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Canadian Engineering Has Triumphed at Quebec

Great Central Span of the Quebec Bridge Successfully Floated, Then
Hoisted Through Thirty-Four Two-Foot Lifts in Two Days—With
New Mooring Tackle Arrangement Ordinary Storms Are Not Feared
Now, and There Seems To Be No Reason Why Plan Should Not Succeed

Quebec, P.Q., 11 p.m., September 18th.—Canadian
engineering has triumphed at Quebec. The great
suspended span of the Quebec Bridge, weighing 5,080
tons as lifted, has been successfully floated to the bridge
site, connected to the lifting chains, and hoisted 6875 feet.
It now rests for the night, safely moored, within 82 feet
of its final level.

The work is progressing smoothly, no accident of -any
serious account having occurred and only one minor
accident which did not in any way affect or delay the
lifting.

Not counting the first lift, when the weight of the
Span came onto the hanger chains only when the hydraulic
Jacks were within 6 inches of their top positions, there
Were required seventy-five 2-ft. lifts to hoist the span into
Its final position. Of these, twelve lifts were accom-
Plished yesterday and twenty-two to-day.,

The average time of yesterday’s lifts was 16 mins 34
Secs. ; of to-day’s lifts, 13 mins. 35 secs.; of both days,
I4 mins. 27 secs.

Last Saturday morning, September 15th, was the date
finally determined upon for the floating of the span, pro-

Fig. 1.—Connecting the South End Hanger Chain; to
Siub Links of Lifting Girder. Engaging the
Leafs Before Driving Lifting Pin

vi A

;ded that the meteorological observatory’s reports were
Vorable. Telephone communication was obtained with
€ Observatory at Toronto at 10 a.m. Friday, and R. F.

Wpart, the director of the observatory, reported as
Ollows s

“Centre of low pressure area over North Dakota
travelling southeast. Another centre of low pressure oft
the South Carolina coast. Centre of high pressure over
Gulf of St. Lawrence.”’

The barometer reading at the bridge site was 30.45.

Report from R. F. Stupart at 10 p.m. Friday:—

“We .do not expect any more wind than at present
during the next fifteen hours and after that it may increase

..*n 7 .

Fig. 2.—The. Quebec Bridge at 5.30 p.m.,
September 17th, 1917

very considerably. Still from northeast. Tropical storm
over Atlantic off Carolina coast may move due north.”

Barometer reading at bridge site, unchanged at 30.45.

As the velocity of the wind at the bridge was over 20
miles per hour, and as it was feared ‘that if the tropical
storm were to move due north its effects might be felt at
Quebec earlier than desirable, announcement was made
about 11 p.m. that the floating would be ‘‘postponed on
account of uncertain weather conditions.”’

The judgment of the engineers was justified, even
though the threatened tropical storm did not materialize.
Saturday proved to be a dark, gloomy day with frequent
gusts of high wind and occasional choppy wave action
early in the morning.

A conference was held Saturday afternoon to decide
whether to attempt to float the span early Sunday morn-
ing, even should favorable weather reports be received
that night. It was decided to make no attempt under
any circumstances to start the work on Sunday, although
work would have been continued on Sunday had it been
started on Saturday. ; S
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The priest of the Roman Catholic Church at Sillery
had blessed the span some days previously, and had given
his permission to the workmen to continue on Sunday any
neceésary work. Despite this, however, it was realized
that many of the men might have decided objections to
a Sunday start, and at the conference it developed that
many of the officials had similar objections. And as all
agreed that an extra day’s practice with the jacks would
be desirable, it was unanimously voted to postpone the
start until early Monday morning. The men were paid
for the fortnight on Saturday afternoon, but were re-
quired to report early Sunday for further drill.

At 10 a.m. Sunday the following report was received
from R. F. Stupart:—

*During next 24 hours winds will be light. Dis-
turbance on Atlantic coast has almost disappeared and

/

Fig. 3.—The South Cantilever Arm, Taken from the
North CLO. Note Balloons Used for Centering
Floating Span in Gap

high pressure area dominates weather of nearly whole
“ continent.”’ '

Barometer reading at bridge site, unchanged at 30.43.

Report from R. F. Stupart at 10 p.m. Sunday :—

“Light winds and fair weather to-morrow.”’

Barometer reading at bridge, 30.4.

It was thereupon fully decided to make the big effort
Monday morning, and the valves in the scows were closed
at 11 p.m. Sunday.

The sun rose strong and there was fine light for all
the work on Monday morning. The day was fairly warm,
the water very calm, the wind only about 1o miles per
hour; in fact, all conditions were ideal and a vast im-
provement over what would have been encountered Satur-
day morning, and even considerably better than Sunday,
which had been a fine day.

The superintendent of erection, Mr. Fortune, was in
charge of all operations until the span floated clear of the
falsework at Sillery Cove. The span floated at 5.15 a.m.
The bearing shoes were centered and leveled by means of
ratchet turnbuckles, the work being completed at 5.40.
Five minutes later the span began to draw out. The
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tug ““M. E. Hackett’’ took hold of the south end, the
towing hawser being attached to snubbing blocks on the
towing bitts on the outside scow. The tug ‘‘Belle of
Quebec’’ took hold of the north end in similar manner.

Fig. 4.—Swinging the Suspended Span Normal to the
Current After Floating

The freeboard of the scows when floating was 3 ft."2 ins.
outside, 3 ft. 3 ins. inside.

The span was clear of the outside end bents at 5.54
and one minute later Geo. Davie, of the Davie Shipbuild-
ing Co., of Levis, took command of the span and all the
tugs. Mr. Davie is a towing expert. He had charge
of the towing of the span up the river last year also, and
had again volunteered his services, having: shown great
interest in the work throughout.

Fig. 5.—Looking West, Showing One End of Suspended
Span Just Before Lowering the South Mooring Frame
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The span rode very steadily. There was a west wind
of five miles per hour and a westward eurrent of four
miles. The mooring tackle was cut clear of the end
bents when Mr. Davie took charge, and the span was at
first drawn out by means of tackle running from a steam
hoist situated at each end of the span to the end bents
Lo and L18. The larger tugs, ‘‘John Pratt,”’ “Virginia,’
“F. Dupre,” ‘‘Mathilda,”” and ‘‘Spray,” all of the
Sincennes-McNaughton Line, of Montreal, were stand-
ing by.

The span cut loose from:its downstream stone crib
anchored at 6.06 and was then absolutely free and normal

to the current, which was running westward at four miles

per hour.

The tug ‘‘Spray’’ replaced the ‘‘Belle of Quebec’ at
6.11. The “Virginia” took hold of the middle of the
lower chord of the span at 6.12. The ‘“Mathilda’ replaced
the “M. E. Hackett” at 6.12. The “M. E. Hackett”
took hold of the span at the south end, upstream side, at
6.15, the ‘‘Belle’”’ simultaneously taking hold at the north
end, upstream side. The ‘“F. Dupre’’ and the ‘“ John
Pratt” also took hold of the north end, downstream side,
as the current was stronger nearer the shore. The span
was then normal to the current and directly opposite the
erection site at Sillery, and began to float upstream with
the current and the aid of the two small tugs which were
pulling westward, the five larger tugs on the easterly side
of the span pointing downstream and ready to act as a
check on the span’s progress at any moment.

The “Hackett’’ and the ‘‘Belle’’ are about 500 h.p.,
while the other five tugs are about 1,000 h.p.; the towing
hawsers used were 4% ins. The tide was now at full

Fig. 6.—Side View of One of ‘he End Bearings Under
XLO Joint. Taken while Span Rested at Sillery
Last Friday. The Bottom Shoe of the Bearing
is the Part Immediately Above the Rope

flood and the tidal current was running upstream with a

z:li‘dty of fr9m four to five m‘iles per hour. By means
f ranges which had been previously placed at measured
IStances apart along the shore, the rate of progress of
€ span was recorded. The ranges were poles carrying

THE CANADIAN ENGINEER 237

conspicuous targets, each range consisting of two such
poles, one placed at the shore line and the other at a little
distance from the shore in a line perpendicular to the
course taken by the span. When the observer on the
span saw the distant pole exactly behind the one on the
shore, the time at that moment was taken as the time of
passing that particular range.

Fig. 7.—Close View of One of the Nickel-Steel
Key Bearings

Taken while span rested on the bronze

plate bearings at
Sillery.
lifting of the span, but they then bore its entire weight.
The change in these bearings constituted the most important
change in design from last year’s program. The rocker type
of bearing used last year failed, resulting in the loss of the
first span. At the left, the rope is looped through the forged
steel plate which was later bolted across the end of the bear-
ing to assist in stopping the upper shoe from slipping off
the key in case of accident. The right loop of the rope is
through one of the bolt holes provided for this purpose.

The first range was passed at 6.23 a.m. The distance
from the first range to the second was 1,700 ft., and as
the second was passed at 6.29, the speed was about 3.2
miles per hour.

The distance to the third range was 2,560 ft., ‘and it
was passed at 6.36, so that the speed between the third
and fourth ranges was about 4.1 miles per hour.

From the third to the fourth range was 2,180 ft., and
the fourth was passed at 6.45 v, so the speed between
those two ranges was about 2.6 miles per hour. The

" span was then about 1% miles from the bridge site. The

effect of the ro-mile-per-hour west wind was being felt,
checking the speed of the span somewhat.
The distance to the fifth range was 2,050 ft. and it
was passed at 6.53. Speed, about 3.1 miles per hour.
Distance to sixth range, 1,750 ft. Time of passing
sixth range was missed. Distance to seventh range, 620

The four key-bearings were used only during the -
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ft. Distance from fifth to seventh range, 2,350 ft.
Seventh range passed at 6.59%. Speed between fifth and
scventh ranges, about 4.2 miles per hour.

Distance to eighth range, 1,000 ft. Passed at 7.02 Y.
Speed, about 3.8 miles per hour.

Distance to ninth range, 6.20 ft. Passed at 7.05%.
Speed, about 2.1 miles per hour. The span was then
about three-cighths of a mile from the bridge site and
was halted and lined up on the centre of the opening,

Fig. 8.—Vizw from Floor of Scow While the Span
Rested on End Bents, Showing Support for One
of the Panel Points of the Bottom Chord,
Stringers Under Panel Point Distribut-
ing the Load to Girders

" which was marked by two balloons hung on lines reaching
from the top chords of one cantilever to the top chords
of the other cantilever arm. The span was also swung
as parallel as possible to the centre line of the bridge.
The distance from the ninth to the tenth range was
1,840 ft., and within that distance the progress of the
span was gradually checked, and the span halted at the
tenth range, which was only 450 ft. from the bridge site.
A tide gauge had been placed near the north main pier
and at the moment of high tide, an observer signalled to
a man on the top of the north main pier, and the latter
raised a large red and white disc target, signalling to
Mr. Davie that the tide had reached its maximum height.
When this signal was raised at 7.21, the span was allowed
to leave the position where it .had been halted opposite

the tenth range, and the tidal current, which at the bridge

site continues upstream for about an hour after high tide,
was allowed to carry the span the 300 feet to the eleventh
range in eight minutes, or at a speed of about 0.4 miles
per hour. The cuirrent was flowing westward with a
velocity of about 6 miles per hour.

The centre line of the span was then only about 150
ft. from the centre line of the bridge, and a minute later
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two 34-in. wire rope lines were passed out from the south
mooring truss and connected to the hoisting engine on the
south end of the span, and a few minutes later the same
operation was performed at the north mooring truss. The
span was then only 75 ft. east of its final floating position.
Time, 7.34 a.m.

The 1%{-in. mooring lines were connected—two at
each corner of the span—at 7.45, and the span was
centered and the mooring lines brought up all tight at
7-55- The current had now slackened to two miles per
hour, still flowing westward.

The mooring trusses were lowered to their vertical v
position at 8 a.m. and the span finally centered and the
lifting chains lowered at 8.0s.

The connecting of the lifting chains to the stub ends
of the lower lifting girders (ELG1) was done at each end
by one foreman, two assistant engineers (one in charge of
each corner) and twenty men. Besides those forty-six
men, Messrs. Johnson, Monsarrat, Mitchell, Duggan,
Porter, Davie, Meyers and Atkinson were on board the
span throughout its journey up the river, thus mak-
ing a total ‘‘passenger list’’ for the trip of about fifty-
four men.

Telephone connection' between each end and the centre
of the span was maintained during the trip. Orders to
the tugs were shouted through a megaphone. A large
platform was built across the centre of the span to enable

Fig. 9.—Close View of One of the Eight Forged-Steel
Lifting Pins Resting in Hole in Stub End of Lifting
Girder, Showing Clearance Workmen Had in
Driving Lifting Pins. At the Left is a Pair of
~ Caps for the Pin. The Connecting Bolt
Goes Through the Centre of the
Pin and the Caps Screw on

Mr. Davie to get readily from one side to the other while
controlling the tugs.

When the span had been moored and the lifting
chains lowered, S. P. Mitchell, the consulting engineer of
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Diagram Roughly Showing General Outlines and Principal Dimensions of Completed Bridge
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€rection, took charge and directed the placing of the
lifting pins.

It required forty minutes to get the lower leafs of the
lifting chains to engage with the leafs of the lifting girder
Stubs, and the chains had to be lowered another two feet
in order to comply with the Board’s specification that the
Pins rhust be driven in the upper third of the slot, so as
to ensure plenty of time for driving all four pins before
the load would come on any one of them.

The silicon steel plates of the lowest lifting links were
found to be warped, so that they would not readily slide
between the plates of the lifting girder stubs. This was
€Xpected, however, as all rolled plates are somewhat
Warped, and provision had been made to contend with
this difficulty by field methods rather than by shop
methods. By means of wedges and crowbars the links
Were driven into the stubs, the wedges being hammered
down between the bars and the platform around the stubs.
At 8.45 all four corners were ready for driving the
ll.fting pins, and at a given signal these were driven
Simultaneously, and their caps screwed on, the work in all
our corners being completed within two minutes of each
che‘r. A block and fall from the first joint of each set of
links to the end post of thé span was used in straightening
and holding the lower link.

Slack water was at 8:42. The downstream tugs cast
Off at 8.40 and stood by to handle the scows.  The link
tackle was then cut loose, the workmen being hoisted in
Cages lowered from the cantilevers by locomotive cranes.

The key bearings were finally examined with the draft
of the scows at 3 ft. 11 ins. outside and 4 ft. inside, and
Jacking operations were started -after all men had been
taken off the span. Col. Monsarrat and Mr. Davie were
the last to leave. { )

The weight of the span did not bear upon the hanging
Chains until the last 6 ins. of the first 2-ft. lift, on account
of the lifting pins having been driven in the top third of
the 4-ft, 9-in. slot. The first strain came on the lifting
links a¢ 9.32. Jacking started at g.1o.

h€ scows rose higher and higher from the water as

the links relieved them of the weight, and at 10.28, at the

0d of the second full lift; the scows floated free within a
.half minute of each other, and were captured by the wait-
N2 tugs and taken back to Sillery.
L The third lift, which was really the fourth jacking
Peration after the connection of the span to the lifting
Chains, was delayed to give the men time for lunch, as
€y all had very early breakfasts, and it was not com-
Pleted untip 11.55 a.m. An hour of rest was then per-
Mitted, the men having been at work since 4 a.m. or
Carlier, 7
About 1 p.m. work was started on putting up the
A kle for handling the links after they were . no longer
_eeded, and at 2.05 p.m. the fourth lift was started.

tac
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Following is yesterday afternoon’s lifting record:—

Fourth lift started 2.05; finished 2.22
Fifth: 2 2 b tol s 2.39
Stxth Fanse X 2-39; o s
Seventh ¢ S 2.575 b 3.76
Eighth * A 310 i 232
Ninth ‘¢ & 3:335 iy 3:50
enthytte s o 3-51; o 4.08
Eleventh ‘! & 4.00; 5 4.25
Twelfth A 4258 B 4.40

‘ Fig. 10.—Electric Hoist on Cantilever Span Removes
Lifting Links as Their Work is Completed

The remainder of the afternoon was spent in removing '
the mooring lines and putting the anchorage tackle into
place for the night to anchor the span against possible
heavy winds. The hydraulic jacks were left lowered and
the safety screws hard up and all four pins in at each
corner, pinning the lifting chains to both ELG2 and
ELG3. 2

To-day the span was raised through twenty-two lifts,
or forty-four feet. The record of lifts was as follows :—

Thirteenth lift, 7.42; finished 8.01 ; time taken for lift,
19 minutes. (NoTe.—In all cases where reference is
made in this article to ‘‘time of lift,”’ it means the time
of the complete cycle of operation of the jacks from the
time the lift begins until the jacks are back at the zero, or

(Concluded on page 266.)

05
na'o"

oy

Ex HWL 1003

£

_sedia

0"




THE CANADIAN ENGINEER

Volume 33.

No Rocker Beafin‘gs nor Steel Castings This Year

Between the Lower Lifting Girders and the Suspended Span—
Lower Shoe of Roller Bearing Riveted to Girder While Upper
Shoe is Riveted to Span and Key Carries the Load During Lifting

By ARCHIBALD JOHN MEYERS
Chief Draftsman, Roard of Engineers, Quebec Bridge

S soon as it was definitely established that the col-
lapse of the first suspended span of the Quebec
Bridge was due to the failure of ‘the shoe casting
at the south-west corner of the span, which transmitted
the dead load of the span to the lower supporting girders
attached to the lifting chains, the problem of designing
a type of bearing which would present all the advantages
of the first design and eliminate the objectionable features

was taken up by the engineers of the contractor for the
superstructure, and also by the engineers on the staff
of the Board of Engineers for the Dominion Govern-
ment.

The functions which a satisfactory design of shoe
would have to perform were several and distinct. During
the process of erection of the span on falsework at Sil-
lery provision had to be made in these end bearings, not
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only to take the dead weight of the span, traveller and
floor while the span rested on its end bents at Lo and
L18, as shown in Fig. 2, but an expansion and contrac-
tion had to be provided for, due to a variation of tem-
perature during the summer months in which the span
was erected of about go deg. Fah.;

that 1s, from a

minimum of 30 deg. to a maximum of 120 deg. The

amount of this expansion and contraction totalled from
3 to 3% inches for each bearing.

The programme of erection called for the supporting

!

of the span temporarily before moving up on intermediate
- falsework bents under each main and sub-panel point, as
well as main supporting bents at the end bearings capable
of taking the whole weight of the span without any assist-
ance from the intermediate falsework.
tate the erection of the top compression chords it was
proposed to block up the span on these intermediate bents
on sand-jacks so as to give sufficient camber to allow a
certain amount of clearance in the top chord pin-joints
and field-riveted splices when the members were being
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Fig. 2.—Support of the XLO Joint of the Suspended Span
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S placed in position in the span. As soon as the
I = span was completely assembled these splices
were to be efficiently bolted together with
smaller diameter bolts than the finished holes
would demand, and the sand-jacks were to be
lowered until the span rested on its main end
bents at Lo and L18. The faced splices and pin
e ends of the top chord would then come to a
square bearing and the splices would be fully
riveted.

During this operaton the members of the
S span  would fie'f(')rm under their dead load
iy stresses. The initial camber would be to a large
[ extent removed and the span would straighten
} out, involving an adjustment in inclination to
] the horizontal of the end bearings, for which it
3 would be necessary to make provision. A similar
T but reversed adjustment of the bearing would
| also take place when the span was being lifted
I and the load taken by the barges prior to

A floating to the site of the main bridge.
| : ' After coupling up to the lifting chains and
]—————_g//_-s———_,—-’—- “ during the process of hoisting the span into its
. o final position in the bridge a certain amount of
v L swaying of the span, transversely and longi-
e « tudinally, under the influence of the wind, jacking
f fg +i=*and pull from the anchorage tackle could not be
\g prevented, and in order not to subject the lifting
,§ chains and apparatus to the severe bending and
W . twisting strains. which would result with a square
“or fixed bearing of the span on the supporting
girders, the bearings between
the span and these girders
would have to be designed to
allow for a turning motion
about  both the transverse
and longitudinal axes of these

bearings.

7s"

Secrion £E

o

ViEw. OO

Lifting Apparatus

CUO Joint at End of Cantilever Arm which Carried
the Upper Supporting Girder (ELG4) of the

In the design of the bear-
ings for the first span this
longitudinal and transverse
turning motion was provided
for in the hearing pedestal
itself, with the consequent =
result' that the steel castings =
which were used were made ;
of a shape which rendered
accurate calculation of the
stresses practically impossible,
and they were made of a thickness which prob-
ably invited initial stresses and hidden defects.

Considerable discussion took place between
the engineers connected with the work, and as
a result a number of different designs for bear-
ings and methods of supporting the span while
hoisting were sketched up, examined and criti-
cized. The net result from this combined process
of evolution and elimination was the bearing
as shown in the accompanying diagram and
described as follows, which finally met with
approval and was acceptable to all :—

The cross-section of the end batter post of
the suspended span is made up of three main
webs, 45 in. x 13/ in., spaced at 2 ft. 1 in-
centres and braced together by a top cover plate,
6o in. by 4 in., and bottom flange batten plates™®
and lacing. During the progress of erection at
Sillery the reaction of the span was taken on

e
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Fig. 4.—Section Showing Nickel-Steel Bearing

Keys at XLO and CUO Joints

the two outside webs of this post at the XLo joint
and transmitted to heavy transverse diaphragms
In the Jower supporting girders, ELG1, through part
bearings specially designed to perform the functions
described before necessary prior to the floating of
the span.
These sections of the bearing, as shown in
Fig. 1, were built up under each outside web of
the XLo joint by a series of plates of varying thick-
ness and of different materials, confined in a lower
Cast-steel guide casting, Pattern No. 248A. The
Upper portion of the bearing, ELG1-Bs, ‘or that
Part bolted to the bottom of the XLo joint, was
3% in. thick, and was made of three plates of
Material taken from stock and riveted together with
Countersunk rivets, the thicker plate-on the bottom
being planed on the edges and the under surface.
.his upper part was guided’ between the planed
Sides of the lower bed casting, and slid, under the
action of temperature and deformations of the
SPan, on the top bronze plate of the lower portion
Of the bearing. The lower portion of the bearing
*Was 454 in. thick, and was made up of a loose-top
bronze plate, ELG1-B8, 3/ in. thick, with the upper
Surface polished and lubricated with paraffin. Be-
Death this bronze plate was placed two loose steel
Plates, ELG1-Bg and B7, 7 in. and 1 in. thick,
"espectively, and underneath the steel plates a lami-
Nated section of sheet lead, ELG1-B12, 13/16 in.
thick, before taking load. This sheet lead flowed
Under the weight of the span and took care of the
Change in inclination of the bearing to the horizontal
48 the span straightened out and the initial camber
dlsa‘Ppeared, when the dead load of the span was
fransferred from the intermediate staging supports
! the main end bents at Lé and L18. The loose
Jtonze and steel plates were confined transversely
N the bed casting, Pattern No. 248A, and .were
‘}:fld against longitudinal motion by cast-steel
OCks, Pattern No. 249A, which were bolted into
fach end of the bed. casting by three 1-in. dia.
through bolts, ELGr-Bro.
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Three-inch clearance for longitudinal motion on the
bronze plate was allowed between the ends of the upper
bearing and the cast-steel blocks. The laminated section
of sheet lead filling was prevented from squeezing out
around ‘the edges of the loose steel plates in the lower
casting by a sheet steel retaining collar, ELG1-B13. This
sheet lead, which was 13/16-in. thick before taking load,
was expected to reduce to an average thickness of 75 in.
under the reaction of the span and fill the space between
the loose steel plates and the casting. Measurements
taken at the four corners of the span after the full
reaction had come on the bearings showed that the sheet
lead had squeezed down to an average thickness of from
5 in. to 3% in.

. The span, when it was floated by the barges, carried
the lower supporting girder, ELG1 with it, suspended
from the XLo joint by the small plate hangers, ELG1-B1.
The length, back to back, of ‘pin-holes on these hangers
was made such that when the span floated there was a
clearance of 38 of an inch between the upper and lower
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portions of the outside bearings. In this condition the
34 -in. bronze plates, ELG1-B8 and the 7-in. steel plates,
ELG1-Bg, were removed, and the cast-steel blocks, Pat-
tern No. 249A, were reversed in position, centering the
girders, as shown in Section BB (Fig. 1), and effectually
blocking the upper portion of the bearing into the lower

Fig. 6.—Lower Section of Bearings in Place on Lower
Supporting Girder at Sillery

steel bed casting, and preventing any transverse or longi-
tudinal displacement of the lower supporting girder,
ELG1, relative to the centre of the XLo joint, during the
hoisting of the span into its final position.

The reaction of the span, as shown in Figs. 1 and 4,
during lifting operations was carried by the centre rib
of the XLo joints and transferred through shoe plates
and centering keys to heavy cross diaphragms in the
centre of the lower supporting girders, ELG1. The
upper shoe plate was nickel steel, 127 in. x 2 5/16 in. x
4 ft. 634 in., and was riveted to the XLo joint, and slotted
to 1 15/16-in. thickness to engage the nickel steel bearing
and centering key, ELGr1-Bro. The lower shoe plate was
carbon steel because of the fact that there was a flat
bearing surface between the key and this plate. ~ The
plate was 121 in. x 4 1/16 in. x 5 ft. 814 in. long, and
was riveted to the lower girder, ELG1, and slotted to
a, thickness.of "3 5/16 in. to engage the key above. The
bearing key was 5 in. x 234 in. x 4 ft. 3 in. long. Its
upper surface was rounded transversely to a radius of
24 in., and bore against the flat, planed surface of the
upper shoe plate, giving a condition of bearing similar
to that existing between a roller and its bearing plates.
For this reason the key and the upper shoe plate were
made of nickel steel. The key was held in place longi-
tudinally during hoisting by the locking plates, ELG1-Br1,
shown in Section CC (Fig. 1). These locking plates were
not in place while the span rested at Sillery.

While the span was resting on its supports at Sillery
there was 3/8 in. dlearance between the key and its upper
bearing plate, so that no load was taken by the centre
bearing at that time. The removal of the plates,
ELG1-B8-Bg, from the outside bearing after the span
was floated allowed this 34-in. clearance to be taken up
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as soon as the span was carried by the hoisting ap-
paratus, and at the same time there remained a clearance
of 1%/ in. between the upper and lower sections of the
outside bearings. This 1{-in. clearance allowed the
lower supporting girder, ELG1, to roll on the rounded
surface of the centre bearing key above its longitudinal
axis under the influence of wind, jacking and anchorage
forces. Any longitudinal motion of the span under the
influence of these forces was accommodated by a ‘turning
motion about the link-pin, NEPg5, connecting the hoisting
links to the girder, ELGr, at a distance of 2 ft. 2 in.
above the top flange.

While the span was being hoisted into place it was

anchored against the influence of any strong winds (see -

Fig. 5): that is, winds of more than 5 pounds pressure
per square foot. This anchorage prevented any excessive
swaying of the span, and, in fact, limited the motion to
not more than two feet. This 2-ft. swing made the
bearing of the X1L.o joint on the key eccentric about 1 in.

The bearing castings of last year transferred a portion
of the load to all three ribs of the XLo joint. The XLo
joint in the new span was heavily reinforced throughout
in order to make it capable of taking the whole reaction
on the centre rib and dJistribute it properly throughout
the joint. The bearing thickness of the centre rib was

o iR

Fig. 7.—Upper Section of Bearings Riveted to Bottom
of XLO Joint

increased to 6 in., and the cross girder diaphragms were
made very much stronger and deeper, and were capablé
of transferring that portion of the reaction which should
go to the outside ribs without counting on any assistance
from the exceptionally large tie-plates in the plane of
the bottom chord and in the plane of the end batter post
or the 60-in. x %-in. cover plates of this end post.

F
;
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The CUO joint bearing was similar to that already
described for the centre bearing of the XLo joint; that
is, it was made up of a bearing key, turned to the same
radius, and upper and lower shoe plates, with slots of
similar design to the upper and lower shoe plates of the
XLo bearing, and acted in the same manner in taking
care of swaying motions of the span., The CUO joint
(Fié. 3) was reinforced by the addition of extra bearing
plates to the diaphragms (Section CC), and all the con-

- Necting rivets for the angles of this diaphragm to the

transverse girder diaphragms, shown in Section DD
and EE, were increased from 1 in. dia. to 12§ in. dia.
This CUO joint carried the load of the span and hoisting
apparatus practically in the same manner and distributed
it over the end post of the cantilever arm in the same
way as the XLo joint described above. :

A ¥ : g v

'Fig. 8.—Lower Supperting Girder at XLO Joint
Resting on End Bent

The nickel steel used for the bearing keys and shoe
Plates had to show . an ultimate strength of 0,000 to
105,000 Ibs. per sq. in. and a minimum yield point of
55,000 Ibs. per sq. in. in the specimen test. To determine
the bearing per lin. inch of key that would be allowed,
a full-size test was made on a short section of a key made
Of carbon steel. The test load was caried up to 8c,000

S per lin. irch, and showed a small, permanent inden-
tation in the ‘upper shioe plate and a small flattening of
the rounded surface of the key. No permanent distortion
100k place until the load had reached about 50,000 lbs.
Per lin. in. This test was made with carbon steel ma-
te_rlal. -The keys and upper shoe plates were made of
fickel steel, which is at least 40 per cent. stronger than
€arbon steel. The load per lineal inch on the lower keys
fom the dead weight of the span was about 50,000 Ibs.,
With 20 per cent. impact and 5 1bs. wind. The load per
lineal inch was about 60,000 lbs. A 5-lbs. wind was all

At was considered with impact, because, if a' stronger
Vind came up, hoisting would not® be continued, and,
:i:"_k’f()f‘e. there would be no chance of the impact occur-

8 with the larger wind pressure.
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THE HISTORY OF THE BRIDGE

Enterprising citizens of the city of Quebec advocated
a bridge across the St. Lawrence River near Quebec as
early as 1852, the cost then being estimated at $3,000,000.
In 1882 a charter to construct the bridge was obtained
by M. W. Baly, of Quebec, and two years later a design
was submitted to the Quebec Board of Trade for a bridge
at about the present site, but nothing was ever done until
1900, when the company was reorganized as the Quebec
Bridge & Railway Co. and undertook a Dominion gov-
ernment contract to build the structure. The south canti-
lever .arm of the first bridge collapsed on August 29th,
1907, with a loss of 70 men and about $8,000,000.

After the accident 'a commission was appointed to
report on its causes. The members of that commission
were J. G. G. Kerry, Henry Holgate and the late Dean
Galbraith, of Toronto University. After their report the
government decided to reconstruct the bridge, and in 1908
appointed a board of three engineers to prepare plans.
The board consisted of H. E. Vautelet, chairman; Ralph
Modjeski; and Maurice Fitzmaurice, chief engineer of
the London (Eng.) county council.

After studies lasting about a year, the.idea of inclined
planes for the trusses was abandoned, and Mr. Fitz-
maurice, who was a staunch advocate of the Forth type
of bridge, resigned. He was temporarily succeeded by
Mr. McDonald, and when bids were called, Messrs.
Hodge and M. ]J. Butler were called in as consultants.
Four out of the five recommended that the St. Lawrence
Bridge Co.’s tender be accepted. Mr. Vautelet did not
favor that firm’s method of erection, and resigned from

'thz Board, being succeeded by Col. Monsarrat. Mr.

McDonald, having agreed to act only until the bids were
decided upon, asked to be relieved of his duties and was
succeeded by C. C. Schneider,. of New York. Mr.
Schneider died not very long after his appointment, and
was succeeded by H. P. Borden. :

The Board of Engineers, under direction of Mr.
Vautelet, made very exhaustive studies of various
possible designs, both suspension and cantilever. Ten-
ders were called on cantilever designs with invitation to
submit alternative tenders on the bidders’ own designs.
One German, one English and one American firm bid on
the board’s designs, but the St. Lawrence Bridge Co. bid
only on their own alternative K-truss designs and received
the contract.

THE CONTRACTING COMPANY

The St. Lawrence Bridge Co., Limited, of Montreal,
was incorporated August sth, 1910, to construct the
Quebec Bridge. The company undertook no other con-
tract excepting for the manufacture of some 9.2 and 6-
inch shells. Its shops are located at Rockfield, P.Q.

The authorized capital stock is $3,000,000, half of
which was subscribed for by the Dominion Bridge Co. -
and half by the Canadian Bridge Co. Poor’s Manual of
Industrials says: ‘‘Paid in to May 31st, 1917, $2,750,000.
Shares, $100. Annual meeting, third Thursday in May"
at Montreal. = Stock closely held.”’

The directors are Phelps Johnson, Chas. Cassils, G.
H. Duggan, F. L. Wanklyn, J. F. Weber, F. C. McMath,
Willard Pope and B. S. Colburne,

The officers are Phelps Johnson, president; Chas.
Cassils, vice-president; ]J. F. Weber, secretary-treasurer;
and W. P. Ladd, superintendent.
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Mooring and Hoisting The Suspended Span

General Principles of Last Year’s Operations Were Again Followed bu: the Design
of the Apparatus and the Program for Its Use Differed in Many Impor:ant Details

By A. J. MEYERS and M. B. ATKINSON |

Chief Draftsman and Asst. Chief.Draftsmau, Board of Engineers; Quebec Bridge

HE suspended span was floated on six barges from
Sillery to a position between and approximately in

line with the cantilever arms. The time of arrival

was controlled by tugs so that the span was in position
about one-half an hour after high tide when for a period
of one hour the current did not exceed three miles an hour
and during which it changed direction. It was necessary
for the tugs to hold the span against the.wind and current
while the 1!{-inch mooring lines were being connected.
The span was then pulled directly under its final position
in the bridge by means of these 1Y -inch mooring lines.
The mooring lines were eight in number, two at each
corner of the span. At the end of each rope was a loop
which, as soon as the span had come within reach and the
speed controlled, was thrown over a double-headed cast-

Fig. 1.—Showing Arrangement of Mooring Lines from
- Each End of Suspended Span to Adjacent
Mooring Truss

steel snubbing block or towing bit (see Figs. 1 and 2)
bolted.- to a seat provided at the XLo joint of the
suspended span. Each 1J{-inch rope was calculated to
take a pull of 75,000 Ibs. The ropes passed through
sheaves at the lower corner of the mooring trusses and
from there ran vertically to the trusses of the cantilever
arm, where they connected to a g-part 34-inch wire rope
tackle, which led back to the drums of the derrick hoists,
situated on the floor at the end of each cantilever arm.

It had been calculated that these mooring lines might
have had to act separately, in pairs, or all four together
at each end of the span. The diagrams (Fig. 1) show
that the mooring lines might have been connected to the
Span in several positions. In each assumed case shown,
the sum of the components of the 75,000-1b." line pull, at
right angles to the axis of the bridge, is given, also the
current and wind forces for which such a pull would be
able to provide.

Mooring Truss

The mooring frames, as shown in Fig. 2, were made
up of two steel trusses about 125 ft. long and 17 ft. deep
over all, and spaced 54 ft. o in. centre to centre of trusses.
These mooring trusses were braced together by one vertical
Plane of lateral bracing and three horizontal cross-sway
frames at the intermediate panel points of the trusses.
They were suspended from the cantilever arm floor beams
at panel points CF1 and were hinged at the upper end as
shown in detail A, so that they could be swung back
practically up against the plane of the bottom chords of
the cantilever arm in order not to obstruct the channel
unnecessarily in case it would have been necessary to
leave them in position for any c0nsidera’ble length of time,

~

and also so that they could be drawn back sufficiently in
order to allow plenty of clearance for the suspended span
while it was being drawn into position by -the mooring
lines. A g-part 7-inch wire rope tackle was used to

handle the frames. This tackle led from the lower corners .

of the trusses to the connections to the floor between panel
points CF'5 and CF6 of the cantilever arms and from there
to the main hoists. situated at the floor level of the canti-
lever arms and on the centre liné of the bridge. These
mooring frames and their connections throughout were
designed to take a transverse pull from the suspended
span-of 300,000 lbs.

Connecting to the Lifting Apparatus

As soon as the span was pulled into position the lift-
ing links, which were made iong enough to connect to the
suspended span with water at elevation 82.48 ft., were
swung down by means of the 6-part 3{-inch wire rope
tackle and sling attached through hole No. 26 of the
links and to the cantilever arm bottom chord adjacent to
panel point CL4. The links were then connected through
the slotted holes in’ the lower links ELH4 (see Fig. 3) by
the pins at the top of the short hanger link, connecting to
the supporting girders ELG1 under the XLo joint.

Lower Lifting Girders

The lower supporting girders ELG1 (see Fig. 4) were
the same ones that had been used last year but reinforced
and strengtheneq considerably throughout. - They took
the load from the key bearing under the XLo joint at each
corner of the span during hoisting and on the two outside
bearings while the span rested on the end bents Lo and
L18 at Sillery.

- Each girder was made up of two ribs, composed of one
8313-inch by 11/16-inch web plate and four 8 x 8 x 11/16-
inch angles 20 ft. o in. long, the web plate was reinforced
on the outside by one 661, x 34-in. plate 18 ft. 4% ins.
long, the distance back to back of angles-being 6 ft. 11%
ins. The two ribs were spaced 4 ft. o in. centre to centre

of webs, the top flanges were connected by one 66 x $-in.

plate 20 ft. long and one 66 x ¥4-in. plate 6 ft. 83/ ins.
long.  The bottom flanges were not connected except by
the cross-diagrams, but each rib had two cover-plates 18
X $-in. and 12-ft. 1 13/16 ins. long and 6 ft. 83/ ins. long
respectively. : :

At the centre there was a cross-diagram composed of

two 43 x 11/16-in. plates and four 8 x 8 x 13/16-in. angles .

running the depth. of the girder. The diaphragms had
reinforcing bearing plates of varying lengths which with
the web made up a bearing thickness of 33/ ins. at the
top. Two 4 x 4 x %-in. angles 2 ft. 5% ins.- long,
riveted to the top flange plates and diaphragm web, en-

- gaged the rivets which connected the lower key bearing

plates to the girder. Vertically on the centre line of the
diaphragm 4 x 4 x %-in. angles 5 ft. 4 ins. long connected
the longitudinal diaphragm webs connecting the two cross-

s

diaphragms, which took the load while the span was rest-

ing at Sillery, to the centre diaphragm. Between these
centre angles and the end connection angles of the dia-
phragm were six sets of short vertical stiffener angles
bearing against the 4 x 4 x %-in. horizontal angles at the

E
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top. The top of the diaphragms were faced and made to
bear against the top flange plates under the key bearing.
The 8 x 8 x 13/16-in. connection angles had lap plates
over them which put most of the rivets in quadruple shear.

The two cross-diaphragms which took the load of the
span while it was resting at Sillery were spaced symmetri-
cally about the centre line of the girder and 4 ft. 2 ins.
apart and were constructed in a similar manner to the
centre diaphragms but of lighter material .

At each end of the girder 8 ft. o in. from the centre
line a block stub was riveted into the web and protruded
3 ft. 10% ins. above the top flange in order to take the
pin from the first link of the lifting chains. Each stub
was made up of two cross-diaphragms 1 ft. 734 ins. centre
to centre, each composed of a 44%-in. x 11/16-in. plate,
connected to the main webs by four 6 x 4 x ¥;-in. angles,
the whole running the depth of the girder. On each side
of the diaphragm webs was one 33 x 34-in. plate and one
33 x Y%-in. plate of sufficient length to secure adequate
.connection and extending up to the top of the stub, an
11/16-in.- filler plate replacing the web above the top
flange. In these plates, 2 ft. 2 ins. above the back of the
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Hanger
Chains,
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were hung from the lower jacking girders ELGz, situated
just above the bottom chords of the cantilever arm (see
Fig. 4). . Each link of the chain was composed of four
28 x 1%5-in. plates except the lower links ELhg and 6
which were 31 ins. instead of 28 ins. wide to take the 15
in, pin connecting to the stub of the lower supporting
girder. The material in all the links was carbon steel
except the two lower sections ELH4-5-6, which. were
silicon steel, which is about 20 per cent. stronger than
carbon steel. These lower sections were made of silicon
steel in order to provide a greater factor of safety against
repeated bending stress due to swaying of the span under
the action of wind and jacking forces. The bending
stress in these links was higher and repeated more often
than in the upper links of the chain. The links of the
chain were connected together by rz-in. pins 1 ft. o in.
and 3{ in. long at each end and held in place by 14-in.
diameter cast-steel pin caps, threaded onto a 13-in.
through pin bolts, 1 ft. 274 ins. long, the whole packing
out to a maximum distance of 1 ft. 23/ ins.

From the top down the lengths of the links centre tO
centre of end connecting pins were one at 29 ft. o in., five
at 24 ft. o in., on€
at 23 ft. 9 ins. and
one at g ft. g ins:
Pinholes for the jack=
ing pins were pro-
vided in the chain®
as follows: Begin-
ning at the top two
Spaces at 4 ft. o in.,'
1\venty-six spaces at
6 ft. o in., and one
space at 4 ft. o in.
centre to centre Of

P17

Pl-Lemave s aven
#3 Links are eanrecfod.

Suspended
“han,

ol

F . ] o
Lower Supporting Cirder. 5 ;
Fig. 3.—Connection to Hanger Chains of Lower Supporting Girder Under Suspended Span

-girder angles, pinholes are bored to take the 15-inch pin
.connecting to the first link of the chain. The main webs
of the stub are connected together by 147 x 34-in. plates
with two 4 x 4 x 14-in. angles, the whole being riveted on
all four sides to the top flange cover plate which was
notched around the stub.

The stub connecting angles to the main webs were
made to bear against the bottom flange and the girder
webs were faced flush at the bottom in order to transmit
the load while at Sillery to the small girders ELGIP (see
Fig. 2 of article on bearings, page 241, which rested on
the end bents at Lo and Li18. |

Hanger Chains

The lifting links or hanger chains that were used last
year, although having shown remarkable resistance to
punishment, were entirely discarded and new ones having
about 25 per cent. more section than the old ones were
substituted. Owing to the unsatisfactory results of a
number of full-size tests which were made on the old links
after the collapse of the first span, the new links were
made 28 ins. instead of 30 ins. wide, the tests having
established that the 28-in. plates gave a better distribu-
tion of stress through the pinhole and behind the pin, the
same sizeé of pin being used in each case; that is, 12-in.
diameter. Two hanger chains were attached to the lower
-supporting girder ELG1 at each corner of the span and

A}

()

G ‘ pinholes to a slot 4
: ft. 9 ins. long in the
23-ft. 9 in. link at
the bottom.

The lowest link of
all was composed of
four 31-in. x 1%4-in. plates, the upper pin being 12 ins.
diameter and the lower 15 ins. diameter in these plates:
They were assembled into the stub on the lifting girder
at Sillery and the span was connected to these links by
driving the 12-in. pin§ at-the top into the 4-ft. g-in. slot
of the links just above. (See Fig. 3.) ’

The lowest links and the links with the 4-ft. g-in. slot
were made of silicon steel, the others being of carbod
steel. The stress through the pinhole due to the dead

load of the span and lower supporting girders was 14,800

Ibs. per square inch and the bearing behind the pin 21,000
Ibs. per square inch.

Jacking Girders

The jacking girders which supported the lifting links
(see Fig. 4) were located just above the floor of the canti*
lever arm. They were hung from the upper supporting
girder on top of the CUO joint of the cantilever arm bY
two stiff hangers which were braced together, and pi-
connected at the upper and lower ends with 12-in. pinS:
At the lower end the hangers were connected to guides ©
built plates and angles that, passed through the upp€”
jacking girders and were riveted to the lower jacking
girders. The position of the lower girders was therefor€
fixed and their distance from the panel point CUO did not,
change during jacking operations. The upper girders
were the movable ones and they slid up and down the
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guides as the 1,000-ton hydraulic jacks were oper-
ated. These jacks, two between each pair of jacking
girders, spaced 21 ft. o in. apart, eight in all, did
the work of lifting the span.

In order to avoid binding of the jacks due to the
deflection of the jacking girders under load, the
Jacks were provided with rocker seats at their upper
and lower bearings. The ram of the jack was 22
inches in diameter and it had a stroke of 2 ft. 3 ins.
The jacks were made by the Watson-Stilman Co.
and were tested at their plant to a fluid pressure of
6,000 Ibs. per square inch and at the bridge site in
Place to 5,200 Ibs. per square inch. The dead load
pressure during lifting was only 3,800 Ibs. per
Square inch and the maximum calculated load dur-
ing lifting, 5,250 Ibs. per square inch, which in-
cluded the effect of impact and wind. The jacks
Were supplied with water at the necessary pressure
by a pair of direct acting double-plunger pumps
Operated by compressed air supplied at a pressure
of 110 lbs. per square inch. View

The pumps were located on the centre line Showing
of the bridge floor at the ends of the cantilever - ;”"8
53 ; i rackets
ms. They had safety valves which would have for Safety
Teleased at a pressure of 5,000 Ibs. per square dacks.

Inch in case one set of jacks bound and as a re-
Sult the other set might have taken considerable
Overload. The speed of the pumps was 6o strokes
Or 30 cycles per minute and it took 420 cycles, that
1S, 210 for each pump, to lift the span 2 ft. The
time consumed in one lift at two feet ‘was from 7
0 8 minutes.

- The jacking girders, which were the same ones
as were used last year, but strengthened about 23
PEer cent. throughout, were each made up of two ribs,
Channe]  section, flanges
Outstanding, 22 ft. 6 ins. i
long ang g ft. 114 ins. back /1 /k
0 back of flange angles. T

he webs were 108 x 54-in. 1
Plates, reinforced at the NPT
®0ds in both-girders. The  Half Top Half Bottom

[T

Upper girder flanges were View of View of
Made up of one 8'x 8 11/16- g gl i
0. angle reinforced in the 27 11 D :E;
Centre portion by a hori- i e— 7—‘-\1
“Onta] cover plate 12{-in. T " o
X ¥2-in, and for the lower - L/ ﬂ;

8irder, the flanges were
Made up of one 8 % 8 x 7-
0. angle with side plates
2 and one

Half Top . Half Botitom
View of - View of

3 ELC2. ELC2.

/4 X 11/16-in, ;
Orizontal flange plate 13 ins. x 11/16 in. in the centre
Portion of the girder.

The upper girder ribs were spaced 4 ft. 4 ins. apart
and the lower girder ribs 3 ft. 9 ins. At each end of the
firders were cross-diaphragms taking the load from the
h3’<31_1‘aulic jacks. These diaphragms were made up of two

8~In. web plates reinforced at the top to a bearing thick-
Ness of 514 ins. and connected to the ribs by 8 x 8 x 13/16-
M. angles with 14-in. rivets. On each side of the centre
Ine of the lifting links at each end of the girders were
Ouble cross-diaphragms to take the jacking pins. Each
tl?phragm rib was made up of silicon steel plates to a

Ickness of 254 ins., the distance between ribs being 1 ft.
of ins., giving a clearance to the link cap on each side

13/16 of an inch. The diaphragms has three pinholes

S . - . .
witPaced 2 ft. o in. apart vertically for the 12-in. diameter
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Fig. No. 4.—Side and Front Elevation of Supporting and
Jacking Girders with Hanger Chains in Position

nickel steel jacking pins. The holes were so arranged in
the upper and lower girders that the pinholes in
the links could always engage pins in both girders for a
2-ft. lift. The holes in the diaphragms and in the links
were so bored as to give a vertical clearance of 134 ins.
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Fig. No. 5.—Loads and Stresses in Lifting Apparatus. All forces
' ) given in 1,000-Ib. Units. :

&G/

Transverse Wind.
W7 —A normal wind load on the exposed surface of two trusses.
I,VFL_A i< (44 113 1 (13 (11 1 13 (49 ﬂOOl'S
as used during erection.
Rn—Hori;ontal reaction at each corner of the span due to wind forces.
Rwv—Vertical reaction at each corner of the span due to overturning effect’ of the wind

(supporting traveler)

forces.
' g ) : ; 74
Velocity of wind noted in the tables is as given by the formula—77?* = __I___
L0027 1

W =pressure in lbs. per sq. ft.

. V=v;-locity in miles per hour.

The horlzonwta‘l displacement of the span when supported on lifting apparatus and act-

ed upon by wind forces is given under H77 for span when in final position, and under
H235 when in lowest position, (neglecting weight of lifting apparatus).

Longitudinal Wind.

The longitudinal wind has been assumed equal to % the transverse wind force (i.e.,

for 1 1b. wind as 11,000) which is equivalent to assuming an exposed surface equal to
the cross sectional area of the span.
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in the diaphragms and 7 in. in
the links with a lateral clearance
of % in. on. each side of the pins
in the diaphragm pinh8les and %
in. on each side of the pin in the
link pinholes. Fourteen-inch di=
ameter holes to correspond to the
holes in the jacking pin dia-
phragm, were bored in the web of
the hydraulic jack diaphragms
for introducing the jacking pins.

Near the bottom of the link
diaphragms in the lower girders
were 3 I/16-in. diameter holes 2
ft. o in. apart to allow 3-in. ad-
justable screw guides to protrude.
These guides were used to prevent
the links from swaying in the
jacking girders. At the top of
the upper girders notched guides
were used to keep the links pro-
perly centered on the upper jack-

.ing pins.

On the outside of the lower
jacking girder and directly op-
posite the link diaphragm were
brackets supporting the safety
follower-up  screws, the upper
jacking girders having similar
brackets to deliver the load.
These forged-steel safety screws,
four in each lower jacking girder,
were 12 ins. in diameter, about 4
ft. o in. long with a 2-in. pitch
standard Acme thread. The
screws engaged a forged-steel nut
nested in the lower diaphragm.
They were counterweighted and
turped by man power, one man
operating each safety jack.

The safety screws last year
were only two in number at each
corner of the span, and they were
situated between the stiff box
guides on the longitudinal centre
line of the jacking girders # ft. 6
ins. apart. The purpose of theseé
following-up safety screws was to
provide a safety device in ‘case
anything should go wrong with
the pumping system for the hy-
draulic jacks or the jacks them-
selves, and in case they should fail
to maintain the préssure necessary
to hold the weight of the span
while being lifted. The upper
jacking girder would then rest
squarely on the safety screws
which would take the full load and
release the hydraulic jacks. The
four screws used this year at each
corner gave a much more stableé
design than the two screws of
last year’s design. The counter-
weighting of the screws was done
in order to practically eliminate
any friction due to their own

W
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weight and the operator of the screws was able to turn
them without difficulty and follow the lift of the hydraulic
Jack with equal speed and very little exertion.

The guide hangers connecting the upper stiff hangers
to the lower jacking girders were each made of a box 3-ft.
9-ins. by 2-ft. 034-in., and are composed of two 44 X ¥g-in.
webs and four 8 x 8 x 34-
. angles with two 23 x 34-
In. and two 21 x 3%-in.
flange plates. The angles
and- flange' plates were
fiveted to the webs of the
lower jacking girder and
the upper ends of the 44 x
%-in. plates have pinholes
I4 ft. 754 ins. above the
top flange angles of the
Same girder, to connect to
the stiff upper hangers.

hese pinholes are rein-
fOl_‘C@d with pin plates to a
it:lgf:kr;essstof 338 ins., giv-
1 ress through the
Pinhole due to dead load of
9,000 Ibs. per square inch,
and a bearing on the pin of
17,200 Ibs. per square inch.

The stiff upper hangers,
Which were also strengthen-
ed over last year about 25
ItJ((:r cent., and were braced
¢ ge‘ther by a double inter-
€Ction system of lattice
gngles, were of box section
Tft. 438 ins. by 2 ft. o in.
C‘Ohrs main webs were each
5 posed of two 27 X 11 [16-

* ‘and one ‘27 'x Y.in.
Plates with 12-in. pinholes
gsmite. 4;‘,/,;( ins. centre “to
Teil]f()‘~ed(‘h pn'lhole being
E rced by pin plates to
o tCkne‘Ss of 55/16 of an
ﬂ;;; 'I‘hc.stress through
for (ll'et section of the head
Ihe ead load was 11,300
the- p'er_ square inch, and
the €aring pressure behind

€ pinhole was 12,000 Ibs.
EZ;”?F]unre ehE TR ¢
4 xhr(.\- were composed of
tw()-].’x 9/16-in. ;151g‘les and

24 x 5/16-in. cover

: :
Htes, 39 ft. 10 ins. long,

thege . .
B S€ latter being nickel
Stee A ;

€l taken from the north

shor
hore traveler.

o [he upper supporting
Sitder which took the load
Tom the

v the stiff upper hangers
and de

i livered it to the upper
2y bczlring, situated on top of the CUO joint, was a box
;%:r(;l:r-]_,l ft. 3 ins. l{.mg‘, 7 ft. 6 ins. back “f) back of angles
i *pth and 3 f.t. 8 ins. centre to centre of webs. At each
"% 11 ft. 6 ins. centre to centre are double cross-
giisi‘r“g‘ms cx‘tc.nding from the top flange through 11\0
I to 1 ft. 6 ins. below the bottom flange angles. The
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centre of the 12-in. pins connecting the cross diaphragms
to the upper hangers is 17g-ins. above the back of the
lower flange angle. At the centre of the girder a cross
diaphragm faced to bear at the bottom relieves the girder
webs of part of the load and tends to distribute the load
along the key bearing.

Fig. 6.—View of Jackiag Girder, Hydraulic Jacks, Safety Screws, Central Tell-Tales,
Pumps, Operating Valves and CMO Joint Above Upper Jacking Girder (ELGl})

The girders were the same ones that were used last
year, strengthened and reinforced. They were made up
of two web plates 894 x 34-in. reinforced on the outside
with two 73 x 34<in. plates running the whole length of
the girder and the full depth between the flange angles.
The flanges were each made up of two 8 x 6 x 34-in.
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angles outside, and two 8 x 6 X %-in. angles inside with the distance between the ribs being 1-ft. 81/-ins.  The
the 8-in. leg vertical and cover plates 57 x 4-in. x o-ft. upper hangers fitted inside the protruding stubs which
0%-in., and two 13 x %-in. plates 8-ft. 014-in. long. were braced by 21%4-in. x 34-in. plates 1-ft. 5-ins. long,

The double cross diaphragms at the ends were com- riveted to the angles and connected to the bottom flange.
posed of two ribs, each made up of a web plate 42 x 3/-in. The stress through the net section of the head for dead
by 7-ft. 6%/-ins., extending from 1-ft. 6-ins. below the load was 11,400 Ibs. per sq. inch, and the bearing on the

- w

{4 P )
§ '

Fig. 7.—En‘d Elevation of Jacking Equipment, Showing Hydraulic Jacks in Top Position,
also Showing Safety Screws Not Quite in Contact with Lifting Girder. During Lifting
Operations it was Intended that an Operator Should Attend to Each Safety Screw
and Keep it Close Up Against the Lifting Girder ELG3

pin 17,000 lbs. per square
inch. 8

The centre diaphragm
was made up of two 41 X
5-in. webs 7 ft. 434 ins.
long connected to the girder
by four 8 x 8 x 1-in. angles
with rivets in double and
quadruple - shear, the web
being heavily reinforced at
the bottom to a total thick-
ness of 4% ins: and stiffen-
¢d with stiffener angles.
Outside the girder web are
short stiffeners with heavy
fillers: The whole was
fabricated to give a good
square bearing on the bear-
ing shoe plate.

Operation of Lifting the
Span
The operation of lifting
the span was accomplished
in stages of 2-ft. o-in. lifts.

The span being supported
by the lifting links on pins
in the lower jacking girders
aad the upper jacking gir-
ders resting on the hydraulic
jacks in their low posi-
tion, with the safety screws
also in their low position,

. the upper jacking pins wer€

introduced, engaging all
holes having the same num-
ber' in the lifting link and
the same letter in the dia-
phragms. ]

The release valves being
closed, the power was turn-
ed on slowly until the upper
jacking pins were carrying
the load and the lower pinS
cleared so that ‘they could

- be removed. The power

was then turned off, th€
fluid being prevented from
flowing back by the check
valves in the piping system-
The lower jacking pins were
then removed and the safety
screws brought up close t©
the upper girder. The
power was then turned oo
and the span slowly lifted
the two-foot interval by the

girder to 1-ft. 534-ins. below the top flange and connected hydraulic jacks, the safety screws following up hard al
to the girder by four 6 x 4 x %-in. angles, the 6-in. leg the time.
connecting to the diaphragm. The bottom of the web When a position had been reached, as indicated DY

was reinforced with pin plates to a thickness of 334-ins., the centre tell-tale, where the lower pins could be intro-

f
a
1
1
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duced, the power was shut off, the pins were driven and
the safety screws turned down far enough so that the
girder would free the upper pins when lowered.

The release valves were then open, causing the girder
to be lowered slowly until the load was ‘transferred to
the lower jacking girder and clearance enough for re-
moving the upper pins obtained. The release valves were
then closed, the upper pins removed, the safety screws
rapidly lowered, the release valves again reopened and
the girder lowered to the position for re-entering the
upper pins in another hole.

All operations at all four cantilevet corners were per-

Fig. 8.—View of Hydraulic Pumps and

in Front of Valve Operator Carried the Multiplying Tell-tales.

formed simultaneously, and a rigid supervision was kept
to insure that the proper schedule and sequence of opera-
tions was carried out. The cantilever arms had direct
telephone communication with each other. The power
on each side of the river for lifting the span was fur-
“}Shed by three electrically-driven compressors, the capa-
city of each being 534 cu. ft. of free air per minute,
delivered at 110 lbs. pressure per sq. inch, with a normal
speed of 165 revolutions per minute. The compressed

Central Valve Operator’s Station, North Cantilever.
The Ganvas-Covered Box Back of that
Framework Signalled the Number of the Lift to the Opposite Cantilever as a Check on the Tele-
phones, One Telephone Connected with the Office and the Other with the South Cantilever.
Valve Operator’s Right Hand is on Air Throttle while Left Hand is Regulating a
Gate Valve on Water Pressure Line. He is Intently Watching the Climbing
g of the All-Important Tell-tales :
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air was delivered to two 18-in. X 2-in. x 16-in. direct-
acting’ double-plunger pumps. The pumps, situated on
the centre line of the span, delivered the fluid into two
1 %-in. dia. XX piping systems, each piping system sup-
plying a pair of jacks at one corner of the span.

Each piping system was controlled by a central feed
valve having the check valve located close to it, between
it and the jacks. Between the central valve and the
pump was a cut-off valve, and the two systems were
connected together by a cross-over with a cut-off valve,
situated between the pump cut-outs and the central valve.
This cross-over enabled cne pump to feed both systems,

and also serve equal fluid pressure from both pumps.

~ Each piping system ran from the check valve to a branch

at a cantilever corner. This branch connected into two
r-in. dia. XX pipes, each controlled by a valve situated
at the corner. Each 1-in. diac XX pipe connected through
a special union to two flexible 34-in. interior diameter
copper pipes, which deliver the fluid to the jacks. The

(Continued on page 262)

The Vertical White Framework
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Erection and Floating of Central Span

New Span Differs from the One that was Lost Last Year Only In Lower End Joints
—Floating Arrangements, Influence of the Tides and the General Plan of Operations

ITH the exception of the XLo joints, which were
redesigned to suit the new form of bearings, and
which were also strengthened, the new suspended

span of the Quebec Bridge is exactly the same as the
former span. It is 640 ft. long centre to centre of end
supports, 88 ft. wide centre to centre. of trusses, 113 ft.

1 i J {
Stone Crib
Anchorag ¢,

points with shop or field splices at the intermediate sub-
panel points. The web members were connected and
riveted together at the main panel points of the tQp and
bottom chords by means of gusset plates which engage
the pins of the top and hottom chord members.

Nickel steel was, used throughout for all the main truss
members and the bottom lateral system, but the
top lateral system and the sway bracing were
built of carbon'steel, as well as the minor web
members which carried no moving-load stresses.

The top and bottom lateral Systems, as well
as the sWay bracing, are double intersecting
systems, designed to take both tension and com-
pression in each member.

The erection site for the suspended span was
the same as used last yeéar,—about three miles

below the bridge site, in the shallow waters of

Fig. No. 1.—Diagram Showing Method of Anchorage
While Floating -Span Away from Erection Site

high overall, and will weigh about 5,600 tons whéen com-
pleted with floor system, stringers, track, etc.

As lifted, the weight of the permanent structure was
4,831 tons, but there were 2c tons of erection steel on the
span and 69 tons of timber, hoists, etc. The lifting
girders weighed 160 tons, so that the total load carried
by the hanger chains was 5,080 tons.

The top chords are in the form of a parabola, the depth
of the trusses at the hip being 70 ft. and at the middle
of the span 110 ft. centre to centre of chords. The web
is a subpanel Pratt system, the main verticals being com-
pression posts, and the main diagonals, tension members.
The main paneis vary in length from 65 ft. in the end
panels to 8o ft. for the parels at the centre of span.

For the bottom chotds throughout and for the first
main’ tension diagon-ls of the web, eye-bars were used
All the other truss members were of built-up construction.
The top chords were pin-connected at all the main panel

Fig. 3.—Traveller Placing End Batter Post and XL0
Jolnt of Suspended Span

[~ thof Foating FEZ-=--—""

= SRS N

Fig. No. 2.—Path of Floating Span from Erection
Site to Bridge

Sillery Cove, where the bed of the river is exposed at low
tide. The old falsework bents| approach tracks, etc.,
were used again.

During erection, the span was supported on staging
bents placed under each panel point. These bents each
consisted of two ‘columns, spaced 6 ft avar- and tied
together by batten plates and latticing. . In designing the

Fig. 4.—Driving Pin Connecting Bottom Chord Eye
Bars at XL0 Joint

= i
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columns it was assumed that the total weight of the bridge positions to a bearing on the sand jacks or timber block-
material, the weight of the traveler, including the mem- | ing over the outside staging columns by means of
ber being erected, and the vertical reaction from wind on hyd~-»ulic jacks.
the traveler and span were carrizd by the outside columns The span being comnpletely assembled, the timber
of the bents. blocking at the intermediate staging supports and under

As the traveler' moved forward, it erected the staging the floor-beams was taken ouvt, and the sand jacks were
and longitudinal bracine, floor-beams, bottom chords, lowe-ed until the span rested on its end supports.  The

d NI
M iy bR TR
: . .M e N Lol g

-

" bottom laterais and web ' top-chord members then
members, except the upper . came to a bearing on the
half of the main diagonals pins in the half-pin holes
and the vertical sub-struts. T g 5 at the main panel points;
On its backward trip the a2 and the bearing  surfaces
traveller =~ completed —the , at the field splices came
erection of the trusses by : together, the nuts on the
placing the top chords and bolts attaching the splice
upper web members as well material having previously
as the top laterals and sway ' been lposenued. The field
bracing.. = - rivets in these splices were

. Sand jacks were used at BERN ik 8 ) then driven. All the verti-
the even panel points, di- Fig: 5.—Three S'ages in the Lifting: (1) In Final  cal subposts supporting the
rectly under and with tops Position ; (2) In P):ition of Late Tuesday Afternoon Beff)re top chord members at the
bolted to the vertical posts Mooring Trusses Were Lowered for Adjusting Mooring  subpanel points were made

of the trusses, to transfer Tackle for Safety at Night or During High Winds; (3)  of such a.length that these
the load to the outer When Moored but Not Yet Lifted from Scows. Lifting  chord members would be

columns of the staging. Chains Not Indicated in Third Sketch . straight between main-panel
Timber blocking was used points under the dead
for the same purpose at the subpanel points and also be- weight of the span as it rested on its end supports.
tween the floor-beams and inside columns of the staging After the suspended span of the Quebec Bridge had
[ at all panel points. The vertical posts and vertical hangers been completely assembled and riveted, it was allowed to
into which,the floor-beams framed had their inside webs rest on the end staging bents, while three scows were
slotted to allow the end web plates of the floor-beams to floated, at high tide, under each end of the span and
pass throtgh. In crder to make this connection the floor- allowed to rest with the receding tide on concrete and
beams were placed on timber blocking over the inside timber foundations prepared for them at a height that per-
Staging columns. about 3 ins. above their camber posi- mitted blocking and steel girders for distributing the load
tion; and after placing the vertical posts or hangers and upon the scows, to be placed between the scows and the
bolting the flcor-beam conmection, the floor-beams and span. >
Verticals were together lowered to their correct camber The scows, six in number, have heavy steel frames

~ o
% \\|W
g é “/

@.I kgn—
AN }!» ,
K /

5

-

‘&\ \\I ~§\%
A 'J A Y el

X | -_Vh"" )
‘ E AL A\ 2%

Fig, 6.—Travelle' Placing Final Section of Top Chord Fig. 7.—Showing Type of Riveting and Pin Cage

of New Suspended Span 3 Used During Erection of Spaa
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and steel plate girder bulkheads calculated to support the
large concentrated loads to which they have twice been
subjected, the same scows as were used last year, being
used again this year.
The scows required about 8 feet 2 inches of draught
to float the span; their bottoms were placed at elevation
' 83, a considerable distance above low water at spring
tides and in this position the high tide rose about 2 feet
above the decks, although when the span floated, the
deck was more than three feet above the water level.
Each of the scows had six valves in the bottom which
were operated from the deck and these valves were left
open until last Sunday night, so that the tide might flow
in and out, keeping the level of the water inside the scows
the same as on the outside, thus preventing any tendency
to float except from the buoyancy of the wood in the
timber: skin.

X=252. AUG.1R 17.

Fig. 8.—View Through New Suspended Span, Showing
Sway Bracing e

The design of the scows was governed by the arrange-
ment and requirements of loading and the possible condi-
tion of the surface of the river during floating-in opera-
tions; also so that they might have some commercial
value now that their work of floating-in the suspended
span has been completed. :

The average length from crest to crest of wave at the
bridge site is about 40 ft.; the maximum wave height
allowed for was 4 ft. This unevenness of the surface of
the river produced unequal upward pressures at the four
corners of the span and consequent stresses in the sway
and lateral bracing. The inequality of pressure was pro-
portional to the horizontal cross-section of the loaded
scows near the surface of the water. To reduce wave

’
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effect as much as possible, long, narrow scows with a
deep draft were used. With the design of scow adopted

the oscillation of the-span from wave action produced
only stresses in the sway and lateral bracing, which these
systems were well able to resist. 5
The scows are 32 ft. 5% ins. wide, 164 ft. 6 ins. long
Each has
three longitudinal trusses,

and 11 ft. 7% ins. draft over bilge timbers.
a steel frame made up of

Fig. 9.—Removing Sand from Sand Jacks on Top of
Intermediate Supporting Bents of Suspended Span

spaced 10 ft. 6 ins. céntre to centre and braced transversely
by four water-tight steel bulkheads with intermediate
cross-frames hetween the bulkheads, spaced 8 ft. 4 ins.
centre to centre. No special longitudinal bracing in the
horizontal planes was provided, as the 1114 x 54-in.
cross-timbers, spaced 2 ft. g ins. centre to centre were
bolted directly to the steel framework of the scow; and:
the 4-in. timber covering was spiked to these cross-
timbers with 8 x 7/16-in. boat spikes, three at each inter-

S

Fig. 10.—Suspended Span Erected at Sillery Cove

section, providing an efficient resistance to any transverse
or longitudinal horizontal-shearing and bending forces.

The load of the suspended span was transferred to the
bulkheads by means of cross-girders and I-beams. The
bulkheads transferred this load to the longitudinal trusses,
which distributed it over the length of the scows.
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As previously mentioned, the weight of the span as
lifted was 5,080 tons. The total load on the six SCOWS,
however, was 5,753 tons, or about 959 tons per scow, as
the material between the scows and the span weighed
673 tons. This consisted of 73% tons of track stringers,
1 ton of shims between floor beams and stringers, 327
tons of track girders, 10 tons of track girder bracing,
211 tons of staging posts and hitch channels, and 50 tons
of timber. B,

The elevation of the beds of the scows was high
enough to ensure that the scows would be emptied through
the bottom valves during the last low tide before floating
the span into position. The water drained out about as
fast as the tide fell, as each interior area of the scows
had unobstructed access to a valve.

Just before the span’was lifted off the end supports,
the load ‘was nearly all taken by the scows, and the span
could have been easily displaced from its position by the
current and wind, unless it was anchored against their com-
bined effect. It was considered desirable to prevent this

XE [~2=3
4 ]
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ditions better than the tides of any other day of this
month, but the hoisting arrangements were not completed
in time to take the opportunity. The tides of the 15th
to 19th were the next most favorable, and had not the
span been floated some one of those five days, about two
weeks would have had to elapse before elevations would
have re-occurred suitable both to drain the scows and to
float the span.

Elaborate preparations were made to foretell the
weather conditions. A full statement of meteorological

_conditions was received and carefully studied twice each
"day. Telephone communication was obtained at 10 a.m.
and at 10 p.m. each day with the Toronto Observatory.
Barometric observations were also taken daily.

The appearance of the sky and the velocity and direc-
tion of the wind just before starting, were also well con-
sidered before deciding to start. It was estimated that
any, winds ‘which would exert a greater pressure than 2
Ibss per square foot could be foreseeh, and in that event
no start would have been made. The current velocity at
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& 'Fig.'ll.eDetails of Scows and the Intermediate Sup porting Steel Used for Floating the Suspended Span

shifting off before the actual moment of starting’ arrived,
" inasmuch as it might have happened that after deciding
to raise.the span preparatory to ‘moving out, a change in
- the weather conditipps might thave made it desirable not
to proceed on the journey and the span would have had
to have been returned again to the staging bents, to
_await the next favorable opportunity for making a trial.
To keep’the span in its position until the final decision
to float away was made, timber bents were placed between
the lower end panel points and the adjacent scows and
also bents on the shore side of the span, against which
‘the scows guided themselves as the span was raised on
its supports. R ' 2
. In order to float the span a high-tide .elevation of at.
least g2 feet was required, and,”in order to" drain the
scows, a previous low tide elevation of not more than 82
feet. The bottom of the scows were at elevation 83 feet,
and the bed of the river ovei the course the scows were
to take was cleared off to elevation 82. Inasmuch as

elevations of high and low tide may vary 214 feet at the
erection site of the suspended span, a tide would have
been preferred whose elevations as_given by the tide
tables would have been 94.5 feet at high tide and 79.5, feet
The tides of September 3rd met those con-

at low tide,

23

the bridge site is a maximum at one hour before high
tide, and flows westward at a rate of 6.3 to 7.3 miles per
hour. At high tide the ‘current velocity is less by about
1 mile per hour. The change of current from a westward
to an eastward direction, when the velocity is zero, occurs
about 1 hour after the time of high tide.

QUEBEC BRIDGE EQUIPMENT

E. C. Kerrigan, chief draftsman of the St. Lawrence
Bridge Co., has supplied the information for the following
partial list of equipment used in building the Quebec
Bridge :— e

Hoisting equipment, including hydraulic jacks, pumps,
valves, piping and safety jacks, by the Watson-Stillman
Co., Aldene, N.]J. i

Locomotive cranes, by the Bay City Iron Co., Bay
City, Mich. i

Wire rope, by the Dominion Wire Rope Co., Limited,
Montreal.

Motors, by the Canadian General Electric Co., Limited,
Toronto.

Electric hoists, by Mead-Morrison Manufacturing Co.,
Cambridge, Mass.
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Board of Engineers, Quebec Bridge
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MR. RALPH MODJESKI. LT.-coL. CHAS. N. MONSARRAT. MR. HENRY P. BORDEN.
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St. Lawrence Bridge Co. Executives
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MR. GEOo. H, DUGGAN.

MR. PHELPS JOHNSON.

MR. GEO. F. PORTER.

O these six men the success of the world’s biggest and
most unique bridge is very largely due. In the Quebec
Pridge they have developed the science of bridge design

far beyond anything previously attempted. At the same time
they have placed shop and field methods upon a more Sys-
tematic and highly organized basis than has probably ever
previously obtained in such work. These facts, coupled with
ingenuity and daring in erection methods, marks the Quebec
Pridge as one of the outstanding engineering feats of the
century. Yet it is hardly fair to say that they are the builders

of the bridge, because SO. many engineers have contributed
such valuable ideas to the structure, and all their efforts have
been so interdependent, that there are easily twenty-five men
whose photographs should be included in- any comprehensive
illustration of the brains behind the Quebec Bridge. Mitchell,
McMath, Kerrigan, Schneider, Fortiune, Megeyers, Mayer,
Vautelet, Davis, Harkness, Atkinson, Rankin, Copp and Mc-
Millan, are only a few of the many outstanding names that
crowd into one’s memory when speaking of the men respon-
sible for the great Quebec Bridge.
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SNAPSHOTS ON THE JOB

PHELPS JOHNSON, president of the St..Lawrence Bridge
Co., is the designer of the K-truss system used for the
Quebec Bridge. He was the organizeg of the St. Law-
rence Bridge Co. and the man who decided that there
should be at least one bid from a Canadian company for
the building of stch an important Canadian structure. He
evolved the idea of floating and hoisting the"suspended
span into position, and he was the executive head of the
whole big organization that planned and carried out the
great undertaking. Mr. Johnson is president of the
Dominion Bridge. Co., having succeeded the late James
Ross about four or five years ago. He joined the Do-
minion Bridge Co. as vice-president thirty-five years ago,
after having had several years’ experience with three dif-
ferent United States bridge companies. After having
acted for some years as vice-president of the Dominion
Bridge Co., Mr. Johnson' undertook the duties of chief
engineer, and was for a considerable period xery active
in the design and erection of many of Western Canada’s
most important structures. Subsequently he returned to
Montreal as vice-president and general manager of the
company, which office he filled until he succeeded to the

presidency.

RaLpH MoDJESKI, one of the three memebers. of the
Board of Engineers of the Quebec Bridge, graduated in
1885 at the Ecole des Ponts Chausses, the Parisian gov-
ernment school, and went to the United States the same
year. After working for seven years as assistant én-
gineer with several bridge-building concerns, he entered
the employ of a firm of consulting engineers and in 1900
was associated with the design and erection of the first

Memphis bridge. After seven years with the consulting *

firm, Mr. Modjeski resigned to go into private practice
on his own account, and established an’office in Chicago
in 1903. He designed and erected the Rock Island
bridge, the Columbia River bridges on the Pacific Coast,
the new Memphis bridge, the Thebes bridge and many
others. During his career Mr. Modjeski has designed
and érected bridges having a total cost of approximately

$30,000,000.

H. P. BORDEN is the most recently appointed member
of the Board of Engineers. He was assistant engineer
of the commission from the time of its inception in 1908,
and rendered such valuable assistance that Col. Monsarrat
and Mr. Modjeski advocated his appointment by the gov-
€rnment in February, 1916, to fill the vacancy caused by
he death of Mr. Schneider. While assistant engineer,
Mr. Borden wrote a considerable number of articles on
the Quebec Bridge for The Canadian Engineer and other
technical papers. He is a graduate of McGill University,
having obtained his degree in 1902. After 115 years
spent with the C.P.R. as architectural engineer, he was
for three years assistant chief engineer of the structural
department of the Montreal Locomotive Works. He then
rejoined the C.P.R. as assistant engineer of the bridge
C_lffpax'tment, resigning that position to join the commis-
Sion under Mr. Vautelet.

* * * * *

_GrorGe H. DucaaN, chief engineer of the St. Lawrence
Bridge Co., is also vice-president of the Dominion Bridge
Co. He graduated at S.P.S., Toronto University, about
1883 and a few years later entered the employ of the
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Dominion Bridge Co., becoming chief engineer jin 1891.
In 1902 he resigned to become assistant to the president
of the Dominion Iron & Steel Co., and in 1904 was ap-
pointed second vice-president and general manager of the
Dominion Coal Co. About six years later he rejoined the
Dominion Bridge as general manager. Mr. Duggan is

also a director of the Royal Bank of Canada, the Mont-
real Trust Co., the Hillcrest Collieries, and many other
‘engineering and business concerns. :

F. C. McMartH, consulting engineer of the St. Law-
rence Bridge Co. since its inception, is the president of
the Canadian Bridge Co., of Walkerville. The govern-
ment had invited both the Dominion and Canadian bridge
companies to tender on the new Quebec Bridge, but Mr.
McMath thought that if the Canadian bridge companies
were to present a solid front in the bidding—in other
words, to pool their organizations and experience and

facilities—that Canada would have a better chance of

being successful in the bidding, and his company there-
fore joined with the Dominion Bridge Co. as joint owners
of the capital stock of the St. Lawrence Bridge Co., and
the only bids made by any Canadian firm were submitted
in the name of the St. Lawrence Bridge Co. Mr. McMath
was the founder of the Canadian Bridge Co. After his
graduation at Washington University, in Missouri, he
spent many years in the employ of the Detroit Bridge &
Iron Works Co. When he left that firm he crossed the
boundary line and founded what has since grown to be
one of the largest structural steel plants in Canada. Mr.
McMath has given careful consideration to all plans for
the Quebec Bridge, and his entire engineering organiza-
tion was placed at the disposal of the St. Lawrence Bridge
Co. to aid in checking calculations and design and in
assisting in erection wherever needed. Two of Mr.
McMath’s sons assisted in the operation of the jacks last
year, and one of them had a narrow escape at the time
of the accident. In fact, Mr. McMath, himself, was
standing on the connecting walk leading to the jacking
platforms when that walk was smashed, and he was
forced to jump to the cantilever. This year one of his
sons is operating the control valves at one corner. - The
other son is at the Front with the Aviation Corps.

* * * * *

GeoreEe F. PORTER, superintendentt of erection for the
St. Lawrence Bridge Co., began his bridge-building
career, as have so many other well-known structural men,
with the Detroit Bridge & Iron Works. After five years
there he went to Pittsburgh, with the Keystone Bridge
Works, but later rejoined the Detroit firm, where he
stayed until Mr. McMath persuaded him to cross the
river and become chief draftsman for the Canadian Bridge
Co. at Walkerville. When the Quebec Bridge Commis-
sion was formed in 1908 he was engaged as chief drafts-
man. At . that time a number of bridge companies
“{oaned’’ men to the commission upon a tacit understand-
ing that the successful bidder would be allowed to
“borrow’’ any members of the commission’s engineering
staff who might be needed in carrying out the contract.
When the St. Lawrence Bridge Co. were successful in
the bidding, they ‘‘drafted”’ Mr. Porter, who was ap-
pointed as assistant to Mr. Johnson and Mr. Duggan in
directing the design of the bridge and later in superin-
tending its erection. Mr. Porter is the only one of the
higher officials of the St. Lawrence Bridge Co. who has
devoted his whole time exclusively to the Quebec Bridge *
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and he is therefore exceedingly well informed in regard
- to every minute detail of its design and erection.

* * * * *

Lieut.-Col. C. N. MONSARRAT, chief engineer and
chairman of the Board of Engineers, Quebec Bridge (or,
as it was formerly called, the Quebec Bridge Commission),
was a member of the class of 1888 at McGill University.
He joined the C.P.R. bridge engineering staff as’an in-
spector of ercction, and remained for twenty years a
member of that department. From 1903 to 1911 he was
head of the department, resigning in 1911 to succeed Mr.
Vautelet on the Quebec Bridge Commission. He is the
commanding officer of the Fifth Royal Highlanders of
Montreal. ~

Chas. CassiLs, the vice-president of the St. Lawrence
Bridge Co., is a well-known Montreal cifizen, having
been prominent in business circles there for the past forty
years. When the company was first formed, Mr. McMath,
president of the Canadian Bridge Co., was vice-president
and consulting engineer, but as Mr. McMath’s head-
quarters are at Walkerville, the arrangement as regards
the vice-presidency was found inconvenient, due to certain
duties of the office which developed and which would have
required his almost constant residence at Montreal, so he
resigned in favor of Mr. Cassils, whose wide business ex-
perience has been of gredt value to the organization in
many ways. Mr. Cassils was in the iron and steel busi-
ness in Scotland as early as 1853.. He came to Canada in
1873 and for many years was Canadian representative of
the Carnegie Steel Co. He is a director of the Northern

Electric Co.,.president of the Structural Steel Co., and-

a director of a large number of other general business
firms, such as the Dominion Transport Co., the Windsor
Hotdl Co., etc., etc. ?
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W. B. ForRTUNE, the superintendent of erection for the
St. Lawrence Bridge Co., has been engaged in structural
steel erection for the past thirty years. He started with
the Edge-Moor Bridge Works, of Wilmington, Del., and
when he left that firm he was its general foreman. After
ten years with the New York Shipbuilding Co., Mr.
Fortune became superintendent of the Seaboard Con-
struction Co. and since then has superintended the erec-
tion of most of Mr. S. P. Mitchell’s important structures.
He has'been engaged on the Quebec Bridge work for the
past five years.

* * * *x *

ErNEST C. KERRIGAN, chief draftsman of the St. Law-
rence Bridge Co., has had upwards of twenty years’ ex-
perience with various Canadian structural companies.
For some years previous to the formation of the St.
Lawrence Bridge Co., he was with the Canadian Bridge
Co. at Walkerville. He was “‘loaned’’ by Mr. McMath
to the new company, and has proved a valuable asset,
having directed the purchasing department, the sale of
used equipment and many other departments besides the
drafting room. i :

* * * * *

S. P. MitcHELL, the consulting engineer of erection for
the St. Lawrence Bridge Co., graduated from the Uni-
versity of Virginia in civil engineering, class of 1883.
He was engaged in railway engineering until 1887, when
he became engineer of erection of the Edge-Moor Bridge
Works. In 18go he was appointed manager of that firm
and retained that position for ten years, or until his ap-
pointment as chief engineer of the American Bridge Co.
In 1906 he resigned in order to go into private practice.
Mr. Mitchell is now also president of the Seaboard Con-
struction Co. Among  the many other ‘structures with
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MR. ERNEST C. KERRIGAN,
Chief Draftsman.

MRr. F. C. McMaATH,
Consulting Engineer.

MR. W. B. FORTUNE,
Gen. Supt. of Erection.
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which he has been identified are the Beaver. Bridge on the
P. & L.E. Railway and the Sciotoville Bridge across the
Ohio River, near Cincinnati.

* * * * *

JosepH MAaYER, principal assistant engineer of the
Board, is the chief mathematical expert of the Quebec
Bridge. He has had charge of the derivation of all
formulee and has supervised all the important calculations.
Most of his time on the work has been occupied in the

preparation of theses on the theoretical problems involved, ,

and in the design of certain difficult details. In other
words, he has been. in charge of what might be called the
“pure science”’ end of the commission’s work. Mr.
Mayer graduated from the University of Vienna in 1879
and went to the United States the following year. He
was with the Delaware Bridge Co. for four years, and
then with the Union Bridge Co. for eleven years, latterly
as chief engineer. He resigned that position to open a
consulting office in New York, and has prepared the de-
signs for a large number of bridges, including the Pough-
keepsie Bridge, the Kentucky and Indiana Bridge across
the Ohio River at Louisville, the Kentucky River Bridge,
the Kanawha River Bridge in West Virginia, and other
cantilever bridges. He also prepared the designs for a
firm which bid on the Sydney Harbor, Australia, cantilever
bridge, and for both cantilever and suspension bridges
across the Hudson River at New York, the cantilever
bridge having 2,000 ft. span and the suspension bridge
2,800 ft. span. Mr. Mayer came to Canada in 1908, to
join the Commission, upon invitation from Mr.. Modjeski.
He hecame a Canadian citizen in 1913.
* * * * *

A. J. MEvERS, the Board’s chief draftsman, graduated
fromi McGill University in 1go2. He spent the next five
years acquiring experience with a number of structural
steel companies, including the Dominion Bridge' Co., the
Hamilton Bridge Co., Milliken Bros., of New York,
Riter-Conley Co., of Pittsburgh, and McClintic-Marshall
Co., of Pittshurgh. In 1907 he joined the Structural
Steel Co., of Montreal, as chief draftsman and in 1909
went with the Board as a calculator and designer. In
1911, when Mr. Porter left the Board to become Superin-
tendent of erection for the contractor; Mr. Meyers suc-
ceeded him as chief draftsman. During the past couple
years Mr. Meyers has written most of the articles on the
Quebec Bridge which have appeared in The Canadian
Engineer and other technical papers, and he is one of the
recognized authorities upon the details of the whole under-
taking. By special arrangement, The Canadian Engineer
is fortunate in being able to present in this issue an
article by Mr. Meyers on the key bearings and an article
In_which Mr. Meyers and Mr. M. Brodie Atkinson col-
laborated, on the lifting apparatus.

B PR B

'M. Bropie ATKINSON, who is assistant chief engineer
Of_ the Board, graduated from McGill University in 1904
With the B.Sc. degree. After two years with the struc-
tural department of the Locomotive & Machine Co., and
the successors to that department, the Structural Steel
C'O-‘. Mr. Atkinson joined the G.T.P. and was first
assistant bridge engineer for about 214 years, while
most of the bridges of that road were being designed. 1In
1909 he joined the Board of Engineers of the Quebec
Bridge as chief inspector on the substructural work, and
later was appointed assistant chief draftsman. He has
°en  associated throughout with the calculations and
des‘gn of the bridge. = The article in this issue is the first
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that Mr. Atkinson has consented to write on Quebec
Bridge work. :
* * * * *

A. L. HARKNESS, assistant engineer of the St. Lawrence
Bridge Co., is a graduate of S.P.S., Toronto University,
class of 19o6. Soon after obtaining his degree, Mr.
Harkness entered the employ of the Dominion Bridge
Co. in the designing department, and when the St. Law-
rence Bridge Co. was formed, he was transferred to that
concern.

* * * * *

Jonn RANKIN, the Board’s resident engineer, graduated
at McGill University, class of 1893, Applied Science. 'For
four years he worked in various rolling mills and theng
until 1906, was assistant engineer with various structural
steel companies. After about nine years in the C.P.R.
bridge engineering department, Mr. Rankin was engaged
by the Board of Engineers in 1914, and for the past 214
years has acted as resident engineer. :

¥, 6. AR D

HereerT McMILLAN, chief shop inspector for the Board
of 'Engineers, is one of the men who had a very narrow
escape in last year’s accident. At the time of the fall he
was on a lower lifting girder (ELGz2) platform. When
the lifting girders swung out the connection was broken
between the ELG2 platform and the walk leading from it
to the cantilever. When the lifting girders swung back
toward the cantilever, the broken connecting walk jammed
Mr. McMillan against the girder, fracturing a leg. Then
the girder and girder platform swung out again. Realiz-
ing that a second blow from the connecting walk might
strike higher up, Mr. McMillan, despite the broken leg,
made a desperate jump and succeeded in landing on the
cantilever. Mr. McMillan secured his first engineering
experience as a bridge inspector for the C.P.R., subse-

~ quently rising to superintendent of inspection of eastern

lines. When the St. Lawrence Bridge Co. began work,
he was employed for six months as chief shop inspector,
then resigning to accept a similar position with the Board
of Engineers.

* * * * *

W. P. Copp, the-Board’s chief field inspector, was

engaged in Dominion land surveys for a year after secur-

ing his B.Sc at McGill University in 1908, and was then
in charge of one of the Dominion Bridge Co.’s drafting
offices for four years. In 1913 he was appointed as an
inspector for the St. Lawrence- Bridge Co., and for the
past year has'been in charge of all field inspection.
; %% R

J. W. GniLoxn, popularly known among the men as
“Big Jake,” was foreman of erection of the north canti-
lever and anchor arms, and also of the erection of the
suspended span which was lost last year. Most of his
career, with the exception of the past three years with
the St. Lawrence Bridge Co., has been as general fore-
man for the Pittsburgh Construction Co. He was fore-
man of erection of the Caugag Viaduct at Cleveland,
Ohio, of the Harlem River improvements at New York
City, of the Eighth Coast Artillery Armory in New York
City, etc. Last fall, while waiting for the erection of the
new suspended span, he was given leave of abserce by
the St. Lawrence Bridge Co., and since then has erected
several bridges on the New York Central Lines and an
addition to the Newcastle, Pa., mill of the American Sheet
& Tin Plate Co.

%R * 0 * *

W. S. O’Briex, foreman of erection of the south shore
cantilever and anchor arms and of the new suspended

.
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span, earned many a word of praise from the chiefs for
the very shipshape manner in which everything at his end
was arranged for the hoisting well in advance. Of course,
“Bill” was not bothered with so many visitors as were
his North Shore confreres, but nevertheless he certainly
did set the pace. When the final day came, however, it
found both sides equally well prepared and with no further
inclination to race each other. Mr. O’Brien is an old
Walkerville foreman; and having said that, further re-
marks would be considered superfluous by those who
know Mr. McMath’s training ability.

Eucene M. FINN has been the official photographer
of the St. Lawrence Bridge Co. for the past 214 years
and it is to his skill in photography and his daring in

’

climbing to any position which will afford the best view .

that the reading public are indebted for most of the
splendid illustrations of the Quebec Bridge work which
have appeared in various newspapers and journals during
the past couple years. Mr. Finn was engaged in com-
mercial photography in Montreal for some years before
joining the bridge company, and had experience in secur-
ing progress photographs of the Montreal grain elevators
and many other engineering structures.

MOORING AND HOISTING THE SUSPENDED SPAN

(Continued from page 253)

fluid, when releasing the jacks, passed back through the
same system of piping until it reached a 14-in. dia.
return pipe leading to the feed tank and connecting to
the main pipe in front of the check valve. The return
pipe had a release valve, which, of course, was closed
during feeding overations. _

The tank was covered and the feed pipe to the pumps

was screened at its mouth to keep out dirt. The central
*valve, release valves, cross-over valves, cut-off valves
and air throttle valves were all within reach of the central
valve operator. There was one central valve operator
on each cantilever, who controlled the feed system and
release system of all four jacks. A tell-tale, situated in
front of the operator, which magnified twice the differ-
ence in elevation of the two upper jacking girders, had
to be continuously observed, and guided the operator in
his efforts to keep the two corners at one end of the span
level. - These tell-tales also showed- by marks the posi-
tions for introducing the upper and lower jacking pins.
There were four electric lamps in front of the central
operator which went out when the safety follower-up
screws reached a position where, if the lower pins were
in and bearing, the upper girder would rest on the safety
jacks. :

At each corner of the span a valve operator was
located whose duty was to keep the upper jacking girder
level during raising or lowering. A tell-tale, which mag-
nified twice, was situated in front of this operator, which
showed any difference in élevation of -the two corners of
the girder. ;

The dead load required a fluid pressure of about
3,800 Ibs. per sq. inch. The maximum calculated load
was 5,250 Ibs. per sq. inch, including impact and s5-Ib.
wind. The system had been tested to 6,000 Ibs. per sq.
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inch. On the air-feed from the pumps was placed a safety
valve set to 5,000 lbs. per sq. inch.

The whole lifting apparatus had been designed (see
Fig. 5) to take care of the dead load;- plus impact of 20
per cent. of the lifted weight, the effect of a cross-wind
of 5 lbs. per sq. ft. and a transferred load .at opposite
corners of the span of 500,000 Ibs., due to a deflection
by two opposite corners to an amount of 37/ ins. below
the other two corners.

TWO THOUSAND YEARS’ PROGRESS IN BRIDGE
BUILDING »

HE new Quebec Bridge represents the highest
development, to date, of the bridge builders’ art.
It is a far cry indeed, from the methods of two
thousand years ago, as evidenced by the old print repro-
duced here of what is thought to be the oldest bridge in
existence, viz., the Devil’s bridge, over the Llobregat
River at Matorell, in the province of Barcelona, Spain.
According to the well-known American bridge engi-
neer, Gustav Lindenthal, this bridge was built about 219
B.C., during the time of Hannibal, and some accounts

n § : 4 ; o b : — -
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It's a Far Cry From This to the Quebec Bridge.

ascribe the building of the structure to Hannibal, It is
built of hewn stone, the largest opening having a span
of ‘21 ft

The bridge is of pointed arch type and shows a correct
understanding of load distribution, indicated by the
massive high walls on top of the apex. It is not suited
for wagon traffic, but only for pack mules and pedestrians.

The Cleveland Engineering Society, to whom we are
indebted for the accompanying print, states that the hridge
was thoroughly repaired in 1766 under Charles ILI.
of Spain. To the right of the bridge there is shown .a
triumphal arch built in commemoration of Hannibal’s
father, Amilcaris.’

27 PER CENT. NICKEL STEEL IN QUEBEC BRIDGE

The Quebéc Bridge was mostly fabricated from carbon
steel shapes, but about 27 per cent. by weight is nickel
steel.  Among the nickel stee]l members are the trusses of
the suspended span; a large portion of ‘the cantilever
frusses, such as the bottom chords and those web mem-
bers in which it was deemed advantageous to use nickel
steel without the sections becoming too small in conse-
quence; the eye-bars of the suspended span, and the
bottom laterals of the cantilever arms. . . . . .
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LENGTHS v QUANTITIES AND WEIGHTS

Length of suspgnded Span e il S L 640 ft. Timber in south main pier .....cocooee 3,845 cu. yds.
Length of cantilever arm from centre of main Concrete in south main pier ........... 2ANOSD i

pier to end of cantilever ................ 580 ft. Masonry in south main pier ........... TO; 3B 5 T
Centre to centre of main piers .............. 1,800 ft. Timber in north main pier ............ 5,450 %
Centre to centre of anchor piers.............. 2,830 ft. Concrete in north main pier ........... 164800 e
Centre of main pier to centre of anchor PISES S s TR Masonry in north main pier ........... 0040 T
First north approach span ........... 110 ft. 7 9/16 m Concrete in south anchor pier .......-- TR S
Second north approach span........... 157 ft. 101 in. Masonry in south anchor pier ......... EALIHON R
South approach span ............... 140 ft. 4 3/16 in. Concrete in north anchor pier ......... ¥ gt oy
Abutment to abutment, face to face... 3,238 ft. 10 in. Masonry in north anchor DICE & A At 17,054 i
Sub-chord (compre'ssmn member) « ..o N S Steel in main anchorage each anchor pier.732,000 Ibs.
Sub-chord (balancing member for symmetry).. 84 ft. Steel in wind anchorage each anchor pier. 58,000 Ibs.

From anchor pier to main pier, panels of anchor arm
measure 23 ft., 42 ft., 28 ft., 31 ft., 3272 ft., 34% ft.,
3o ft. and 7 of 42 ft. each.

From main pier to end of cantilever, panels of cantilever
arm are 8 of 42 ft. each, go ft., 32 ft., 31 ft., 28 fty
2514 ft., 22% ft., 42 ft., 23 ft.

From cantilever arm to centre of suspended span there
are 4 panels of 327 ft. each, 2 of 35 ft. each, 3 of
40 ft. each.

Length 150 ft. clear of high water level.... < 686 ft.
WIDTHS

Centre to centre Of trusses ................ 88 ft.

Two-track system, 15 ft. each. ;

Space between track systems ............ o 1% ft. 6 in.

Centre to centre of track.................. 32 ft. 6 in.

Cantilevered sidewalk, from centre of track

girders to centre of railing.......... 5 ft. 934 in.

HEIGHTS

North anchor pier, from el.” 77 to el. 239.

North anchor pier concrete to el. 85.

North anchor pier granite facing above el. 85.

South anchor pier from els. 81 and 99 (variable) to
el 230.

South anchor pier concrete to el. 110.

South anchor pier granite facing above el. 110.

South main pier el. 128 to el. 0.94.

South main pier concrete to el. 75.

North main piers el. 128 to el. 2o.

North main pier concréte to el. 77.

1\Iol‘th main pier granite facing above el 7o

North main pier solid granite for top ten “courses.

Depth of suspended span from centre of top

chord to centre of bottom chord.......... 110 ft.
Depth of suspended span at hip............-. 7o ft.
De]?th of cantilever arms at outer ends........ 7o ft.
‘Mam posts, centre of bottom pins to centre of
BOD pIh s LSRR AL RR G R 310 ft.
DePth of anchor arms at anchor piers......... ro ft.
Bridge floor is at a level g0 ft. below main panel points.
uspended span clear of high water .......... 150 ft.
“Xtreme high water level ...i...covienneee.. 101.3
Xtreme low water level ........oceecrenees 79.7
ord{nal‘y high water level .........coceeeenees 94.7
rdinary low water level ........oooieeveenne 82.0

Four main shoes weigh about 450 tons each.

Four main posts, 10/ square, weigh about 1,200 tons each.

Pins at shoe connection to bottom chord and main post
are 45" diam. Weight, 12 tons each, including sleeve.

Weight of each anchor arm inclusive of main

POSES e I s AR R ey i 17,000 tons °
Weight of each cantilever arm exclusive of

MAZIAHPOSES ™« o4 = s uul s Sal e S s e 12,000 tons
Weight of suspended span, erected complete. 6,000 tons
Weight of approach spans ................ 1,500 tons
ANCROTAZES .+ ovo v o vosavesasnnionis as s 7OOHEOnS

Total structural steel received at bridge site for the
structure, exclusive of rails and reinforcing steel in
sidewalk, 133,310,570 Ibs., or 66,655 tons.

MISCELLANEOUS INFORMATION

Bridge floor is on 1 per cent. grade almost to the sus-
pended span. '

The suspended span and the adiacent end panels of the
cantilever arms are level.

Rivets up to 1Y% in. diameter were used, whereas the
biggest previously used were T 1/16 in. Later, 1%-
in. rivets were used for Hell Gate Bridge.

Batter of main piers, 1 in. in 1 ft.

Batter of anchor piers, % in. in 1 ft.

North anchor pier at bottom.. 137 ft. 10 in. x 31 ft. 41n.

North anchor pier at top..... r3o ft. 6in. x 24 ft.
South anchor pier at bottom.. 137 ft. x 3o ft. 6 in.
South anchor pier at top..... 137 ft. 6in. x 24 ft.
Main piers at top «......... 160 ft. '8 in. x 32 ft. 4 in.
Concrete foundation for main

PIErs © oeiereiiniiennes 168 ft. 3 in. x 60 ft.
Caisson for north main pier.. 181 ft. x 55 ft. 6 in.

Main steel shoes ............ 26 ft. 4in. x 20 ft. 101in.
Top of concrete shoe bearings 27 ft. 6 in. x 22 ft.

Cost estimated at approximately $17,000,000.

Estimated total cost of first Quebec Bridge and new
bridge, including interest on all moneys expended, esti-
mated at about $35,000,000. This figure has been vari-
ously estimated by different authorities. W. F. Tye
places it as high as $40,000,000.

Contractors for superstructure, the St. Lawrence
Bridge Co., Limited. ; '

Contractors for substructure, M. P. & J. T. Davis,
Quebec.

Contract for superstructure let 1911.

Work on substructure started December, 1911.
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THE QUEBEC BRIDGE

The eyes of the engineering world have turned toward
Canada this week. Practically the final, and certainly the
most difficult, stage of the erection of the Quebec Bridge
is being successfully accomplished as we g0 to press.

This bridge, which will carry the,main line of the
National Transcontinental Railway across the St. Law-
rence River near Quebec city, is without doubt the most
remarkable steel structure ever built.

The K-truss design solved many of the most difficult
problems confronting those who tendered on the project.
On account of the comparatively short erection season,
only about seven months at the bridge site, and also on
account of the scarcity of expert ship builders and similar
classes of erectors in Canada, it was necessary to design
the Quebec Bridge in such manner that all members
could be built in the shop and erected in the field in large
units. On the contrary, in the construction of the Forth
Bridge, which has so often been compared with the
Quebec Bridge, the plates were transported to the bridge
site and riveted there, so that the weights handled were
quite trifling. Only small cranes were required for erec-
tion, whereas in the Quebec Bridge, the huge size of some
of 'the members required the use of travellers of unprece-
dented capacity. ;

The prescribed wind pressure was the determining
factor in the design of the Forth Bridge. Only a few
years before its erection the Tay Bridge had blown down,
carrying a train with it and drowning the passengers.
The Tay Bridge had been very imperfectly designed, but
as a result of the accident the Board of Trade required
that a g6-Ib. wind pressure be specified for the Forth

Bridge. As a result, all of the compression sections are _

circular. The trusses are not in vertical planes and they
narrow toward the outer ends of the cantilever arms, so
that the suspended spans are comparatively narrow.

In the design of the Quebec Bridge, the heavy live
load and the necessity of ease of erection were the govern-
ing factors rather than the wind pressure. The specifica-
tions for the Quebec Bridge called for a design adequate
to withstand 30 Ibs. wind stresses per square foot of
trusses, and one and a half times that pressure per square
foot of projected area of floor and one train. The pre-
scribed load was two Cooper’s E-60 engines followed by
10,000 lbs. per lineal foot. To meet al conditions and to
simplify erection it was necessary that the trusses should
be in vertical planes, as it would have been extremely
difficult to design a traveller that could place heavy mem-
bers in decidedly inclined planes. i

Where a cantilever is required of such great height
and length as the Quebec Bridge, it would be very difficult
for a traveller to reach the tremendous distance that would
be required by a doubly subdivided triangular-truss, while
with a suhdivided triangular truss the panels would be
extraordinarily long or the diagonals too steep for
economy of section.

Mr. Johnson’s K-truss design solved the problem, as
in' the K-system the diagonals are only half the height of
the post, and they are therefore all at practically the most
efficient angle of 45 degs. Moreover, the K-system made
it possible to arrange a favorable angle for the diagonals

without the use of a great number of subsidiary members.
The latticed trusses supporting the eye-bars of the top
chords are the only subsidiary members in the Quebec
Bridge. The reach required of the traveller was only
a half panel.

Another advantage of the K-system was the splendid
uniformity of erection which it afforded, and which would
have been impossible with steep diagonals or lengthy
panels. The erection of the cantilever arms, and to a
great extent of the anchor arms also, was merely a repeti-
tion from panel to panel and practically no false members
were needed for erecting purposes. Moreover, the K-
system unites all the advantages of a double system with
those of a statically determinate one. Each diagonal and
each suspender of the K-system carries about half the
web shear, while in the triangular truss, for instance, each
diagonal carries all the web shear, making the members
very much larger. :

The appearance of the K-truss is also a noteworthy
point, being decidedly superior to all other designs. The
diagonals all having the same slope present a very simple
and regular appearance which is extremely pleasing.

In carrying out the design of the K-system for the
Quebec Bridge, pure science was taken into considera-
tion to a greater extent than has ever before been done.
The investigation into and allowance for temperature
changes and sun stresses is a case in point. To refer to
the Forth Bridge again: it is a matter of common know-
ledge that the sliding plates of the bottom chord no longer
slide. In the Forth Bridge the largest section is only ap-
proximately 8co square inches, whereas on the Quebéc
Bridge the largest member is over 2,000 square inches.
The range of temperature at Quebec is twice as great as
at the Firth of Forth. The many great circular piers of
the Forth Bridge are 49 ft. in diameter and built very
deep to withstand such forces, but the Quebec sub-
structure would have been enormously expensive if built
upon the Forth plan.

For each main post in the Quebec Bridge there
are two in the Forth, the main posts having been built
as towers rather than as columns, and the anchor and
cantilever arms having been built from the main towers
with practically no falsework. At Quebec this would
have been impossible for a number of reasons. Ice jams
were feared if too many large piers were built in the
river; and with the range of temperature at Quebec, the
stresses' due to expansion and contraction between the
various parts of the main piers would have been tre-
mendous and it could not have been assumed that the

+ piers would adjust themselves to the motion, as they are

built in closely packed sand and gravel. _

The ingenious and daring method of erection of the
bridge also marks it as an exceptional structure. It
would have been impossible to have cantilevered the
suspended span without making the cantilever panels
bigger and heavier. Many of the members-would have
undergone maximum stress during erection, and the
weight of the bridge would have been excessive for the
live load. .

Many simple spans have been lifted into place where
they could be handled from barges with ordinary derrick
cars, but the Quebec Bridge suspended span is the first
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span of a cantilever bridge which has ever been lifted into
place. It is the first span ever hoisted by hydraulic jacks,
and is by long odds the largest span of any kind which
has ever been hoisted. _

A number of simple spans on falsework have. been
floated at high tide and lowered into position on their
piers with the fall of the tide, but the Quebec Bridge span
is the first span of a cantilever bridge that has ever been
floated on scows, and it is considerably larger than any
other span of any kind which has ever previously been
floated. The next largest gpan ever floated, so far as we
are aware, was the Hawkesbury Bridge in New South
Wales, a 420-ft. simple span which was floated into place
on high scaffolding at flood tide.

It is problematical whether the success of the Quebec
Bridge will lead to any extensive use of the K-system for
smaller bridges. The bridge engineer of the Sante Fe
Railway recently adapted the system to a simple span be-
tween 300 and 400 feet long, and we understand that the
design in this case did not prove to be economical. The
economy of the K-system due to each diagonal taking
only half the web shear may be lost if the span be such a
light one that it is better to concentrate the shear in one
diagonal than to try to divide it between two members.
Bu: for cantilever bridges with long spans, the Quebec
Bridge has proven the complete superiority of the K-
system.

Many scientific points of design which have hitherto
been totally ignored or very indefinitely determined has
to be most carefully calculated for the Quebec Bridge on
account of the extraordinary proportions of the structure.
The friction breaks, for instance, between the cantilever
arms and the suspended span are very unusual. It was
calculated that a friction of 250,000 Ibs. would be required
at each corner of the suspended span to prevent its being
swung back by a locomotive or by longitudinal wind
force. Provision had to be made to get this friction and
yet permit the span to expand or contract before the
stresses due to temperature changes could become ' too
large. As a result of much study, friction plates have
been inserted which can be adjusted initially, and from
time to time, to give any desired friction, a hydraulic
arrangement has been devised for pulling out a test plate
at any time and measuring the amount of friction which
must be overcome in doing so, and by a screw adjustment
the friction can be increased or decreased as may be found
necessary and the other plates similarly adjusted. There
are about a dozen of these friction plates at each end of the
bridge, fitting into each other much as would the fingers
of levelly outstretched interlocking human hands. The
rails or track are in no way depended upon to keep the
suspended span from moving.

Many other similar points which have been previously
largely ignored in bridge design, have been most carefully

calculated. As another example, there is a very unusual

contrivance at the anchor pier, where the,big lengths and
sections involved make the motion at the pier a' very
complicated one. ’
Cross-winds bend the anchor span in a horizontal plane,
while live loads bend it in a vertical plane, and also the end
Struts may rise or fall either levelly or unevenly with the
expansion and contraction of the anchor chains, which
may or may not be uniform, ‘and at the same time_ the
motion tending to distortion, due to train on one track,
must be considered. This means that motion of practi-
cally every describable description must be provided for
at one point. Therefore, there has been imbedded in the
anchor piers a deep steel frame, carrying a vertical pin,
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and at the end of the pin there is a spherical thimble that
allows vertical motion as the thimble slides up and down
on the pin, and longitudinal motion as both pin and
thimble slide. between vertical plates, and any other kind
of motion on account of its spherical shape. This new
type of joint is situated at the centre of the bottom end
strut of each anchor arm, and may be said to be a com-
bination of universal hinge and sliding joint. This com-
plicated motion is partly due to the unusual length of the
span and the great length of the anchor chains, and partly
to the heavy trains for which allowance has been made.

Temperature stresses were without doubt never before
so carefully calculated. A difference of 25 degrees in
temperature was assumed between the parts exposed to
the sun and the shaded parts. Between the piers and the
bridge proper a difference of 50 degrees temperature was.
considered.  Secondary stresses of all sorts were con-
sidered and allowed for in an unprecedented manner.
Needless to state, the weight of the paint and every other
known feature of dead weight, however slight, was taken
into consideration.

Only stresses due to the absence of pins at joints or
due to friction at pins, were considered as secondary
stresses, the wind and all other stresses being considered
primary. For compression members, primary stresses
were not permitted to exceed 14,000 Ibs. per sq. in., or
18,000 Ibs. per sq. in. inclusive of all secondary stresses.
For eye-bars, tension, 20,000 Ibs. per sq. in. was allowed
for primary stresses, and 24,000 Ibs. per sq. in. inclusive
of all secondary stresses. For riveted tension members,
18,000 lbs. per sq. in. was allowed for primary stresses
and 24,000 lbs. per sq. in. inclusive of all secondary
stresses. In this regard one must remember that the K-
system elimjnates most of the secondary stresses, and the
greatest secondary stress can never co-exist with the
greatest primary stress.

Probably no other bridge has ever been erected so
carefully as has the Quebec Bridge. The sections were
put into place one at a time, every main member being
riveted as the work progressed. The plans for the erec-
tion of the centre span received the best care and thought
from many of the most experienced bridge engineers in
Canada and the United States. When one looks at the
tremendous centre span and sees the great height to which
it must be lifted, one is inclined to say that it will be a
miracle if the bridge is ever successfully completed. Even
a comparatively brief study of the plans, however, serves
to show that every minutest detail has been so carefully
calculated that one readjusts his opinion and decides that
it would be a miracle if the suspended span were not to
be readily hoisted into place exactly as planned.

The accident of last year was very unfortunate, yet it
is hardly to be expected that such an enormous urider-
taking could be carried out without more or less serious
accident, and the accident that did happen chanced to be
of the more serious type. The same care has been taken
in regard to the lifting appliances as was shown in the
design of the bridge proper. For instance, due allowance

~ was made for the difference in length between the various

lifting chains due to the fact that certain chains might be
in the sun and others in the shade.

The suspended span has been designed to permit of a
torsion of about 374 inches in diagonally opposite corners.
For example, if the southwest and northeast corners of
the span were to be held steady while the southeast and
northwest corners were both to be dropped or both to be
raised simultaneously to the extent of about 37 inches,
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the allowable unit stress would not be exceeded. Even
if greater distortion were to take place and some laterals
were to be strained to the elastic limit, resulting in per-
manent distortion, even then a collapse of the span would
not necessarily follow, and a few twisted lateralsf could be
replaced even after the suspended span was raised to its
final level.

If the laterals and sway bracing were to be strained to
a point approaching the ultimate limit, however, of course
the sway bracing would go, and the top and bottom later-
als; that is, the span would collapse. It is for this reason
that such extreme care has been taken throughout in the
lifting, and many devices have been adopted to ensure
that the span will be raised with all four corners in a
horizontal plane as nearly as possible at all times.

At the time of last year’s collapse, one end of the span
had been raised six lifts when the other end had only been
raised five. While it was not known that this contributed
in any way to the accident, and in fact theoretically should
not have done so, nevertheless the greatest care has been
taken this year to ensure that even the two ends of the
span be lifted at the same time and at the same speed,
and of course even greater precautions are taken that the
two corners of either end should not be lifted at different
times or speeds. '

The valve operators are all thoroughly reliable and
trained men, nearly all heing engineers who have been in
structural work for many years. Every man knows the
duties of two positions which are of a different nature,
the one not involving such nervous strain as the other,
and all the men are paired off in this manner so that they
can relieve each other at any time, and it was made
obligatory that the men in the more serious positions be
relieved at least every two hours.

For example, the north central control -operator and
the north “‘end engineer”’ are interchangeable, both know-
ing each other’s duties. Similarly, the assistant end en-
gineer in charge of, say, the northwest corner, is inter-
changeable with the assistant valve operator in charge of
the northwest corner, and those two men must know each
other’s duties and act as mutual relief regularly.

- There are consulting engineers and bridge company
officials on both cantilevers, carefully watching every
stage of the operation, and also expert electricians, hy-
draulic engineers, skilled mechanics, etc., ready to deal
with any emergency.

In other words, the lifting of the suspended span of
‘the Quebec Bridge reminds one of the old puzzle about
the irresistible force meeting the immovable object. It
is a miracle of engineering if it succeeds and it is a miracle
if it doesn’t! :

CANADIAN ENGINEERING HAS TRIUMPHED
"AT QUEBEC

(Continued from page 239.)

low position, with the pins changed and ready for another
lift whenever desired.)

Fourteenth lift, 8.01r to 318, ‘17 - mins,

The second link of each of the lifting hangers was re-
moved after the fourteenth lift, taking about 40 mins.

Fifteenth lift, 9.06 to 9.25, 19 mins.

Sixteenth lift, 9.25 to 9.37, 12 mins.

Seventeenth lift, 9.39 to 9.57, 18 mins.

Eighteenth lift, 9.57 to 10.09, 12 mins.

Nineteenth lift, 10.09 to 10.21, 12 mins.

Volume 33.

Twentieth lift, 10.22 to 10.35, 13 mins.

Twenty-first lift, 10.36 to 10.50, 14 mins.

Twenty-second lift, 10.51 to 11.03, 12 mins.

Twenty-third lift, 11.03 to 11.17, 14 mins.

Twenty-fourth lift, 11.19 to 11.31, 12 mins.

Twenty-fifth lift, 11.34 to 11.46, 12’ mins.

Twenty-sixth lift, 11.48 to 12.01, 13 mins.

After the twenty-sixth lift the work was stopped to
permit the men to relax and to have lunch. After lunch
another set of links were removed, and the breaking of a
minor part of the hoist for handling these links delayed
the work for about 174 hours while the part was being re-
placed.

Twenty-seventh lift, 3.36 to 4.00, 24 mins.

Twenty-eighth lift, 4.00 to 4.13, 13 mins.

Twenty-ninth lift, 4.13 to 4.27, 14 mins.

Thirtieth lift, 4.29 to 4.40, 11 mins.

Thirty-first lift, 4.40 to 4.52, 12 mins.

Thirty-second lift, 4.53 to 5.06, 13 mins.

Thirty-third lift, 5.07 to 5.19, 12 mins.

Thirty-fourth lift, 5.20 to 5.31, 11 mins.

The span is anchored for the night, with eighty-two
feet still to go. The weather reports received here to-
night indicate moderate southwest winds, fair weather.
There is a tropical storm on the Atlantic coast but it is
going east and may not affect Quebec. With continued
good weather the span should be in place by Thursday
night.

TIME OF FLOATING DEPENDED ON TIDE

The time of floating the suspended span of the Quebec
Bridge depended—after everything was erected and ar-
rangements completed—upon only two things, the tide and
the weather. Both of these had to be satisfactory ; the
weather for many obvious reasons, the tide so that the
scows would (a) be drained at low tide, and (b) rise high -
enough to navigate the proposed course at high tide.

The plan for floating the suspended span was based.
upon the following tide tables, a plus or minus variation
of 2% ft. at the bridge site being allowed for :—

High Water

Date. — a.m. — — p.m. —
September. Time. Elevation. Time. Elevation.
Saturday, 15 .... 6.13 95.2 18.37 95.1
Sunday, 16 ..... 6.54 95.6 19.15’ 95.7
Monday, 17 ..... i ) 95.7 19.48 g6.0
Tuesday; 18 ..... 8.06 95.5 20.18 96.2
Wednesday, 19 .. 8.38 95.2 20:4700.06.3
Thursday, 20 .... g.09 94.7 2118 96.2
Fiiday 25 <8500 9-39 93.9 21.4§ 96.0
Saturday, 22 .... 10.12 93.1 22.21 95-5
Sunday, 23 ..... 10.37 92.2 AT 94.7

Low Water

Date. — a.m. — —p.m. —
September. Time. Elevation. Time. Elevation.
Saturday, 15 .... 0.46 80.8 13185 80.4
Sunday, 16 ..,.. T.31 8o 13:33 8o.7
Monday, 17 ..... 2412 80.8 14.28 81.0
Tuesday, 18 ...... 2B 00 N 80 15.00 81.4

Wednesday, 19 .. 3.26 81.3 15.29 81.6
Thursday, 20 .... 4.06 81.5 15.56 -81.6
Eradaviiaitnlio oF 4-33 81.8 16:22; 5 581
Saturday, 22 .... s5.08 82.0 16.51 81.8
Sunday,; 23. suins 553 82.4 17.30 82.1




September 20, 1917.

THE CANADIAN ENGINEER

51

e

Made 1n Canada

z
L

The Roof for All

First-class Structures—
HE roof is apt to be one of the very—l—a-st
things to be considered in the construction
of a building. ' It really ought to be among

‘the first.

Owners wake up to this fact when they begin to
pay bills for repairs and damage caused by leaks.

Permanent buildings deserve permanent roofs.

The most economical and altogether satisfactory
permanent roof is a Barrett Specification Roof,
with a unit cost (the cost per square foot per year
of service) lower than that of any other permanent
roofing.

It is for this reison that most of the great manufacturing
plants and textile mills of the D yminion, the great railroad
terminals and skyscrapers, and hundreds of less pretentious

buildings, carry roofs of this type. Some of these are from
tw 1ty to thirty yearsold and arestill in serviceable condition.

A Barrett Specification Rof is not a ready-made roofing. It
is built layer upon layer on the building, following time-tested
methods which are recognized as standard by technical men
generally.

A copy of The Barrett 20-Year Specification, with roofing diagrams,
mailed free on request to any one interested.
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NORTHERN ELECTRIC COMBANY
CALGARY, ALBERTA

Our 20-Year
Guaranty Bond

We' are now prepared to
give a 20-Year Surety
Bond Guaranty on every
Barrett Specification Roof
of fifty squares and over
in all towns of 25,000
population and more, and
in smaller places where
our Inspection Service is
available.

This Surety Bond will be
issued bythe United States
Fidelity and Guaranty
Company and will be
furnished by us without
charge.

Our only requirements are
that the roofing contractor
shall be approved by us,
and that the Barrett
Specification, dated May
1, 1916, shall be strictly
followed.

If you wish any further
information regarding this
Guaranty, write to our
nearest office and the mat-
ter will be given prompt
attention.

THE PATERSON MANUFACTURING COMPANY, LIMITED

MONTREAL TORONTO WINNIPEG

VANCOUVER

THE CARRITTE-PATERSON MANUFACTURING CO. LIMITED

ST. JOHN, N.B. HALIFAX, N.S.

SYDNEY, N.S.
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Bridgeburg, Ont.—The Toronto, Hamilton and, Buffalo
Railway have started laying out for yard and terminal pur-
poses the 50 acres acquired:recently by the company here.
The work being done is probably of only a preparatory char-
acter, as plans for laying out the area had not been settled.

Brigden, Ont.—Hydro transmission lines are now within
a mile of the town, and alterations are being made in the local
wiring system to accommodate the new system, which will be
ready shortly.

Dartmouth, N.S.—It is likely that a shipbuilding plant
will be established here in the near future. At a recent meet-
ing of the Town Council and the Board of Trade an appro-
priation of $200,000 was voted to any responsible firm who
would undertake the building of such a plant.

Kenora, Ont.—The Kenora and English Bay Railway has

been incorporated and will build a railway from the National
Transcontinental Railway, in Kenora District, west of Superior

Junction, northerly and westerly, crossing the English River

west of Lac Seul, thence northerly and westerly in the Dis-
trict of Patricia, thence westerly and southerly to and in
Manitoba to Winnipeg. The head office of the company is to
be in Toronto; the authorized capital is $1,000,000, and the
company may issue securities for $50,000 a mile. The pro-
visional directors are: W. Miller, A. LeR. Williams, E. Miller,
C. Flatt and A. A. Macdonald, Toronto.

Kitchener, Ont.—Work on the sewage farm has been de-
layed somewhat owing to scarcity of labor, but it will probably
be completed within a few weeks.

Lachine, P.Q.—The Dominion Bridge Co. are equipping
a portion of their plant for the manufacture of marine engines
and boilers.

Locust Hill, Ont.—Work has recently been commenced
on a new concrete bridge over the Rouge River, for the York
Highway Board. The work of cutting down the grade on the
approaches was also started, and it is expected that the bridge
will be ready for traffic by December 1st.

Orillia, Ont.—The government bridge over the North
River, on the 6th Concession of North Orillia, about a mile
east of Uhtpoff C.P.R. station, has been completed. It is a
reinforced concrete trestle structure, and stands on 16 concrete
piles, driven to the rock. f

Ottawa, Ont.—An order-in-Council has been passed under
the War Measures Act, prohibiting the exportation. of steel
rails from Canada abroad to countries other than the United
Kingdom, British possessions and protectorates,

Ottawa, Ont.—$3,000,000 has been voted by the Dominion
Government for the completion of the work on the Hudson
Bay Railway.

Owen Sound, Ont.—A meeting of a good roads deputation
from Guelph, Fergus and Elora met the local board of trade
to discuss the proposed Hamilton-Guelph-Owen Sound high-
way. A convention will be held at Guelph on October 13, at
which representatives from all the municipalities from Hamil-
ton to Owen Sound inclusive are to be present.

Peace River, Alta.—Assurance that the bridge across the
Peace River would be finished in time for next harvest and
that the railway would by then be constructed up country,
was given by J. D. McArthur, president of the E.D. and B.C.
Railway during his recent visit to Peace River.

Princeton, B.C.—The Canada Copper Co.. contemplate
opening up a large mine near here. Power to operate the
mine will be supplied by the West Kootenay Power and Light
Co., while the copper and other products will be smelted and
refined by the Consolidated Mining and Smelting Co., at Trail.

Sarnia, Ont.—The preliminary work of laying out the sites
for the new $200,000 industry to be located in this city, has
commenced. Mr. W. Brunt is superintending the work. The
new plant, which is being fostered by Senator Lyman Holmes,
president of the Romeo Foundry Co., Port Huron, will manu-
facture automobile parts and castings. It is expected that
excavation work will commence at an early date, when the
details and negotiations will be finally arranged. The Grand
Trunk Railway Co. will lay a switch through the centre of
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the property, according to present plans. - Four buildings, go
feet by 200 feet, will be erected and 150 men will be employed
at the outset.

Sault Ste. Marie, Ont.—The municipal councils of the
city of Sault Ste. Marie, Ont., and the town of Steelton have
approved an agreement providing for the amalgamation of
these two municipalities. A by-law will be submitted for the
approval of the ratepayers.

Tillsonburg, Ont.—Work has been started on the large
extension to the Maple Leaf Harvest Tool Company’s plant
on Tillson Ave. When the extensions are completed, the local
plant will be the largest of its kind in Canada. The main
building will have a frontage of 330 feet on Tillson Ave. It
will include the office and paint shop. The finishing room
and storage room are also included. To the rear will be 2
factory storeroom and a finished products storeroom.

Toronto, Ont.—Referring to the extension of the civic car

line on Bloor St., Works Commissioner R. C. Harris stated
that the materials have been ordered and delivery is expected
within thirty days. He also said that there is a possibility of
the work being completed and the line placed in service be-
fore Christmas.

Vancouver, B.C.—British Columbia’s shipbuilding pro-
gramme provides for the construction of some 117,000 gross
tons of commercial shipping, to have a total carrying capacity
of nearly 185,000 tons. The value of these ships, some 50
in all, is in the neighborhood of $25,000,000. While this esti-
mate of construction is only approximate, it includes prac-
tically every ship of importance in freight carrying. The
amount of tonnage given represents definite contracts only.

Vancouver, B.C.—]. Coughlan and Sons are constructing
16 steamers of 88,000 dead weight tons capacity.

Vancouver, B.C.—Prospects before the coal mining in-
dustry of Vancouver Island and, indeed, of the province, are

~ of the brightest according to information received by the Pro-
vircial Mines Department. At the present time production on

the island is greater than at any previous time and with the
prospect that, sooner or later, the importations of fuel oil into
British Columbia will be materially curtailed, 1f not altogether
prohibited by the United States government, because of the

‘enormous increase in the demand for fuel oil for war pur-

poses, the big coal producing companies are looking for a
great increase.in output and a decided impetus to the indus-
try in British Columbia.

Windsor, Ont.—An extensive network of good roads in-
corporated in the long-deferred report of the suburban area
commissioners, was filed with the city clerk of Windsor. The
report allows for several terminals of the new provincial high-
way from Montreal. It will give branches running into Ford

City, Walkerville, Windsor, Sandwich and Ojibway. There,

will be three distinct parts of the county system. One will be
the suburban area, another will be .three roads on the front-
age basis—Walker Rd. to Oldcastle, front road from Islan
View to Sans Sauci and front road from Turkey Creek to
Amhertsburg—and the third is the county road system as de-
fined in the by-law approved of a vear ago last July. The
suburban commissioners include the road commencing at the
town of Sandwich at the interséction of Tecumseh or Tunnel
Rd. with the Huron line and running along Huron line to the
fourth concession in Sandwich west to the northerly limit of
the town line between Sandwich West and Anderdon, at
Lukerville.

. Windsor, Ont.—Work has started on the new C.P.R-
bridge across London St.

Winnipeg, Man.—An effort will be made to force the
Winnipeg Electric Railway to contribute towards the cost of
erecting the Provencher Ave. bridge. The St. Boniface
Council will also ask the Provincial- Government to contri-
bute to the bridge funds. T

Winnipeg, Man.—Owing to the rush to the harvest fields
a labor shortage of considerable seriousness has arisen dur-
ing the last fortnight on the big aqueduct of the Greater Win-
nipeg Water District, it was reported at the meeting of the
administration board. The contractors are thus faced with 2@

serious difficulty during the most vital period of their season’s

work, when the task of completing work laid down and gen-

eral clearing-up for the winter, is most important. In this, re=

lief cannot be expected until after the harvest is reaped, an

then, perhaps, at a considerable advance in wages, in order to
induce men to retura before going into the cities for the

winter as is their custom.
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PHILLIPS

VARNISHED CAMBRIC

CABLES

THE IDEAL CABLE FOR. INSIDE: USE

POWER PLANTS

Single or Multiple Conductor

Braided or Le;ad Covered
Any Voltage up to 25000

PAPER INSULATED CABLES TO ANY SPECIFICATION
BARE WIRES MAGNET WIRES

RUBBER INSULATED WIRES WEATHERPROOF WIRES

Eugene F. Phillips Electrical Works, Limited
it MONTREAL ESTABLISHED 1889

Branch Offices :— Toronto Winnipeg Regina Calgary Vancouver
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Construction News Section

. Readers will confer a great favor by sending in news items from time to time.

regarding engineering work in hand or projected, <ontracts awarded, changes in staffs, etc.

Volume 33.

T

We are particularly eager to get notes

SO

A—Denotes an item regarding work advertised in 7 /e Canadian Engineer.
+—Denotes contract awarded. The names of successful contractors are printed in CAPITALS

ADDITIONAL TENDERS PENDING

- Not Including Those Rei:orted in This Issue.

Further information may be had from the issues of 7 /e
Canadian Engineer to which reference is made.

l

TENDERS

PLACE OF WORK CLOSE ISSUE OF  PAGE
Maisonneuve, Que., erection of

5 1 L(0) o e e N e R Oct. 15 Sept: 13, HEO
Myruam, Alta., erection of

saHoolz=d Sl S L e e Sept. 2s. Sept. 13. 50
Ottawa, Ont., roofing and sheet

T T ) R A e RSB Sept. 20. Septia, 56
Toronto, Ont., stop valves, valve

operating  pumps, special

oA StInG SR RN sl Cotiae sl 1 Qctitiz Sept.. 6. 56

BRIDGES, ROADS AND STREETS

Bruce Tp., Ont.—Township Council coutemplates erection
of bridges to cost $15,000, to replace structures damaged in
floods. Clerk, J. G. MacKay, Underwood, Ont.

Calgary, Alta.—City Council plans construction of a tem-
porary bridge across the north channel of the Bow River at
Fourth St. W. City engineer, Geo. W. Craig.

+—Crand Falls, N.B.—Provincial Government depart-
ment of Public Works, Fredericton, N.B., has awarded the
general contract for embankment and concrete arch to F. L.
BOONE, Devon, N.B.

+—Kincardine, Ont.—THE HUNTER BRIDGE & BOIL.-
ER CO., Queen St., has been awarded the contract for a class
““A” 50 ft. steel arch on Russell St. I

Montreal, Que.—According to estimates submitted to the
Board of Control by W. Chace Thomson, consulting engineer,
618 New Birks Building, it will cost $7,500 to repair the Car-
‘tierville bridge over the Back River and to put it in condi-
tion for traffic for a period of two vears, for vehicles not ex-
ceeding four tons in weight. For eight-ton traffic it would
cost $26,000. A new modern structure, with accommodation
for vehicular, street car and foot traffic, would cost $200,000.

Oakbank, Man.—Tenders will be received by €. Christo-
pherson, secretary-treasurer, at his office at Oakbank, Man.,
up to noon, September 22nd, 1917, for building and supply-
ing all material for a 6o ft. pile bridge; also a 52 ft. pile
bridge. X

Ottawa, Ont.—Tenders for the metallic fittings for the
Dominion Public Buildings at Ottawa will be received up to
Wednesday, September 26.  R. C. Desrochers, Secretary, De-
partment of Public Warks, Ottawa.

Preston, Ont.—The Board of Works of the Town Council
has a large gang at work on street improvements on side
streets. Drains are being built along the sides of the roads
and the grader is at work levelling the streets.

Sarnia, Ont.——The Board of Works presented a report
showing that the repairs and resurfacing of pavements would
cost $19,800.

+-—Shawinigan Falls, Que.. NAPOLEON LAPOINTE
has the general contract for laying of sidewalks on Rue du
Coton for the Town Council, and will require 400 bags of
cement. Town engineer, Raould Reinfret.

+—Shawinigan. Falls, Que.—The Town Council has let
the contract for grading work for proposed concrete highway

to J. D. JACOB. Concrete work to be done next spring.
Mr. Jacob also has contract for grading for a macadam road.

+—Stonewall, Man.—DAVID WOOD, of Teulon, Man.,
has been awarded the contract for a 25-foot span reinforced
concrete bridge over the Netley Creek, Rockwood Municipality.

+—Sydenham Tp., Ont.—MR, CORBETT, care of the
township clerk, J. M. Thompson, Bognor, Ont., has been
awarded the general contract for erection of a steel bridge
for the Township Council.

+—Tansley,  Ont.—NORMAN McLEOD, LTD., Kent
Building, Toronto, has the general contract for concrete and
steel bridge, costing $60,000, for the Halton County Council.

+—Three Rivers, Que.—City Council has let general con-
tract for crib work and filling from- aqueduct to highway
bridge abutment to CHARLES PAGE, at $12,000. Spikes and

“bolts will be required by general contractor,

Three Rivers, Que.—In last week’s issue, on page 46, it
stated that the distance between Grand Mere and Three Rivers
was three miles. It should have read thirty miles.

Toronto, Ont.—On the recommendation of Works Com-
missioner R. C. Harris, the Civic Works Committee decided
to abandon the scheme for the extension of Wilton Ave.,
through to (Coxwell Ave., so as to form a nmew cross-town
thoroughfare north of Queen St. The work was estimated to
cost $622,000. The difficulty of financing the project at the
present time is the chief cause for its abandonment. It may
be revived again after the war.

Toronto, Ont.—Property-owners in the vicinit_v of Shayv,
Crawford, Montrose and College Streets are urging the Cx‘.ty
‘Council to complete Crawford Street extension and fill in

Sully Crescent.

Walkerville, Ont.—Tenders will be received up to noon
of Friday, September 21, for the construction of concrete pave-
ments. Plans and specifications may be seen on application
to Owen McKay, C.E.. Walkerville, Ont.

Winnipeg, Man.—Arthur St. is to be repaved with asphalt.

Winnipeg, Man.—C . N.R. will have a strip of asphalt, 500
feet by 20 feet, laid on Water St.

WATER, SEWAGE AND REFUSE.

Aylmer, Ont.—Town Council wants prices at once on
glazed tile, 18, 20 and 22 in. Clerk, Jos. Senior.

Charleswood, Man.—Tenders will be received by the un-
dersigned up to Saturday, September 22, 1917, for the drill-
ing of one s5-inch well, and equipping same with pump and
platform, on the Arboro St., West Winnipeg. A. B. Blakely,
secretary-treasurer.

Edmonton, Alta.—Acting City Engineer A. W. Haddow
reported that the cost of laying a 6-inch sanitary sewer on
63% lane, to connect with the existing sewer on 61% lane,
would be $1,750.

Guelph, Ont.—The Sewerage and Public Works Commis-
sion recommended the construction of a sewer on Allan Ave.
from the Edinburgh Rd. to Meadowview Ave. City Engineer,
F. McArthur.

Halifax, N.S.—The sewer on Well St. may be extended
about 200 feet. Assistant city engineer, H. Johnston.

Hamilton, Ont.—Sealed tenders will be received by S. H.
Kent, City Clerk, addressed to Chas. G. Booker, Esq., Mayor,
Chairman Board of Control, City Hall, Hamilton, up to 10
o’clock a.m., Tuesday, Sept. 25th, 1917, for the construction of
the following pipe sewers :—Roxborough Avenue from Robins
Avenue, to H.W.W. Pipe Line : Gibson Avenue, from Princess
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