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The Bridge was Built for the Department of Railways and Canals

DOMINION OF CANADA
1910 - 1918

Rt. Hon. Sir Wilfrid Laurier, P.C., G.C.M.G. - - - - Prime Minister - - - - 1906-1911
Rt. Hon. Sir Robert L. Borden, P. O G.CM.G. - - - - Prime Minister - - 1911-1918
Hon. Geo. P. Graham - - - - - Minister of Railways and QS&M - 1906-1911
Hon. Francis Cochrane - - - - - - - - - Minister of Railways and Canals - 1912-1917
Hon. John D. Reid - - - - - - - - - Minister of Railways and Canals - 1918

THE SUPERSTRUCTURE WAS DESIGNED, MANUFACTURED AND ERECTED BY THE

ST. LAWRENCE BRIDGE COMPANY, LIMITED

A COMPANY SPECIALLY INCORPORATED IN THE JOINT INTEREST OF THE

DOMINION BRIDGE COMPANY, LIMITED, of Lachine, P.Q). and
THE CANADIAN BRIDGE CO., LIMITED, of Walkerville, Ont.

WITH A VIEW TO COMBINING THE ORGANIZATIONS & RESOURCES OF THE TWO COMPANIES FOR THE EXECUTION OF THE WORK

THE SUBSTRUCTURE (FOUNDATIONS AND MASONRY) WAS CONSTRUCTED BY
M. P. & J. T. Davis, Contractors S. H. Woodard, M.Am.Soc.C.E., Engineer

The Engineers representing the Government were:

The Advisory Board of Engineers appointed to recommend a design and The Supervising Board of Engineers during the construction of the
specification to the Minister upon which the contract would be awarded : work :
Mw_wr %om“uawwr_ %&%@%WOW Sic Q:ommoo:w Ralph Modjeski, M.Am.Soc.CE. - - -  Chicago, Ill.
as. MacDonald, M.Can.Soc.C.E. - ananoque, Ont. . T > : :
M..J. Bufler, C.M.G. M-Con.Soc.C.E.#- | - Monteeah, PO, < = & Sehneider, M.Am.Soc.C.E. sliapha to,
H. W. Hodge, M.Am.Soc.C.E. . o New York, N.Y. H.P.Borden, M.Can.Soc.CE. - - - Montreal, P.Q.

H. E. Vautelet, M.Can.Soc.C.EE., Chairman - Montreal, P.Q. C. N. Monsarrat, M.Can.Soc.C.E. Chairman - Montreal, P.Q.
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ORGANIZATION

OF ST. LAWRENCE

PHELPS JOHNSON

President and General Manager.

F. C. McMATH

G. H. DUGGAN
Chief Engineer

Consulting Engineer

GEORGE F. PORTER

Construction

Engineer of

BRIDGE CO., LIMITED

S. P. MITCHELL

Consulting Engineer on Erection

r

J. F. WEBER

Secretary-Treasurer

A. L. HARKNESS

Assistant Engineer

E. C. KERRIGAN
Chief Draftsman

W. P. LADD
Works Manager

F. S. DOCKRILL, Chief Acct.

J. STOCK. Works Acct.
J. D MAGUIRE, Field Acct.

L. R. WILSON, Computer

J. B. HUGHES, Checker

L. J. LEROUX, Checker

F. H. TRACY, Checker

D. M. CHADWICK, Checker
H.S. GROVE, Checker

J. P. WATSON, Checker

C. H. TIMMS, Checker

C. DOSCHER, Checker

H. de HAESELEER, Checker
L. C. HURLBURT, Checker
C. A. NORTON, Checker

C. E. OSLER, Mill Orders
F. C. COOPER, Records
About 40 Draftsmen

W. B. FORTUNE

Superintendent of Erection

R. CAPE, Shop Supt.

P. HARRIS, Electrician

L. P. JAY, Records

R. WILSON, Foreman

H. NEITZEL, Foreman

G. MILNE, Foreman

J. ARCHAMBAULT. Foreman
J. WALKER, Foreman

F. DETINGER, Foresnan
About 500 Men

L. G JOST, Res. Engr., N.S.
G.V DAVIES, Asst. to Res. Engr.

J. B STERLING, Asst. to Res. Engr.

P DAVIS, Asst. to Res. Engr.

B S. YERBURY, Asst. to Res. Engr.

R. W. BURPEE, Res. Engr., S.S.
R. McMATH, Asst. to Res. Engr.
N. McMATH, Asst. to Res. Engr.
R. S. SHOEMAKER, Elec. Engr.
Dr. MUNROE, Physician
E. M. FINN, Photographer

J. GHILON, Supt.,, N.S.

W O'BRIEN, Supt, S.S
A. J. HOPES, Ch. Electrician
H. McTIER, Master Mech.
J. L. PRETTIE, Foreman
C. CAMPBELL, Foreman
R. HARDY, Foreman

D. WILSON, Foreman

M. ME.NARD, Foreman

D. A. MURRAY, Foreman
H. FORTUNE, Foreman

R. KRAMPF, Foreman

P. J. SMITH, Foreman
About 500 Men
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SIDEWALK LIVE LOAD:

500 Ibs. per lineal foot for each walk.
500 1bs. per lineal foot of snow on bridge.

WIND LOAD:

30 Ibs. per square foot of the exposed surface of two
trusses and 1% times the elevation of the floor; plus a
moving load of 300 Ibs. per lineal foot applied 9 feet above

the rail.
IMPACT:

Trusses, 20 per cent of Ry. Load.
Floor Beams, 75 per cent of Ry. Load.
Stringers, 100 per cent of Ry. Load.

UNIT STRESSES:

Tension : Lbs. per sq. in.
Eyebars . ; : ; : 20,000
Rivetted Member g : ; 18,000
Including Secondary Stresses > 24,000

Compression :

Short Members with //r 50 and under 14,000
Long Members with !/r over 50 . 17,500-70 !/r
Including Secondary Stresses 4 18,000

The above unit stresses are for carbon steel. For
nickel steel increase by 40 per cent.

Quality of Steel: Carbon Steel Nickel Steel
Ibs. per sq. in. Ibs. per sq. in.
Ultimate Strength . 62,000-70,000 85,000—100,000
Minimum Yield Point . 35,000 50,000
Elongation in 8 In. . 1,500,000 1,600,000
Ultimate Ultimate

Minimum reduction of
area y ; : 449, 409,

Each track is carried on through plate girder spans with
wooden ties resting on 24” I-Beam stringers spaced 7 feet
centres. The upper flanges of the girders are reinforced with
heavy 15-inch channels for protection in case of derailment.

The floor beams, with the exception of those of the
suspended span and at the L' and L? panel points of the
cantilever and anchor arms, are hung on pins on the centre
line of the trusses, the pin holes in the floor beams being
bushed to give large bearing surfaces and to prevent cutting
friction, this construction being adopted for the purpose of
equally loading the truss members and to prevent the de-
flection of the long floor beams bending the members.
See Plates 18 and 26.

The main truss members of the cantilever structure
are made of four ribs consisting of symmetrical I sections
for compression members, and channel sections for tension
members, built up of plates and angles. The compression
ribs are connected in pairs by longitudinal diaphragms on
the centre lines and lattice and tie plates connecting the
flanges thus forming two H sections, which were again
connected in the field by tie plates on centre lines and
flanges.

The tension ribs were assembled in pairs with flanges
turned in and connected by lattice and tie plates on the
flanges only.

Each member was, however, completely assembled in
the shop, for the purpose of finishing the ends, boring
pin holes and drilling splicing material. Most of the
pins connecting the web system were in two lengths. This
construction practically divided each main truss into two
complete trusses placed side by side and field connected
together which facilitated the transportation and erection
of the large members.

All the webs were parallel through the trusses, but
the lower chords were tapered in elevation from a depth
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Nickel steel was used in the trusses of the suspended
span and the cantilever arms except carbon steel in eyebars
of upper chord and in the first compression diagonals and
all the vertical compression members of the cantilever arms.
All pins in the suspended span and about one-half those in
the other parts of the structure are nickel steel.

The proportion of nickel steel in the structure is 27
per cent.

The rivets in heavy members were 11§ inches di-
ameter.

With the exception of locomotives and locomotive
cranes, electric power was used throughout for erection
purposes. Power houses were established on both sides of

the River. On the North side were installed four electrically
driven air compressors each of 530 cubic feet capacity
and two motor generator sets of 250 K.W. to transform A.C.
to D.C. current for operating the travellers. A similar
transformer set was installed on the South side, but only
three 530 cubic feet air compressors. Current was carried
to the traveller by heavily insulated cables wound on drums
and connected to a switchboard situated in a house
supported on the inner track girders at the rear of the
traveller and which moved with the traveller. The current
was distributed to the motors from this switchboard. The
upper hoists on the travellers were magnetically controlled
from a working platform on the traveller.

SUMMARY OF PROGRESS DATES

Contract for Substructure awarded to M. P.

& J. T. Davis - ! .10 Jan. 1910
Contract for Superstructure let to St. Law-

rence Bridge Co. : 3 : : 4 Apr. 1911
North Abutment completed 24 Oct. 1913
North Anchor Pier completed - 14 Nov. 1913
North Main Pier completed . ; ; 7 May 1914
North Approach Spans erected 11 Nov. 1913
North Anchor Arm erected, except Pier Post

and First North Vertical Post . : 4 Dec. 1914
North Anchor Arm completed . 8 June 1915
North Cantilever Arm erected 13 Nov. 1915
South Abutment completed 28 Nov. 1913

12

South Anchor Pier completed . 28 Nov. 1913
South Approach Span erected . . 30 July 1914
South Main Pier completed . : ; 1 July 1914
South Anchor Arm erected ; ? : 8 Nov. 1915
South Cantilever Arm erected : Sept. 1916
Suspended Span swung on supports at Sillery 20 July 1916
Suspended Span lost while being hoisted to

position . : ; : : : 11 Sept. 1916
Suspended Span (new) floated from Sillery to

Site : ; g 17 Sept. 1917
Suspended Span connected in final position 21 Sept. 1917
First Train over the Bridge 17 Oct. 1917
Bridge open for regular Train Service ; 3 Dec. 1917
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THE STORY
HE story of the Bridge is briefly told in the following ‘“ fell into the river. Omne might think that in the face of
editorial which appeared in the Engineering ** this second discouragement the engineers and contractors
News - Record of New York under date of ‘“ responsible might have wavered in their determination
September 27th, 1917 : 3 ‘“ to proceed.” But he who thought so failed to reckon with

the mettle of the men in charge. The wires had not
finished sending the story of the lost span to the world
when announcement was made that it would be rebuilt
and erected by the very method employed last year.
The promise of that announcement has now been ful-
filled. What changes there have been from the previous
erection plan are only in details. They are described
elsewhere in this issue.

“In the engineering world the name Quebec has for
‘“ half a generation been associated with a great prospective
engineering triumph. Twice the hopes of success have
been dashed, but never in the heart of the true engineer
was there doubt that the enterprise would be brought to a
successful completion.

“ Now the great hopes are realized. The greatest of
cantilevers stands closed across the St. Lawrence.

“ Just ten years ago the south half of the first bridge * Before closing the final chapter in the design and
crumpled under its own weight, dragging a hundred men erection of this remarkable structure, it is proper to
‘“ to their death. The investigations and discussions that ‘' record the debt that bridge-builders owe to the work at
followed destroyed that first project to its very roots. “Quebec. It has advanced greatly our knowledge of the
But new leaders were found, new ideas developed. On problems of large compression members and of tension
the wreckage of the old there arose the finest creation bars. The effects of distortion in trusses were explored
of bridge-building that any generation has seen. farther than before and means devised for dealing with

‘“ What courage was required to attack the work anew ““such effects. Much knowledge has been added to our
‘“ can be realized only when one recalls the extent of the " store of experience on the assembly of heavy members,
“ defects revealed in the old design. True, these dis- ‘ while new standards were set as to degree of precision
‘‘ coveries were warnings for the succeeding designers, ““and finish in shopwork. Then there is, beyond all this,
““but impressed with the terribleness of the first ex- " a great gain in our general grasp of the problem of very
* perience their work could not but be haunted by visions ' large bridges as to practicability and cost.
‘“ of what had happened in that dark August of 1907. The ‘* But these are the gains of the profession as a whole.
‘ new structure from the start gave evidence of the masterly ‘“ To the individual engineer the great value of the achieve-
‘“hands responsible for it. A new truss design was de- ‘“ ment lies in the inspiration emanating from the courage
‘* veloped, the shopwork was of marvelous precision and ‘“ of the men who have erected on the failure of 1907 and
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finish, the erection novel and courageous. “ the loss of 1916 this greatest of bridges—and in so doing
‘* Yet, despite the most careful study and precautions, not only have erected a monument to themselves and
‘“a second accident marred the record of the structure, ‘* their courage and ability, but have vindicated the pro-

‘“ when last year the suspended span, while being hoisted, ‘* fession before a doubting world."

‘
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THE FORTH BRIDGE (One of the two Main Spans)
(NEAR EDINBURGH, SCOTLAND)
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4—Elevations, to the same scale, of the Quebec and other great cantilever bridges
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5—Photograph of the Phoenix Company’s bridge taken August 28, 1907, showing condition of the structure just previous
to its failure
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7—General view after the collapse from the anchor pier Northwards
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8—Other Designs on which tenders were submitted:
Fig. 1 is the Official Design exhibited when the call for tenders was advertised
Fig. 2 is a modification of the Official Design
Fig. 3 is one of the alternative designs submitted by the St. Lawrence Bridge Company
Fig. 4 is a German design submitted by Machinen-Fabrik, Augsburg, Nuremburg

Fig. 5 is a suspension bridge submitted by the Pennsylvania Steel Company
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the South shore had running rights over the Grand Trunk
Railway and the Canadian: Pacific Railway served the North
shore. Direct rail connection was thus established with the
bridge on both sides of the River by the shortest routes.
A good supply of efficient labor at Montreal also had its
influence on the choice of a manufacturing site.

Plate 9 shows a general plan of the shops. The shops
were constructed of steel and masonry and made fireproof
throughout. Although they were established for the manu-
facture of this bridge only, it was considered prudent to incur
the extra expense of fireproof buildings for the sake of
minimizing the risk of delay through fire.

The cost of the shops and their equipment was about
$1,300,000.

The specifications adopted were exacting as regards
quality of material and manufacture. The Contractors
realized that the structure could be properly erected and
without difficulty only if the utmost precision in lengths,
fitting and connections should be attained. Special machin-
ery was provided; all important holes were drilled; great
care was taken in assembling and rivetting the material
and to finish the ends and bore the pin holes of the mem-
bers perfectly square as well as to the exact lengths.

Plates 10, 11, 12, 13 and 14 show interior views of the
shops with some of the large members being manufactured.

The normal season at Quebec during which field work
can be successfully carried on is so short—some seven
months each year—that it was necessary to provide plant
that would allow the erection to proceed at the maximum safe
speed. Convenient storage yards were established both on
the North and South shores of the River equipped with
crane runways, 500 feet long, overhead travelling cranes,

83 feet span and of 70 tons capacity. Ample storage tracks
were also laid for the lighter material to be operated by
thirty-ton locomotive cranes. Offices and a completely
equipped boarding-camp were erected in which the engineers
and most of the erection force could be accommodated.

Plate 1 shows the locations of the main camp and the
North and South storage yards.

The design of the main erection travellers received
much consideration—indeed the designs of the bridge and
the travellers were to some extent interdependent.

These travellers are illustrated on Plates 15, 16 and
17, and will be seen in many of the progress photographs.

-The travellers were about 210 feet high from the rails on

which they ran to the top of the hoists. The travelling cranes
on top carried two 60-ton hoists which had a transverse
travel of about 14 feet, the maximum spread at which they
worked being 96 feet. The width of the tower was 54 feet
centres, its length 37 feet, and the length of the upper
trusses carrying the crane runway 151 feet. There were four
booms each 90 feet long capable of handling 15 tons and
there were small 7-ton auxiliary gantry hoists at the end
of the cranes for handling cages, pins and light work.
The weight of the traveller was 940 tons about equally
distributed on the two tracks when the cranes were at the
rear end for moving. When the traveller was lifting its
maximum loads the total reaction at the front end was about
1,300 tons. The traveller was carried by two rails on each
side, the inner rail being carried by the track girder of the
permanent floor and the outer rail by a girder placed tem-
porarily for the purpose, shown on Plates 17 and 37.

Steel falsework was provided for carrying the erection
travellers and the floor system of the anchor arm during its
erection. The permanent floor beams and stringers were
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