11—An end section of the bottom chord being removed from the vertical planing machine
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13—Sections of the centre pier post assembled and set for planing
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used as far as practicable for the deck of this falsework, as
may be seen by referring to Plates 16 and 18. Steel false-
work was also used to support the anchor arm trusses during
erection and until the river arms were completed.

A large quantity of steel was required for this tem-
porary work—about 8,000 tons in all having been provided.
This was distributed approximately as follows :

Inner falsework : 3 : ’ 1,500 tons
Outside falsework for both sides of the River 950 ¢
Travellers § : ; : : . 1,400
Erection struts, temporary bars, supporting

platform, storage yard cranes, runways,

etc. : ; . : ; : T B Y

The shops were completed and manufacturing steel in
1912 in time to carry out the programme of erection laid
down for the completion of the work.

The general programme of erection was as follows :

The storage yards, camp and field equipment, with the
exception of the travellers, were completed early in the
season of 1913 and the North approach spans were erected
on falsework with locomotive cranes before the close of
that season. The erection of the North traveller was also
started in 1913 in order that it might be ready to erect the
anchor arm early in the season of 1914. The traveller was
erected on the shore and moved out over the approach
spans to the anchor pier from which point it set its own
falsework as it proceeded; the 90-foot swinging booms
being used for this purpose. The outer falsework to carry
the anchor arm trusses, although independent of the inner
falsework, was set at the same time while the traveller was
proceeding out. As soon as the main pier was reached the
grillages and main shoes were set.

30

After the shoes were set the lower chords of the anchor
arm were started at the shoes and erected towards the an-
chor pier, the traveller being moved back for this purpose
as the chords were erected. The lower chords of the anchor
arm at every panel point rested on shoes of a rocker type
which capped the outside staging columns and the level of
the falsework was adjustable in order that the chords might
be kept in a perfectly straight line until all the joints had
been fully rivetted. After this had been accomplished the
elevation of the falsework was adjusted until the chords
reached the position calculated to give the truss the neces-
sary camber to make the chords straight when under full
load. The traveller was again taken back to the main pier
and erected the lower triangles of the *‘ K system as it
was moved back towards the anchor pier. These triangles
are shown on Plates 24 and 25. When the traveller reached
the anchor pier the inclined end posts and the anchor
bars were put in place. It was then moved towards the main
pier, erecting the upper triangles, the upper chord and the
sway bracing as it was moved outwards.

A difficulty here was overcome in a rather novel man-
ner. Calculations had shown that with the lower chord in
its cambered position the web members and upper chord
could not be connected without forcing some of the mem-
bers out of line or altering the elevations of the lower chord
to make these connections. It was found, however, that a
small elongation of the pin holes in the tension members
would permit the connections to be made without trouble.
After experiments had been made to determine that the
elongation of the pin holes would not in any way weaken
these members, this expedient was adopted, and no trouble
was experienced in making all connections. A further
result of these experiments was the decision to make a
slight elongation of all pin holes in tension members,
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It was, therefore, not necessary to advance the traveller
beyond this point.

When the truss system of the North anchor arm was
completed and the traveller supported over the main pier,
the floor beams were connected to the trusses, thus releasing
the falsework bents put in to carry the traveller and floor
system.

The falsework was then moved over to the South side
for the erection of the South anchor arm. Meantime the
South traveller had been erected. The erection of the South
anchor arm falsework was started 20th May, 1915, and com-
pleted 3rd July, 1915. The South anchor arm itself was
completely erected, including the vertical posts over the
main pier, 3rd December, 1915, and the North cantilever was
also completed that season.

The condition of the work at the end of the season of
1915 is shown on Plate 45. It may be noted that the load
on the outer falsework carrying the North anchor arm was
not fully relieved until the cantilever arm was erected and
it was necessary to duplicate this falsework for the South
anchor arm.

The design of the bridge was based on floating the
suspended span into position and no provision was made for
the stresses imposed and extra material that would be
required if it were erected by cantilevering. There was so
much risk attendant on attempting to float the span at the
level it would occupy in the bridge that this plan was never
seriously considered although strongly advocated by some
after the accident in 1916.

The plan adopted was to erect the span at as low a
level as practicable, float it to position and hoist it in place.
The best site available for erecting the span was at Sillery
Cove, about 314 miles below the bridge site where excellent

conditions existed. The railway connecting with the mater-
ial yard, at this point was about the level required on the
span; there was a good level rock bottom dry at Spring tides,
making it easy to prepare the foundations for the steel
falsework and for the pontoons. The site was also well
protected from navigation risks by shallows, but over which
there was sufficient water at high tides to float the pontoons
loaded with the span. Steel bents were placed for each
panel point of the span and it was erected by the lower
part of the traveller that had been used on the North arm
the four booms being all that was required for the purpose,
the upper trusses and travelling cranes were omitted.

The method of erection did not differ from that usually
followed in a span of this character.

Heavy steel towers were placed under the four corners
and after the bridge was completely assembled, with the
exception of the permanent floor system, it was swung on
these end supports and the other falsework removed. See
Plate 49.

The span was erected at such a height that pontoons
could be floated under it at high tide and allowed to rest
with the receding tide on foundations prepared for them at a
height that would permit the blocking and steel grillage
girders for distributing the load on the pontoons to be placed
under the trusses. See Plate 50.

The pontoons,-really scows, six in number, each 165
feet long, 32 feet wide and 11 feet 6 inches deep, were built
with heavy steel frames and steel plate girder bulkheads
calculated to support the heavy concentrated load to which.
they were actually subjected and for possible bad conditions
of weather. The wooden planking was considered to be
only a skin to keep out the water and not as adding strength
to the framework. Each of the scows had six valves in the
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centres and each placed half way between a pair of the holes
spaced 6-foot centres used for connecting to the jacking
girders.

It was important that the load should be taken simul-
taneously on the eight hoisting chains and that the operation
of connecting the chains to the lifting girders should not be
complicated by having to jack the chains down to follow a
dropping tide. The bottom holes in the chains were there-
fore elongated about 5 feet and when making the con-
nection to the link projecting from the lifting girder the chains
were set at an elevation to bring the pins near the top of the
slot. The links having the oblong holes were made of
Silicon Steel to cover possible increase of stress due to
deformation.

Lifting girders, each weighing about 30 tons, on which
the suspended span rested while being hoisted, were placed
on the corner falsework bents at Sillery before the span was
erected and were hung from the ends of the span in position
for hoisting while the span was being transferred from
Sillery to the site. Shoes were placed between the span
and these girders, permitting angular motion both trans-
versely and longitudinally. More extended reference will
be made to these when describing the loss of the first span
in 1916. At each corner there was placed across the end
of the cantilever arm, vertically over the point of intersection,
a heavy cross girder, supported on rocker bearings to
equalize the load on each pair of chains, from which the
jacking girders were suspended at about the level of the
cantilever floor. The jacking and lifting girders were deep
plate girders connected near each end by double dia-
phragms between which the hoisting chains passed.

A hydraulic jack was placed outside the hoisting chains
at each end on top of these girders and resting on top of the
jack plungers were placed lifting girders, practically dupli-
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cates of the jacking platform, with corresponding dia-
phragms, but the suspension bars which were fastened to
the jacking platform passed through the lifting girders which
were free to slide and were guided on these bars. The
diaphragms both in the lifting girders and the suspension
platform were each bored with three sets of holes spaced
two feet centres vertically. The jacks had a lift of two feet
and although the holes in the lifting chains were spaced
six feet centres, the arrangement of holes in the diaphragms
always enabled the registering of a pin hole in the chain
with pin holes in both lifting and platform girder whether
the jacks were at the top or bottom of their stroke.

The suspended span in condition for hoisting was esti-
mated to weigh about 5,100 tons; the suspension and lifting
appliances added about 440 tons, making a total load of
5,540 tons to be lifted by the jacks. The rams of the jacks
were 22 inches in diameter and the working pressure about
4,000 lbs. per square inch. The jacks and the lifting girders
were tested under a pressure of 6,000 lbs. per square inch
by pinning the jacking platform and the lifting girder
together.

Two hydraulic pumps placed at the end of each canti-
lever operated the jacks. The pumps were driven by com-
pressed air supplied from the power houses on shore. There
were separate control valves for each jack at each corner
and control valves for each pair of jacks at each end. Multi-
plying tell-tales were installed to enable the valve operators
at the corners to keep the lifting girder exactly horizontal
and the valve operator at the centre of the bridge to keep the
span itself horizontal. A telephone system was installed
through which the lifts at each end of the span were reported
to the Officer in general charge and the two ends thus kept
at the same height. Four 12-inch diameter counterweighted
screw-jacks worked by hand wheels were provided at each
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was being investigated, a careful examination was being
made of the cantilevers to determine if any part of the
standing structure had been injured by the severe but
unknown stresses to which it had been subjected by the
impact of the falling span and by the upward spring and
vibrations when the weight of the span was suddenly re-
moved.

A rigid examination of all the connections as well as
levels taken on the floor beams showed there had been no
injury or change in the cantilevers through the loss of the
span. As soon as this had been ascertained it was deter-
mined to replace the span and material was ordered to
exactly duplicate that which was lost. The point of failure
having been located in the cruciform steel casting, this
detail was revised to avoid the use of steel castings.

The transverse pins had been used to take care of the
angular movement of the truss members at the shoe when
the falsework supports were removed, as the span was
necessarily erected in a cambered position. This movement
was provided for in the new detail by making shallow shoes
under the outer ribs of the end post which bore on a con-
fined lead bearing, the bearing on the lead being propor-
tioned to allow the material to flow and adjust itself to the
altered conditions of load when the span was swung on its
end supports. When the span was floated at Sillery and the
load taken off the lead bearings, shim plates under these
bearings were removed, which allowed the carrying girder
when hoisting to bear against a nickel steel rocker centrally
placed under the end post and thus prevent any unequal
distribution of load on the two hanging chains at a corner.

Some small changes were also made in the method of
operating the follow-up screws and the valve controls of the
jacking apparatus, but these were more as a matter of con-
venience and precaution than of necessity or because the
previous arrangements had been found in any way at fault.
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Notwithstanding the scarcity of steel at that time, the
Carnegie Steel Company, which had supplied all of the rolled
material for the bridge, made a special effort and delivered
the greater portion of the material for the new span before
the end of 1916.

The falsework on which the span was originally built
had suffered a good deal from ice shoves during the Winter
and the repair of this delayed the commencement of erection
in the Spring. Because of the impact of the span falling on
the Southwest corner and the extra load imposed by the
span rotating around the diagonal line joining the Southeast
and the Northwest corners, all of the hoisting rigging at
these points was subjected to heavy overloads. It was
therefore considered prudent to replace the hoisting chains
with new material and to reinforce the hangers and lifting
and supporting girders.

The first suitable tide after the new suspended span
was ready for floating occurred on Saturday, September
15th, and preparations were made for that day, but un-
favorable weather reports and a strong breeze at low tide
caused a postponement until Monday, the 17th, when the
span was floated at about the same hour as in the previous
year. On this occasion everything went smoothly except a
slight delay in pinning some of the hoisting chains. Actual
hoisting commenced at 9:10 in the morning and the scows
floated out at 10:25. After the first few lifts, which were
expected to take about 15 minutes each, the men gained
confidence and in some cases the cycle was performed in
much less time, but as it was not expected to hoist the span
in one day, minimum times were set for each operation as a
measure of safety and the span was lifted at an average of
about four lifts or 8 feet per hour. Each link of the hoisting
chains as it came through the jacking girder was taken off
by tackles rigged for the purpose and deposited on the
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15—The North Shore traveller erected being equipped, also showing the office building and power house to the left
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16—The traveller in use setting the falsework for the anchor arm trusses and permanent and temporary floor
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17—End elevation of the traveller at the same position as on plate 16, showing the four tracks on which it was carried and
, the temporary outside girders to support the outside tracks
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19—The main shoe grillage already set, one rib of the main shoe being placed
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21—Setting the fourth section of the lower chord to complete the first lower chord panel of the anchor arm
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23—Starting the erection of the anchor arm web system
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24— Two lower triangles of the web system of the anchor arm erected
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