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THE AURORA, ELGIN & CHICAGO THIRD-RAIL ELEC.
TRIC INTERURBAN RAILWAY.

Among the numerous interurban electric rail-
ways now in operation or under construction, one
of the most important and most interesting is
the Aurora, Elgin & Chicago Ry., which has re-
cently been completed, and which was opened
for traffic on Aug. 25. The line is designed for
high-speed service, has a double track for a large
portion of its length, and is operated entirely on
the third-rail system. This system was adopted
as being an improvement upon the trolley system
for railways of this class, being better adapted for
high-speed service, and more economical in main-
tenance than the ordinary overhead construction.

As railways of this class have developed from
the electric street rallway there is still a general
tendency to speak of them as street railways,
even when built upon private right of way. As
a matter of fact, they may be fairly considered
as forming a specjal class of themselves, and the
line in question conforms very closely to or-
dinary steam railway practice in its location and
construction. The railway is bulilt entirely upon
its own right of way, and its construction has
involved some heavy cuts and embankments to

cago 18 1 hr. 15 mins., but this will be reduced
to 45 minutes as soon as everything is in good
running order. This will give an average speed of
about 45 miles an hour from start to finish, which
will necessitate actual running speeds of 50 to
60 miles per hour. The traffic is handled by the
telephone train dispatching system, the head dis-
patcher at Wheaton communicating with the men
at the substations, or with the conductors, who
report at these stations. The cars are equipped
with portable telephones, and means for connect-
ing these with the telephone wires are provided
in small iron cabins at all turnouts and cross-
overs; while at intervals along the road the wires
are brought down the poles so that the telephones
can be attached. Block signals may be introduced
later.

ROADWAY AND TRACK.

The width of right of way is mainly 66 and 100
ft. The lighter grading was done with plows and
scrapers, while the heavier work was done with
steam s8hovels and locomotives and side dump
cars, temporary trestles being used for building
the center of the large banks, which were then
widened out as required. Narrow-gage construc-
tion tracks were used at some points, and stand-
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are 700 ft. to a mile In length, long sldln::‘::!ll:;
provided at curves so as to provide practically
double track, and thus give greater safety for
high-speed running at some points. There are
32 oak and cedar ties to a 60-ft. rail, and the
ballast is of gravel, with a depth of 9 ins. under
the ties. The rail joints are fitted with the elec.
tric bonds of the Protected Rafl Co., of Phiia-
deiphia, Pa., or with the 12-in. “United States”
rall bond of the American Steel & Wire Co., of
Chicago. The ralls are cross-bonded at intervals
of 500 ft. The switches are of the split pattern.
with 15-ft. reinforced switch rails; and No. 10
spring-rail frogs are used for main track turn-
outs. High switchstands are used, except in yards
The switch and crossing work was built by the
Morden Frog & Crossing Works and the Ajax
Forge Co., both of Chicago.
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FIG. 1. MAP OF THE AURORA, ELGIN & CHICAGO RY. CO.'S THIRD-RAIL ELECTRIC INTERURBAN RY.

glve the easy grades and curvature demanded by
a high-speed line. It i{s of substantial construc-
tion, with steel and concrete structures through-
out and & heavy track.

The road will have about 82 miles of main line,
of which 2114 miles are double track. The dis-
tance from Chicago (52d Ave. and Harrison 8t.)
to Wheaton and Aurora is 33.3 miles; the line
from Wheaton to Elgin, 16.5 miles; and the Ba-
tavia branch, 6 miles. It will serve a population
of about 80,000 outside of Chicago. The same in-
terests own the Elgin, Aurora & Southern Trac-
tion Co., with 70 miles of track. Of this length,
37 miles comprise the interurban line between
Carpentersville and Yorkville, while the balance
consists of city or street lines in Aurora and El-
gin. Fig. 1 is a map of the railway.

The line will be operated mainly by trains in-
stead of single cars, the multiple unit system be-
ing adopted, in which each car has its own mo-
tive power, but all the motors are controlled from
the head of the train. There will also be trail
cars without motors, to be attached to motor cars
for two-car trains.

There are trains in both directions every half
hour. At present the time allowed for the run
between Aurora and Chicago or Elgin and Chi-

Charles Jones, Chief Engineer, Wheaton, lil.

to a width sufficient for double track. The maxi-
mfum grade is one of 1.8%, a mile in length, en-
tering the Fox River valley, but on the rest of
the system the aim has been to limit all grades to
19. The ordinary curves connecting long tan-
geats are of 1° and 2°, and the maximum on high-
speed portions of the line i{s 4°. Near the Chi-
cago terminal two reverse curVes of 16° (with a
short tangent between) are required to avoid in-
terference with cemetery property, but as these
are between two railway grade crossings (at which
all cars must stop) they do not affect the question
of speed. The superelevation on curves is about
1 in. per degree, with a maximum elevation of
5 ins.

The width of roadbed is 16 ft. for single track
(13 ft. over toe of ballast), and 28 ft. for double
track (26 ft. over ballast), as shown in Fig. 2.
The track is laid with 80-1b. rails of the Am. Soc.
C. E. section, 60 ft. in length, and having about
0.67% of carbon. They are laid with broken joints
and spliced with angle bars and four 1-in. bolts
with lock nuts. Bolts of this size are rarely used
on steam rallway track, except for frogs. In
tracklaying, the 60-ft. ralls are unloaded from
the cars by hand, being run out over two timber
horses or “‘dollies” placed on the subgrade, ahead

harder steel, the third rail is painted with a cheap
asphalt paint thinned with gasoline, This rail
is carried by insulating supports on the ties (ev-
ery fifth tie being of extra length), a8 shown in
Fig. 2. These supports are blocks of wood boiled
in paraffine. The joints of the third rail aré
spliced with two-bolt malleable cast-iron’ ,plic'e
bars, and are fitted with the Protected Rail Co.’s
rail bonds of U-shape. The holes in the rail
flanges for attaching the bonds were made after
the rails were lald; some were punched by a port-
able hydraulic press, and others were drilled
(either by hand or by a gasoline machine mounted
on a hand-car). At grade crossings, the tblrﬂ rail
Is cut; the last rail is dropped 2 ins. in its length
and has its end fitted with an incline 24 ins. long
to ralse the contact-shoes of the cars into place.
At switches a “drop rail” is used, as shown in
Fig. 3, so as to clear the shoes of cars on tbe
turnout, the sides of which would otherwise strike
the side of the rail. The ends of the ralls ar¢
connected by cables laid under the crossings. Sin-
gle cars will drift over the crossings, but trains
(and even single cars at short crossings) will have
the front shoe again in contact before the rear
shoe has left the rall. d

All highway grade crossings are planked &b
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fitted with cattle-guards of vitrified clay blocks,
made by the Climax Stock Guard Co., of Chicago,
and bell or other warning signals may be in-
stalled later at important highways. There are
only four rallway grade crossings, one of which
is a crossing of an electric line operated by only
one car per hour. The other three (one of which
comprises three parallel steam roads) are pro-
tected by interlocking plants.

the West braach of the Du Page River, and on
the Elgin branch, has two 30-ft. arches (with a
rise of 1 in 10). The smaller structures have
arches of 10, 12 and 15-ft. span, and one of these
has two 15-ft. spans. Old 60-1b. ralls are laid in
all the arches, except those of 12 and 15-ft. span.
They are placed about 36 ins. apart, near the cen-
ter line of the arch ring, and extend inte the
haunches. The standard cattle-pass, Fig. 5, is
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FIG. 2. CROSS-SECTIONS OF ROADBED AND TRACK OF THIRD-RAIL ELECTRIC RAILWAY.

BRIDGES.

All steel bridges were designed in accordance
with Cooper’s specifications, with his Class E-40
loading. Mr. W. M. Hughes, M. Am. Soc. C. E,,
of Chicago, was Consulting Engineer for the
bridge work, and all these structures were built
by the King Bridge Co., of Cleveland, O. There
is only one truss bridge, crossing the Chicago &
Northwestern Ry., at Elgin, on a skew. This
has a span of 158 ft. 7 ins., with shallow floor
construction, and one end rests on columns, con-
necting with a steel viaduct 363 ft. long.

All the other steel bridges are of plate girder
construction. There are two 100-ft. spans (ar-
ranged for three tracks) over the Des Plaines
River, and a double-track deck bridge of 70 ft.
span over the East branch of the Du Page River.
At Warrenville there is an 89-ft. span over the
West branch of the Du Page River with a 24-ft.
cattle-pass and culvert at one end. Besides the
Chicago & Northwestern Ry., already noted, the
line passes over two other railways, by girder
spans of 69 and 80 ft., respectively. It also passes
under five railways, which are carried by girder
spans of 36 to 60 ft. There are 12 plate-girder
bridges carrying the line over streets and roads,
and four carrying roads over the railway. The
latter have 45-ft. main spans (to allow for future
double tracking), with 20-ft. I-beam approach
spans. Besides these there are a number of small

FIG. 4. CONCRETE-STEEL BRIDGE OVER SALT CREEK; AURORA,

10 ft. wide and 7 ft. high, with 10-in. I-beams
14 ins. c. to c., embedded in concrete. One of these,
with two openings, {8 shown in Fig. 6. The beams
are embedded in concrete, but are figured to carry
the entire load unaided by the concrete. This
beam construction enables much lighter 2butment
walls to be used than for an arch culvert, as
there is no thrust to be resisted. The cost is also
about 20% less than for an open-floor bridge with
I-beams on concrete abutments, since the latter

ropolitan West Side Elevated Ry., as described
in our issue of Aug. 14. The cars run between
two platforms, on the outer sides of which is the
terminal loop of the elevated railway, which s
reached by an incline from the elevated station
at 48th St., as described in our issue of July 31.
At Elgin and at Batavia the line runs on its own
right of way up the river bank to a terminal sta-
tion in the center of the town. At Aurora the
cars run for about half a mile along a street, but
the tracks are adjacent to the right of way of
the Chicago, Burlington & Quincy Ry. There are
about 30 stopping places in all, most of these
having simply open platforms at road crossings.
Each of the six brick substation buildings has a
walting room and platform for passengers, and
there are a few small frame stations. The main
repair shops and car sheds are being built at
Wheaton, and are of flreproof construction
throughout.
CAR EQUIPMENT.

The road has about 30 cars, and others will be
added as the traffic requires. Those now in use
were built by the Niles Car & Mfg. Co., of Niles,
0., and were all run to Chicago on their own
wheels. One of these is. shown in Fig. 8, which
also shows the track and third rafl. They are 47
ft. 3 ins. long over all, 8 ft. 8 ins. wide, and weigh
74,000 1bs. empty. They are of substantial con-
struction, with steel underframes stiffened by
truss rods, and steel-framed trucks. The wheels
are 36 ins. diameter, and the axles 6% ins. diam-
eter, with journals 5 x 9 ins.; the axles, boxes,
etc., conform to the M. C. B. standards. There
is a motor of 125 HP. on each axle, and nearly
all the cars are thus equipped, the line being oper-
ated mainly by trains of three to flve cars; the
electrical equipment is on the multiple-unit sys-
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FIG. 3. DROP RAIL AT SWITCHES.

would require heavier abutments than where the

. beams are embedded in the concrete.

In one cattle-pass, Fig. 7, concrete jack arches
are turned between the I-beams, but instead of
the ordinary removable wooden centering, arches
of wire netting were fitted on the lower flanges
and the concrete placed on these, being fllled in
from both sides towards the crown. The end of
each I-beam rests on a vertical 60-lb. rail em-
bedded in the abutment, and a diagonal ralil is
embedded in each wing wall. This arrangement
enables lighter walls to be used, with an economy

ELGIN & CHICAGO RY.

;’::"“"1_8; 8panned by I-beams with concrete fill-
clo:;ely- e steel bridges have open floors, but with
Al pie Spaced ties and a substantial floor system.
Therem and abutments are of concrete.

ber of are four concrete bridges, besides a num-
Salt Creeolr:crete culverts and cattle-passes. The
(With 5 rei bridge, Fig. 4, has two 35-ft. arches
Elgin 1 se of 1 in 6); the Poplar Creek bridge at

as one 30-ft. arch, and another bridge over

in concrete, and a saving of about 30% in cost as
compared with a structure having concrete abut-
ments and an open I-beam floor. All concrete
work is made with Portland cement supplied by
the Wabash Portland Cement Co., of Detroit,
Mich., with works at Stroh, Ind.
STATIONS AND BUILDINGS.

The Chicago terminal is a transfer station for

connection with the Garfleld Park line of the Met-

tem, in which all the motors are controlled from
the controller on the front car. There will, how-
ever, be some trail cars without motors. Contact
shoes are fitted on both sides of each truck, and
there are two trolley poles on the roof for use
on the short plece of street line in Aurora. The
cars have transverse seats, upholstered in rattan,
and have seating accommodation for 56 passen-
gers. They are equipped with telephones, Chris-
tensen alr brakes, electric heaters and electric in-
terior lights and headlights. At one end is a smok-
ing room. The platforms are vestibuled and have

FIG. 6. CATTLE-PASS WITH DOUBLE OPENING.

side and end doors in the vestibule, the latter al-
lowing for access between the cars when coupled
up in trains. Hinged sections of the floor cover
the steps when the doors are closed, and when
the car reaches the 52d Ave. transfer station
(which has a high platform). The dimensions of
the cars correspond very closely with those of the
cars on the Chicago elevated rallways, and the
trucks are so arranged as to enable the cars to
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readily pass the 90-ft. curves on these lines. This
is in view of the possibility of eventually running
the cars over the elevated rallways into the city.
POWER PLANT.
, The current for operating the entire line is gen-
erated at one power house, at Batavia, Ill.; this
will also supply current_for the line from REigin
to Aurora, and for the street cars in these cities.
This will not only give greater economy than the
present small power stations on these older lines,
but the city traffic will tend to equalize the load

have the traveling chain.grate of the McKenzie
Furnace Co., of Chicago, driven from eccentrics
on a shaft placed beneath the floor. The plant
also includes Green economizers and Worthington
condensers and pumps, the main circulating and
feed pumps being driven by induction motors. The
power statlon is close to the Fox River, and the
water supply for the boilers and condensers is
taken from the river by a conduit which passes
through the building, while the waste water is
discharged into a culvert which leads back to the

of 2134 ins. gage, the rails being embedded in the
concrete floor of the basement (below the bofler
room floor), and arranged for outside-flanged
wheels, so that the concrete be‘ween the rails is
made flush with the rail heads and the floor is
easily kept clean. A transvarse track runs to an
Otis elevator, and has turntables at its intersec-
tion with the two tracks under the coal hoppers,
On these tracks run steel cars of 1 ton capacity,
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FIG. 6. STANDARD CATTLE-PASS; AURORA, ELGIN & CHICAGO RY.

on the power station and prevent the high peaks
which occur when only interurban traffic is oper-
ated. The power house i8 202 x 160 ft., of steel
frame construction, with a simple but handsome.
exterior of limestone and common pale brick, and
a roof of tar and gravel composition on plank
sheathing. The concrete foundations and the ma-
sonry were built by the company, while the steel
work was built and erected by the Variety Iron
‘Works, of Cleveland, O.

There are three Corliss cross-compound con-
densing engines of 2,200 HP., bullt by the C. &
@G. Cooper Co., of Mount Vernon, O. These have
cylinders 32 x 60 and 64 x 60 ins., with a piston
speed of 750 ft. per minute at the normal speed of
75 revolutions The receiver is in the basement,
and contains a heater coil. On the shaft of each
engine, between the cranks, are mounted a re-
volving field General Electric generator of 1,500
KW. and a 20-ft. 80-ton fiywheel. Space is pro-
vided for a fourth engine and generator. There
are also two horizontal engines of 200 HP., built
by the Phoenix Iron Works, of Meadville, Pa.;
each of these drives an exciter of 160 KW. The
lubrication is effected by the Siegrist pressure cir-
culating system, the pumps of which are arrangzd
in duplicate for three independent sets of circu-
lating pipes for engine oi], high-pressure cylinder
oil, and low-pressure cylinder oil. The oil room
ifn the basement has two tanks for each of thesce
oils, so that one can be filled while the other is in
service; in this room also are two Cross filters for
the waste ofl, made by the Burt Mfg. Co., ol
Akron, O.

All piping is exposed and within view, instead of
being concealed in tunnels or a basement. The
main lines of pipe are carried horizontally along
the wall of the engine room, the valves being
made accessible by an iron L-shaped ladder which
travels along the whole length of the wall. With
this arrangement all the principal pipe connec-
tions, valves, etc., are in full view of the men in
the engine room. This room i8 served by a 50-ton
electric traveling crane built by Alfred Box & Co.,
of Philadelphia, Pa., and a railway track enters
one end of the room so that material can be
handled directly from the cars by the crane.

Steam Is supplied by eight water-tube boilers
of 500 HP., built by the Edge Moor Iron Co., of
Wilmington, Del., and space i8 provided for two
more bollers. The boilers carry a pressure of 180
1bs. They are fitted with superheater tubes, and

river. At the intake is a screen house, with two
intake chambers, each fitted with three wire
screens, which can be raised by means of a trolley
hoist running on the I-beams of the roof. To pre-
vent trouble from ice at the intake, an 18-in.
cast-iron pipe is run to it from the condensing
plant so that some of the warm water from the
condensers can be discharged at the intake in-
stead of into the culvert. The 240-ft. chimney, of
brick and stone, is placed at the middle of the
building, and the top of its 11-ft. flue is 225 ft.
above the grates.

The coal-handling plant is of rather novel de-

Plan.

Part )
FIG. 7. CONCRETE-STEEL BRIDGE WITH CONCRETE JACK-ARCH FLOOR.

fitted with ball bearings. A car is loaded by a
gate at one of the hoppers, and then run to the
elevator, the floor of which carries a turntable
with automatic weighing device. This raises the
car to the level of a track running along the
tops of hoppers of 5 tons capacity above the
stokers, and it is run to the right or left along
this track and dumped into any one of the hop-
pers, as required. From these hoppers, spouts
lead to the automatic stokers or chain grates.
Under the ashpits passes another track of 21%
ins. gage, on which are run similar cars, which are
raised by the elevator and then run over a storage

FIG. 8. CAR FOR HIGH-SPEED THIRD-RAIL ELEC TRIC INTERURBAN SERVICE; AURORA, ELGIN &

CHICAGO RY.

sign, no continuous conveyor being used. The
coal i dumped or shoveled from railway cars
into a masonry storage bin parallel with the
boiler room, and divided into 18 pockets, each of
which has a capacity of 3,771 cu. ft., the total
storage capacity being about 2,000 tons. The bot-
tom of each pocket has two steel hoppers, the two
rows of hoppers being separated by a stone wall
plerced with archways. Under each row is a track

Niles Car & Mfg. Co., Niles, O., Builders.

bin above the coal car tracks (above the coal
bin), from which the ashes may be dumped int
railway, cars and hauled away for filling, etc. Oone
man can handle a ton of coal from the storage
pocket to the boiler hopper in eight or ten min-
utes, and two men can easily handle all the coal
and ashes. This coal and ash-handling plant Was
designed by the engineers, and bulilt by the Va-
riety Iron Works, of Cleveland, O.
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The transformers are on the engine room floor,
and are cooled by a current of air passing up
through them. Two fans deliver the air into a
hlast chamber, or bus-bar room, in the basement,
which is a long room under the transformers and
containing the connections for the outgoing high-
tension wires. This room is entered by means of
an air lock, formed by double doors having open-
ings fitted with shutters.

The power plant generates an alternating cur-
rent of 26.000 volts, which is sent out over the
high-tengion cables to the substations. Station-
ary transformers reduce this to a 420-volt alter-
nating current; this enters the rotary transform-
ers, which deliver a GO0O-volt direct-current to the
third rail. The arrangement of the high-tension
current is shown in Fig. 9, from which it will be
seen that provision is made for alternative cir-
cuits in case of failure in emergency. Each cir-
cuit consists of three aluminum cables, arranged
in a triangle, 20 ins. c. to ¢. These are transposad
at intervals of a mile. The high-tension cables
do not extend to the ends of the line, the end sec-
tions (indicated by dotted lines) having the third
rail fed directly from the substations, so that the
poles carry only the telephone wires. The poles
carrying the high-tension cables are 40 ft. long
and 80 ft. apart, and the telephone wires are
carried on the same poles, below the cables. On
the end sections of the line the telephone wires are
carried by smaller poles 100 ft. apart. ‘The tele.
phone wires are transposed on every fourth pole.

There are six substations, the location of which
is shown in Figs. 1 and 9. They are approximately
10 miles apart, feeding the third rail for five miles
in each direction. All these are fireproof buildings
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Fig. 9. Plan of Electric Distribution System: Aurora,
Elgin & Chirago Ry.

of brick and stone, with Monier concrete-steel
floors; and they have waiting rooms and platforms
to serve also as passenger stations. Each sub-
station has six stationary air-cooled transformers,
two rotary transformers, and a fan with induction
motor (supplied by the Buffalo Forge Co., of Buf-
falo, N. Y.) for supplying the air blast to the
transformers.
ENGINEERS AND CONTRACTORS.

The railway is owned by the Aurora, Elgin &
Chicago Ry. Co., 10t Washington St.. Chicago.
The officers of the company are as follows: Presi-
dent, L. J. Wolff, and Treasurer, M. J. Mandel-
baum, both of Cleveland, O.; Secretary, Warren
Bicknell. The Chief Engineer is Mr. Charles
Jones; Construction Engineer, E. H. Arnold; Elec-
trical Engineer, E. Gonzenbach. The headquarters
of these officers and for the operation of the line
are at Wheaton, Ill. The contractors for grading
werz the Pound Construction Co., of Chicagu, for
the line from Chicago to Aurora and Batavia; and
the Bracey, Howard & Foster Co., of Chicago, for
the Elgin line. The latter company also did all
the tracklaying and ballasting. The power plant
and electrical engineering work was designed by
the Cleveland Construction Co.. of Akron, O.; Will
Christy, President; W. E. Davis, Vice-Presiden!
and Electrica] Engineer; and W. L. Morris, Me-
chanical Engineer. The General Electric Co., of
Schenectady, N. Y., had the contract for all elec-
trical equipment. The bther principal contractors
have already been mentioned.

SPECIFICATIONS FOR CONCRETE WORK ; AURORA,

ELGIN & CHICAGO RY.

The use of concrete for railway bridges, cul-
Verts, bridge piers and abutments, retaining
"f.a”’" and other structures has been increasing
‘?ry rapidly within recent years, and this is
eipe"'a"&: true of the electric interurban rail-
Ways which are now becoming so numerous. On

the third-rail interurban line of the Aurora, Elgin
& Chicago Ry., concrete has been used very ex-
tensively, the structures ranging from small box
culverts to 10-ft. flat-top I-beam and concrete
culverts, and arches of 12, 13, 30 and 35-ft. span.
Some of these arches are of concrete alone, while
others have old GO-1b. rails (36 ins. apart) em-
bedded in the arch, being curved to about the
radius of the center line of the arch ring. Some
further particulars of the concrete structures are
given in our article upon this railway in the pre-
ceding pages. It may be noted that all these
structures were bullt of Portland cement from
Stroh, Ind., supplied by the Wabash Portland
Cement Co., of Detroit, Mich.

As so much of this class of work is now under
construction, and as the specifications were care-
fully drawn up, we give these specitications
below, in the belief that they will be of interest
to many of our readers. These specifications

- were drawn up by Mr. Charles Jones, Chief En-

gineer of the Aurora, Elgin & Chicago Ry., and
Mr. E. H. Arnold, Constructing kEngineer, both
of Wheaton, IlL

Some of the provisions of the specifications are
worthy of special attention, and perhaps the most
notable of these is in regard to the measurement
of cement. There is considerable difference of
apinion not only as to how the cement should be
measured, but also as to the actual meaning of
the terms of some specifications in this respect,
At the annual convention of the American Rail-
way Engineering and Maintenance of Way Asso-
ciation in March, the late Prof. J. B. Johnson
started an animated discussion on this point,
showing that in very many cases it is not stated
whether cement is to be measured lcose or in
the original package, while a difference of nearly
J0% may be made in measuring tne same quan-
tity by the two methods. Some of the speakers
favored specifying the cement to be measured
“loose,” and others favored specifying *in the
original package,” while others specitied a certain
weight per cubic foot of cement. In the specifica-
tions quoted below it will be seen that the pro-
portions are expressed as units of volume, a quar-
ter-barrel sack of Portland cement as packed by
the manufacturer being taken as a cubic foot.

In building walls with sloping tops, the practice
of the Illinvis Central Ry. was first followed.
Under the specifications of that road (Eng. News,
July 18, 1901), the work is built in horizontal
sections, and the slope finished in short sections
of 3 to 4 ft. in length and bonded into the hori-
zontal sections before the concrete of the latter
has become set. At each junction of adjacent
sections of the slope there is a groove across the
top of the wall. This plan, however, was not
found to work satisfactorily on the Aurora, Elgin
& Chicago Ry., and the method described below
was adopted. This consisted of marking off the
slope on the inside of the form and building the
wall in steps, which did not come within G ins. of
the slope. This being completed, the space be-
tween the steps and slope line was filled in with
concrete and finished off with ‘a mortar surface,
thus giving an even and unbroken surface for the
top of the wall

As to the consistency of the concrete, it is re-
quired that the concrete should be wet enough
for water to flush to the surface after thorough
ramming, and a slight excess of water is con-
sidered preferable to a deficiency. The method
adopted for facing the work is to have an iron
plate fitted with angle irons which keep it 1% ins.
away from the surface of the mold. This space
is filled with fine mortar, while the ordinary con-
crete is filled in behind. the plate being then
drawn up and the whole mass tamped so that the
facing will be thoroughly incorporated with the
backing. .

With this introduction we give the specifica-
tions below, practically in full. with certain
modifications from the original form which have
been introduced as the result of experience with
the work done under these specifications:

SPECIFICATIONS FOR CONCRETE WORK.

1. Concrete masonry will be constructed in three grades:
2. Class A. Will be composed of 1. part Portland cement,
2 parts sand and 4 parts stone. This grade will be used
in arch sheeting, oridge seals, parapet walls, and such

other parts of structures as may be required by the
engineer,

. Class B. Will be composed of 1 part Portland cement,
3 parts sand and 6 parts stone. This grade will be used
m abutments, bench walls for arches, retaining wallg, or
such other work as directed.

4. Class C. WIill be composed of 1 part Portland cement,
4 parts sand and K parts stone. This grade may be used
in foundations and other work as directed by the engi-
neer. This class of concrete will permit the use of irregu-
lar shaped rubble stone of about 1 cu. ft. in size and less,
laid in each course, and so arranged as to leave a space
of not less than ¥ ins. between adjacent stones, and no
stone to be within 8 ins. of the face of the wall.

5. The proportions above expressed are units of volume,
a quarter barrel sack of Portland cement as packed by the
manufacturer being accepted as a cubic foot. The sand
must be measured loosely.

6. The proper quantities of sand and stone for each
batch must be measured in a manner satisfactory to the
engineer, s0 that there can be no doubt that the required
proportion of each kind is delivered. The use of barrels
or boxes without heads and bottoms, into which the sand
and stone may be cast, the containing vessel then being
temoved, will be deemed satisfactory, or preferably the
use of square and uniform sized wheelbarrows built
=pecially for this service. The use of the ordinary shallow
wheelbarrow will not be permitted.

CEMENT.

7. The cement will be an American Portland and must
be of a manufacture approved by the chlef engineer, and
the contractor will not be allowed to make concrete with
any other brand. Contractors will be required to provide
a suitable storehouse at the several structures in which
the cement may be stored so as to be protected from the
weather and from dampness from the ground. A suf-
ficient quantity shall be kept in the vicinity of the work
50 as to allow ample time for tests without delay to con-
struction. In addition to the usual tests the inspector will
be required, from time to time, to make small pats of
pure cement, and of cement mixed with sand, in order to
satisfy himself that the cement going into the work is
uniform in character and has not been injured by expos-
ure. He shall reject all cement that is lumpy, or fails to
set in proper time, and the contractor shall remove the
same from the work.

SAND.

8. All sand must be clean, coarse and sharp; sand from
bank or pit preferred. It must be free from loam or clay.
If necessary to meet these requirements, it shall be
screened and washed as directed by the engineer.

STONE.

.. The crushed stone used in the concrete must be made
from hard, clean limestone, free from earthy or clayey
Inatter, or rotten stone. It must be the entire product of
the crusher passing through the screens up to and includ-
ing stone of 1% ins, size. The screenings, or all that
passes through the l4-in. screen, must not exceed one-
sixth of the whole, and be reasonably free from dust.

10. The water used must be fresh and clean.

MIXING.

11. A suitable platform must be prepared of convenient
size and so constructed as to keep the ingredients entirely
{ree from mixture with all foreign matter. Not more than
1 cu. yd. of concrete shall be made at once. In preparing
a batch by hand, the measured quantity of sand must firsc
Le spread upon the platform, 2 or 3 ins. thick. Upon the
.’xund the proper quantity of cement wil] be evenly spread.
I'he sand and cement shall then be thoroughly mixed dry
by turning and re-turning with a shovel at least three
umes, or oftener if required by the inspector. The proper
amount of broken stone, having previously been wet, shall
then be spread uniformly upon the mixed sand and cem-
ent; the whole shall then be turned over by shovels at
least twice before loading into wheelbarrows for deposit-
ing In the molds. During the turning of the stone with
the dry sand and cement, the mixture must be wet by a
spray or sprinkler: water must not be dashed or thrown
upon the mass in quantities to wash.

12. The contractor must see that the resultant mix-
ture is uniform in character, and that all the stome is
covered on all surfaces with the mortar. The contractor
mmust see that the proper amount of water is used; that the
concrete is neither too wet, nor too dry; a slight excess of
water, however, being preferred to a deficiency. It should
be wet to that degree that after thorough ramming the
mortar will flush to the surface. Concrete mixed by ma-
chinery must correspond in all respects to that above de-
scribed; special care being taken that the ingredients are
50 delivered to the machine that the resultant mixture
ig uniform in character, each shovel full having the pres-
cribed proportion of the different . materials, and of the
desired consistency.

PLACING THE CONCRETE.

13. Immediately after the mixing, the materlals must
be deposited in the molds in layers not exceeding 4 ins.
in thickness; these layers must be carried up level and
no wavy or irregular lines will be permitted to show on the
face of the work, Concrete which has begun to set before
being placed and rammed will not be allowed to remain in
the work.

4. After being placed, each layer must at once be
thoroughly rammed and consolidated so that no void
spaces are left. The contractor must finsist upon the
thorough ramming and compacting of all concrete, as the
value of the work largely depends upon the completeness
with which this highly important part of the work is done.
He must see that a sufficient number of men are provided
with suitable rammers so that each batch is spread and
well compacted before another batch is delivered within
the molds, and when this labor is specially severe, the
contractor should require the changing of men so employed
in order that this part of the work may be thoroughly
performed.

15. Layers should not be tapered off, but be built with
square ends and when from any cause it becomes im-
practicable to complete a layer,” a plank of convenijent
width should be secured to the mold against which the
concrete shall be rammed, thus making a vertical joint.
Should it be necessary to start a second layer at once, it
should stop short of the first plank at least 12 ins., when
a second plank must be secured in the same manner as the
first, and the concrete rammed against it, the layers being
carried up full thickness to the board, and left rough. No
loose stones or porous places should be left on the sur-
face of any layer, but such places must be filled with
mortar, and the ramming repeated until wet mortar flushes
to the surface. The top surfaces and also the sides of all
stepped footing courses in foundations must show smooth
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mortar faces, and if necessary to secure this, sufficient
mo?;:‘l of 1 part cement to 3 parts sand shall be made and
applied.

ARCH CULVERTS.

16. In the construction of long arch culverts the work
may be divided into sections of 20 to 25 ft. in length by
temporary partitions extending from the top of the footing
course through the bench wall and arch sheetlng; against
this temporary partition the concrete must be rammed.
After the completion of a section and the setting of the
concrete, the temporary partition will be removed, and the
next section started against the concrete, but no mortar
must be used to flush the joint, or bind it to the sectlon
first built, in order that any contraction may open the
joint, or settlement of the foundation may cause sliding
without breaking the concrete.

17. In stimilar manner in large arches, sections shall be
set off by partitions parallel with the axis of the arch
(the size of these sections to be determined by the engi-
neer), the temporary partitions to be on truly radial lines.
Against these partitions the concrete shall be well ram-
med. After the concrete is well set the partition shall be
removed, and another section started, no mortar being
used at the joints. The object 18 to construct the arch
of clearly defined sections, capable, should occasion re-
quire it, of some slight sliding adjustment without frac-
turing the mass.

18. The backs of all arches must be covered with a
layer of motar not less than %4-in. in thickness, composed
of 1 part cement to 2 parts sand.

FORMS.

19. In constructing all forms of concrete masonry, the
casings or molds shall be substantially built of planks
sufficlently heavy (in general 2 ins. thick) to hold the
concrete. These planks must be surfaced on two edges,
and one slde 8o as to be of uniform thickness. They must
be neatly fitted together so that the mortar face shall be
a8 smooth as possible, without showing the ends or edges
of the planks. In order that the faces of the masonry may
be true, the sides of the forms must be firmly braced and
secured by rods or wire extending through the concrete.
On the removal of the forms, all such wire and tie rods
must be cut off at least 1 in. beneath the surface, and
the holes neatly filled with mortar. A competent carpen-
ter must be employed in the erection of the forms, and
all work must be done in a workmanlike manner. The
molds for bridge seats and projecting copings, when such
are ordered, shall be constructed in a first-class manner
80 as to make smoothly finlshed work. When edges of
wing walls, bridge seats, or tops of parapets, or other
parts of the work are required to be beveled or rounded,
molds of proper shape shall be used, and all forms so
constructed that the resultant work shall be finished true
and in a workmanlike manner.

20. Where sloping walls are used, as in the wings ot
abutments, the casings must be built to full height; then
upon the inside a line will be drawn at the top surface of
slope. The wall will next be bullt up in steps of con-
venient size from 18 ins. to 36 ins. on the horizontal, with
risers of 12 to 24 ins., care being taken that no part of
the step 18 nearer than 6 ins. to the slope line. Imme-
diately after the wall has been bullit up in steps, concrete
wlll be filled in to near the top iine so that the finishing
surface of mortar will bring the sloping face to the height
indicated by the line. The mortar will then be floated to
a true surface and worked off with a sidewalk finish. This
sloping surface above the steps must be built continuously
In one operation.

FACING.

21. For all concrete work in abutments, arches, piers,
retalning walls, or in other construction required by the
engineer, a facing mortar of 1 part cement and 2 parts
sand shall be used on all surfaces exposed to the weather,
or which may be exposed, also the intradoes of all arches
and the upper 12 ins. of wing walls and parapets. This
mortar facing shall be 1% Ins. thick, and secured in the
following manner: pieces of sheet iron of convenlient width
and length, with suitable handles attached, and having
angles with a projection of 1% ins. riveted at intervals of
24 to 30 ins., shall be turnished by the contractor. The
angles belng placed against the molds, the space between
the plate and the mold shall be filled with the mortar
described above, which must be mixed in small batches
as it may be needed; it must be of such a consistency as
te readily fill the space, without being so thin as to allow
the stone in the concrete to be forced through it. When
the space is filled with the mortar and tamped with a
suitable tool to insure complete filling of the entire 114-in.
space, and the ordinary concrete is filled against the plate,
this last must be withdrawn, and the whole tamped as
described, so that the face and the back are built up to-
gether. The contractor must see that this mortar face
does not follow nor precede the concrete mixture, but must
be built up with it. Bridge seats and the top surface of
parapet walls must be finished as described in Paragraph
20; that is, floated to a true surface and worked off with a
sidewalk finish.

22. For the backs of abutments and retaining walls, it
will be sufficient in forming thelr back surfaces that the
concrete be forcibly cast against the forms, thus working
the finer portions of the mixture against the casing, and
then thoroughly tamping it. The top 12 ins. of wing walls,
abutments and parapets, however, to be finished as de-
scribed in paragraph 21.

28. No concrete surface with pores or open spaces shall
be covered with earth; such open work must first be
pointed.

GENERAL.

24. When it becomes necessary or expedient in the judg-
ment of the engineer to use I-beams, or steel rails, or iron
in any form in the concrete, an allowance equal to the
actual cost of handling such iron shall be made to the
contractor and the volume of iron shall be estimated as
concrete.

25. After the work is well set the forms shall be re-
moved by the contractor. Concrete shall have at least 48
hours to set after the completion of the work, or longer
in cold weather.

26. No concrete shall be laid in freezing weather except
upon the order of the engineer, with speclal instructions
as to the éonduct of the work, and its protection from the
frost. In hot, dry weather the contractor must see that
the crushed stone is frequently wet, and that the concrete
is wet from time to time in order to prevent drying before
hardening. In dry weather all exposed surfaces of new
work must be kept moist at least three days.

27. The contractor will be required to furnish all plank,
timber, braces and tie rods, or other material required in
construction of forms for concrete masonry, for which no
allowance will be made, nor for any scaffolding, nor cen-
tering on arches (except when necessary to use trusses)

nor other timber used in masonry construction, except
such as i8 necessarily left in the work, the cost of all such
material belng included in the contract price per cubic
yard of completed work.

28. All walls when finished must present a smooth uni-
form surface of cement mortar, and all disfigurements
must be effaced, and If there are any open, porous places,
they must be neatly filled with mortar of one cement and
two sand, well rubbed in, which finishing must be done
immediately upon the removal of the forms. Compensa-
vion for all labor and material required in such finlshing,
including the mortar facing when required, with the
finishing of bridge seats and other parts, is included in the
price per cubic yard for concrete work.

S—

COLLAPSE OF A 200-FT. HIGHWAY BRIDGE OVER
THE COLORADO RIVER AT GONZALES, TEX.

We f{llustrate in the accompanying cuts the
wreck of a highway bridge crossing the Colorado
River at Gonzales, Tex., which collapsed on Aug.
1, 1002, owing to the failure of one of the double-
cylinder piers on which it was carried. The bridge
was & through pin-connected truss span of 200 ft.;
the width between trusses being 20 ft., and the
trusses being divided into ten 20-ft. panels. The
total weight of the span was about 100 tons, and
it rested upon two steel tubular piers each made
up of a pair of steel tubes 54 ins. in dlameter. "
The tubes of the pier at the town end, which were
the ones that failed, were about 50 ft. long, and
they were sunk to a cemented gravel stratum
some feet below the bed of the river. The tubes
failed by tipping over toward the stream, they
being ridden over the bank and crushed down by
the span, the pier seats of which sunk into the
ground some 10 ft. The opposite end of the span
remained in place on the far pler.

Fig. 1 is a view of the wrecked bridge, showing
the wrecked pler at the far end, and Fig. 2 is a
near view of the end which fell. The four py-
ramidal structures shown underneath the bridge
in Fig. 1 are old I-beam and concrete pfers which
supported the 140-ft. King arch, built some 30
years ago and which were left standing when the
old arch was replaced by the new steel span built
last June. These old piers, as is clearly shown by

FIG. 1. GENERAL VIEW OF WRECKED BRIDGE

Fig. 2, did considerable damage to the falling
bridge by crushing up through the metal work;
three panels of the steelwork were pretty badly
mutilated by them. They, however, served a good
purpose by catzhing and supporting the span and
thus preventing it from turning over or sinking
further into the mud. On the whole this bridge
seems to have been of fairly good design, except
that the hip verticals are not what good modern
practice demands, and that no bracing seems to
have been used between the pier cylinders. The
information available does not show, however,

whether or not the latter defect contributed in
any way to the failure, '

Immediately after the wreck the local authori-
ties awarded a contract for repairing the bridge
to E. P. Alsbury & Son, of Houston, Tex. The
contract price for the work was $5,700 and in-
cluded the repairing and replacing of ruptured
members, the construction of a new pier and the
addition of a 54-ft. span between the new pler
and the river bank. The fallen tubes wejghed
about 60 tons and had to be taken out from
under about 30 ft. of soil and caving banks. The
falseworks used was of framed bents and two 40-
ft. gallows frames were used in taking out the
span. The wrecked span stood on an 18§, grade
and the falseworks and,gallows frames were built
to suit this grade. Within twelve days after work
was commenced the entire wreck, including the
pier and falsework, were entirely removed and on
the shore ready for repairs and replacing. It
was expected on Sept. 2 that the bridge would
be re-erected and ready for traffic in about three
weeks.

During the work of reconstruction the tempo-
rary structure, shown by Fig. 3, was employed
to accommodate the traffic. This structure is de-
scribed as follows, in a letter to us from the
contractors:

The good citizens of Gonzales attempted to give the
people a quick and temporary crossing by making two
40 x 13-ft. barges and connecting them with aprons. The
point selected for this temporary structure is the swiftest
point on the river, the current running fully 20 miles an
hour, and for a width of 50 ft. this rapid current is 10
to 12 ft. deep. When the boats were put into the river
they turned over and sank. No nose or rake being bulit
on the upstream side, the force of the water pressed the
upper side under and coming over fillled and sank the
boats. The boats were not properly constructed, only a
10-in. gunwale being used, and they were roughly jointed
and not calked. We suggested a temporary log trestle,
but they desired to use these flats which they had built,
and the only way we could see to use them, was to pick
them up and hold them in place; first putting a rake
on the upstream side. The boats are carried and held
upstream by four stationary gallows frames built of 6 x 8-
in. timbers and resting on the bottom of the river. There
is a 13-ft. space between the barges and in case of a
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small rise this apron can be removed and drift g\lldeﬂt
through. The barges are allowed to settle two-thirds ot
thelr depth in the water so as to cause the dllphcemﬂ:.
to carry part of the load, the rigging carrying about OIh "
third of the trafic. The work was put in place and tra ¢
opened within 14 hours after our foreman and a few 0.
the boys started, and has given a crossing on some day
to 1,000 bales of cotton coming in from the countll'y-
About 6,000 ft. of line is in use and should the river r l:
the barges can be pulled up accordingly. The peODlzd ar
well pleased with the result and the town Is sav :
loss of $1,000 country trade a day, Wwhich would hav
drifted to the adjoining towns.

We are also indebted to the contractors for the
fnformation and the photographs from which this
description has been prepared.




