of the Michigan Central’s new 640-ft. arch across

the Niagara gorge had been placed in position, the
two halves of the structure, which had been extended from
the two sides of the gorge by cantilever erection, were
brought to bearing by releasing the backstays and the arch
became a self-supporting structure. This bridge, which has
the distinction of being the longest railway arch bridge in
America except one, the great Hell Gate arch, has been built
to replace the Michigan Central cantilever bridge erected in
1883, increased train loadings having rendered the old
structure inadequate. A description of the design and details
of the new bridge and an account of the preliminary engi-
neering studies and foundation investigations appeared in
the Railway Age of June 13, 1923, page 177. The following
article is therefore confined to an account of the construction
work on this bridge, which entailed the solution of many
interesting problems.

General Description of the Bridge

The new bridge is located in the space between the old
cantilever structure and the 550-ft. arch used by the Cana-
dian National (Grand Trunk). It has a span of 640 ft.
from center to center of hinge pins and a rise of 105 ft. It
is designed to carry two railway tracks on the deck at 13
ft. centers. It belongs to the spandrel braced type of steel
arch with the lower chord conforming to a parabolic curve
and the top chord horizontal. It was designed for erection
by the cantilever method with a pin bearing between the
two halves of the lower chord at the crown so that it is a
three-hinge structure for dead load exclusive of the weight
of the ballast and the track construction. However, as the
crown joint in the top chord will be riveted solid, the struc-
ture will function as a two-hinged arch for live load.

The design follows the usual practice for riveted structures
except that pin connections are provided at each end of the
first two vertical web members on each side of the crown.
These posts are so short that deformations occurring in the
arch under load or temperature changes would have intro-
duced excessive secondary stresses if they had been provided
with rigid connections to' the chords.

O N OctoBER 11, after the closing members at the crown

New Niagara Gorge Arch Nearing Completion

The Two Cantilever Arms of the Michigan Central’s 640-Ft.
Span Were Joined in October

The size and general characteristics of the main fruss
members are given in one of the accompanying drawings.
The bottom chords are of closed box section with two webs,
3 ft. 234 in. center to center by 5 ft. 614 in. deep, each web
consisting of four plates 5§ in. thick. The angles are 8 in.
by 8 in. by 34 in. throughout, the variation in the makeup
being made by changing the thickness of cover plates. The
maximum bottom chord section has a gross area of 714.78
sq. in., to provide for a maximum resultant stress of 9,700,-
000 1b. The joints in the bottom chord members are neces-
sarily made at the panel points and the abutting ends are
milled for bearing on only the middle 2 ft. 6 in. of the
total depth of 5 ft. 674 in. These chord splices have been
proportioned for 100 per cent riveting. The two trusses
are set on a Dbatter of 8 vertical to 1 horizontal, all members
of the trusses, including the top chord, conforming to this
batter.

The Floor Is an Independent Structure

For a number of reasons, among which is the possibility
of a subsequent raise in the grade of the tracks across the
structure, the entire floor system is essentially independent
of the trusses. The design provides for a ballasted floor
with the ballast-retaining construction carried on a 34-in.
floor plate resting on 15-in. I-heams spanning longitudinally
between floor beams spaced transversely at intervals of 12 ft.
2 in. These floor beams are carried by two side girders
which are supported on the trusses at the panel points by
means of beveled castings which compensate for the inclined
position of the top chords.

The arch bridge structure is flanked by a plate girder
approach span at each end, that on the Canadian side being
100 ft. long and that on the American side 125 ft. long.
These approach spans are provided with ballasted floors of
similar construction. Beyond the approach spans at each
end of the bridge the railway approaches consist of a number
of spans of reinforced concrete viaduct terminating in street
subways which carry the tracks over streets flanking the
river on both sides. A total of 16,100,000 1b. of structural
steel was required for the project, of which 9,600,000 Ib.
is in the arch trusses and bracing, 2,700,000 1b. in the arch
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floor, 1,500,000 1b. in the approach spans and 700,000 1b.
in the two street subways, while 1,600,000 1b. was required
for the backstays, anchorages and other temporary work.

The conditions at the site of this bridge offered no alterna-
tive to the erection of the arch by the cantilever method,
which was employed in the building of all of the bridges
across the gorge except the original suspension bridges. The
method used for this structure, however, is unique in that it
was carried out without the use of anchor arms or counter
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The New Arch in Relation to the Gorge

weight structures. Instead backstays were carried into
anchorages imbedded in the solid rock of the blulfs, depen-
dence being placed on the weight and strength of the rock
ledges to resist the pull on the backstays.

The Substructure Work _Was Difficult

The contracts for the sub-structure were let on May 9,
1923, to the Gass-Thurston Company of Detroit, Mich., for
the work on the American side and to the Federal Construc-
tion Company of Toronto, Ont., for the work on the Cana-

railway furnishing the cement, concrete aggregate, reinforc-
ing steel and such falsework and blocking timbers as the
railway’s engineers deemed necessary. Other materials were
furnished by the contractors and paid for by the railroad at
invoice cost. The justification for .this arrangement was
borne out fully by experience throughout the course of the
work.

Physical conditions at the site imposed a number of for-
midable obstacles to the prosecution of the construction,
much of which involved operation on the steep faces of the
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gorge. The site also afforded little space for the storage of
materials, necessitating provision for a storage yard at a
considerable distance, from which materials had to be
teamed. On the American side the presence of the gorge
railway at the base of the bluff called for the exercise of
extreme care in the conduct of the excavation to prevent
large masses' of rock from rolling down the steep slope onto
the gorge line tracks. Considerations of safety in the opera-
tion of this line required the construction of a protection
over these tracks similar in plan to a snowshed, the accumu-
lation of earth on the roof of this structure providing an
effective cushion to break the fall of occasional rocks.

The preparation of the site for the tunnels and the piers
for the ends of the approach spans by the removal of the
overhanging ledges of rock at the tops of the bluffs disclosed
a fissured and broken condition of the rock face which was
much more severe than had been anticipated as a result of
the preliminary investigation. On the Canadian side this
condition was met as regards the approach span pier by
extending one corner of the pier far down the slope. On
the American side it was found necessary to set the pier
25 ft. further back on the ledge with a corresponding in-
crease in the length of the approach span. For the same
reason the tunnels for the anchorage had to be driven to a
greater depth than planned to insure that the anchorage

Typical Sections of the Main Truss Members

would be imbedded in solid rock. The tunneling operations
involved the driving of four shafts 7 ft. wide by 6 ft. 6 in.
high at a downward pitch of 26 1/2 deg. from the horizontal
for a distance of 82 ft. on the Canadian side and 105 ft.
on the American side and terminating in anchorage cham-
bers approximately 20 ft. deep, 20 ft. high and 17 ft. wide.

In addition to the difficulties attending this work, which
were described above, the tunneling, operations were sub-
jected to a further obstacle by the opening of water bearing
fissures in the rock, discharging approximately 40 gal. of
water per min., which, in the absence of any opportunity
for natural drainage, required the constant operation of
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pumps and steam syphons until. the work had been com-
pleted. After much trouble the flow of water was confined
to pipes draining into a sump at the bottom of the anchor
chamber from which the water was drained by pipes con-
nected with pumps outside the tunnel.

After the entire anchorage steel had been erected in the
chamber and tunnels the excavation was back filled with
concrete, especial care being taken to secure full bearing
of the concrete against the roof of the chamber to insure
that the uplift action of the anchorage would be effectively
transferred to the overlying rock. This was effected by

Diagram of the Back Stay Structure

grouting after the chamber had been filled with concrete.
On the American side the grout was pumped in through well
holes drilled from the surface overhead, while on the Cana-
dian side it was piped in through the tunnel shaft. The
effectiveness of the grouting was clearly demonstrated by
the appearance of the grout in the roofs of the tunnels at
considerable distances from the chamber. The drain pipes
from the sump at the bottoms of the chambers were retained
in place to insure the continuous removal of the seepage
water by syphoning. They still continue to discharge water
on the American side but on the Canadian side the flow of
water has stopped.

Exacting Work on the Arch Piers

The location of the arch piers was determined after care-
ful studies of the site during the course of the preliminary
investigation to insure stable foundation on solid rock, and
in attaining this end through the establishment of the
requisite span and rise of the arch, the piers were fixed at
an elevation that placed the footings well above the water
level. The foundation work therefore consisted of the re-
moval of the overlying talus and loose rock down to the
solid ledge.

The exact pier locations were established by several inde-
pendent triangulations from base lines on each side of the
gorge, a feature of the work which was attended with
considerable difficulty owing to the fact that irregular ground
made it impossible to lay the base lines horizontal. The
accuracy of the locations was checked by means of a tape
line supported, across the river inside of a pipe line sus-
pended from the cantilever bridge. It was again checked
by the engineers of the erecting contractor with a 1,000-ft.
tape swung across the stream. However, after considering
the various factors tending to vitiate the accuracy of the
tape measurements under the unfavorable conditions im-
posed it was concluded that the triangulations insured much
more accurate results.

By far the most exacting feature of the pier construction
was the finishing of the concrete skew backs to receive the
granite coping, the setting of the coping stones and the



