This is typical of Chicago
track-elevation work, but in this case the walls are of
exceptional height, reaching a maximum of 42 ft. above
the bottom of the foundation.

The foundations for the retaining walls and for the
bridge abutments at subways are concrete piles, cast in
place in the clay soil and having an average length of
22 ft. The heads of the piles are embedded in a heavy
footing course, which forms the base of the wall, and
has in it vertical lengths of old rails which project from
the surface and thus form a mechanical bond with the wall
proper. Load tests were made on the piles, and the actual
load carried is 20 to 25 tons per pile.

In the design and construction of the retaining walls,
a special effort was made to avoid the unsightly cracks
which have developed in some other track-elevation work,
and also to keep down cross-section area. The aggregate
amount of concrete on the work is very great, and the
wall design aims to secure the necessary strength with a
minimum of material.

The walls vary in height from 20 to 36 ft., and a
typical section is shown at the left in Fig. 1. The face
iz practically on the right-of-way line (with the toe of
the footing projecting over the line). The face is ver-
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tical to the coping, while the back is stepped. At some
poitits, however, the footing must be kept within the right-
of-way line, and here the body of the wall is set back to
allow of giving an outside toe. But the full roadbed width
is retained nevertheless by forming a cantilever projec-
tion at the top of the wall, supported at 10-ft. intervals by
triangular brackets. This form of wall is shown in the
middle section in Fig. 1.

The walls are built in sections 35 ft. long, which is con-
sidered the maximum length that can be used without fear
W&@v@ﬁdff

Section of Abutments
Subways

Fig. 1. SEcTIONS OF RETAINING WALLS AND ABUTMENTS
oN CHIcaco TrRACK-ELEvATION WORK ; Rock
Isr.AND LINES

Segtion of Wall within

L R
Typical Section of Walls
ne.

NEws Property Line

of cracks due to temperature movement. The sections
have vertical keys at the expansion joints. In the top
of each wall is a six-duct conduit for electric wires,
cables and telegraph lines. Manhole chambers on the
conduit are placed about 400 ft. apart, and are 6x3 ft.,
4 ft. deep, with a reinforced-concrete slab cover having
a 28-in. iron manhole.

An unusual feature is the provision of drainage wells
in the ends of the retaining walls, adjacent to the abut-
ments at the subway bridges. These are 3x3 ft., and ex-
tend to the bottom of the wall, as shown in the drawing
of the abutment cross-section in Fig. 1. There are no
weep holes through the retaining walls, but along the
backs of the walls are laid inclined drains of 6-in. porous
tile, on a grade of 0.5%, extending from subgrade level
to 6-in. pipes which are embedded in the rear part of the
walls and discharge into the drainage wells. Each well
has an 8-in. connection to the catchbasin of a city sewer,
as shown. :

The waterproofing consists of a tar-pitch composition
applied to the back of the wall, & strip of burlap and felt
being placed over each expansion joint and well mopped
with the composition. An ornamental concrete railing
4 ft. high will be placed upon the parapet over the subway.

At some of the cross strects the tracks were already
elevated, but had to be raised still higher, due to the
change in grade, as noted above. It was not con-
sidered desirable to increase the load on the old abut-
ments, but instead of destroying them it was decided
te build a heavy cross wall (pierced with rectangular
openings) behind the abutment and supporting the new
fill. The space between the two walls, about 17 ft., is cov-
ered with a deck of concrete slabs. In this way the load
is transferred largely to the new wall, which extends
between the retaining walls and has the usual pile foun-
dation. In raising the height of the old abutment, a wall

Google
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will be built upon it, the lower part of the wall sufficing
to retain the toe of the fill and the slab behind it.

The fill is of sand and gravel, dumped from cars. Be-
fore the final surfacing to subgrade, the fill will be
thoroughly soaked with water. This is done to reduce
the amount of settlement after the work is completed
and in service, as surfacing track under heavy traffic is
difficult and costly.

SuBway BRIDGES

With the exception of the 79th St. crossing, noted
below, the subways have slab deck spans of reinforced
concrete. They are of the four-span type, with bents
on each curb-line and at the middle of the street, as
shown in Fig. 2. The two street spans are 20 to 2314
ft., with a clear headway of 1314 ft., while the sidewalk
spans are 10 ft. The foundations are generally concrete
footings on concrete piles. In a few cases, where soft
ground was encountered, 44-in. to 60-in. open wells or
caissons were sunk to rock (at depths of 40 to 50 ft.)
and filled with concrete to form cylindrical foundation
piers. In one case there were four piers, capped with a
double row of steel box girders carrying the eight columns
of the bent. In all other cases there was a pier under
each column.

The columns are of steel, composed of an I-beam and
two coverplates, with an angle at each corner and batten
plates riveted across the angles. These are shown in
Fig. 3. Where the height exceeds 25 ft., horizontal box-
lattice struts extend between the columns (Fig. 2).
All these steel members are wrapped with wire netting,
and are ‘illed and heavily cased with concrete. .The
concrete for this purpose is & 1:2:4 mix, using 34-in.
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Fia. 2. TYPE oF SuBWAY BRIDGES
stone. Upon the columns of each bent are placed the

cross girders, which are shown in Fig. 3. Those be-
neath the two outer tracks are steel box girders, while
the others are of reinforced concrete, but the former are
encased in concrete so that the difference is not apparent.
The cross girders of the center bent have the under side
curved or arched between the columns, but the shallower
girders on the sidewalk bents are flat on top and bottom.

The deck slabs rest upon the abutments and the cross
girders, and their construction is shown in Fig. 4.
The largest slabs are 25x6 ft. and 44 in. thick, weighing
about 46 tons each. The slabs of the shorter spans be-
ing thinner, are of L section, the ledge on the under side
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raising the slab so that its top is level with the top
of the roadway spans. All the slabs for the sides of the
deck are also of L-section, having parapet walls formed
upon them to retain the ballast. The slabs are laid with
1/-in. joints, which are packed with asphaltic filler. Ow-
ing to the bridges being on a skew, the parapet slabs are
of irregular shape in plan, and each has to be set in its
proper position, as shown on the plans for each bridge.

The slabs are cast at a yard near 93rd St., a special
organization being maintained for this work. Platforms
are arranged on each side of a double-track spur, one
track for the concrete mixer and the other for material
cars. On these platforms are erected the slab forms,
which are mainly of wood, but steel has been used for
some parts and will be used more extensively. The con-
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ments, and 1:2:4 for deck slabs and all reinforced con-
crete. S

The material for concrete is brought in by special
trains, and in general the cars are dumped from high
pile trestles which serve later for temporary tracks while
traffic is being diverted. The cars are' steel gondolas,
with drop doors along each side, being regular freight cars
assigned to this work. The temporary approaches to
these trestles are of 3% grade. To a considerable extent
the material for concrete is dumped directly into bin cars
forming part of the concreting trains, the cars standing on
a track parallel with the trestle, and the side of the trestle
having an apron of proper slope, as shown in Fig. 5. The
cement is delivered in sacks, but it is expected to make
some trial of cement delivered in bulk.
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crete is a 1:2:4 mix. The slab gang consists of a fore-
man and 40 men, and turns out an average of 20 slabs
per week.

The steel reinforcing bars (of deformed section) are
purchased in commercial lengths, and cut and bent as re-
quired. For each cross-girder the reinforcement (in-
cluding hook for handling) is assembled and wired to-
gether at the yard and set in the form as a unit. A
concrete mixer with 1-yd. drum is mounted on a car
and discharges the concrete into a chute leading to the
form, where it is well stirred with paddles to insure
thorough filling around the stecl bars.

The viaduct crossing over 79th St. and the Chicago &
Western Indiana R.R. (where the two roads intersect at an
angle of about 17°) consists of five through-girder spans
of about 90 ft., on concrete piers and abutments. The
girders and floor-beams are incased in concrete, and the
floor consists of a concrete slab embracing the top flanges
of the floor-beams, while the lower flanges are embedded
in a thinner slab, which serves to exclude the steam and
gas from the locomotives. This structure will be described
in a separate article.

CoNSTRUCTION METHODS AND PLANT

CoNcreTE—The concrete is made of gravel which is
washed, screened and graded into three sizes: torpedo
sand, 1-in. stone and 2-in. stone. This material is obtained
from a gravel pit and washing plant near Joliet, Ill. The
proportions are 1:3:5 for the retaining walls and abut-
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Each concreting train, Fig. 5, consists of three steel flat-
cars. The head car carries a 1-yd. mixer, feed hoppers,
measuring tank, and a bucket-elevator tower 60 ft. high
with a hopper and jointed swinging chute to deliver the
concrete into the forms. The trains building the founda-
tion course around the heads of the piles had no towers,
the mixers discharging either into buckets or directly into
chutes. Behind the mixer car are two bin cars, each with
capacity for 80 yd. of gravel and 80 yd. of sand. Below
each main bin is a measuring hopper, beneath which runs
a conveyor belt. The operator first opens the bin gate
and fills the measuring hopper, and then opens the gate
of the hopper, allowing the charge to fall upon the belt,
which delivers it to the fecd hopper above the mixer,
carrying about 1 yd. of concrete material and 415 bags
of cement. The cement also is delivered to the feed hop-
per by a conveyor, and Fig. 5 shows the men dimping ce-
ment from sacks into a hopper over the conveyor.

The walls are built in traveling forms which straddle
the site of the wall and are carried by wheels on either
side. Both wood and steel forms of this type are used,
each being long enough for a 35-ft. section and havinz
grooved wheels riding upon two lines of rails. These are
shown in Figs. 6 and 7.* The abutments are built in fixed
forms of the usual type. Plank sheeting is used in both
cases, and the two lines of sheeting are held together
by tie-rods instead of wires. The rods are plain bars,
not threaded, and are fitted with clamps instead of nuts.

*Steel forms, “Engineering News,” Oct, 8, 1914,
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