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THE CONSTRUCTION OF THE SOUTH MAIN PIER OF
THE QUEBEC BRIDGE.

By H. P. BORDEN, Assistant Engineer Quebec Briage Commission.

Owing to the fact that the steel superstructure of the
new Quebec Bridge is some 21 feet wider and nearly twice
as heavy as the old bridge, i1t was necessary to construct
entirely new piers for the new structure. This work has
been going on for the past two vears, and will probably re-
quire another year to finish.

The bridge has three approach spans, two on the north
side and one on the south, having a total length of 409 feet,
two anchor spans of 515 feet each; two cantilever spans 580
feet each, and
one suspended
span 640 feet 1n
length, Qrre g
grand total of
3,230 feet face to
face of abutment.
The channel span
1s Consequently
1,800 ft. centre
to centre of main
piers, being the
same as the old
bridge,

[Last season the
caissons for the
north main pler
were successtully
sunk to a solid
bottom some 8o
feet below high
water, or 5o feet
below the bed of
the river. This
season the con-
tractor has con-
centrated his ef-
forts wupon the
sinking  of the
mammoth caisson
for the south
mailn pier. The caissons for the north main pier were 1n
two sectlons each 6o ft. x 85 ft. with a 1o-foot span between,
this space being filled with concrete after the sinking was
effected. On the south side one single caisson 1s being em-
ployed 180 ft. x 55 ft., which, taking into consideration the
great depth 1t must go, 1s by far the largest caisson ever
employed on a work of this kind. The caisson i1s being
carried down to solid rock 85 feet below the level of the
river bed and 100 feet below extreme high water.

At the left 1s the south abutment).

The caisson was floated into position last season and
grounded on a prepared bed which is exposed at low

The Plant on the Side of the South CIiff.

(There can be seen the quarry to the right, with crushers and stone chutes leading to the
concrete mixers, also the sand and coal hoappers and chutes leading to the lower level.

water. It remained here all winter, guard piers of rip-rap
being placed along 1its sides to protect it from the i1ce. The
rip-rap was mostly broken concrete taken from the old pier
in course of demolition situated just outside the caisson.
Weep holes were provided in the roof over the working
chamber to allow free movement of water during the high
tides, and thus guard against any floating of the caisson
when once properly grounded. As the water rose several

feet each tide above this roof it was feared that 1f snow
were allowed to

accumulate 1cCe
- 3 would form and
tend to strain
the structure. To
guard against
this contingency,
the caisson was
entirely  housed
over, and as a
further precau-
tion steam pipes
were led around
the walls just
above the roof
of the working
chamber, steam
being  supplied
by a boiler on
top of the cais-
SOM. [t was
tound, however,
that the steam
heating was not
necessaly as the
interior kept suf-
hclently warm to
revent i1ce from
orming.
June 15th, 1912, ‘L.')u'ing to 2

very late spring,

actual sinking operations were not started until June 15th.
Since that date the work has proeressed steadily, and at the
time of writing the caisson has reached bed rock, some 8g
feet below the bed of the river., The material, being mostly
*-;.IH(], has been t_"?{Cl‘[}tillH.lH}.' casy {0 penetrate, the rate of
progress having averaged nearly g inches per day for the
entire time. Some weeks, however, the rate has averaged
as high as 15 i1inches per day.

Owing to the unusual size of the caisson, extraordinary
precautions were considered necessary to provide against
any unequal settlement or any twisting or other movement
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of the caisson which might tend to open up the joints and
seams and consequently allow air to escape. On this ac-
count 1t was decided that the ordinary method of sinking,
where all the load is carried on the cutting edge, would not
allow the movements of the caisson to be sufficiently con-
trolled during the actual sinking. The rather unusual
method has therefore been emploved of carrying the entire

The Plant on the Soutnh Side, Showing Caisson During_
Sinking. :

{The plant on the north shore across the river can be d stinguished).
July 15th, 1912.

load on the bulkheads and the roof and no load at all on the
cutting edge.

The caisson was supported on 40 sand jacks and about
25 posts 12x12 vellow pine and 54 sets of blocking. The
jacks and posts bear directly against the roof while the
blocking 1s piled under the bulkheads. When ready for a
drop the blocking and posts are first removed by washing
the sand from under them with a water jet. Then the whole
caisson 1s lowered by operating each sand jack simultane-
ously. The sand jacks are of simple construction, consist-
ing of a steel cylinder 29 inches 1n diameter closed 1n at the
bhottom Near the bottom are two holes about 3 inches 1n
diameter with a shding cover. The plunger 1s a single piece
of timber fhtting easily into the cylinder. The cylinder 1s

Floating the South Caisson Into Position,
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depth of two or three feet. This space was then filled with
clay, which tended to prevent the escape of the air, and
further acted as a lubricant during sinking. This scheme
was followed throughout the entire sinking and seemed to
materially facilitate the operation. The material encoun-
tered varied from small boulders and sand at the top to
practically g5 per cent. sand towards the bottom. The sand
is blown out through four-inch pipes by means of the com-
pressed air. Ten of these pipes are in use and remove the
fine material very rapidly. The larger material 1s removed
through the material shafts in half-yard steel buckets. It
has been necessary to do very little blasting.

Owing to the great depth of the caisson, special means
have been employed to enable the men to enter and leave
the working chamber with the least possible loss of time and
labor. To this end an open shaft extends down to a hori-
zontal steel lock placed over the roof of the working cham-
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Contractors' Plant on South Side of River, New Quebec

Bridge
ber, This lock is large enoueh to hold the entire shift,
Communication with this lock and the outside air 18 made
by means of a spiral staarway, There 1s an air valve at the

foot of this shaft and also at the top of another shaft in the
bottom of the lock Il'.l!llﬂ‘.‘_ down to the “’ﬂl'l\'ing ("hnmher.
As an extra safeguard. there are four other so-inch ladder
shaft! ['he excavated material is hoisted out through three
material shafts.

| A\t the l:.-;:mmn;-_ of the work about 10x) ““sand }IOES”
were used in three eight-hour shifts of 100 men each. As
the caisson was sunk and the pressure increased the length
of the shilt decreased \t 50 feet below average hip:h water
OF a pressure ol about 22 lbs, per square il‘ll}‘l, ol l‘h:ll’lp,’(! iﬂ
working hours was made to four shifts of six hours each.
\t 6Gg-foot depth or 12 lbs, pressure six shifts of four hours
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was Tequired. Again at 75 feet the shifts were changed to
elght of three hours each. @ When the caisson reached 1its
full depth of over go feet below average high water two one-
hour shifts per day were required, this being the greatest
length of time that the men could stand the very heavy
pressure.

Outside the caisson the contractor has made provision
for the care of the men in many ways. In addition to a
bunk-house and dining-room, there is a dressing and cof-
fee house where
‘““ sand hogs "’
coming out of
the caisson may
change their
clothes 1immedi-
ately and be sup-
plied with hot
cofftee. Next door
1San hospital with
cots and a quali-
fied doctor 1n
constant attend-
anee. Adjoining
the hospital is a
steel hospital
tank connected
with the com-
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The compressor plant consists of five Ingersoll-Sargeant
cdirect compressors, four with a capacity of 1,250 cubic feet,
and one with a capacity of 2,500 cubic feet per minute.
This plant was used on the north shore last Season. To
this has been added, this season, two compound two-phase
alr compressors bringing the total capacity up to 13,100
cubic feet per minute. These two latter compressors were
used only when the pressure got above 30 lbs. per
square 1nch. The air is first compressed in the low-
pressure cylinder
up to 30 lbs.
per square inch,
then 1t 1s passed
through a cool-
ing chamber 1n-
to the high-
pressure cylinder
where the com-
pression 1s 1n-
creased as desir-
ed. There 1s 1n
addition a small-
er high speed
compressor for
supplying alr
tools, etc, In the
compressor house

pressed air pipes
where men who
have come out of
the pressure too
quickly and are
attacked by the
‘““bends’”’ can be
placed 1mmedi-
ately under pres-
sure agaln be-
fore any serious
or injurious effects can develop. The caisson 1s surrounded
on three sides by a heavy platform supported on bents. On
this platform is a double line of track leading to the con-
crete mixers and stone vards. The skips with the loaded
concrete buckets run from the mixers to the caisson by
gravity, the empty skips being hauled back by horses. Three
15-ton stiff-legged derricks are placed on each side of the
caisson and are used to deposit concrete, stone, or hoist the
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View of Interior of South Caisson.

(The large shafts are for material, while the smaller are ladder shafts for the men).

\\‘Nww e zlz!znaglmnraﬂ!lﬂl_ __Fiﬁnm..

there 1s an auto-
matiC register 1n-
dicating on a dia-
oram the pres-
sure at all stages
of the tide dur-
ing the whole 24
hours. Another
gauge, by means
of a finger oper-
ated by the tide,
indicates on an adjustable scale what the pressure should be at
any stage of the tide. By this means the operator can, by
watching the finger, so adjust his compressors so that a
pressure 1is intelligently maintained conforming to the
height of the tide. The air is led from the compressor
house 1nto two receiving tanks, which tends to absorb the
sound and shock from the compressors: thence into two 12-
inch mains which are laid in a trough of cold, running water.

/N

June 15th, 1912,
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Cenerzl Elevation and Cross Section of New Quebec Bridge.

(St. Lawrence Bridge Co. Ltd.. contractor for superstructure).
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loaded buckets through the material locks. On this plat-

form is also the pump which supplies the water to the boiler

plant and for various other uses as required.

The boiler and air compressor plant 1s situated near the
foot of the cliff. A portion of this plant was brought over
from the north shore last fall after the sinking of the north
caisson was finished, but this has been 1increased nearly
100 per cent, in order to afford a greater reserve supply 1n
case of break-down and also to furnish air for the increased
number of blow pipes necessitated by the greater quantity
of fine material encountered in the sinking.

The .l'[iI'_ tl'lt‘l't‘ft‘-li'{" entels the calisson w.‘nnlp.i‘.l';llik't‘l_\.' (‘_HHL
the temperature Of the u'nr[g]ng chamber Tiil'r!}' {*Xtt‘l'(lili_&.:‘
S0 {'lt'}_:, [CES I*‘.ihl'.

The boiler plant consists of one 75, six 100 and three 125
10rsepowel horizontal boilers, and three 250 hm'f-;r[um'm'

leine water tube boilers with a total capad Ity of 1,800 horse-

DOWEL. \ Illlllll)l'l‘ H'[_ 50, ;‘; ;'HH'[ [ O3 hnl‘wt'iuﬂk't'l' ]}t"ill“l":-l alre
also used throughout the work, crushers, mixers, derricks
and pumps.

The whole plant, as well as the working chamber of
the caisson, i1s lighted by electricity supplied by the citv.
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In case of break-down on the power line the contractor has
provided a complete generator plant located on the com-
pressor house. It is equipped with a 30- kilowatt General
Electric Company generator capable of operating 106 arc
lichts and 100 sixteen-candle-power incandescent lights.
The concrete masonry plant is situated at the foot of
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Sketch of New Quebec Bridge
as it will appear when finmished).
cliff which rises almost perpendicular for 125 feet. Half

way up the cliff a No. 5 and No. 8 rock crusher 1s Situated.
The stone is quarried directly on the brow of the cliff, and
15 situated that derrick can pick up the buckets of
stone from the quarrv and dump 1t into the chute leading
to the crushers., Coming from the the broken
stone led throueh a revolving screen, thence through an-
other chute to
Smith

Tlrd*-.

SO ole

crushers

mixing platform.
used, each having a capacity of 113
1S hrnll'.:,'ht 1O thr ot tht* (‘]iﬁ
A chute leads from
mixing platform. The
manner and 1s carried

]’IH]J]H'T l‘rl}l*ﬂina{ onto the
mixrn are

The
in cars and dumped 1nto a large hopper.
this hopper directly the
brought to the level 1n the

Two

cubic sand brow

T0 '[-'H:ll 1""-

lower same

to the boiler house 1n side dump cars.
l"-rr the convenlience o0} tht dnd hll’*ﬂ t]lt‘ contractor
has erected a bunk-house .tr]_l;'if'vnt to the work with sleep-
IiNng ac *'JIHIIH-‘E.;tifJH fOr ::1.;1”1'{ 100 IMeaen. A {'ll!‘till"i._','-l'l;ulﬂl 1S
run in <connection. which will accommodate about as many
ore
The south main pier, when completed, will contain about
5, 000 Cubi }.i!ii- Masonry., For a }ll'tg]]t Of /5 feet
)OOV ock. or some 6 feet below low ‘water, 1t will
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The Work of Demoalishing the Old Main S>uth Pler.
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The concrete used for the main body of the caisson 1s
composed of one part cement, two and one-halt of sand, and
five of broken stone. For sealing the working chamber
a2 somewhat richer mixture is sSpecified, viz., one of Cement,
two and one-half sand, and four of Stone. Displacer
stones one-half a cubic vard and over are used in the con-
crete, no two Stones to be
closer than g inches vertically
or 12 inches horizontally.

The work 1s under the
supervision of a board of en-
appointed by the gov-

of
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< ernment, of which Mz, C. N.

S g S “" ﬂ»ﬁrﬁw Monsarrat 1s chairman, hav-

"‘f : "*‘“ u- / ﬂ J\m 1Ing asso ciated -with him Mr.
e — Ralph Modjeski, of Chicage,
and Mr. C. C. Schneider, of

Philadelphia. T: D Wals

kins is resident engineer for

the board at Quebec, and has charge of all inspection.

have the con-

Messrs. M. P.

and J. T. Davis, of Qutbec,

The South Caisson in Place, Behind the Old South Main Pier.
August 10th, 1911.

tract for the masonry, Mr. S. H. Woodard, of Noble and
Woodard., consulting engineers, New York, being super-
intending engineer for the contractors in charge of the en-
tire work.
S s> -
NICOL HALL, A NEW ADDITION TO QUEEN’S
UNIVERSITY.

On Wednesday., October 16th last, there was formally
opened for mspection an addition to the many handsome
]:H!l{lm_u,-w of the Umiversity that will 10 future he known as
Nicol Hall in recognition of the many philanthropic deeds
of Prof. Wilhham Nicol.

This building will be occupied by the mining and metal-
rs1cal i]*']l.‘llllnrhtw and the basement of the Imilding 1S
iven over to the hre laboratories, g.l*--nlilu‘ furnaces, g'nld

and ver work., balance<-room with chemical laboratones,
metallurgical laboratory, equipped with roasting furnaces,

bhlast turnace and acces Oy .i]lllll.llllt"-.‘ ) (o

(O the man floor there 15 a l.llp_n* 1‘]'.15;‘-.1””11'\, with ac-
commodation ol 1w hty students there are rescarch labora-
LOT 1 and Prol 0 I‘;Illx]l.llllil\"& 1O0m. The halls are
very bright and 1t 1s  the intention to use them for a
Inuseun

The second floor contains a drafting-room, lecture-room,
Wwith the othce and |I}H.1I$' O l‘llll JH]III (;\\lllilll.

The third tloor has not been fitted up as vet,
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PROGRESS IN CONNECTION WITH THE CONSTRUCTION
OF THE OQUEBEC BRIDGE.

Very satisfactory progress has been made in connection
with the construction of the huge Quebec bridge, situated
some seven miles above the city of Quebec.

The contract for the substructure was let in January,
1910, and the contract for the superstructure in April, 1911.
The work on both contracts has gone ahead as rapidly as
possible since these dates, and at the present time there are
material evidences to prove that before very long the River
St. Lawrence will be success-

Plan after plan has been made, studied and revised, no de-
tall of construction or calculation being too insignificant to
court the minutest investigation. The contractors work in
conjunction with the designers and calculators of the board
of engineers, and no detail was passed unless thoroughly ap-
proved by both. Entirely independent sets of calculations
were made by the board of engineers, each calculation being
checked and re-checked independently so that there could be
no possibility of error creeping

fully spanned by the largest =
bridge in the world.

Owing to the increase in
weight and width of the
superstructure, the piers of
the «~ld bridge had to be re-
moved and new ones con-
structed in their place. All
the more difficult work in
connection with the substruc-
ture 1s now practically com-
pleted. The caissons tor the
north and south main piers
have been sunk to the requir-
ed depth, that for the nortn
pier about 50 feet and that of
the south about 85 feet below
the bed of the river. All the
rest of the work in connec-

tion with the substructure 1s 0 R » R LT

above high-water mark or
protected from the water, and
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; in. Therefore, each simple
calculation was subjected to
two 1ndependent investiga-
tions by the contractors and
two 1ndependent 1nvestiga-
tions by the board before it
was finally approved. The
suspended span was first de-
signed and shop drawings
completed from which the
actual dead loads were com-
puted before starting on the
cantilever arm, which 1s 1n
turn being completed before
the drawings of the anchor
arm are made. It can there-
fore be seen that there can
be no chance of over-run 1n
dead weight in the completed
structure, as was the case 1n
. the old bridge.

— — Te——

presents no serious problems.
The masonry involved in this
contract includes alterations
to the existing abutments and
the entirely new construction
of one intermediate pier, two anchor piers, and two main
piers. The total yardage in these various pieces of masonry
amounts approximately to 105,000 cubic yards. The timber
used in the caissons is mostly 12-inch by 12-inch long leaf
southern pine, and some 18,000,000 feet B.M. were used in
the construction. The piers on the north side of the river
are well advanced, and will be ready to accommodate the
steelwork early in the coming season.

Since the awarding of the contract for the superstructure,
the contractors, the St. Lawrance Bridge Company, of Mont-
real, have had a staff of between thirty and forty men en-
gaged 1n their offices working on the detailed plans of the
design. The design, details and problems in connection with
this bridge are to a large extent without precedent, and as a
result much time has been spent in investigation and studies
that would not have been necessary with a smaller structure.

View Showing North Anchor Pier with Eyebars Extending

Above.

This pier will be extended 100 ft. higher than is shown here. Some idea
of the enormous size of the stones can be gained by comparing
with men 1n the picture.@Dec. 2nd. 1912,

. The enormous proportions
of this bridge cannot be pro-
perly appreciated until actu-
ally viewed in place. Some
1dea, however, may be gained
from the following facts:—
The completed bridge will probably exceed 50,000 tons of
steel, equivalent to 1,700 carloads of 30 tons each, or over
500 train loads of 30 cars each.. While this is an enormous
quantity of steel to go into any one structure, vet there would
be no difficulty in handling it were it manufactured in the
ordinary commercial sizes used in bridges and structures to
which we are accustomed. The great difficulty of the me-
chanical side of this enterprise arises from the fact that
nearly all the members of the bridge are of such enormous
proportions that the ordinary shops or equipment are en-
tirely inadequate to manufacture or handle them. Shops with
columns and girders of unusual strength are required to
carry the heavy cranes which handle the enormous members.
Almost every piece of machinery used must be of the largest

capacity, and in the majority of cases are specially designed
for this job.
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The main posts of this bridge are about 10 feet by 10 feet

in outside area and approximately 320 feet high, or equal to

the height of a thirty-story building. The shoes on the main
pier upon which each of these posts rests are 21 feet by 26

feet square and 15 feet high. Many a family lives 1n a house

View Showing Lower Anchorage. CGirders and Eyebars in

Place.
f{Alsotcompleted intermediate pier and abutment in the background).

considerably smaller. The main bottom chord near the pier
is about 10 feet wide and 8 feet high. If it were not for the
interior webs and diaphragms six men could walk abreast
inside this chord without crowding or fear of hitting their
heads. This chord will weigh about 8,500 lbs. per lineal
foot and is erected in sections weighing from 75 to 100 tons
each. The main floorbeams are approximately go feet long
and 10 feet deep, and weigh between forty and fifty tons.
In most cases they are connected to the truss by pins In
order to do away with the secondry stresses 1n the posts.
The top chords of the cantilever and anchor arms are com-
posed of two banks of evebars of half panel lengths, and are
supported by light Warren trusses between main panel
points,

The floor system i1s designed to carry two railway tracks
and two sidewalks for pedestrians. No allowance 1s made
for highwav traffic.

Elaborate preparations are being made by the contractors
for the erection of this steel work. Erection will be carried
on on both sides of the river simultaneously, which means a
duplicate erection plant throughout. While this entails some-
what more expense for the contractors it will be. justifiable
by the saving of time. The anchor arms will be erected on
heavy steel falsework which is so designed that the trusses
will be carried on falsework independent from that
which carries the traveler. The main traveler will be an

\ olume 24.

enormous structure about 200 feet high and weighing, in-
clusive of hoisting machinery and tackle, about goo tons.
The traveler is constructed with an overhang from which
heavy blocks are suspended and operated by means of elec-
tric hoists. Each hoist is capable of lifting 50 tons simul-
taneously, 6o feet beyond the point of support. The traveler
is also equipped with cross gantrys and electric cranes and
enormous booms which can handle material 1n practically
every position. The blocks for the dozen or more hoists used
in this traveler have all to be specially designed and con-
structed, many of them being over 5 feet in height and
welghing over 5,000 lbs. each.

Probably one of the most interesting features of the
erection will be the floating in of the 640-foot centre span.
By means of this scheme of erection the difficulty of joining
up at the centre is overcome and one year saved in the erec-
tion of the bridge.

While the floating in of a bridge span i's a common
enough occurrence to bridge erectors, yvet, taking into con-
sideration the length, weight and height of this span, and
also the fact that there 1s a seven or eight-mile current and a
20-foot tide at this point, it can be seen that this part of the
work 1s also without precedent. It 1s proposed to erect this
span on steel falsework or staging on the shore or in shallow
water at some point near the bridge site. This falsework 1s
founded on concrete piers so spaced as to allow pontoons to

N\ '
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Starting Construction of the North Anchor Pier.

(View shows granite bed rock in place upon which steel anchorage is
to be placed. Sept. 11, 1912))

float in between them and under the falsework.  When the
span is completely erected and ready to be floated, the pon-
toons are placed in position under the falsework when the
tide is low. As the tide rises the pontoons lift the bridge off
the concrete piers. After the span has been towed to its
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proper position under the bridge 1t has yet to be lifted over
130 feet in the air and connected to the ends of the cantilever
arms. This is done by means. of hangers with slotted holes
which can be quickly attached to the four corners by means
of pins. After this has been done at highest tide the pon-
toons are floated from under and the span 1s lifted in place
by jacks at each corner of the cantilever arms.
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to national i1dleness. It 1s immensely true in every trade, so
its followers believe, that in going slow, their interests are
advanced. Any device, therefore, tending to increased out-
put is rebelled against by this deeply rooted nature.

No more fallacious than such belief exists, and it is
borne out by history everywhere, with but one exception, that
the introduction of such a device or system, into any trade,

instead of forcing men out of work, has

YView Showing North Main Pier.
(Completed up to high water mark and the caisson removed. Nov.

Entirely new shops have been constructed by the St.
Lawrence Bridge Company, of Rockfield, near Lachine, and
manufacturing has just been started. This shop 1s completely
equipped with the latest and most powerful electrically driven
machine tools, and will have a capacity of about 2,000 tons a
month.

The supervision of the entire work i1s under the direction
of the board of engineers appointed by the government. Mr.
C. N. Monsarrat is chairman and chief engineer, with whom
are associated Mr. C. C. Schneider, of Philadelphia and Mr
R. Modjeski, of Chicago.

—_— ea -

THE PRINCIPLES OF SCIENTIFIC
MANAGEMENT.

On the occasion of his visit to Toronto to address the
Canadian Club, Frederick W. Taylor, M.E., gave an address
on ‘‘The Principles of Scientific Management’’ to the En-
gineering Society of the University of Toronto, on January
21St, 1913.

In his opening remarks Dr. Tayvlor presented his subject
as referring principally to workers of co-ordinated industry,
in distinction to isolated workmen, it being applicable onlv
to the former.

Nineteen of every twenty workmen believe that it i1s to
their best interest to turn out as little rather than as much
work as possible. It is the most serious fallacy that possesses
our working class, and 1s attributable to two causes, for
neither of which are the workmen themselves to blame.

First, if it be suggested to a group of workmen that they
double their output, they reply that the procedure would
throw one-half of their fellow-workers out of emplovment.
To them it appears self-evident, and others, among whom
are many of our philanthropists, uphold the belief, heralding
over-production as one of the greatest social evils conducive

8th, 1912)

provided more work for men of that trade
The exception is in farming. Improved
processes 1n the United States have reduced
the providers of food supplies from eighty
per cent. 1in years past to thirty-five per
cent. at the present time, because the
human capacity for food does not increase
from generation to generation. This is the
only 1nstance where such a condition
obtains.

As an 1illustration of the effect in other
torms of labor, Dr. Tayvlor referred to the
cotton industry, its history being compara-
tivelv older and its evolution more spec-
tacular., The power loom was i1nvented
early 1in the last quarter of the eighteenth
century, but the vear 1840 witnessed the
climax of its introduction, after a struggle
many vyears 1n duration, to gain entrance
into the manufacturies. In Manchester,
Eng., the workmen felt that these looms
would throw 3,500 of their 5,000 men out of
work, and they strongly resented such out-
side 1ntervention between them and their
daily bread. Conditions were grave, as it
was most difficult in those days to change
one’s trade, or even to move from one works to another.
No alternative means of livelihood presented itself.
The result was clear and concise. They forced the establish-
ments, destroved the looms, and maltreated the operators.
Their rioting, however, did not affect the entrance of the
loom into the industry.

Be the means what it may, bitter opposition, adverse
legislation, public opinion, trade unions—all forces are
powerless and futile in defeating the introduction of labor-
saving development, and the effect is frequently that of ac-
celerating its use.

The speaker stated that there is great opposition from
labor leaders to scientific management, but since that op-
position has become open and strong, scientific management
has gone ahead more rapidly.

The result in the case of the cotton industry in the three-
quarter century that has elapsed has been that the workmen
have been proven wrong in their convictions. Has the 1n-
Crease of output thrown laborers out of work? In 1840 there
were 5,000 workers. At the present time there are about
265,000 emploved at the same work in Manchester. For
every yard of cloth in 1840 there are now five hundred yards
manufactured, though the population of England has not
more than doubled within that time.

““There 1s a broad meaning back of it all. Wealth need
only be brought into the world, for the world to use it. Al-
though there are undeniable cases of over-production, they
arc abnormities, due to a general cause—the world undertak-

ing a greater number of new enterprises than available
capital warrants. It is a disease to which the public 1s sus-
ceptible, and the panics of 1873 and 1893 are untforgotten.
On the other hand, production is necessary to wealth, which
1s derived from two sources, viz., out of the ground and by
manufacture at the hands of man. The relation of wealth to
production should be recognized, particularly by the poorer
classes; their impression is erroneous that by far the major
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CANADIAN SOCIETY OF CIVIL ENGINEERS

TWEN 'Y-EIGHTH ANNUAL MEETING TO BE HELD AT

MONTREAL NEXT

TUESDAY, WEDNESDAY AND THURSDAY — M. J. BUTLER IS PRESIDENTIAL
NOMINEE—REPORTS OF COMMITTEES—VISIT TO ST. LAWRENCE BRIDGE WORKS

Street, Montreal, The Canadian Society of Civil

Engineers will hold their annual meeting next

Tuesday, Wednesday and Thursday. Only a re-
ception was held in the building—which was then only
partially com-
pleted — during
last year’s an-
nual meeting.
Nineteen - four-
teen, therefore,
marks the be-
ginning of a new
era In the af-
fairs of the So-
ciety, the mem-
bers now form-
ally 1naugurat-
Ing 1into their
Service the
splendid new
building of
which the So-
clety can pro-
perly be proud.
The Engineers’ |
Club of Mont-
real, at which
there will be
considerable en-
tertainment for
Visiting meme
bers of the So-
ciety, have also
greatly enlarg- =
ed and hand-
somely remodelled their building during the past year,
so the meetings this year will have the advantage of
much greater facilities, both for work and pleasure, than
have existed at any previous annual meeting.

FOR the first time in their new building on Mansfield

Phelps Johnson

President of the Canadian Society of
Ciwvil Engineers in 1Qr3y; president of
St. Laawrence and Dominton Bridge Co’s.

There will be five business meetings—at 10 a.m. and
3 p-m. Tuesday, at 3 p.m. Wednesday, and at 10 a.m.
and 2.30 p.m. Thursday. The retiring president’s ad-
dress will be delivered Tuesday afternoon.

All visiting members will be guests of the Montreal
members at a luncheon in the Windsor Hotel at 1 p.m.
Tuesday. A complimentary smoking concert will be held
at 8 p.m. Tuesday in the Society’s building. The annual

dinner will be served in The Engineers’ Club at 8 p.m.
Wednesday.

It is thought that there will most probably be a trip
through the Mount Royal Tunnel, but the only excursion
officially noted on the programme is to the works of the
St. Lawrence Bridge Company, Limited, at Rockfield,
near Montreal. The party will leave the Windsor Hotel

at 10 o’clock
—  sharp, Wednes-
~ day morning.
By courtesy
of the Montreal
Tramways Com-
pany, spectal
street cars will
be provided to
carry the party
to and from the
works. After
t he i1nspection
of the works,
the Bridge Com-
pany will enter-
tain the visiting
members at
luncheon.

The president
of the Bridge
Company 1s the
retiring presi-
dent ol the
Society, Mr.
Phelps Johnson.
Mr. Johnson
was born in the
United States
and practised as
an engineer for
bridge companies for some years before coming to
Canada. From 1872 to 1879 he was engineer for the
Hawkins Iron Works, at Springfield, Mass. In 1879 he
became assistant engineer of the Wrought Iron Bridge
Company, of Canton, Ohio.

M. J. Butler

Prest dent-elect of the Canadian Soctety of
Civil Engineers for 1071g; head of Arm-
stron:, Whitaworth of Canada, Lid.

In 1882 Mr. Johnson went to Toronto as engineer
and manager of the Toronto Bridge Company, which
afterwards became the Dominion Bridge Company. In
1888 he became chief engineer of the Dominion Bridge
Company, at Lachine, P.Q., which position he retained
until 1892, when he was appointed general manager of
the company. He was elected president of the com-
pany at the last annual meeting, succeeding Mr. James
Ross, deceased. Mr. Johnson had previously acted as
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THE ST. LAWRENCE BRIDGE COMPANY’S SHOPS

DESCRIPTION OF THE PLANT BUILT AND EQUIPPED SPECIALLY FOR THE FABRICA-
TION OF THE QUEBEC BRIDGE AND OF THE FIELD EQUIPMENT FOR 1TS ERECTION

e e

HE St. Lawrence Bridge Company, Limited, was
incorporated August sth, 1910, with an authorized
capital stock of $3,000,000, one-half of which was
subscribed for by the Dominion Bridge Company,

of Montreal, and one-half by the Canadian Bridge Com-
pany, of Walkerville, Ont. Its directors are Messrs.
Phelps Johnson, Chas. Cassils, G. H. Duggan, F. L.
Wauklum, and ]J. F. Weber, of Montreal; and Messrs.
F. C. McMath, Willard Pope, and B. S. Colburne, of
Walkerville. The president is Mr. Phelps Johnson; vice-
president, Mr. Chas. Cassils; secretary and treasurer,
Mr. J. F. Weber ; superintendent, Mr. W. P. Ladd.

The company was organized to tender for the fabri-
cation and erection of the superstructure of the Quebec
Bridge, and was awarded the contract in April, 19IT.
This contract, at a figure approximating $8,650,000, was
awarded on the basis of designs submitted by the com-
pany, differing from those of the Board of Engineers
which had been appointed by the Dominion Government
in 1go8 to draft designs for a new structure at substanti-
ally the same location as stood the partially erected
structure which collapsed on August 27th, 1907.

Articles dealing in a comparative way with the ac-
cepted design have appeared in The Canadian Engineer
and elsewhere, as have also descriptions of the design
and construction of the substructure. The accepted de-
sign, being larger and heavier than that of the old
structure, necessitated the construction of new piers and
abutments throughout. These are now completed and

the approach spans are also in place.

Before giving a description of the company’s fabri-
cating plant, the outstanding features of the design of
the bridge will be briefly reviewed, to outline the im-
mensity of the problem which devolved upon the company
with the award of the contract.

The Quebec Bridge will cross the St. Lawrence River
at Neilsonville, about 8 miles above Quebec. It will
have a total length of 3,239 ft. between abutments, with
clear height of 150 ft. above high tide, while the main
posts will rise to a height of 3437 ft. above water. Be-
sides two 515-ft. anchor arm spans 310 ft. deep, it will
have a 1,800-ft. centre span consisting of two 358o-ft.
cantilever arms connected by suspended trusses 640 ft.
long. The superstructure will have two lines of pin-
connected trusses, in vertical planes 88 ft. apart. It will
be made of carbon and nickel steel, with members of a
maximum shop length of about go ft. and shop weight
of 140 tons.

Realizing that the erection of the superstructure was
the chief problem connected with it, and that the peculiar
design of the bridge would evolve many unprecedented
engineering features; and fully cognizant of the effect of
the stresses introduced by erection in the old structure,
the St. Lawrence Bridge Company decided to build and
equip a shop specifically for the work. The great S1ze
and weight of many of the truss members, the accuracy
of workmanship, and the rapidity of construction requir-
ed, left little alternative. The result 1s the present plant,
which has cost about $1,000,000 to build. It is situated
between Montreal and Lachine, about one mile from the

plant of the Dominion Bridge Company, and on the
Grand Trunk and the Canadian Pacific Railway. The
accompanying figures, some of which are taken from an
article in June %th, 1913, issue of Engineering Record,
illustrate the shop in plan and elevation. To this article
we are also indebted for much of the following informa-
tion descriptive of the works.

The plant is equipped for the fabrication of 2,000
tons per month of heavy riveted members. It has ma-
chine tools for precise work in finishing bearing surfaces
up to 10 ft. square and boring long pin-holes up to 4 ft.
in diameter through compression members and eye-bars.
All fabrication is done in a single long shop, with receiv-
ing and shipping storage yards at both ends, with a com-
prehensive system of surface tracks and traveling cranes.
Electric drive is used throughout, individual motors driv-
ing most of the principal machine tools and groups of
smaller tools.

General Design of Main Shop.—The main building
is 660 ft. long, and 160 ft. wide, for 440 ft. of its length
and 1go ft. wide for the remainder, with a lean-to to be
described later on. It has a concrete roof carried on
transverse trusses spaced 2o ft. apart. At the receiving
end these trusses have bottom-chord runways for girder
cranes and are themselves supported on the wall columns
of the building and on a line of centre longitudinal trusses
of 100-ft. span, thus eliminating all but three interior
obstructing columns in a length of goo ft. At the other
end of the shop all of the roof trusses are supported di-
rectly on columns, which support also the crane runways,
parallel to the axis of the building.

The columns rest on concrete piers, with footings
proportioned for the maximum pressure on bedrock at a
depth of about 4 ft. below the surface. 'The roof trusses
have spans of 60, 75 and 8o ft. and are of heavy con-
struction, with riveted connections at panel points and
full-depth connections to the columns. The structural
steel-work weighs about 2,000 tons and was fabricated
by the Structural Steel Company and erected by the Do-
minion Bridge Company.

The exterior walls are of brick, with concrete founda-
tions, with a stone water table about 8 ft. above the sur-
face of the ground. The floor is of concrete, with timber
sleepers for the track rails and provisions for anchoring
or clamping movable equipment.

The shop has a great window surface area and 1s
provided with arc and incandescent lighting. It is heated
by exhaust steam in a fan blast system designed to main-
tain a temperature of 50 deg. with the mercury at 20
deg. below zero outside.

Construction was commenced in 1911, and the foun-
dations were finished before the end of the year. The
erection of the steel-work was commenced in 1912, and
fabrication of steel for the bridge commenced in the
spring of 1913.

The plant arrangement provides for the entrance of
raw material at one end of the main shop and the per-
formance of successive fabricating operations as it passes
continuously through the shop parallel to the longitudinal
axis, until '[h(‘ ﬁl"lif-‘-:h(‘d ITlEITiI){_'r_-: are (I(-]irere(] at the op.
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posite end. The equipment is arranged for the amount
of the different classes of work in the order of the suc-
cessive operations, so that the average proportion of
different classes of work will keep the shop uniformly
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Fig. 1.—Floor Plan of Main Shop, Showing Position o1 Tracks, Columns, Trusses, and Machines.
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busy with a constant progress of material and little lost
motion or interference. Materials and supplies are re-
ceived and products shipped on two tracks running
through the plant parallel to the main building and com-
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manded at both ends by cranes traversing the building.
These serve the receiving storage yard at one end and
the shipping storage yard at the other end of the shop.

Material is handled in the receiving yard by two 7 ;-
ton trolley hoists on a 15-ton electric traveling crane, of
go-ft. span, with runways s5oo ft. long, crossing three
lines of narrow-gauge service tracks which enter the
shop, two of them passing through to the other end and
across the shipping yard.

Description by Panels.—The material entering the
shop from the storage yard is placed on wooden skids
with concrete foundations transverse to the shop axis,
which occupy a large portion of the first 10o-ft. panel.
This panel is 160 ft. wide between main columns, besides
a 3o0-ft. lean-to on one side, as shown in Fig. 2. It has
a clear height of 21 ft. from the floor to the underside of
the 8o-ft. roof trusses, carried at one end of the centre-
longitudinal truss. This construction is duplicated in
the next panel. In the next two panels the width of the
lean-to 1s increased to 60 ft., giving the entire shop a
width of 220 ft.

In the first panel there is on one side a straightening
machine with 8o-ft. roller tables at each end and three
large edge plarners. They are served by two 10-ton
assembling hoists traveling the full width of the panel on
the bottom chords of alternate pairs of roof trusses. In
the lean-to there is a 6o-ft. roller table at one end of a
set of rolls for straightening plates up to 120 in. wide,
which are commanded by five 3-ton pneumatic trolley
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Fig. 2.—Sectional Elevations Through Main Shop.

hoists, running on the bottom chords of the lean-to roof
trusses, which cantilever 8 ft. into the main aisle te trans-
fer to the assembling hoists and command one set of
skids there. This panel is devoted to straightening,
shearing, edge planing and laying out, and to crimping
and milling stiffening angles.

The second 1oo-ft. panel is devoted on one side of
the centre longitudinal truss to punching and on the other
side to drilling, and is served by two go-ton and two 10-
ton assembling hoists arranged, as are all of the others
in this end of the building, like those in the first panel.
The punching equipment is quite standard, and the ma-
chines, together with the shears, are arranged principally
on the transverse lines at the ends of the panel so as to
leave the interior space as much unobstructed as possible
between main columns.

The special drilling plant includes 16 stationary
heavy radial drills mounted on a long foundation, parallel
to the shop axis under the centre truss, and 24 similar
portable drills, each mounted on an individual truck,
which travels on a portable track that can be clamped to
the concrete floor. All of the drills have 6-ft. arms with
vertical adjustments, have locking devices to the track,
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and are driven by variable-speed motors. There are also
12 horizontal drills mounted on trucks to work in con-
junction with the radial drills and for later use in drilling
the field splices in the main members. It is the intention
to assemble the members in temporary sections up to 4o-
ton weight and drill the rivet holes en masse.

In the third 1o0o-ft. panel, as in the remainder of the
shop, except the last 125 ft., the lean-to is separated from
the main shop by a solid wall, reducing the width of the
shop itself to 160 ft. In the third panel there are located
two manhole boring machines to rough-cut pin-holes
from 10 to 45 in. in diameter. The remainder of the
space there is occupied by longitudinal and transverse
skids for the storage of drills and punched materials,
which are handled by two 10-ton assembling hoists.

On one side of the fourth 100-ft. panel there is in-
stalled a 60-in. duplex rotary planer with a bed 110 ft.
long. Provision was also made for the installation as re-
quired of the portable drills forming the reeming plant,
and the remainder of the space in this panel is devoted
to assembling members up to 8o tons, which are handled
by two 10-ton and two 4o-ton assembling hoists.

Beyond the fourth panel there is a centre longitudinal
row of columns, 20 ft. apart, dividing the shop into a 75-
ft. and an 85-ft. aisle, and the height of the roof is in-
creased to 3814 ft. from the floor to the under side of the
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roof trusses. Both of these aisles are 260 ft. long, and
the width of the 8s-ft. aisle is increased to 145 ft. for a
distance of 100 ft. at the extremity by the inclusion of
the lean-to space, the dividing wall being here removed
and the addition thus provided being occupied by a duplex
eye-bar boring machine with a bed 100 ft. long. The
85-ft. aisle is equipped with two 7o-ton and one 35-ton
cranes of 8s-ft. span, traveling the full length of the
aisle and serving to handle members weighing above %o
tons each, which will be fabricated here. At the end of
this aisle there is a special horizontal boring machine for
large shoes and main members, with a capacity for a 45-
in. hole 11 ft. long. Each saddle has a vertical move-
ment of 1214 ft., while the main column has a horizontal
traverse of 23 ft., thus enabling it to bore several holes
in the same piece at one setting.

Opposite the boring machine in the same aisle i1s a
duplex vertical and horizontal planing machine for finish-
" ing the ends of large compression members for which
rotary planing is not permissible. One of its heads is
stationary, while the other has a power traverse on the
25 x 100-ft. bed, to enable it to be set for various lengths
of members. The heads can make a 10-ft. cut in either
a vertical or horizontal direction and are equipped with
patent tool holders for cutting in the four directions, on
both direct and return strokes. This machine will finish
the 7 x 10-ft. bottom-chord pieces 42 ft. long, which
weight 140 tons each.
~ The 75-ft. aisle is equipped with two 35-ton travel-
Ing cranes, one single-heaced, 6o0-in. rotary planer with
a 50-ft. bed and a duplex horizontal-chord boring ma-
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chine with two movable heads on a bed 100 ft. long.
This aisle is intended for the fabrication of members

welghing less than 70 tons each.

Members in both the 75-ft. and 85-ft. aisles will be
riveted by various pneumatic yoke machines with gaps
of from 24 to 72 in., handled by 6-ton traveling jib cranes,
with runways 180 ft. long on both sides of the centre
row of columns. These cranes are 20 ft. high above the
floor, with a clearance of about 18 ft. beyond the
columns, and are special in that the bottoms are provided
with vertical bearing wheels to carry the weight and with
inclined reaction wheels in the planes of the braces to
receive the thrust on special T-shaped tracks, inclined
about 45 deg. to the vertical.
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Fig. 4.—Side View of Erection Tower, on Cantilever.

The 60 x 340-ft. enclosed portion of the lean-to is
occupied by the bolt and rivet shop, forge shop, the
60 x 8o-ft. machine shop, generator and compressor
room, boilers, coils, and fans for the heating plant, and
by store-rooms, lavatory, offices, etc.

At the end of the shop there 1s a storage yard for
finished members, which is commanded by a 7o-ton crane
of 8o ft. span, with runways 500 ft. long. One end of
the runway 1s enclosed by a shed 140 ft. wide and 180 ft.
long, open at one end, which provides shelter for paint-
ing and for a 120 x 120-in. x 30 ft. surface planer for
finishing the larger shoes.

Opposite the laying-out panel of the shop is the
6o x 176-ft. two-story brick and steel template and pat-
tern shop, equipped with power-driven wood-working
tools and having benches nearly 100 {t. long. There is
also a 30 x gzo-ft. transformer house and a 25 x 45-ft.

office building. The designing offices of the company are
in Montreal.
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Equipment at Bridge Site.—This reference to the
equipment for the fabrication of the Quebec Bridge
would not be complete without an outline of some of the
methods which have been adopted for the placing of the
various members after they arrive at the site. IFrom
foregoing descriptions of thé design, it will be remem-
bered that it was the intention to erect each of the canti-
levers as an entirely separate structure, with its individual
erection equipment. The centre span, weighing about
6,000 tons, will be completely assembled on barges at the
river bank  When the time arrives for its erection, all
navigation will be stopped at this point on the river. The
span will then be floated into position, and will be hoisted
by hydraulic power into its proper place, 150 ft. above
the river.

. 55-Ton

ST awEE S T 2
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Derrick Hoist

Fig. 5.—End Elevation of Erection Tower, Showing
Location of Hoists.

As for this cantilever erection, the scheme and the
design of the erection equipment are unparalleled in
bridge engineering, and display the greatest ingenuity
and exhaustive scientific investigation for the solution
of the problem.

The erection of each cantilever of the bridge will be
executed by means of a huge erection tower which will
be carried by the cantilever itself, and moved outward
along the bridge structure as its length extends from
shore.  These towers are of heavy steel construction
with a height of 200 ft. from the carriage to the summit.
Each travels by four trucks of six wheels each, spanning
a double-track railway spur for the bringing in of bridge
material. Each tower weighs approximately 840 tons.
At this the weight is a minimum, careful experiment
having been carried out to secure requisite strength with-
out undue weight. The crane girders which project over
the travellers are of nickel steel.

Each erection tower is equipped with a go-ft. 15-ton
derrick hoist on each of its four corners. Two traveling
cranes, each of which carries two 55-ton main hoists and
two auxiliary gantry cranes, operate at the top of the
tower. FEach of these gantry cranes is equipped with two
s-ton hoists, making eight s-ton hoists for each tower.

Volume 26,

With the exception of the travel of the four auxiliary
gantry cranes all operations are electrically driven. The
motor equipment of each tower is shown in Table I.

Table I.——Motor Equipment for Each Erection Tower.

No. of
Crane. Service.  motors. Motor h.p.
e Hoist 4 50
15-ton derrick hoist {Swing 4 g
Hoist 4 80
55-ton main traveler Bridge 2 16
Trolley 4 5
5-ton auxiliary gantry Hoist 8 20
L OTALIT e aroic s res oo R . 26 752

This does not include, however, the motive drive of
the main erection towers themselves along the canti-
levers, this movement being accomplished by two of the
so-h.p. motors, which form the hoisting power for the
15-ton derrick hoists.

The electrical energy for these motors is brought to
the site on each side of the river by high-tension trans-
mission, where it is stepped down and converted by
motor-generator sets to 2so-volt d.c. Each sub-station
receives its supply from separate systems a‘nd they are
joined by submerged cables. Each is of sufﬁ?lent capacity
to supply the requirements of all the machinery as Wl?ll
as the air compressors which, in themselves, require in
the neighborhood of 1,600 h.p. The object in converting
from a.c. to d.c. is to afford better control and to permit
the use of dynamic braking, which is necessary in the
lowering of such enormous loads into position. The dif-
ferent speeds required during the placing of material are
secured by resistances in series with the motor, which,
during the period of retardation acts as a generator. The
resistances are in the form of cast grids located at the
base of the tower where their weight and size do not in-
terfere with operations. Over 5,000 grids are required
for this method of regulation.

The dynamic braking action is available for use only
in retarding motion, while the motor armature is still
rotating. When motion ceases the load is held stationary
by magnetic brake. Safety devices on the important
hoists prevent the load to over-travel when it nears its
position.

Fig. 4 shows part of an uncompleted cantilever carry-
ing one of these erection towers. Fig. 5 is an end view
of the tower alone. These views are reproduced from
the Engineering Magazine for December, 1913, contain-
ing an article by H. F. Stratton, descriptive of the erec-
tion equipment for the Quebec Bridge. The method of
procedure, as described by Mr. Stratton is as follows:

[t is planned to erect the north anchor arm over
staging by what might be designated, purely for con-
venience, the first erection tower.  When the north
anchor arm has been erected, work will start on the south
anchor arm by the use of the second erection tower.
While the south anchor arm 1s being erected, the first
erection tower will be at work on the north cantilever
arm, and this will be finished substantially when the
south anchor arm 1s completed. The first erection
tower will then be taken down and reassembled
at a point two miles below the bridge site, where it will
be again set up for assembling the suspended centre
span on barges. During the building of the suspended
span, the second erection tower will be assembling the
south cantilever arm, and these processes will be com-
pleted at substantially the same time. There then re-
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CONSTRUCTION

OF 'THE INEW

QUEBEC BRIDGE

e

EVENTS LEADING UP TO THE PRESENT UNDERTAKING—NOTES
ON THE COMPLETED MASONRY—ERECTION DETAILS AND

POINTS OF 'SPECIAL - INTEREST

T a meeting on February 25th, 1914, the loronto
branch of the Canadian Society of Civil Engineers
was addressed by Mr. C. N. Monsarrat, Chairman
- and Chief Engineer, Board of Engineers, Quebec
Bridge. £On March 2nd, Mr. Monsarrat delivered a
somewhat similar

address before the

IN"THE.-- SUPERSTRUCTURE.

and in 1go8 appointed a board of three engineers for that
purpose. This board made very exhaustive studies of
various designs, including suspension and cantilever
bridges, and finally decided, for good and sufficient rea-
sons, that the cantilever type of bridge was the most

Canadian Club of
Montreal. Hi1s
subject at each
meeting was a
description of the
reconstruction of
the new Quebec
Bridge, and from
his remarks the
following synopsis
1S presented :

As early as
1852 a project for
a bridge over
the St. Lawrence
River at Quebec
was considered,
and again in 1884
a design was pre-
pared and sub-
mitted to the
Quebec Board of
Trade for a bridge
at about the pre-
sent site, but
nothing actually
was done until
about 1900, when
the Quebec Bridge
and Railway Com-
pany located a site near Cap Rouge and took definite
steps towards the erection of such a structure. This
location is at the narrowest point on the St. Lawrence
River between Montreal and Quebec, the width at mean
water level being about 2,000 feet. The water at this
point has a maximum depth of about 200 feet and a
current at ebb tide of about 7 miles per hour. The Bridge
and Raillway Company awarded contracts in 19oo for a
bridge of the cantilever type having a main span of 1,800
feet. Work was started and proceeded until the year
1907, when about half the superstructure, then erected,
CC'_"apSEd. Soon after this lamentable disaster the Do-
minion Government undertook to reconstruct the bridge,

Fig. 1.—General view of the bridge site from the north shore, showing the completed masonry

on both sides of the river.
[

satisfactory and economical kind of structure for such a
crossing. It also decided that the bridge should be much
wider and designed for heavier loading than the former
bridge, that the same length of main span should be re-
tained and that it should be built at the same Ssite.
Several changes were made in the personnel of this Board
during the progress of the work, and since the contracts
were let the Board has been composed of Mr. Ralph
Modjeski, Mr. C. C. Schneider and Mr. Monsarrat, who
is chairman and chief engineer.

Among the first things to be done in connection with
the reconstruction was to take an extensive series of
hﬁrin};{s to ascertain the nature of the bottom and locate
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bed rock. The latter was found to exist about 100 feet
below  high-water. [t was also decided that the old
masonry was noil large enough to suit the new structure
and it was therefore demolished and entirely new pilers
built.

The clearing away of the debris of the fallen
structure was a somewhat difhcult task, but 1t was hnally
accomplished by the aid of the oxy-acetylene torch and
dynamite. At the present time there 1s little or no
evidence to show that this accident had ever happened.
There still remains, however, about 10,000 tons of the
old bridge at the bottom of the river extending out from
the shore over Soo feet. Tied down by this wreckage
are the remains of some 6o or 70 men who lost their
lives when the accident took place. As the water at this
point is very deep and the wreckage 1s far below the
requirements of navigation, this steel will probably
remain for all time In 1ts present location, as there 1is
no known method of salvage at the depth at which it hes.

The most serious problem in the construction of the
masonry was the sinking of the pneumatic caissons for
the two main piers. On the south side a single caisson
180 ft. x 55 ft. in area was used. On the north side
two caissons each 8o ft. x 60 ft. were sunk with a ro-ft.
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Fig. Z.—View showing one web of double floor beam at the bridge site storage yard.
[1-inch pins are used to connect the 60-ton floor beams to the post.

high and 88 fit. c¢. to c.

space between them, the pier being bridged over this
opening. No serious difhiculty was met with in the sink-
ing of these caissons although the material on the north
shore was very much harder to penetrate than that ot
the south.

The completed main piers at the present time, ex-
tending as they do about 25 ft. above the water, do not
give evidence of the enormous amount of labor expended
in their construction. As the north pier was driven 60
ft. and the south pier 100 ft. below the bed of the river,
at a cost of approximately $1,000,000 each, some i1dea
of their enormous proportions may be obtained.

The anchor piers show up more prominently, being
entirely above high-water. These piers are 136 ft. long
and 29 ft. wide and extend about 140 ft. above the
surtace of the ground, or higher than a r10-story ofhce
building.

The span of the Quebec Bridge 1s 1,800 ft. between
main plers—the longest of any bridge in the world—
being 100 ft. longer than that of the famous FForth Bridege
in Scotland. The length of the suspended span is 640
ft., and the total length between abutments, 3,239 ft.
The bridge has a clear height of 150 ft. above extreme
high-water for a distance of oo ft. at the centre of the
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bridge, in order to allow passage ol ocean ships beneath.
The bridge is 88 {t. wide centre to centre ol trusses, or
21 {t. wider than the old bridge. The height of the main
posts over the main pier is 310 ft., with an unsupported
length of 145 t. These posts weigh 1,500 tons each,
the four of them costing in the neighborhood of
$1,000,000. The height of the bridge above the floor
at the main piers is about 180 ft. Some 1dea of the
enormous proportions of this bridge may be gathered
from the fact that a 16-story building could rest on the
floor at this point and hardly extend above the tops of
the main posts.

T'he steel shoe or pedestal carrying the main posts
and other members on the main piler has a base with an
area of approximately 22 ft. x 26 ft. It is 19 ft. high
and weighs about 4oo tons. The total reaction on each
of these shoes amounts to 55,000,000 lbs. Some idea
of this enormous force may be gathered from the fact
that it represents the weight of 150 standard locomotives.
If these locomotives were placed one upon the other they
would extend to a height 15 times that of an ordinary
ro-story building.

T'he bottom chord of the bridge weighs approxi-
mately 400 tons between main panel points.

This has

These girders are 10 fit.

to be shipped in four pieces for shipment and handling
during erection. The outside dimension of this chord
near the shoe is approximately 7 ft. x 10 ft. 6 in, If
it were not for the interior diaphragms and bracings, it
would be possible for six or seven men to walk abreast
throughout the length of this member.

The main post, as stated before, 1s 310 ft. high.
[t is approximately g ft. x 10 ft. in outside dimensions,
and has an area of 1,002 sq. in. It is composed of four
columns laced together, and requires to be shipped in 27
pieces and connected together in the field. The weight
of the bridge will amount to about 65,000 tons, which
welght exceeds that of the 200 bridges constructed on
the National Transcontinental Railway. These bridges,
1f placed end to end, would extend over a distance of 11
miles. This weight 1s also about fhve times that of the
new double-track C.P.R. bridge over the St. Lawrence
at Lachine.

A proportion of -the steel used in the bridge will be
nickel steel, 40 per cent. stronger than the ordinary
carbon steel used in other bridees. This nickel steel 1s
used principally near the centre of the bridge where the
welght is the greatest factor in deciding the size of the
members.
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The bridge is designed to carry two railway tracks,
capable of carrying two trains weighing approximately
5,000 lbs. per lineal foot each. There are also two side-
walks for foot passengers. No provision has been made
for highway traffic.

New shops have been constructed by the St.
Lawrence Bridge Company, exclusively tor the manu-
facture of this bridge, with special equipment and
handling machinery, the whole costing in the neighbor-
hood of a million dollars.* Up to the present
some 9,000 tons of material have been manu-
factured and shipped to the site.

During the past season the contractor for
the superstructure has got his plant in shape
and has already erected the two north ap-
proach spans from the abutments out to the
anchor pier. It i1s expected that during the
coming season practically the whole of the
north anchor arm will be erected.

The erection of this bridge 1s probably one
oif the greatest problems, calling for more
engineering skill than any other structure of
its kind in the world. Every feature of erec-
tion from the placing of the members to the
driving of the rivets is worked out in detail,
and is supplied in printed form 1n a bound
book to the erecting superintendent. All
engineering problems are therefore solved tor
the erection force before they start, their duty
being simply to carry out the mechanical end
of the work in accordance with positive 1n-
structions. To handle the huge members on
the bridge itself during erection, enormous
steel travellers will be used, one on each side
of the river, each of which, with its machinery,
will weigh over 1,000 tons. One steel traveller
Is at the present time nearing completion on
- the north shore. All the cranes and derricks
on this traveller. are operated by electricity.
The traveller runs on trucks and is moved
from point to point on the floor of the bridge
as the work progresses. This derrick is
capable of lifting 55 tons on a boom 30 feet
long. Everything about the mechanism and
machinery has been made as nearly foolproof
as possible,

In order that there may be no possibility
of these heavy members being dropped and
doing damage to the bridge or endangering
lives, it is necessary to operate the hoisting
engines against an electric resistance which
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two ends of the cantilever arms at a low level and be
connected up to these arms with long steel links.
During this operation all navigation will be stopped In
the river. When the connection has been made at the
four corners at extreme high tide, the barges will settle
with the tide and leave the span suspended. Powerful
jacks of 2,000 tons capacity, situated at each corner of
the cantilever arm, will then be brought into play and
this span lifted slowly into place. It is estimated that
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means that the engines have to work just as
hard to lower a piece as is necessary to raise
It. Some idea of the size of the tackle used
may be gained from the fact that the large
blocks employed are about 5 feet in height,

L

and weigh approximately 3,000 lbs. each.

One of the features of the erection which

will probably be unique in the annals of bridge
engineering will be the floating i1n of the

centre or suspended span.

This span will weigh about

Fig. 3.—View of one end of main bottom chord in twin vertical
facing machine which faces both ends simultaneously. This chord
is a ', -panel length and is shipped in two pieces. Fig. 4.—North
shore traveller in course of erection. It is 200 ft. high and will
weigh over 1,000 tons. Fig. 5.—Ome full panel length connected
up for the reaming of the splice plates. The member, as it stands,
weighs 400 tons. The heavy gusset plates taking a vertical tension
and diagonal compression member is shown at one end.

the connecting up of the span should not take over an

5,000 tons and will be erected on trestles at some point
near the bridge. When it is ready to be floated, very
large pontoons will be floated under the span at low tide
and when the tide rises will lift the entire span off the
blocks. It will then be floated into position under the

*For full description of these shops see The Cana-
dian Engineer for Januarv 22nd, 1914.

hour under good conditions and the span itself should
be lifted into its proper position Iin about 48 hours.

The erection of the suspended span in this manner
will save about one year in the time required for the
complete erection of the bridge.

It is expected that the bridge will be sufhciently
completed to allow traffic to proceed over i1t by the end
01 ‘1Q17.
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There are many interesting features worthy of note
in the shops of the St. Lawrence Bridge Company, men-
Among the accompanying illustrations

tioned elsewhere.

Fig. 6.—North approach span erected. As the railway
tracks on the bridge are 32 it. centre to centre,
these approach spans are erected as two separate
bridges, each carrying a track.

there are several which convey a slight idea of the size
and weight of some of the bridge members which these
shops are turning out. Their proportions greatly excel
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Fig. 7.—End view of member shown in facing machine.
This end is bored for a 45-inch pin sleeve, which

takes a 30-inch pin weighing 12 tons. Each of the
webs are 7 inches thick at the pin. Manholes are
provided at all diaphragms to allow contractors,
painters, etc., to reach every portion of each member.

those of the product of any other shop removed any dis-
tance from the site.  Moreover, the special machinery
with which the plant 1s equipped for the rapid and accu-
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rate machining of special designs is in itself remarkable
in its massiveness and adjustments. Among these various
machines are the two planing machines, manufactured
by James Bennie and Sons, Glasgow, with a capacity for
plates up to 46 ft. in length. In them the heavy sheared
plates have their edges finished, the cutting tools operat-
ing on both forward and return strokes.

The drilling and reaming are carried out on i6
stationary 7-foot radial drills, made by the Canadian
Machinery Company, and 24 portable drills, transferred
by cranes from one place to another. Shop rivetting 1s
done for the most part by pneumatic yoke machines of
100 tons capacity.

A vertical boring mill manufactured by John Bertram
and Sons Company, is used for boring large pin-holes
and oval manholes. These large pin-holes, up to 4 ft.
in diameter, are then finished in a horizontal boring
machine with horizontal and vertical motions sufficient
to permit the finishing of five of these pin-holes without
resetting.

e e

GRAND RIVER IMPROVEMENT.

INCE the publication of the preliminary report of
the *Hvdro-Electric Power Commission of Ontario
on a proposed scheme or artificial storage and flood
control on the Grand River, an exhaustive study of

the flow characteristics of the river and its tributaries
has been under way. The preliminary report appeared
in The Canadian Engineer for April 17th, 1913. Accord-
ing to the 6th annual report of the Commission the in-
vestigation was begun in June, 1913, and at the present
time gauging stations are established on the Grand River,
and gauge recorders employed at each station to take
readings of water level twice a day. This work has now
been carried through one low-water season and some
valuable information obtained. There has so far been a
reasonably close relationship between gauge height
and discharge. This satisfactory relationship has
been mainly the result of ‘low-water conditions, and
there is unfortunately no likelihood that similar con-
ditions will obtain during high stages of flow, when
the gauges will be unavoidably affected by -back-
water.

In anticipation of the effect of back-water upon
the gauges, a line of levels was run up the Grand
River valley as far as Bellwood, and for several
miles up each of the main tributaries. The work
was started at Dunnville, using the U.S. Lake
Survey level of Lake Erie as a datum. Permanent
bench marks referred to sea level were established
at convenient intervals on the main stream and
tributaries.

During the course of the work all accessible
Geodetic Survey bench marks were picked up, and
in every case a very satisfactory check was obtained.
A reasonable check was also obtained on various
raillway elevations.

All the gauges from which water level readings are
being taken on the Grand River and tributaries are set
from these bench marks, consequently all gauges are set
to the same datum throughout the watershed, and slope
data can be taken directly from the gauge readers’
records. With the help of this slope data it is hoped that
it may be possible to apply corrections to the gauge
readings during high stages of flow, and thus eliminate
to a I:lﬁrg‘e extent the effect of back-water.

Y
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BRIDGE.

COMPLETE RESUME OF THE CONSTRUCTION OF THE PIERS AND ABUTMENTS—SOME
INTERESTING CAISSON SINKING FOR THE SOUTH MAIN PIER—PLANT OPERATION.

By H. P. BORDEN,

Assistant to Chief Engineer, Quebec Bridge Commission.

NOTE :—7Tne construction of the new (Juebec Bridge is a most illustrative piece of engineering, and has been
closely followed, since its beginming, in the columns of THE CANADIAN ENGINEER. [Zhe substructure, now
complete with the exception of a few finishing details mentioned in the first paragraph below, is a vital part of

the world renowned undertaking, and engineers of all countries have been interested in its progress.

In the

following article Mr. Borden has reviewed for us its entire construciion. For greater detail respecting the pi rs

and abutments the reader ts referred to previous issues of THE CANADIAN ENGINEER as follows :
and Oct. 6, 1910 ; June 13, 1911 ; Oct. 31, 1912 ; Feb. 13, 19(3, and April 9, 1914.

July r4,
1 iese deal with their de-

sign and constructional Progress. Other articles appearing in varvious issues vefer sumila rl_y tothe superstructure.

HE contract for the construction of the piers for the
Quebec Bridge was awarded to Messrs. M. P. and
J. T. Davis, of Quebec, in February, 1g1o. This
work has been continued constantly since that date,

and is now practically completed with the exception of

pointing and cleaning the masonry and dressing the
bridge seats. IR |

This contract, as finally completed, 1s divided Into
the following units: North abutment {_a!teratiotls), 404.5
cu. yds. ; north intermediate pier, 1,('365.9 cu. yds. ; north
anchor pier, 17,736.0 cu. yds.; north main pier, 31,570.4%
cu. yds. ; south main pier, 38,279.4 cu. yds. ; sogth anchor
pier, 16,073.0 cu. yds. ; south abutment (alterations), 61.1
cu. yds. Total, 106,090 cu. yds.

At the start, a careful study was made by the _board
appointed by the government, to determine whether it was
possible to use the old masonry. After a thorough investi-
gation it was found that, owing to the Encreased weight
of the steelwork, all the old masonry, with the exception
of the abutments, would have to be taken down and new
piers constructed. It was, therefore, decided to move the
whole bridge to the south about 63 ft., retaining the
original longitudinal centre line. This brought the north
main pier further into the water and the south main pier
the same distance towards shore, the same centre to
centre length of span of 1,800 ft. being retained. It was
impossible to place the south main pier nearer the river
on account of the wreckage which lies in the water at
that point.

Before the contract was awarded, a series of borings
were made at and about the location of the two main and
anchor piers. Nineteen borings in all were taken, each
borine penetrating at least 15 ft. into solid rock in order
to make sure that it was bed rock rather than a boulder
that had been struck. These borings showed that bed
rock would be encountered approximately at El. 0.0 on
the location of both north and south main piers, which
elevation was about 101 ft. below extreme high water and
-0 and 85 ft. below the bed of the river on the north and

/ = -
south sides respectively. The formation of the bed of the
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river on the two sides, however, was found to be totally
different. On the north side heavy boulder formation was
encountered for the entire depth, the boulders being
closely packed together with coarse sand and gravel. On
the south side the borings showed sand formation for the
entire depth with only a sprinkling of boulders at various
points. The bed rock was a hard sand-stone, called
“Sillery grit,”” overlaid with a red and gray shale. On
the south side 2 ft. of hardpan overlaid this shale.

The caisson for the north main pier was started first
and was constructed at Sillery, about 3 miles down the
river. This caisson was 180 ft. long and 55 ft. wide. It
Was constructed of 12 x 12-in. southern pine with a cut-
ting edge of the same material 30 in. square. This cutting
edge was shod with a 6 x 12-in. oak timber instead of the
steel shoe, as usually used. It was claimed in this case
that if any distortion of the caisson took place the steel
shoe would tend to prevent the caisson from readily re-
adjusting itself—as would be the case with a wooden
shoe—and that the wooden shoe gave sufficient service
during the process of sinking. The caisson had a work-
ing chamber 8 ft. high in the clear, divided by longitudinal
and transverse bulkheads into 18 compartments. It was
built in the winter under a construction shed, thus en-
abling the men to work without interruption from the
weather. The caisson was built over launchways with a
109, grade which led out into deep water. The walls of
the caisson were built up about 40 ft. before it was
launched. When ready for launching, the caisson was
lowered down to its inclined position on the launchwavs
by means of heavy jacks. When everything was rea('tly
an impetus was given by jacks placed at the rear hori-
zontally, and launching was effected without mishap.

It was towed to the bridge June 14, 1910, and placed
in position over the site which had been previously
dredged to an average depth of about 20 ft. in order to
push ahead the work of sinkino as fast as possible.

The work of filline it with corcrete was started im-
mediately and some 2,000 vds. of concrete had been de-
posited before the caisson began to touch bottom as its
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corners. The caisson was leaking to a certain extent,
but could be readily kept dry by means of two pumps.
At this time, however, an accident happened to Fhe boiler
equipment and before it could be repaired the caisson had
been filled with water to such an extent that it grounded
on an uneven bottom. The result was that the caisson
was seriously strained and the seams opened up to such
an extent that it was found impossible to keep air in the
working chamber. It was decided to remove the concrete
from the caisson and tow it to St. Joseph de Levis and have
permanent repairs made there during the coming winter.

In view of this accident a re-consideration of the
masonry design was made by the board, with the result
that it was decided, in consequence of the difhcult sinkiqg
on the north side, to use two caissons for th:e north main
pier and to use the reconstructed la{'g'er caisson for the
south side, where the sinking operations would be much
simpler and the material to be penetrated would be, as
shown bv the borings, composed mostly of sand. This
entailed the abandonment of the enlargement of the south
main pier and meant the sinking of a caisson south of the
old pier and entirely distinct from it. It was, therefore,
decided to sink this new large caisson, or caisson No. I
4s it has been designated, 65 ft. nearer the shore, or south
of the existing main pier, and to sink the caissons‘for the
north main pier the same distance towards the river, or
south of the existing north main pier, thus making the
span 1,800 ft.—the same as that of the original bridge.
This change in the plans allowed the board to keep the
centre line of the bridge coincident with that of the old
structure which was a very important item, as it would
avoid the large expense of changing the location of the
railroads approaching both ends of the bridge.

It was found that caisson Xo. 1 could be satisfactorily
repaired in dry-dock, and on May 28, 1911, it was floated
out and towed up the river about nine miles to the site
on the south side which, being exposed at low water, had
been carefully levelled off. At extreme high water there
is about 15 ft. of water over this prepared bed. As the
caisson from its construction had a pretty deep draught,
o false bottom was constructed with a view to decreasing
this draught before floating into position. The result was
that the caisson floated with a draught of 11 ft. and was
placed in its exact position for sinking without serious
difficulty.

The openings in the various shafts were then left un-
obstructed in order that the rise and fall of the tide would
not lift the caisson from its permanent bed. This caisson
was left in this position throughout the season of 1910,
the work of the contractor being directed towards the
sinking of the caissons on the north side of the river.

Caissons Nos. 2 and 3, for the north main pier, were
constructed at Sillery on the same location as caisson No.
1, the same details of construction being followed through-
out. Each of these caissons were 85 ft. long by 6o ft.
wide. No. 2 was started June 15, and No. 3 on June
2gth, 1g11. Both these caissons reached their permanent
location at El. 20.0 about October 2oth, 19r11.

The average rate of progress of sinking the westerly
caisson (No. 2) was o0.37 ft. per day, and that of the
easterly caisson (No. 3) o.47 ft. per day. It was the
original intention to sink these caissons to rock, but as
the work progressed the sinking became more difficult,
and finally, when the caissons had reached El. 2o0.0, it
was considered that the foundations at this point were
quite satisfactory for many times the load that the piers
would be called upon to carry.

Bearing tests were made at this point to determine
the supporting value of the foundation. A cube of granite
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> ft. square was placed on an average section of the
bottom and over this was placed a lever composed of 2
I-beams supported on pin bearings. The short end of the
I-beams was supported against the roof of the caisson.
A hydraulic jack was placed to exercise a definite load at
the end of the longer lever arm. A load of 59 tons per
sq. ft. showed a settlement of only !§ in., practically no
settlement at all being noticed at 20 to 3o tons. As the
average working load at the foot of this pier was only 3
tons per sq. ft., it was considered that the board would
not be justified in carrving the foundations to a lower level.

In the operation of sinking these caissons, the con-
tractor met with considerable dithculty owing to large
bounders fouling the cutting edge, and in several places
this cutting edge was forced inward from 6 to 10 in., and,
as i1t was feared that if the sinking was continued in the
same manner this cutting edge would be further distorted
and sinking operations endangered, the method of sink-
ing was then changed so as to avoid any such contingency.

Timber blocking was placed beneath the bulkheads
and at the centre of the .chambers. A trench was then
excavated all around and below the cutting edge and for
several inches outside the exterior surface of the caisson.
This trench was excavated to a depth of about 2 ft., after
which it was filled with blue clay in bags and when all
was ready the blocking was under-scoured with water jets
and the caisson lowered on a cushion of clay. The clay
tended to act as a lubricant and also prevented consider-
able air leakage, and as all boulders were removed from
beneath the cutting edge before the caisson was lowered,
all further damage to the cutting edge was prevented,
and it was found that the sinking was carried on even
more rapidly.

After the caisson had reached its final location the
working chamber was filled with concrete composed of
one part of cement, two parts of sand, and four parts of
small crushed stone. This concrete was made much drier
than the concrete used in the main caisson, it being found
that concrete deposited under compressed air gave better
results when very dry than in a more or less liquid state.

Concrete was deposited in terraces, the men working
towards the centre from the sides and ends. Great care
was taken to ram the concrete thoroughly round the roof
timbers so that a bearing would be assured under the roof
of the working chamber. After the working chamber was
filled as carefully as possible by hand the shafts were filled
with concrete. As a still further precaution, a rich grout
was forced in through 4-in. blow pipes by compressed air
under a pressure of 100 pounds per sq. in. One hundred
and fifty-four bags of cement were used in grouting
caisson No. 2, and 274 for caisson No. 3.

Caissons Nos. 2 and 3 were sunk with 10 ft. space
between the two ends, thus making the overall length of
the two caissons 180 ft., the same as No. 1. After they
had been filled with concrete, the space between them was
dredged by a clam-shell bucket to a depth of 25 ft. below
high water, the boulders and hard sand being excavated
with considerable difhculty. Shutters 40 ft. high, made
of 12 x 12-in. timbers, were placed vertically against the
cutside walls of the adjacent caissons so as to close each
end of the space between the caissons and overlap about
12 in. on their sides. The bottoms of the caissons were
banked up on the outside with clay dumped in the river
and covered with heavy rip-rap. The shutters were
securely bolted to the caisson walls down to low-water
level, and thus formed coffer dam walls enclosing this
space between the caissons. This space was then filled
with concrete deposited under water up to an elevation of
- ft. below low-water mark. After the concrete was de-
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posited the water was pumped out and the space between
the caissons was then bridged by six old steel girders, 6
ft. deep, resting in pockets left 1n the concrete in the
adjacent ends of the caisson, the wooden walls of the
caisson having been cut away to allow this to be done.
Afterwards the concrete was deposited in a continuous
mass in and between both coffer dams and caisson, thus
forming a monolith upon which the masonry shatt of the
pier could be carried. The masonry ot the pier was then
built up inside of the crib work, which was kept 1n place
until the mason work had extended above high water.

The sinking of the large caisson for the south main
pier was started July 28, 1912, and was completed October
24, 1912, or at the rate of o.75 ft. per day during the
entire period. The material encountered at this point was,
as indicated by the borings, chiefly sand, and required
that the pier be carried down to rock, which was reached
at El. 0.0, 101 ft. below high water, and 86 ft. below the
bed of the river. The difficulty experienced on the north
side in keeping the cutting edge intact, and also on ac-
count of the fact that the caisson had previously been
overstrained, and the fear that it might yet be weak, led
the contractors to take unusual precautions to prevent the
possibility of any accident happening to the caisson dur-
ing the sinking operations. For this reason, special ap-
pliances were devised for relieving the cutting edge from
carrying all the load, and by the use of sand-jacks the
total weight of the caisson was distributed over the entire
bottom area. The manner of using these sand-jacks was
one of the most interesting features connected with the
sinking of this caisson, and possibly merits especial
description.

The jacks themselves were of very simple construc-
tion. The cylinders of the sand jacks had an internal
diameter of 31 in., and were 36 in. long, constructed of
I/-in. steel plate with 4-in. lap joint; two angles 172 x 1,
x I/-in. reinforced the cylinder at top and bottom. The
piston was a block of yellow pine 2715 ft. square and 5 {t.
long. Four feet at one end was round with a diameter of
2g in., thereby allowing 1 in. play in the cylinder. The
lower end of the piston was reinforced by a 272 x 34-in.
welded iron band. During operation the piston was at-
tached rigidly to the roof of the working chamber by long
screw bolts, and remained there permanently during the
entire period of sinking.

In preparing for a drop, the first step was to excavate
a hole under the piston. The cylinder was filled about 23
full of sand, placed in position under the piston, and
blocked up hard against it by means of timbers. While
this was being done the caisson was supported on timber
blocking under the bulkheads and other points. At the
bottom of .the sand-jack was a 2-in. iron pipe extending
entirely across the cylinder, the centre of which was split
and opened up to allow the sand to escape. This type
had no bottom to the cylinder, the timbers acting as a
support for the sand. Another type used had a steel
bottom and two 3-in. holes with sliding cover at each
side at the foot of the cylinder. The operation in both
cases was the same.

When everything was ready for a drop, the timber
blocking supporting the caisson was undermined by a
water jet and the full load taken by the sand jacks. A
man was stationed at every jack, and at a given signal,
afforded by the flashing of electric lights, each man turned
a hydraulic jet with 60 lbs. pressure into the hole at the
bottom of the cylinder, thus washing the sand out. The
sand was caught in canvas bags of uniform size. When
the canvas bag was full the lights flashed again and the
water jet was turned off. Another bag was then obtained,
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and at the signal the jet was again turned on and the bags
filled. Each cylinder contained in the neighborhood of
16 bags of sand. This operation was continued untl_l the
required settlement was obtained. By adopting the Slgnal
system and emptying the sand into bags, it was possible
to guarantee that the whole caisson was being sunk at a
uniform rate, and that there was no reasonable possibility
of any part of the caisson being strained by being sunk
more rapidly than another portion. As a rule, a drop of
from 1% to 2 ft. could be effected at each operation, the
recurrence of the operations depending entirely on the
nature of the material to be removed. When the drop
had been finished the blocking was again placed under the
bulkheads to take the load of the caisson, and the holes
under the sand-jacks deepened in order that the operation

- might be repeated. The greater part of the material ex-

cavated in this caisson, being sand, was forced out
through blow pipes.

Practically no problems were encountered in the con-
struction of the north and south anchor piers and the
north intermediate pier. Both anchor piers were con-
structed on a location south of the existing anchor piers.
For the north anchor pier a coffer dam had to be con-
structed around the foundations since the foot of the pier
was below high-water mark. The south anchor pier was
well above high-water mark, so that all excavation was
in the dry.

The anchorage girders were embedded in concrete
and the first length of anchorage eyebars set in place, two
shafts being left in each anchor pier for connecting up the
anchor eyebars of the main anchorage. It is the intention
ultimately to embed the bottom section of eyebars in con-
crete, but this will be deferred until they receive the full
dead load stress. '

The concrete used in the caisson and backing of the
piers was 1:214 :5 by volume, except the concrete in the
working chamber, which was 1:2%5 :4. The cement was
required to pass a tensile test for neat cement of 450 and
540 Ibs., for 7 and 28 days respectively; and for 1 part of
cement and 3 parts of sand, 140 and 220 lbs. respectively.
For the main piers entirely new quarry cut stone was
used. For the anchor and intermediate pier the specifi-
cation allowed the use of stone from the old masonry.
The greater portion of the old stone demolished from the
old masonry was consequently used in the construction of
these piers. The abutments were not radically changed,
it being only necessary to raise the ballast walls and make
minor alterations to suit the new design.

The masonry in the pier shafts consists of grey
granite rock faced ashlar, laid with alternate headers and
stretchers and backed with concrete, in which were em-
bedded displacer stones usually about 1 cu. yd. in size.
Headers were required to have a length of at least 2715
times their build, with a minimum length of 7 ft. Bed joints
were 14 in. throughout and vertical joints 3§ in. for 12 1n.
back from the face and not exceeding 4 in. wide at
any point.

All stones in rounded ends of main piers were clamped
together and connected vertically by dowels. The upper
18 ft. of these piers were built with cut granite backing.
About 40% of the stones in these backing courses were
made to project up through the course above, in this way
giving a very strong vertical bond. The bridge seats
proper are built 2 ft. hicher than the surrounding upper
coping course, and are 4 ft. deep, extending to the bottom
of this coping, thus providing heavy stones under the
main bearings.

The anchor piers are in plan about 136 ft. long by 29
ft. wide at the bottom, with a batter of 1 in 24, and re-
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duced in section for 41 {t. at the centre to a vertical wall
18 ft. thick. thus forming pilﬂstm':s at the ends, through
which the anchor wells are built.

Owing to the importance of the work, the contractor
spared no effort or expense to provide a plant up-to-date
In every respect. _

On the north side a large wooden trestle was built
around the four sides of the caissons, all supported on
piles and cribs. As the current here reaches 7 mih;::-: per
hour and there is an average tide of 16 ft. and a maximum
of 20 ft. it was necessary to have this trestle very strongly
built. Platforms extended to the shore from the up- and
down-stream ends of the pier carrying standard gauge
double tracks which formed loops around the caisson and
connected with the concrete plant 60o ft. inshore and

located at the foot of the cliff. ¢

The power plant, dining-room for ‘‘sand-hogs, :m‘d
two-storv bunk house were also located at the ‘water's
edgo——itiﬁt upstream from the pier. All supplies and
material required were received by rail or team at the top
of the cliff. some 160 ft. above high-water level and were
delivered by gravity to the concrete plant and service
tracks at the foot. A service elevator was operated by
cable and hoisting engine at the top of the cliff which
was an angle of about 43° at this point connected the
tracks at the top with those at the bottom. A stairway
provided means for the men to reach the upper and lower
levels. The board of engineers’ office was located at the

top of the cliff. ‘
At the foot of the cliff were situated the mechanical

plants which furnished the power for the various opera-
tions. To supply compressed air, five Ingersoll-Sargeant

compressors were empldyed. Four had a capacity of
" 1,250 cu. ft. and one 2,500 cu. ft. per min. These com-
pressors discharged into a 12-in. main from which 7-in.
branches led into the two caissons. Each branch was
fitted with a gate valve so that the air could be cut out
of either caisson at will. The main pipe was carried in a
sluice of running water about 400 ft. long, which kept the
temperature of the air down to about 75° . As a conse-
quence, the temperature of the working chamber rarely
exceeded qgo® F., although the service shaft, on account
of the heat generated by the setting of the concrete around
it, generally exceeded 100° F. For this same reason the
temperature of the working chamber reached as high as
110° IF. when being finally filled with concrete.

The compressors were at first supplied with power
from six 1oo-h.p. horizontal boilers. As the work pro-
ceeded it was found that the demand on the compressors
was g¢reater than was anticipated. As a consequence, an
extra 1oo-h.p. boiler was installed, together with one 5o00-
h.p., one 75-h.p. and one 2350-h.p. boilers, making a
battery of 10 boilers, aggregating 1,075 h.p. These
boilers were all coupled up, and in addition to the com-
pressor plant, supplied power to the power-house, rock
crusher and concrete mixing plant. There were also one
100-h.p. vertical and two 50-h.p. horizontal boilers on the
platform near the caissons, and were used to furnish
power to six 15-ton stiff-leg derricks which were used for
handling stone, concrete, etc., during the sinking opera-
tions. They also furnished power to one 8-in. high-
pressure pump used for washing material in the working
chamber and to two 4-in. pumps which supplied water to
the high-level tank on the top of the hill, thus furnishing
the water supply for the whole plant.

The plant was supplied with electric light from its
own power set situated near the boiler-house. It was
equipped with a 30-kw. C.G.E. generator, capable of
operating 16 arc lights and 100 incandescent lights
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(16 c.p.). There was also a blacksmith and machine shop
in connection, so that all minor repairs to plant and equip-
ment could be made on the job.

The concrete mixing plant was placed just at the foot
of the cliff. Half-way up the slope was the rock crushing
plant. The rock used for the concrete was obtained from
an adjoining cut and was brought to the brow of the hill
in cars which dumped into a chute leading to the crusher
plant. The stone was fed into 2 gyratory crushers which
were capable of dealing with about 500 cu. yd. in 12
hours. After passing through the crushers the stone was
led over an inclined screen of 2-in. mesh, and thence into
a storage hopper bin of about 200 yds. capacity. These
chutes led from this to the concrete mixing platform be-
low, the mouth of each chute being directly over a mixer.
From this platform the sand, stone, cement and water,
were fed in the proper proportions to the mixers under-
neath the platform, which in turn dumped into self-
discharging buckets on trucks, which were hauled to the
caissons by horses. Three Ransome mixers were used
on the work, two having a capacity of 23 cu. yd. and the
other 115 cu. yds. Owing to the conditions under which
the work was carried on the mixers never had a chance
to work to their full capacity ; their best day’s work being

450 cu. yds. for the 24 hours.

The sand used in the concrete was conveyed to the
concrete mixing platform in the same manner as the
stone, 1.e., by means of a chute from the upper level,
where it was unloaded from hopper bottom cars. The
chute was 8 ft. wide by 6 ft. high and was kept practically
full all the time, the sand being taken from the lower end
as required. The coal for the boilers was also delivered
from the upper level through a chute, which emptied into

2-yard side-dump cars at the boiler-house level. By means

of a track these cars delivered the coal to each boiler-
house as required. On the top of the coal chute was a
double line of rails with balanced trucks, which conveyved
the cement from cars at the upper level to the storage
shed at the level of the concrete mixing platform. The
cars could, therefore, be unloaded as they arrived and the
cement placed where required for use with the minimum
amount of handling.

For the convenience of the ‘‘sand hogs,” who were
compelled to work on shifts through the whole 24 hours,
the contractor erected both sleeping and dining quarters
for a large number of his men. On the lower level a
bunk-house had been provided to accommodate about 100
men, and a dining room that would seat as many more.
On the upper level was a similar house with bunks for
about 60 men and dining quarters of about the same
capacity. On the dock the contractor erected a number
of buildings, which included an office and bath accom-
modation for the inspectors, a hospital with a doctor in
continual attendance, where first aid might be adminis-
tered in case of serious accidents, or regular treatment in
case of minor troubles. There was also provided a coffee-
house, kept at a high temperature, where the ‘‘sand
hogs’ could change their clothes and receive hot coffee
at the end of their shift in the working chamber. In ad-
dition to the above were the usual stores, offices, etc., for
the contractor’s own use. In connection with the hospital
arrangements there was also provided a steel hospital
tank connected with the compressed air system, to which
men suffering from the ‘““bends’ could be immediately
transferred and treated.

For serving each caisson four 30-in. shafts for ma-
ferial and two 20-in. ladder shafts were employed. For
ejecting the sand and smaller stones four 4-in. blow pipes
were used. The larger boulders were broken up and
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hoisted through the material shaft in buckets having a
capacity of 23 cu. yd. Four 7-in. compressed air pipes
supplied air to the working chamber and served the blow
pipes. Two 6-in. pipes supplied the water for ‘‘washing”’
the sand. One 2-in. pipe supplied high-pressure air for
drilling, etc., and a second 2-in. pipe carried the wires
for the electric lighting of the working chamber and
ladder shaft.

As soon as the sinking was completed on the north
shore as much of the plant as could be spared was moved
The men’s dining-rooms and sleeping
quarters were placed on skids, launched into the river,
floated across, and placed in position on the other side.
The layout for the mixing plant, sand chute, coal chute,
etc., was practically the same as on the north side of the
river, all the materials being led to the lower level by
gravity. The stone for the crushers was quarried directly
from the top of the cliff so that one derrick could pick up
the stone in the quarry and deposit it in the hopper lead-
ing to the crushing plant half-way down the cliff. While
the boiler and compressor plants used on the south side
were drawn as much as possible from the north side, yet
they had to be materially increased. The steam plant
included three 125- and one 250-h.p. Heine boilers, twelve

- 100-h.p. locomotive boilers, and seven Ingersoll-Rand and

Ingersoll-Sergeant air compressors delivering t6 2 coupled
receivers from which a pair of 12-in. mains led to the
caisson and were carried for about 200 ft. in a wooden
flume constantly filled by water. This reduced the high
temperature developed at the compressors to about 8S8o°
in the working chamber of the caisson. There were also
two 12-in. Worthington high-pressure pumps which de-
livered water to the caisson for the hydraulic jets used
for excavation.

On account of the very high tide which prevailed at

‘the site, the air pressure in the caissons constantly varied

and was controlled by an operator in the compressor house
who adjusted it to correspond with the indications of an
automatic register showing a continuous tide pressure.

The stone from the quarry on the top of the chiff was
delivered by derricks into a No. 8 McCully rotary crusher
near the top of the bank, which broke the larger pieces
and delivered them through a chute to a No. 5 Allis-
Chalmers crusher about 25 ft. below it. The second
crusher reduced the stone to a diameter of 2 in. and de-
livered it through another chute to a storage bin adjacent
to the sand bin. Both stone and sand bins delivered by
gravity through gates to measured compartments In a
triple charging hopper just below the floor of the work-
ing platform. This hopper was lined with steel and had
a compartment into which the requisite number of bags
of cement were poured by hand. The hopper gate was
operated from the charging platform and delivered all of
the aggregate for one batch of concrete to one of the two
Ransome mixers under the platform, which discharged
into 1%-yd. bottom-dump Stuebner steel buckets which
were set in pairs on 2 coupled cars drawn by one horse
on a 60o-ft. service track to the main pler caisson, or to
the anchor pier, where they were unloaded and emptied
by the derricks installed there.

" The compressed air, with a maximum pressure of 40
Ibs. per sq. in., was delivered to the working chamber of
the south caisson through two 12-in. pipes, as stated
above, which in turn was distributed into four 7-in. mains.

Water at 10o-lb. pressure was distributed around all
four sides of the working chamber in a horizontal main
from 4 to 6 in. in diameter, provided  each of the 18
compartments with a valved outlet anc_ jet pipe with
1-in. nozzle used to loosen the sand and exc. rate the earth
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and gravel. Each chamber was also provided with a
6-in. vertical blow-out pipe and with electric ights. "Lhe
caisson was fitted with six 3-ft. material shatts, each
having a Moran air lock with four 3-ft. ladder shafts
having simple air-locks composed of short upper sections
with top and bottom diaphragms, and with one large man-
lock. The latter was a 6-ft. horizontal steel cylinder
about 30 ft. long, located on the deck of the caisson, and
was built permanently into the solid concrete of the pier,
being approached through a 4 x 4-ft. vertical stair shaft.
The lock was large enough to accommodate many ‘‘sand
hogs’’ at once, thus greatly expediting the entrance and
exit of each successive shift, effecting an economy of air
consumption and considerably reducing the waste of
lock air.

A hospital lock was also established on the shore near
the ‘‘sand hog’’ house. Under moderate pressures, 109
men worked 8 hours in each shift. As the pressure in-
creased the lengths of the shifts were diminished to a
minimum of 1 hour. As many more sand hogs were re-
quired to carry on the work, great difficulty was experi-
enced in securing enough men, so that eventually the
number of men in each shift was considerably reduced.
Some of the men lived in an adjacent boarding house
provided by the contractors, but the majority of them
lived in local villages up to five miles distant.

At the present time the contractor is at work pointing
the joints in the masonry and cleaning these piers thor-
oughly by sand blast. There is also some work still to
be done on the dressing of the bridge seats. This work
is very important and has proved a very difficult operation.
These bridge seats are about 32 ft. x 2672 ft. and it is
necessary that they should be absolutely level to distribute
the load from the main steel pedestal, the base of which
1s shipped in four pieces. It requires about six weeks to
complete the dressing on one of these beds, and it has
been found that the work can be done with such accuracy
that not more than a variation of 2/100 of an inch is
possible.

This work is under the supervision of the Board of
Engineers, Quebec Bridge, which is composed of C. N.
Monsarrat (chairman and chief engineer), Ralph Modjeski

and C. C. Schneider.

>

RESERVING WATER POWER SITES.

Consistent with the policy of the Dominion govern-
ment to preserve the water powers for the people, the depart-
ment of the interior is placing under reservation all vacant
Dominion land that the superintendent of water powers may
recommend to be valuable for the development of water power,
says Conservation.

Six whole sections of land, in township 108, range 6, west
of the sth meridian, have recently been reserved from dis-
position of anv kind until the engineers of the water power
branch have had an opportunity to make a complete survey of
the famous power site at Vermilion falls, on the Peace River
in northern Alberta.

Similar reservations have been made on the various rivers
in the provinces of Manitoba, Saskatchewan, Alberta, and
in the railwayv belt of British Columbia. Particular mention
might be made of reservations covering land contiguous to
Grand Rapids on the Athabasca River, the various power
sites on the Elbow and the Bow Rivers, in the province of
Alberta; for land required for the development of power at
Grand Rapids on the Saskatchewan River, and all unoccupied
land along the Winnipeg River, in the province of Manitoba.

Other reservations will be made from time to time upon
the receipt of sufficient information to enable the superin-
tendent of water powers to make a definite recommendation
covering a description of the land that might be required for

power purposes.
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MAIN PEDESTALS, QUEBEC BRIDGE

NATESTON “THE. DESIGN "'OF. THE "EOUR 400-TON . SHOES TO
TRANSFER THE LOAD FROM THE CANTILEVER AND ANCHOR ARMS
TO THE MAIN PIERS—METHOD OF FABRICATION AND ASSEMBLAGE.

By H. P. BORDEN,

Assistant to Chief Engineer, Quebec Bridge.

Each of the four main shoes of the new Quebec
Bridge are designed to transfer the following loads:

IR EICAIRDOSE o . T o v ot o e e 26,600,000 Ibs.
ERahlever arm chord . .......cc00000. 209,600,000 lbs.
BRI AT LI & < o7 siv wio sernss sie sie ais os 24,100,000 lbs.
Cantilever arm Compression diagonal ... 7,820,000 Ibs.

Anchor arm compression diagonal ...... ~ 810,000 lbs.

Resolving the above, this pedestal supports a maxi-
mum vertical and horizontal reaction of 355,000,000 and

Fig. 1.—One of the 4 Castings Being Placed on the Pier.

Story Under Construction.

32,000,000 lbs. respectively. Owing to the unprecedented
size of the members required to transfer these loads to
the shoe and the necessarily unusual proportions of the
shoe itself which is required to distribute these loads to
the masonry, the design of this member probably entailed
more investigation and study than any other single detail

in connection with the bridge.

The shoe is 26 ft. 4 in. x 20 ft. 10 in. at the base and
19 ft. high. To facilitate fabrication, shipping and
erection, 1t 1s constructed in three stories. The lower
story, or base, i1s 4 ft. high and 1s composed of 4 steel
castings. These castings probably constitute a record for
weight and size of steel castings in Canada, weighing
over 40 tons each. These members have webs and flanges
ranging from 274 in. to 3 in. in thickness, the webs being
supported by cross diaphragm walls of the same thick-

ness, at frequent intervals. These castings are planed on

Fig. 2.—Casting Assembled (shop) and Second
Fig. 3.—Second and Third Stories Nearing Completion.
Fig. 4.—Method of Boring 45-inch Pin-hole.

a machine designed especially for this purpose, great care
being taken to get a uniform depth for each of the 4 cast-
ings. When erected in place they are bolted together
with 214-in. bolts through exterior flanges, thus forming
a base through which the vertical and horizontal re-
actions from the upper portions of the shore are trans-
mitted to the masonry. The horizontal reactions at the
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pler can in every case be taken care of by the 30% co-
ethcient of friction assumed between steel and masonry,
but an additional factor of safety is provided by 44 3—i;1.
anchor bolts and dowels. The dowels in the interior of
the castings are grouted into the masonry and embedded
in concrete with which the casting will be filled. The
anchor bolts through the exterior lower flanges of the
castings are grouted into the masonry with cement, that
portion of bolt passing through the steel flange being
grouted with molten zinc.

The middle section of the shoe is of built-up construc-
tion and is field-riveted to the lower section. This portion
of the member is 10 ft. high and is composed mainly of 4
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rivet area to transmit the vertical shear. As a result,
special  connection-angles with 12-in. legs were manu-
factured from 1-in. plates. While it is expected that this
design will undoubtedly to a large extent distribute the
loads uniformly over the lower section, yet the contingen-
cies of fabrication and erection are such that the actual
results might not correspond to the theoretical expecta-
tions. To provide against the possibility of the load on
the centre webs not distributing as expected, the steel
castings on the base have been made sufhciently strong
to distribute any such concentrated loading. The con-
nection plates for the main bottom laterals are field

riveted to the top and bottom of this section. When it 1s
understood that these laterals have

an inclination in both the vertical
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and horizontal plane and the face of
the shoe to which they are con-
nected is sloped at another angle in
the vertical plane, it speaks well for
the accuracy of the shop work that
the connection holes 1n all these
parts matched exactly when the
shoe came to be assembled.

The top or third section contains
one 45-in. and two 3o-in. half-pin
holes which take the bushing for
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to the 4 webs of the web members
and post as well as the webs of the
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second section immediately below.

! In order to uniformly distribute the
reaction, brackets are connected to
the sides of the outer webs, spaced

to correspond to the lower brackets.
This top section is braced by very

- that, assuming the whole shoe to

SecTiony A-4 (/14LF)

heavy webs which correspond to the webs of the bottom
chords. The chord stresses are transmitted direct to this
section of the shoe through 30-in. pins with 45-in. bush-
ings. In addition to the chord stresses, this section of
the shoe is required to transmit the stresses from the other
web members which is transferred from the upper section
and as a consequence the webs of the middle section be-
come very heavy, the maximum thickness at the pin being
94 in., requiring a 1g-in. rivet 12 in. long. The loads
distributed upon these webs are transferred uniformly to
the base by means of 7 heavy brackets on each side, field
riveted to both webs and castings. It was found when
designing the connections between brackets and webs
that the largest angles rolled would not provide sufficient

= act as a girder, transversely, the
= top and bottom stories will act as
the flanges and the middle story as
the web.

The maximum vertical loads on

SecTionN BB (174Lr)
Fig. 5.—Elevations and Sections of Shoe for Main Pier Bearing.

the shoe result in a uniform bearing
of 660 Ibs. per sq. in. on the granite
masonry of the pier. This reaction
comes from dead load, live load,
impact, traction and vertical wind.
In addition to the above there are
transverse and longitudinal wind
loads of 1,300,000 and 6,200,000
Ibs. respectively. The transverse
force is the horizoatal component of
the wind forces carried to the shoe by the lateral bracing

% Shoe

Lnchor
= Arm

and chords, and results in an increased toe pressure at the

leeward edge. The longitudinal wind force is due to a

torque at the main pier, due to normal wind pressure on

the longer cantilever arm and half the suspended span
resisted by the shorter anchor arm. This action results

in equal and opposite reaction on the windward and lee-
- *

!

ward shoes on the main pier in a direction parallel to the
longitudinal axis of the bridge. This longitudinal re-

0 heavy brackets and diaphragms so

action is resisted by the friction between the steel castings

and the masonry.

sumed to act on each casting individually and not on the
entire base as a whole, which results in a very short lever

As these castings are narrow in this
direction, there is an overturning moment which is as-
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arm as compared with that used in determining the toe
pressure from the transverse wind force acting at right
angles. Certain allowances are made for the fact that
the castings are riveted to the middle section, but even
with this allowance there is a very appreciable increase in
the pressure at the edges of the castings. Under such
maximum conditions and assumptions, it is found that the
maximum toe pressure amounts to grs lbs. per sq. in.
for all loads.

In all these calculations the following wind loads
have been assumed: A wind load of 30 Ibs. per sq. ft. of
exposed surface of two trusses and 114 times the eleva-
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Fig. 6.—Diagram of Pressure Between Shoe and
Masonry.
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tion of the floor and 300 lbs. per lin. ft. on the exposed
surface of a train covering the whole bridge applied g ft.
above base of rail.

After the various parts of the shoe have been fabri-
cated in the shop it is entirely assembled on concrete and
steel skids and all field connections are reamed out In
place or to a steel template. All loose parts are match-
marked with stencil and steel dies and all important centre
lines chisel-marked on abutting faces. It is then taken
down and the main sections re-assembled on the bed of the
boring mill, and after having been accurately lined up

with field level, transit and other special mechanical appli-
ances, the five holes are bored at one setting. When this
operation has been completed the shoe is again taken
apart for shipment, the lower base being shipped in four
sections, the middle in two main sections, and the top in
one. When completed, each shoe weighs about 440 tons.
The exterior faces of the middle section are covered with
facia plates to give a finished appearance. These plates,
as well as all diaphragms and top flange of castings, are
provided with manholes, thus providing access to all parts
of the shoe for riveting, inspection and painting. In order
to prevent rain water settling in the interior, the shoe is
partially filled with concrete which is sloped from the
centre towards the sides, thus allowing all water to drain
out through the holes in the facia plates.

In FFig. 1 is shown one of the four steel castings form-
ing the lower story. It is being placed on the main pier.
A thin grout is brushed over the masonry rest before the
casting is put in place. The castings are assembled as
shown in Fig. 2, which is a shop view showing erection
on skids, and a start made on the erection of the middle
section of the shoe. In Fig. 3 the second and third

Fig. 7.—View of a Pedestal, Completely Assembled.

stories are shown nearing completion, the side brackets
on the middle section being put in place for reaming.
Fig. 4 shows an end view of the middle section and
illustrates the method of boring the 45-inch pin-holes.

A general view of the completely assembled shoe is
given in Fig. 7. The second story has its covering of
facia plates. Every hole is reamed or drilled from the
solid before being taken apart. It takes about 2 months
to assemble, ream and bore this shoe i1n the shop, not
including the time required for fabrication.

- s O

TORONTO HARBOR COMMISSIONERS TO
CONTINUE WORK.

Although the early formation of ice on the bay will sen-
ouslv interfere with their work along the waterfront, the
Toronto Harbor Commissioners have made a careful survey
of th- territorv under construction and are picking out the
portions of the work that can be continued during the winter,
in order to give emplovment to as many men as possible.
A considerable portion of this work will consist of grading
cperati¢ons a'ong the waterfront.
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PROGRESS ON THE “NEW QUEBEC

A A OO RSO

BRIDGE

SUPERSTRUCTURE ERECTION REVIEWED TO DATE —PROGRAM OF EREC-

TION — OFFSETTING DIFFICULTIES IN

PIN CONNECTIONS ARISING OUT OF

ALLOWANCES FOR DEFORMATION OF MEMBERS UNDER FULL LOAD.

By H.

P. BORDEN,

Assistant to Chief Engineer.

ITH the close of the present season considerable
progress is to be noted towards the erection of
the new Quebec Bridge. During the summer of
1913 the approach spans on the north shore from

the abutment to the anchor pier were fully erected. These
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two double lines of tracks, spaced 54 {t. centre to centre.
The two inner rails were carried on the top flanges of the
outside bridge track girders, the outer rails being carried
on special erection girders resting on the falsework and
thoroughly braced to the track girders themselves. The
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Fig. 1.—View Showing North Anchor Arm when Work Closed Down at the End of the Season.

spans were erected by derrick cars on heavy wooden and
steel falsework. As these spans would have to carry
the 1,000-ton erection traveler, and as the concentrated
wheel loads from this traveler were considerably greater
than the live loads for which the spans were designed,
this falsewori- was made sufficiently strong to take care
of these reactions.

During the winter of 1914 the traveler was erected
on the shore, just north of the abutment and it was ready
to move out early in May. This traveler was carried on

traveler was moved out over the approach spans to the
anchor pier on May 18th, and proceeded to erect the in-
side falsework carrying the floor of the anchor arm on
which the traveler runs.

The main floor beams of this floor were supported on
special erection girders supported by this falsework and
were located in approximately their correct positions.
The main track girders, sub-floor beams and stringers
were then erected in place and special girders erected out-
side the track stringers for the erection traveler.
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When this falsework had been completed out to the
north main piler the main shoes were erected, and the
bases for these shoes were accurately placed and the en-
tire shoe erected. An elaborate series of triangulations
and measurements, extending over several months, were
made to locate the longitudinal and transverse centre lines
of these shoes. Once the bases had been placed in their
proper position the rest of the shoe went forward rapidly,
and a start on the erection of the bottom chords was made.

According to the program of erection, it was proposed
to lay the bottom chords complete with their lateral brac-
ing from the main shoe to the anchor pier, the main
traveler moving back as the work progressed. When this
had been done the traveler moved ahead again to the main
pier and started the erection of the web members up to
their middle intersection above the floor. This was carried
back to the north anchor pier, after which the erection of
the upper half of the web members 1n the top chord was
effected, the traveler moving forward as the work
progressed.

Work stopped for the season with the anchor pier
completely erected with the exception of two upper panels
near the main pler.

Owing to the deformation of all members under full
load, 1t has been necessary to manufacture the compres-
sion members slightly longer and the tension members
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in the upper end of the upper tension diagonals and in all
the eyebars in the top chord. The holes in the diagonals
were elongated 2 inches and each eyebar % inch at each
end, the elongation being made in the side of the hole
nearest the centre of the member. By this means it was
possible to drive these pins without any difficulty, the play
in the holes being taken up as the cantilever arm is erected

and stresses applied to the members of the anchor arm.

The driving of pins was materially facilitated by the
fact that these pins are in duplicate, each pin going
through two webs only of the 4-web members. This also
applies to the top chords. In designing the driving rams
for these pins it was estimated that heavy rams, weigh-
ing in thé neighborhood of two or three tons, would be
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Fig. 2.—Falsework and Floor Erected, and a Start Being Made on the Erection of the Main Shoes.

slightly shorter than their actual geometric length. On
account of this fact there would naturally be dithculties
in making the pin connections between the various mem-
bers of the anchor arm 1n view of the fact that all these
members are erected on falsework and consequently under
no load except from their own weight. To offset this dif-
ficulty, the bottom chord was given a camber which would
correspond to the deformations indicated by the Williot’s
or deformation diagram. In other words, after the bottom
chord had been entirely riveted up from end to end, it
was lowered a certain amount at each panel point by
means of jacks at the foot of the steel falsework to corre-
spond to this deformation. The final displacement, 1n-
cluding deformation of falsework posts, amounted to zero
at the main shoe, seven inches at the middle point, and
hive inches at the north anchor pier, varving practically
uniformly between these points.

Owing to the length of this bottom chord, it was able
to obtain this deformation without any difficulty.

To offset the effect of deformation of the web mem-
bers from their own weight, and to enable pins to be
driven without any difficulty, elongated holes were bored

required. It was found in actual practice, however, that
these were not necessary, and after the first one or two
pins had been driven a steel rail 10 feet long, weighing
8o lbs. per yard, was used and pins in practically every
case were driven home in from one to two minutes.

The maximum clearance allowed in all pin holes is
1/32 inch + 1/100 Inch.

The amount of steel erected during the season just
passed 1s about 15,000 tons, and this was practically
erected in four months, from August 1st to December 1st.

A duplicate traveler is now being erected on the south
side of the river and will be in commission the first thing
in the spring. If the work is carried on according to pro-
gramme, it is expected that the remainder of the anchor
arm and the whole of the north cantilever arm as well as
the south anchor arm, should be erected next season.

The St. Lawrence Bridge Company, Montreal, are
the contractors for the superstructure. The work is be-
ing carried out under the supervision of the Board of
Engineers, Quebec Bridge, composed or Mr. C. N. Mon-
sarrat (Chairman and Chief Engineer), Mr. Ralph Mod-
jeski and Mr. C. C. Schneider.
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ECONOMIC FEATURES OF THE ROGER’S PASS
TUNNEL.

—

interest have appeared in this journal on the five-

mile, double-track tunnel which Messrs. Foley Bros.,

Welch and Stewart are driving through the Selkirk
Range, in the vicinity of Roger’s Pass, for the Canadian
Pacific Railway Company. For a description of the en-
gineering features of the undertaking the reader 1s re-
ferred to The Canadian Engineer for April 23, 1914, page
621. Maps and profiles of the old and proposed lines
are illustrated therein to good advantage, and a reference
to them will be of assistance in the following portrayal
of the problem in economics which the revision of railway
location has presented.

FROM time to time articles and notes of engineering

The following abstract from a paper by J. G. Sullivan,
C.E., chief engineer of the western lines of the C.P.R.,
presents the factors involved in a study of the cost of
operation via the present and proposed routes. We are
indebted to the ‘‘Cornell Civil Engineer’’ for the informa-
tion. (Mr. Sullivan is a graduate of Cornell University,

Class ’88.)

The data to be taken into account is as follows:
Present location, total distance 23.1 miles, revised loca-
tion 18.68 miles; grades consist, on the present location
of 16.65 miles up hill for westbound traffic on maximum
grade of 2.29%, 6.45 miles down grade same maximum
with a total rise of 1,726 ft. and a drop of 69z2.1 ft. with
1,860 degrees of curvature on the up hill and 1,288 de-
grees on the down hill portion of the line. The revised
location consists of 16.77 miles up hiil with about 5 miles
of 2.29 pusher grade, the balance 19 and a down hill run
of 1.91 miles with a maximum 2.29 grade; a total rise
of 1,178.2 ft. and a drop of 144.3 ft., with 635 degrees ot
curvature on the up hill grade and 66 degrees on the down
hill. The average tratlic for the years 1912 and 1913,
which is made the basis of calculations, was 1,342, pas-
senger trains in each direction ; the average weight ol the
passenger trains, exclusive of locomotives, was 443 tons;
980 of the passenger trains required pusher engines; the
weight of the passenger and pusher engines for passenger
trains was 175 tons each ; there were 17372 freight trains
in each direction per year; the average weight of the
freight trains eastbound, exclusive of locomotives, was
950 tons; the average weight of freight trains westbound
was 898 tons; all freight trains had to be pushed in both

directions ; weight of freight locomotives and pushers, 181

tons each. The tonnage eastbound and westbound was
as follows:—

Eastbound.
1,342 trains @ 443 tons each ....... 594,727 .5 tons
2,322 locomotives @ 175 tons each.. 406,350.0 &

‘i

1,738 freight trains @ 950 tons each 1,651,575.0

3,477 locomotives @ 181 tons each ..  629,237.0 “
T e e 1 HER e L Sy 3,281,889.5 tons
Westbound.
1,342% trains @ 443 tons each ....... 504,727.5 tons
2,322 locomotives @ 175 tons each.. 406,350.0

1,738 freight trains @ 898 tons each 1,561,173.0
3,477 locomotives @ 181 tons each ..  629,237.0

L OTAL 2L i is e roatalslals o atela 3,191,487 .5 tons
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Comparison of Comparable Factors Afiecting the Cost of
Operating Over Roger’s Pass, via Present Line and
via Tunnel Line, Now Under Construction, Average
Traffic for the Years 1912 and 1913.

E. B. tonnage per year, including weight of engines,

3,281,890 tons.
Resistance to overcome, on present line.
Achnal i rise N6 2iT I vt s 69z2.1 ft.
Curve resistance, 1,288° x .04/ ..... ST
Friction resistance, 6.45 mls. x 15/.. g6.7 f{t.
1l o e S, e P AT 840.3 ft.
Resistance to overcome, tunnel hine.
Achaldtiseysada anbt o Lt aahaast: 144.3 ft.
Curve resistance, 66” x .04’ ....... 2  OFLE.
Friction resistance, 1.gr mls. x 15/ 28.6 ft. _
TIGTA L Sas A do et cloen: 1 7E5 e ik
D F43 751700 (0 ol e i R SO 664.8 ft.

3,281,890 tons x 664.8 ft. equals 2,181,800,472 foot tons.

W. B. tonnage per year, including weight of engines,
3,191,488 tons.

Resistance to overcome, present line.

CACtnall CiSey e Ta0 Et,, o s e o satee 1,726.0 ft.

Curve resistance, 1,860° x:-.04/ ... 74.4 ft.
Friction resistance, 16.65 mls. x 15/ 249.7 ft.

8o L e S T o S s o D 2,050.1 ft.

Resistance to owvercome, tunnel line.

ACHALITISE ST 8. SR o = et I, X782 L

Curve resistance, 635° x.04/ ...... 25.4 ft.

Friction resistance, 16.77 mls. x 15/ 251.5 ft.
Ol e e overs e o el aatar s e avake’d s 1,455-% It
Differctiee’ o< Buie e o e e et 595.0 ft.
3,191,488 tons x 595 ft. equals 1,898,935,360 foot tons.
Total work done (extra) ...... 2,181,800,472 foot tons.
1,898,935,360 foot tons.
0 b oy | G S - S e i B e 4,080,735,332 foot tons.

1,000 foot tons equals approximately 1 horse-power
hour. Assuming that 5 pounds of coal i1s consumed in
doing one horse-power hour’s work and that coal on

locomotive costs $4.60 per ton, the saving in fuel will
amount to:

4,080,736 x 5 lbs. x $4.60

2,000 lbs. (one ton)

Extra Wages, Train and Engine Crews.
Present line.
6,162 trains for 23.1 miles, 142,342.2 train miles.

5,437 push. engs. for 23.1 mls., 125,594.7 push. eng. mls.

Tunnel line.

6,162 trains for 18.68 miles
5,437 push. engs. for 13 mls.,

115,106.2 train miles.
70,681.0 push. eng. mls.

27,236.0 train miles.

Amount saved {541913_7 pusher engine miles.
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WEIGHT OF THE SPAN IS APPROXIMATELY

THE “NEW " QGQUEBEC: BRIDGE

INTERESTING ACCOUNT OF THE METHOD TO BE EMPLOYED
HOISTING < THE SUSPENDED SPAN INTO PLACE — THE

HIVE. THOUSAND TONS.

HE contract for the construction of the piers for

. Dawvis, of QOuebec, in February,

issue. of - July oth,

1914, 1In an article by

Ea — ———
—

By A. J. MEYERS,

Chief Drattsman, Board of Engineers, Quebec Bridge.

that the programme for the season of 1916 calls for the

the Quebec Bridee was awarded to M. P. and ]. erection of about 19,000 tons, a comparatively easy task,
1910. This judging from the records of the past summer. Of this
phase of the work was very tully described in the 19,000 tons, the south shore cantilever arm contributes
13,000 tons and the
suspended span 06,000

cons.

Mr. H.. P. Bordeén.
The close of the year
1g14 found consider-
able progress had been
made.

During the season
of 1915 most satisfac-
tory progress was
made. a detailed ac-
count of which
published in The Cana-
dian Engineer Sep-
tember 23rd, 1915.

On July 8th, 1915,
the erection of the
main shoe on the south
shore started. Work
in  connection with
this part of the con-
struction was greatly
facilitated by the ex-
perience gained.

Was

On November 12th,
1915, when the erec-
tion programme for
the new Quebec Bridge
was hmshed for the
season, the north
shore anchor and
cantilever arms and
the south shore anchor
arm including  the
main post, had been
completed. The total
tonnage erected up to
that time amounted to
approximately 46,000
tons, about 30,000

tons of which had been placed during the 1915 working
season of seven months, from the middle of April to the
The total quantity of steel in the
bridge will weigh in the neighborhood of 65,000 tons, so

middle of November.

Work on the Crec-
tion of the south shore
cantilever arm was
properly started about
the middle of April,
1916, and at the time
Of Writing this urliflt,
the first panel and a
half, adjacent to the
main piler, 1S practi-
cally completed. It is
expected that the pro-
agress of erection of the
south shore cantilever
arm will be approxi-
mately as stated in the
schedule on the fol-
lowing page.

The method of erec-
tion of the south canti-
lever entirely
the same as that fol-
lowed on the north
arm, and!
as noted above, it is
expected that this
work will be finished
by the end of the first
week 1n September,
1916, when the bridge
will be 1n

arm 1S

cantilever

readiness
for the floating in and
hoisting into place of
the

suspended span.

The f'_ﬁll"ﬂ[.")t‘ﬂf;]t_'{'] SPan
View Showing 1,000-ton Traveler and Progriss ef Erection. s a double-track,

curved top chord span,
640 feet long, 110 feet high and S8 feet wide, and weighs
in the floating in condition approximately 5,000 tons. The
oreater part of the floor steel, being lett off while the span
1s being floated and hoisted into place, will be placed by
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means of a derrick car after the span has been coupled up season of 1915 at the periods ol low tide. This work was
to the ends of the cantilever arms. rather difhcult, considerable blasting having to be done,
and could not be carried on with any very great speed as
Schedule Showing Approximate Progress Expected in the time available was only from two to four hours
Erection of South Shore Cantilever Arm. cach day.

Main Davs Date of Tons of steal As shown in the accompanying Figs. 1 and 2, the
panel, I‘tf(]lli;'ﬂ(']. completion to be erected. span will be supported during erection on staging bents
16-14 40 May 1oth 3,100 placed under each panel point. The traveler, which is
14-12 30 June gth 2,650 the same one that erected the north shore cantilever and
12-10 > July 1st 1,960 anchor arms, but with the top trusses and travelling
10-8 16 July 17th 1,460 f‘l'ﬂﬂt‘.ﬁ.lert oft, _wi]l be hrst t’:l’(f[.‘fle‘d on bents 19 and 20,
8-6 I'o July 29th 1,300 immediately adjacent to the staging of the span. The
6-4 9 August 7th 8z0 steel will be handled by means of four 7o-foot 3o-ton

4-2 14 August 21st 630 booms, placed one at each of the four corners.
2-0 5 September 3th H50 With the traveler at bent 19, the staging bents o, &
and 2, the longitudinal bracing between bents 1 and 2,
lataly: - rs8 12,600 and the bridge m']terml in pdnel o-1 will be placed. The

traveler will then move forward, erecting staging and

T'his span will be erected in the shallow waters of

Victoria Cove, on the north shore of the river, about three U5
miles below the bridge site, the work of trm,tmn proceed-
Ing simultaneously with that of the south shore canti- e -
|
lever arm. X |
I'he foundations for the falsework bents supporting U3 .

the trusses and approach track were prepared during the
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longitudinal bracing, floorbeams, bottom chords, bottom
laterals and web members, except the upper half of the
main diagonals and vertical sub-posts, as it advances until

it reaches bent 17. It will then move backwards, com-
pleting the erection of the truss members, top laterals and
sway bracing.

In Fig. 1 the members erected as the traveler ad-
vances are shown in full lines, the members placed on the
return trip are shown by dotted lines.

Sand jacks will be used at the even panel points,
directly under and with top bolted to the vertical posts,
to transfer the load to the outer columns of the staging.
Timber blocking will be used for the same purpose at the
sub-panel points and also between the floorbeams and
inside columns of the staging at all panel points.

The span being completely erected, the timber block-
ing at the intermediate staging supports will be removed,
the sand jacks lowered, and the span will rest on the end
bents at L, and L.s. In this condition, as shown in I1gs.
3 and 4, six scows 32 feet wide, 160 feet long, and 11 feet
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- inches draft, will be floated 1n and placed under the
panel points L,, L., L;, Lis, Lis and L,;.. The valves in the
bottom of the scows will be opened and the scows sunk
until they rest on their foundation supports. The cross-
girders and bracing which transfer the loads to the scows
will then be placed.

To raise the span from the end supports at L, and
L.«, preparatory to floating out, the scows will be drained
at low tide, the bottom valves closed, and as the tide
rises the span will be gradually lifted and be in readiness
for proceeding on its journey to the bridge site, 1if the
weather and tide conditions are considered favorable. If
conditions are not considered favorable, arrangements will
be made by means of timber crib guides, tackle running
to anchorages on the shore and tugs, so that the span can
be returned to its supports.

While the span is on its way to the bridge site, 1t will
be kept under control by means of tugs of sufhcient power
capacity to overcome all anticipated resistances due to
wind and current.

Arriving at the bridge site, the span will be anchored
to the ends of the hanging trusses shown in Fig. 5, coupled
up to the hanger slabs provided at each of the four
corners of the cantilever arms, and raised into its final
position by means of the movable jacking girders and
eight 1,000-ton hydraulic jacks, two at each corner, as
shown on Fig. 3.

It is expected that this span will be floated into place
sometime during September or October, 1916. If this
programme is carried out, it will be possible to run trains
over this great steel bridge, the largest in the world, and
the last link in the National Transcontinental Railway
system between the Atlantic and the Pacific, before the
close of the year 1916.

The work is being executed under the supervision of
the Board of Engineers, Quebec Bridge, composed ot C.
N. Monsarrat (chairman and chief engineer), Ralph
Modjeski and H. P. Borden.

The St. Lawrence Bridge Company are the contrac-
tors for the superstructure, George F. Porter being en-
gineer of construction, W. B. Fortune, superintendent,
and S. P. Mitchell, consulting engineer of erection.

NoTE :(—The construction of the new Quebec Bridge
is replete with unique engineering methods and has been
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closely followed since its beginning in the columns of The I PRACTICAL MAINTENANCE OF ROAD PLANTS.*

Canadian Engieer. Interest in this work 1s practically
world-wide and engincers in all countries will rejoice in By M. E. Fafard,

its successtul completion.  In the foregoing article Mr. Supt. of Road Plants and Construction, Province of Quebec,
Meyvers gives a review of what has already been accom-

HE Department of Roads of the Province of
Quebec owns 57 complete macadamizing plants,

besides a special plant for gravel and earth roads.
n These plants are placed at the disposal of munici-
i palities, upon request. This allows municipalities to

macadamize their roads without spending a considerable
amount for the purchase of a road plant.

With each plant the department sends an instructor,
whose duties consist in having the work done in accordance
with the specifications. He must look after the plant, be
in daily communication with the department, and make a
weekly report, showing the work done during the week.
He must show in detail what each man did, the length of
the haul, the number of trips made by the carters, and the
amount spent for labor for each of these operations. These

reports are looked into and classified by a

i Upper jocking girders. civil engineer. The instructor must -also look
alter all purchases of tools and repairs to the

ﬁ' 2-1000 70> hydhoulic jacks plant. All purchases and repairs must

CANTILEVER ARNM

N |
. ‘” mr Jjacking girders.

w/yfﬂf 7YSs5EeS

&
2 |
3 o

Jrd

==

N

ﬁ-*.—.

e 1 §| Clorm Wire Rog

QUSFPENDED SPAIY

p—e———
pp—T -
—
—

h ————————— __H-—--_JL—---.—_—-_— -------- _JL ———————————————————

plished and gives some interesting information as to the
methods to be employed in placing the suspended span.
For further details of the substructure and superstructure
of the enterprise, readers are referred to the following
issues of The Canadian Engineer: July 14 and October
b, ~IgIoLMune ‘131 1911 ; October 21, ‘1g12" I'ebruary 13,
1913 ; April 9, 1914; November 12, 1914; December 31,
1914, and September 27, 1915.—|[EDITOR.]

be requisitioned on special blanks signed by him, which
are given to the merchants or to those making repairs.
Such requisitions must correspond with the accounts that
are sent each month to the department to be audited;
otherwise the accounts are refused. The instructor must
also keep the department posted regarding the state of
the plant and of the repairs made or to be made. The
advantage given to the municipality of either renting or
borrowing the government plant obliges the department

The London United Tramways Company, of London.
England, last vear carried 63,145,000 passengers, or 1,701,000 *Abstract of paper read at Third Canadian and Inter-
more than in the previous vear. national Good Roads Congress, Montreal.
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to move many plants from one municipality to another
every year.

Repairs and Maintenance.—The method followed at
present has been studied and modified, and gives entire
satisfaction. We have a head machine repairer, who
formerly built plants and road machines, and he has with
him another machine repairer of experience. They each
have a tool-box containing all the necessary tools to make
the repairs on the spot. They also each have a portable
smith’s forge, because in most cases the plants are
far from villages and
workshops. They also
have the necessary
utensils for melting
metals, and casting
babbitt bearings.

The large parts,
which can not be re-
paired on the spot, are
sent to the depart-
ment's store of spare
parts, which attends
to the repairs to be
made. The repairers
work all the season
repairing road plants,
following instructions
of the department.
They must go only

where the department
orders them to 20,
they must report daily ;
every Saturday, they
must, on a special
form, report to the de-
partment for each day
of the week, use of
their time, the places
where they worked,
the work done each
day 1n each place, the
distance covered daily,
and whether on a rail-
road or 1In a wagon;
they must inform the
department, by tele-
phone, on Wednesday
of each week, of the
place where they are,
what they have done,
and what remains to
be done to the plant;
they must telephone
to the department as
SOON as repairs are
finished, so that they
may receive Instruc-
tions to go elsewhere.

At the beginning of the season before work 1s started,
and in the fall after work is stopped, theyv are accompanied
by tour men who have experience in repairing. They are
given an itinerary to repair the plants which have suffered
the most damage, and to put them in good working order,
because, each in their turn, all these plants have to be ex-
amined and overhauled. In the fall the head machine re-
pairer inspects the plants which he did not see during the
summer, and reports to the department the parts which will
have to be repaired during the winter, and he ships to the
department’s store of spare parts in Quebec, all the parts

Connection at Pancl Point A L2—Bottom Chord. South
Anchor Arm, Quebec Bridge.
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which will have to be repaired. A linen tag is attached to
each part, and the number of the plant from which it
comes i1s written in ink, as well as the name of the munici-
pality.
to the parts while they are being repaired; thus, there is
no confusion in returning the parts.

At the end of the season, the instructor must make a
complete inventory, on a special form, of the machinery
and spare parts which he has on hand. Moreover, he must
explain in detail, for each machine, the repairs necessary.

These tags remain attached, so far as possible,

SH, th‘!lllfl Iht‘ ht_';t{_l
machine repairer be
unable to inspect all
the machines,  or

should the plant be too
tar away, the depart-
ment still knows what
repairs have to be
made to each machine
and to each plant.
The spare parts which
can be repaired are

sent to the store. Be-
ore they arrive a new
part 1s shipped to the
plant, and the depart-
ment only charges the
municipality with the
cost of repairs. This
1s very economical and
also often prevents

work being stopped 1n
the busy season. To
obtain this result, we
require the instructor
to telephone to the de-
partment every time
the plant 1s out of
order to such an extent
that he cannot repair
it. It 1s his duty to
ind out, before tele-
phoning, the exact
number of the part.
[f it has no number,

W

he must be able to de-

scribe 1t :l{'_“rtil';ilt‘]}'.
olving 1ts size, etc.,
so that we can send
the I"i;;;ht part. 1f he
1S unable to give the
necessary information,
he has to pay for the
It_*lrpl‘mnc or the tele-
oram, and 1s likely to
be dismissed., as this

—See article " The New Quebec Bridge,’” page 583. would denote careless-

1SS O il‘li“HI]U'H"[{'IH‘;'.
Our store of spare parts carries a stock of the parts
most In use, as we now know the parts which wear out
quickest or are likely to break often. Jaws, metals, pack-
ings, fttings, oil, etc., are specially chosen. 1he store
has over $20,000 worth of stock. Three employees re-
ceive and ship goods. By systematized accounts each part,
whether sent from the store, from the shop or by a manu-
facturer, is charged to the plant which has asked for that
part. A record is kept of everything coming in to the
store, and nothing i1s delivered unless requisitioned by the
office on a special form.
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Expansion Joints and Traction Trusses, Quebec Bridge

Special Devices Providing for Changes in LLength of Superstructure and Its Parts Under
Varying Conditions of Erection, Temperature and Stress—Sliding Rail Expansion Joints
Allow Motion of 17% Inches between Suspended Span and Each Cantilever Arm

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

N all steel bridges of considerable span 1t is necessary
to consider the eftects upon the structure of changes
in length of its component parts or members from

varying temperatures and loads. Any lengthening or
shortening, great or small, of a main member of a truss
has a proportionate component effect on the distance be-
tween the truss reaction points. It is the general practice
to provide for a change in these distances by the use of
sliding or rolling joints, in which free and unhindered
motion 1s allowed, except for the effect of friction. If
such expansion joints are not provided, the truss reaction
points become fixed in position, the lines of action of the

- Jre=i 4 — By [ ed P IR L

points of the trusses and the floor system, and to provide
intermediate expansion joints for the bridge floor, in order
to relieve the severe bending stresses which might other-
wise be induced in the flanges of the transverse floor-
beams, which form the connecting link between trusses
and the bridge floor.

In addition to the secondary bending stresses, just
mentioned, in the flanges of the floorbeams, these flanges
have, in small spans, usually to resist the effect of longi-
tudinal forces from a braked train or the pull on the track
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of the locomotive drivers and the rolling frictional re-
sistance of the train following. In larger spans these
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Fig. No. 1.—Elevation of Quebec Bridge Showing Location of Espansion Joints and Traction Trusses
for Floor and Truss Systems

reaction forces, from the weight of the structure and its -

superimposed loads, are no longer vertical, the supporting
piers or abutments are compelled to resist end thrusts or
pulls from the deforming structure and the effect of such
end thrusts or pulls would not only have to be considered
with regard to the piers and abutments, but the resulting
stresses induced in the truss 1tself would have to be calcu-
lated and provision made for them.

In the case of a short, simple or cantilever span, it is
usually only necessary to provide for a change in the centre
to centre distance of the truss reaction points, and a
change 1n the overall length of the floor system, any rela-
tive motion of the intermediate panel points of the trusses
with reference to the bridge floor from differences of tem-
perature or from varying stresses in the members of the
truss or floor being too small to be considered. In the
case of larger spans, however, it is necessary to examine
the effects of this relative motion between the intermediate

longitudinal forces should be resisted by special transverse
traction trusses in the plane of the floor system, the duty
of which is to transfer these longitudinal forces to the
bridge trusses and consequently relieve, to a great extent,
the floorbeam flanges from resisting bending forces for
which they are not well adapted and which, if necessary,
they can only resist in a very uneconomical manner.

In the case of the Quebec Bridge, provision for change
in length of the trusses of the main span—that 1s, the
trusses of the cantilever arms and suspended span,—was
made at the junction points between the cantilever arms
and the suspended span. Provision for change-in length
of the floor and lateral systems of the main span was also
made at the same points, but additional intermediate
sliding joints, to accommodate the relative motion between
the floor system and the bridge trusses, were provided in
the bridge floor at the centre of the suspended span, at
points directly over the main piers and at points about
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Fig. No. 2.—Expansion Joints for Track Girders at Main and Intermediate Panel Points

half-way between the main piers and the ends of the canti-
lever arms. For the anchor arms, provision for change
in length of the anchor arm trusses and floor and lateral
systems was made at the end of the anchor arms and in-
termediate sliding joints for the floor system were pro-

Bose of Korly

bers to form a complete truss system, designed to receive
the horizontal longitudinal forces at the panel points and
transmit these forces axially to the bottom chords of the
main trusses. Midway between the ends of the cantilever
and anchor arms and the main piers, inclined transverse

trusses were introduced in the sway brac-

ing for the compression diagonals which
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vided at points about hall-way between the main pilers — r’—' : _
and the ends of the anchor arms. | 55 ' %\xg |
In order to properly transmit to the bridge trusses the ,;}‘/;/} |_
longitudinal horizontal forces from moving live loads on ' ' ~
the floor, each section of the floor, between sliding joints, s 0;1- N =
s : : a AN N Bl
was rigidly connected to the main bridge trusses by means
of transverse traction trusses intr?duced in the sway and R0 |
lateral bracing systems of the bridge. The positions of -\\‘“
each traction truss and the adjacent sliding joints are I _____ B mwh\““

shown in Fig. 1. They were interdependent and had to be
so chosen so as to reduce as much as possible the bending
stresses in the flanges of the main floorbeams. The posi-
tions of the fixed points were also governed to a large
extent by the practicability of inserting a truss to connect
the main bridge trusses with the floor system.

When the bridge floor was near the plane of the bottom
laterals, as in the suspended span and along the.horizontal
bottom chords at the end of the cantilever and anchor
arms, this was easily accomplished. The track girders
were riveted to the bottom laterals at the points marked
“‘ixed’’ in Fig. 1, and complete transverse trusses were
introduced in the lateral system at these points by supple-
menting the bottom lateral members with additional mem-
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Fig. No. 4.—Expansion Joint for Bottom Lateral System
at Connection Point Between Cantilever Arm and
Suspended Span, Providing for Relative
Motion in Any Direction
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the elevation of the bearings, on the top flanges of the
main bridge floorbeams, about on the line of the neutral
axis of the girders. For this reason the centre to centre
distance of the floorbeam top flanges does not change
under live load. The bottom chord, nickel-steel eyebars
of the suspended span, with
large unit stresses from live
toad, stretches considerably and
in consequence the top flanges
of the floorbeams are deflected,
amounts which are practically
in direct proportion to the dis-
tance of the floorbeams from
the fixed points of the floor
system or the points of location
of the transverse trusses. In
order to reduce this lateral de-
flection of the floorbeam flanges
from this relative motion of the
suspended span bottom chord

7o rivel peeds L_qé_,
7z

Fig. No. 5.—Expansion Joint
for Top Chords at Point

C BRIDGE .
e e e of Canpectmn Between
Carr? az23|  |374|4/7 Cantilever Arm and
L‘.-r{ﬂ cas1023\ 573 -5.53 Suspended Span

panel points with reference to the floor system, to a
minimum, the track girders were manutactured to such
a length that the floorbeam flanges would be straight

Cast dbe/ sart /v bollom only 6. bock o pun ol
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when the suspended span was carrying lull dead load and
a uniform distributed load equal to one-half the live load.
The floorbeam flanges will therefore be deflected laterally
equal amounts, opposite in sign, under full ive load and
with no live load on the span. Inasmuch as any floor-
beam receives its maximum live load stress from engines
placed directly over it, it could happen that at the same
time the remainder of the span might be fully covered with
live load or might have no live load at all. That 1s, any
floorbeam may receive its maximum stress from vertical
loads with full live load stress in the bottom chords of the
span or with practically no live load stress in these chords.
Therefore, by manufacturing the track girders in the shop
so that the floorbeam flanges would be straight under dead
load and a uniform distributed load on the span equal to
one-half the live load, the lateral bending stress, co-
existing with maximum live load stress in the floorbeam
flanges, was reduced to a minimum. The track girders
were erected after the suspended span was hoisted into
place and when placing them the floorbeam flanges were
oiven an initial deflection corresponding to the condition
of no live load on the span.

The specification demanded that stresses arising from
a difference of temperature of 25° Fahr. between the steel
of the bridge trusses and the steel of the bridge floor must
also be calculated and taken into consideration. The
bending stresses in the flanges of the floorbeams from the
relative motion of the suspended span bottom chord panel
points with reference to the floor system, due to this
assumed difference of temperature, was therefore calcu-
lated and considered as co-existing with maximum live
load stress.

The bending stresses resulting from these several
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Similar considerations for the cantilever and anchor
arms governed the location of the sliding joints and trans-
verse trusses to which the floor system was fixed. The
floor system is there subdivided by sliding joints into sec-
tions of about equal lengths not exceeding 300 ft. and

each section is provided with a transverse truss. \Where
the track girders are altogether above the floorbeams,

with the bottom flanges riveted to the top flanges of the
floorbeams, the moving load track girder flange stresses
increase the centre to centre distance of the floorbeam
flanges and this increase had to be taken into considera-
tion when calculating the amount of expansion for which
to provide. The relative motion of the cantilever and
anchor arm truss panel points with reference to the floor
svstem was obtained from Williot’s displacement diagrams.
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lower or tension flange of the main track
girders while carrying live load where
they rest on top of the main floorbeams.
The deformations calculated on are based
on an assumed average flange stress of
5,000 lbs. per square inch throughout the
length indicated thus * in the diagram,
Fig. 1.

W = displacements due to deformations in the

truss members under normal

wind load.

a 30-lb.

Ty and Ty, = displacements due to deformations under

temperature. Expansions due to a short-
ening of the members under a tempera-
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The detail amounts which make up the total expansion
and contraction provided at the various expansion points
are given in the tables of Figs. 2 to 6, inclusive. The
openings shown exist under normal conditions of tem-
perature and loading. That 1s, with full live load on the
cantilever arm and suspended span and a temperature of
60" IFahr. The terms ‘‘expansion’’ and ‘‘contraction’’ are
used 1n the tables with reference to the expansion joints
only. An expansion is an increase and a contraction is a
decrease in the normal openings shown. The elements
which appreciably affect the expansion joints are as noted
in the tables for the various points and are represented by
the symbols as follows :(—

R = displacements due to deformations in the
truss members under live load.
Rt = an allowance for the lengthening of the

Fig. No. 7.—Traction Brake for the Suspended Spén of the Quebec Bridge

ture variation of go” Fahr. Contractions
due to a lengthening of the members
under a temperature variation of 60°
Fahr. Normal temperature i1s assumed
to be 60° Fahr.

displacements due to a temperature between
the floor and truss of 25° Fahr.

|

i T
-

Camb = displacements which occur during .erection
due to the initial shop camber of the
members or to other erection camber ad-
justments.

w\ » 4 . .
-~ = the total displacement due to a combination

of the above elements as noted at each
point. The displacements are shown for
both bridge and erection conditions.

(Continued on page 119)
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