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COPY OF COMMISSION.

CANADA. =

GREY.
[LS.]

EDWARD THE SEVEN'I-‘H, by the Grace of God, of the United Kingdom of Great Britain
and Ireland, and of the British Dominions beyond the Seas, King, Defender of
the Faith, Emperor of India.

To all to whom these presents shall come or vqhom the same may in anywise

concern, G
REETING

Whereas, in and by an order of Our Governor General in Council, beazirg date

the thirty-first day of August, in the year of Our Lord one thousand nine lLiundred

and seven, provision has been made for an investigation by Our Commissiopers tperein
and hereinafter named into the cause of the collapse of the Quebec Bridge, in the

~goiige of construction over the St. Lawrence River,-near-the-City-of-Quebec; in the -

Province of Quebec, on the 29th August, 1907, and iuto all matters incidental thereto.

Now know ye, that by and with the advice of Gur Privy Council for Canada, We
do by these presents nominate, constitute and appoint Henry Holgate, of the City of
Montreal, in the Province of Quebee, Civil Engineer, John G. G. Kerry, of Campbell-
ford, in the Province of Ontario, Civil Engineer, and John Galbraith, of the City of
Toronto, in the Province of Ontario, Dean of the Faculty of Applied Science and
Engineering and Professor of Engineering in the University of Toronto, to be Our
Commissioners to conduct such inquiry.

To have, hold, exercise and enjoy the said office, place and trust unto the said
Henry Holgate, John G. G. Kerry and John Galbraith, together with the rights,
powers, privileges and emoluments unto the said office, place and trust, of right and
by law appertaining, during pleasure. ‘

And we do hereby, under the authority of the Enquiries Act, Chapter 104, of the
Revised Statutes, 1908, confer upor. Our said Commissioners the power of summon-
ing bofore them any witnesses, and of requiring them to give evidence on oath,
or on solemn afirmation, if they are persoms entitled to affirm in civil matters, and
orally or in writing, and to produce such documents and things as Our said Commis-
sioners shall deem requisite to the full investigation of the matters into which they
are hereby appointed to examine. :

And We do hereby require and direct Our said Commissioners to report to Our
Governor General in Council the result of their investigation, together with the
evidence taken before them, and any opinion they may see fit to express thereon.

In testimony whereof, We have caused these Our letters to be made patent, and
the Grozt Seal of Canada to be hereunto affixt i. “Witness, Our Right Trusty and
Right Well-beloved Cousin the Right Honourable Sir Albert Henry George, Earl
Grey, Viscount Howick, Baron Grey of Howick, in the County of Northumberland,
in the Peerage of the United Kingdom, and a Baronet; Knight Grand Cross of Our
Most Distinguished Order of Saint Michael and Saint George, &c., &c., Governor
General and Commander in Chief of Our-Dominion of Canada.

At Our Government House, in Our City of Ottawa, this thirty-first day of

August, in the year of Our Lord One thousand nine hundred and seven, and in the-

Seventh year of Our Reign.
By Command. . F. COLSON,
Acting Under-Secretary of State.
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Extract from a Report of the Commitiee of the Privy Council, approved by the
Governor General on the 81st August, 1907.”

On a memorandum, dated 30th August, 1907, from the Acting Minister of Rail-
ways and Canals, representing that under date the 30th August, 1907, the Deputy

‘Minister and Chief Engincer of the Depertment of Railways and Canals advises that

the Quebec Bridge, so-called, in course of construction over the St. Lawrence River
near the City of Quebec, by the Quebec Bridge and Railway Company, collapsed on
tho 20th August, 1907, causing loss of life and property,

That he states that it is his opinion that a commission should issue to three

competent engineers empowering them to make an investigation, under oath, into
the cause of the collapse of such bridge, and into all matters incidental thereto, and
that this action should be taken immediately in view of the grave situation and the
circumstances of the case. He f1rther suggests the names of Mr. Henry Holgate,
Civil Engineer, of Montreal, Mr. J, G. G. Kerry, Civil Engineer, of Campbellford,
Ont., and Professor John Galbraith, of the University of Toronto, as Commissioners
for this purpose, and advises that the remuneration paid to each Commissioner be at
the rate of Fifty Dollars a day and all expenses in connection therewith.

The Minister, concurring in tha view taken by the Deputy Minister and Chief
Engineer, recommends that authority be given, in pursuance of the Act of the Revised
Statutes of Canada, 1906, Chapter 104, Part 2, “An Act respecting public and
departmental inquiries,” to appoint Messrs, Holgate, Kerry and Galbraith as Com-
miesioners to investigate and report upon the said matter, such investigation and
report—but without thereby limiting the scope of the inquiry—to embrace and
especially deal with the several questions suggested by the Chief Engineer.

The Minister further recommends that the salary to be paid to each of the said
Commissioners be at the rate of Fifty Dollars (250.00) a day for the days of actual
service in connection with this inquiry, together with all reasonable living and
travelling expenses defrayed in connection therewith,

The Committec submit the same for approval.

F. K, BENNETTS, .
Ass’t Clerk of the Privy Council.
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REPORT TO HIS EXOELLENCY THE GOVERNOR GENERAL IN
COUNCIL

May IT PLEASE YOUR EXCELLENCY:

The Royal Commission appointed by commission dated the thirty-first day of
August, A.D, 1907, to inquire into the cause of the collapse of the Quebec bridge,
begs to present its report as follows:—

The members of the commission were appointed on August 80, 1907, the day
following the accident, two of them proceeding to Quebec the same day, the third
iiiember arriving there on Scptember 4. The formal commission was received-on
September 9. The taking of evidence at Quebec was commenced on the afternoon of
September 9, and continued until September 24. On September 25 the commission
went to Ottawa, and took evidence on September 26 and September 27. An adjourn-
ment was taken for the week ending October 5, On October 7 the commission
reassembled in Quebec, and engaged in further examination of the wrecked structure
and in study of the plans and documents. On October 14 the commission met in
New York, and commenced the first examination of Mr. Theodore Cooper, consulting
engineer of the Quebec Bridgo Company, which continued until October 22. From
October 23 until November 22 the commission was engaged in the taking of evidence
and the collection of information in Phwnixville and Philadelphia. During this
period two members of the commission visited the works of the Central Iron and Steel
Company at Harrisburg, Pa., and other steel and bridge works which had no direct
connection with the manufacture of the Quebec bridge were inspected. A second visit
was paid to Quebeo from November 28 to December 3, and on December 8 one
member of the commission visited New York to further examine Mr. Cooper, return-
ing December 8. On January 14 two members of the commiesion went to Phenix-
ville in order to msake certain tests, returning on January 23. Since November 23,
with the exceptions above mentioned, the time of the commissioners has been spent
in Montreal in examination and discussion of evidence and in preparing this report.

We understand that the commission instructs us to determine to the best of our
ability the cause of the collapse of the Quebec bridge, and to thoroughly investigate
any matters appertaining thereto which might enable us to explain that cause. We
do not think that either the general design of the Quebec bridge, the methods of
financing the enterprise, the payments of money that have been made to or by the
company or in its interest, or the obligations that the company has undertaken under
various contracts and agreements have direct connection with the fall of the bridge.
In the coursoe of our investigations we have secured a large amount of general informa-
tion on these and other matters not directly pertinent to the object of the inquiry,
gome of which have been introduced into this report so that the history of the under-
‘taking might be more readily followed. We have not considerod the scope of onr
inquiry limited concerning any matters which, in ocur judgment, related to the collapse
of the bridge. .

Some of our various inquiries have yielded negative results, but these are dealt
with at some length in the report to make it clear that the subjects of theso inquiries
have not been overlooked. :

In carrying out our. instructions we have made the following investigations:—

(a) A study of the history of the Quebec Bridge and Railway Company, the
evidence at our. disposal being copies of the various public acts concerning it, the
minutes of the directors’ meetings, the reports of its officials, its annual reports, its
correspondence and copies of the agreements and contracts that it has made.
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) A perusal of the entire correspondence on file in the oﬁices of the Quebec
Bridge and Railway Company, the Phenix Bridge Company and Mr, Theodore
Cooper.

(¢) A study of the working organizations of the Quebeo Bndgwe and Railway
Company, the Phenix Bridge Company and the Phenix Iron Company. This
involved the hearing of a number of witnesses under oath, anhd the examination of

the various documents produced by these witnessea on direction of the commission and
filed as exhibits.

(d) A personal mspectxon of the furnaces and rollmg mllls by which most of the
metal that was used in the bridge was produced. The testing equipment at each of
the works was examined, and the file of the records of tests made by the inspectors
during production was gone over.

(e) A study of the methods used in the fabrication, transportation and erection

/Of the bridge. This consisted of inspection of the shops of the Thenix Iron Company,

“in which all the metal was fabricated, and an examination of the plans, records,
correspondence and photographs on file in the office ~¥ the Pheenix Bridge Company.
The fabricated material for the north half of the bridge was also inspected, and check
measurements were taken to determine certain questions of workmanship.

(f) A study of the errors in ‘workmanship detected by the several inspgctors
during the progress of the work, the evidence available being the record books kept
by the shop inspectors for the Phenix Bridge Company and for the Quebec Bridge
and” leway Company, the “fisld corrections’ eent by the Phenix Bridge Company’s
resident engineer to the erection department of that company, and the weekly reports
made by the mspector of erection for the Quebec Bridge and leway Oompany to
the consultmg engmeer

(9) An inquiry into the history of the erectxon of the bndge This mqmry was
made by obtaining direct evidence from witnesses under oath and by tracing out
through records and correspondence the details of all the major difficulties that had
‘occurred in the course of construction.

(h) An endeavour. to obtain from eye-witnesses of the dmaater a]l detaxls concern-
ing it. Sonie twenty-five witnesses were .examined for this purpose,

(#) An examination of the meteorological records for _the day of : the uccxdent and
for some time previous. The records of -the Observatory at Quebec and those kept
by the Pheenix Bridge Company’s staff were available for this purpose. . ‘

(1) A personal examination of the fallen structures made at different times and
occupying several -days, together with such surveys check measurements and photo-
graphs a8 wate considered necessary,

(k) A study of the methods . adopted in the dengn nf the bridge. Thxs study_
required an inspection of the draftmg office of the Phoenix Bridge Company and an
examination of the mass of prehmmary and final designs on file there. . The sworn
statements of all-the senior engineers formed an 1mportant part ;of the inquiry. :, -

(1) A chegking of the.stress sheets prepared iu the offices of. the Phwnix Bridge
Company, by comparison with the results obtained by Mr. C. C. Schneider, consulting
.engineer, who was employed subsequent.to’ the disaster by the Department of lewaw
and - Canals to report to it upon the design - of the bndge g “t

(m) A comparison of the organization and specifications used for the' Q\lebeo
bndge with those used for existing great ¢antilever bridges on ‘this continent. .

(n) A rdplottmg of the records of tests made on full-siZed:compression members,
and a comparison of the design for tho principal compression’ cliords of th¢ Quebeo
bridge with ‘similar designs for other great cantilévers.” In this connection special
teats. were made both by the Phcam.x Brndge Campany and by the commisslon, the
detaxhs of which are given:* .. . - ., . ... IR NI

- £9) ‘A dtudy: of the theory of- cOmpressxon memb°1‘s, stdndaxd booka, tranlectnons
of techmc’al societies and professional:journals-being -eonsulted.. . The purpose-of -this
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part of the inquiry was to determine how thoroughly the desiguers of the bridge
availed themselves of the professional knowledge at their disposal. : '

Your commissioners desire to ackmowledge the hearty co-operation throughout
the inquiry of all officials - of the companies directly' concerned, Messrs. Cooper,
Szlapka, Deans and Hoare especially have, in our judgment, made every effort in their
power to-assist us to establish the facts and have not attempted to spare themselves.

Some clearly contradictory statements are to be found in the evidence given in
the early days of the inquiry by certain witnesses on whom the burden of the disaster
fell. These statements may be attributed to the nervous tension under which tha
witneases were labouring at the time,

Your commissioners find: ‘

(a) The collapse of the Quebec bridge resulted from the failure or the lower
chords in the anchor arm near the main pier.  The failure of these chords was due to
their defective design. - . , ,

(b) The streases that caused the failure were not due to abnormal weatl.cr
conditions or accident, but were such as might be expected in the regular course of
erection, : o
. (¢) The design of the chords that failed was made by Mr, P. L. Szlapka, the
designing engineér of the Phenix Bridge Company.

(d) This design was examined and officially approved by Mr. Theodore Cooper,
consulting engineer of the Quebec Bridge and Railway Company. -

‘ (e) The failure cannot be attributed direotly to any cause other than errors in
judgment on the part of these two engineers. .

" (f) These errors of judgment .cannot be attributed either to lack of common
professional knowledge, to neglect of duty, or to a desire to economize. The ability
of the two engineers was tried in one of the most difficult professional yroblems of
the day ard proved to be insufficient for the tesk. '

, " (g) We do not consider that the specifications for the work were satisfactory or
sufficient, the unit stresses in particular being higher than any established by past
practice. The specifications were accepted without protest by all interested. .
. (M) A grave error was made in assuming the dead load for the calculations at
too low a value and not afterwards revising this assumption. This error was of eyfi-
cient magnitude to have required the condemnation of the bridge, even if the details
of the lower ehords had been of sufficient strength, because, if the bridge had been
completed as designed, the actual stresses would have been considerably greater than
those permitted by the specifications. This erroneous assumption was made by My,
Szlapka and accepted by Mr. Cooper, and tended to hasten the disaster.

(5) We do not believe that the fall of the bridge could have been prevented by
any action that might have been taken after August 27, 1807. Any effort to brace or
take down the structure would have beeri impracticable owing t6 the manifest risk of
human life involved. ' : '

(7) The lose of life on August 20, 1907, might have been provented by the exer-
‘¢ise of better judgment on the part of those in responsible charge of the work for the
Quebec Bridge and Railway Company and for the Phenix Bridge Company. :

(k) The failure on the part of the Quebes Bridge and Railway Compeny to

appoint an experienced bridge engineer to the position of chief engineer was a
mistake. -This resulted in a loose and inefficient supervision of all parts of the work
on the part.of the Quebec Bridge and Railway Company. - ' :
" (1) The work done by the Phenix Bridge Company in making the detail draw-
ings and in planning and carrying out the erection, and by the Phenix Iron Company
in fabricating the material was good, and the steel used was of good quality, The
serious defects were fundamental errors in design. =~ .

... -.(m) No. one.connected with the general designing fully appreciated the mdgni-
tude of the work nor the insufficiendy of -the data upon. which they were depending, - -
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The special experimental studies and investigations that were required to confirm the
judgment of the desigrers were not made.

(n) The professional knowledge of the present day concerning the action of steel
columns under load is not sifficient to enable engineers to economically design such
structures as the Quebec bridge. A bridge of the adopted span that will unquestion-
ably be safe can be built, but in the present state of professional knowledge a
considerably larger amount of metal would have to be used than might be required if
our knowledge were more exact. } -

(0) The professional record of Mr. Cooper was such that his selection for the
authoritative position that he occupied was warranted, and the complete confidence
that was placed in his judgment by the officials of the Dominion government, the
Quebec Bridge und Railway Company and the Phanix Bridge Company was deserved.

Owing to the necessity of having the evidence taken in the United States sworn
to before a British consul, written questions were submitted to each witness examined
in the United States, and written answers were returned after an interval of some
days. _ ) :

The commission is greatly indebted to the following gentlemen who have most
courteously furnished information: Mr. Charles Macdonald, formerly chief engineer
of the Union Bridge Company, contractors for the superstructure of the Memphis
cantilever bridge; Mr. H. W. Hodge, of Messrs. Boller & Hodge, engineers of the
Monongahela cantilever bridge; M. Ralph Modjeski, of Messrs. Noble & Modjeski,
engineers of the Thebes cantilever bridge; Messrs. Ingersoll & Seamnan, of the Depart-
ment of Bridges of the City of New York, and Messrs. Reynders & Kunz, of the
Pennsylvania Steel Company, respectively, engineers and contractors for the super-
structure of the Blackwell’s Island cantilever bridge.

We are also indebted for professional advice and assistance to Professor Mans-
field Merriman, Professor W. (. Keruot, Professor W. H. Burr, Professor Edgar
Marburg, Professor H. M. MacKay, Professor G. T. Swain, and Messrs. W. R,
Webster, T. K. Thomson and E. W. Stern, consulting engineers.

‘The technical investigations have been by far the most arducus and difficult part
of our inquiry, and it is questionable whether they could have been brought to any
conclusion without the assistance that these men of expert training and experieuce
bave 8o freely given. ) ,

We have set forth the facts which have convinced us of the soundness of our fad-
ings in the accompanying appendices, each of which is an independent discussion
dealing at length with some one phase of our inquiry. The subjects of thess appen-
dices are as follows:— ’

1. The evidence given before the commission of inquiry;

2. The exhibits filed with the commission of inquiry; . ,

3. The history of the Qucbec Bridge and Railway Company up to the end of the
month of August, 1903; ) e

4. The Phenix Bridge Company;

5. The effect of financial limitations upon the design of the bridge and a disous-
sion of the evidence relating to this;

8. The history of the development of the specifications and a discussion of the
evidence relating to it; : ' . '

7. A description of the organizations and staffs maintained by the different
corporations interested in the erection of-the bridge; :

8. A history of the development of the plans and of the methods followed in the
designing offices; _ oo

9. Material, shop work and inspection;

10. Transportation and erection; ‘ :

11’ A discussion of the difficulties that arose during erection and of the events
at tho time of the collapse of the structure; :
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13.. A description of the fallen structure; )

13. An examination of the various full-sized column tests that have been made
in America, acoompanied by diagrams showing the results of these tests; )

. 14, A comparison of the stresses in the several members of the main trusses com-

puted from the bridge as finally designed, with the stresses authorized by the specifica-
tions. This comparison was made by Mr. C. C. Schneider, consulting engineer, and is
embodied in his report to the Department of Railways and Canals,

15. A deacription of the various experimental researches that have been made in
connection with the building of the Quebec bridge and during this inquiry;

16. A discussion of the theory of built-up compression members;

17. A comparison of the design for certain chords of the Quebec bridge with those
for similar members of other great cantilever bridges illustrated with outline drawings
of the bridges and copies of the shop drawings of the chords; :

18 A'critical discussion of certain parts of the specifications;

19. Miscellaneous information.

* All which s respectfully submitted.

HENRY HOLGATE,
. Chatrman.
T . J. G. G. KERRY,
I . J. GALBRAITH.
MoxTreAL, February 20, 1908,

(Note.—Appendices Nos. 1 and 2 will be found in another volume.)
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APPENDIX No. 3.

THE HISTORY OF THE QU’EBEO BRIDGE AND RAILWAY r9, UP
TO THE MONTH OF AUQGUST, 1903.

The bridging of the St. Lawrence river at or near the city of Quebec has been a
subject of consideration for many years.

In 1852 Mr. Edward William Serrell, the engineer of the Lewiston and Queenston
suspension bridge, at the request of the City Council of Quebec, examined ‘the
lecality, and in a very complete report recommended a site for a bridge which is
practically the same as that finally selected by the Quebec Bridge Company. At this
site it was proposed to erect a suspension bridge for both railway and highway traffic.

From time to time other engineers investigated this project, and in 1884 Mr.
A. L. Light, who had recently completed the construction of the Quebee, Montreal,
Otitawa and Occidental Railway, submitted a plan to the Quebec Board of Trade,
which was endorsed by Mr. James Brunlees, M. Inst, CE. T

None of ‘tbés’é'échéméé,”biivbeirér,' were seriously considered, there being no good
commeraial reason at that time to warrant the carrying cut of 8o great a project.

HISTORY OF LEGISLATION,

A company to be known as the Quebee Bridge Company was incorporated in. -
1887—50-51 Vie. chap. 98—with a capital of one niillion dollars and with power to.
issue bonds; the provisional dircctors beiug Hon. J. G. Ross, Lt.-Col. Rhodes, R. R.
Dobell, Hon. Thomas MecGreevy, Lt.-Col. J. B. Forsyth, Gaspard Iemoine, Eugene
Chinie, H. M. Price, Joseph Israel Tarte and Cyrille Duquet.

The company was given power to build and operate a railway bridge across the
St. Lawrence river and to adapt it to the use of foot-paesengers and vehicles. It
might also construct lines of railway to connect the bridge with existing or future
railways on each side of the river. Work of construction was to be commenced within
three years, and to be completed within six years of the passing of the Act. The site
and all plans required the approval of the Governor in Council, and all tolls to be-
charged by the company were subject to similar approval. This Act provided that
should a change in ownerghip take place, the property should coutinue to be operated
under the provisions contained in it and in the Railway Act.

* The Quebec Bridge Company was unable to carry out the work required by the
Act of 1887, and in 1891 an Aect of Parliament was passed (54-55 Vie., chap. 107),
which revived and re-enacted the Act of Incorporation, but amended it to the extent
that the work should be commenced wihin three years and completed within six
years from the date of the passing of the Act, in July, 1801, . ,

Again, the company was unable to carry out the project, and in 1897 an Act wae
passed (60-81 Vic., chap. 69), reviving previous legislation and extending the date of
completion of the work to J une, 1902,

The company again applied to pardiament for extension of time, and by an Act
of 1900 (68-64 Vie., chap. 115) the time for completion was extended to June, 1805,

On October 9, 1900, an order in council was pnssed authorizing an agreement to-
be entered into between the government and the Quebec Bridge Company, which
provided for the granting of a subsidy of one million dollars to the Quebec Bridge
Company, one-third of which sum was to be applicable to the substructure and

approaches, and two-thirds to the superstructure. In this agreemont, the company
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undertook -to complete the bridge, all plans to be subject to"the approval of the
Governor in Council. The work having already been commenced., the agreement
provided that it sliould be completed by January 1, 1903, failure in complying with
this condition to be followed by the forfeiture of all right or title to any part of the’
subexdy Certain specifications which are signed by E. A. Hoare, M, Inst,, O.E,, chief -
engineer of the Quebec Bridge Company, and dated September 1, 1808, were made
part of the agreement which was completed on November 12, 1800 (Suboxdy Agreo-
ment 13988 Ex, 192).

The province of Quebes in March, 1800 (63 Vie., chap 2) granted a subsidy to
the Quebec Bridge Company to the amount of $250,000, upon condition that the city
of Quebec would grant a like amount; and on June 1, 1800, the city of Quebec voted
a subsidy of $300,000 to the same company, provided that tha company lay its term-
inus within the limits of the city of Quebeec.

By -Act of ‘Parliament-in- 1903 (8 Edward VIL, chap. 177), the name of the
company was changed to the Quebec Bridge and Railway Company, and the work was

declared to be for the general advantage of Canada. Further powers were granted, -

authority was given to issue preference shares, and the bond issue was fixed at
£6.000,000, with the right to issue further bonds covering any property that might be
thereafter acquired.

The company was also empowered to enter into agresment with the government
of Canada in reference {0 a guarantee of the bonds of the company, and for granting
and conveying the bridge and property of the company to the government. The time

--for- completion--was-extended-to-July, 1910,

Pursuant to the power granted under the Act of 1903, the Quebec Bridge and
Railway Company entered into an agreement with the government of Canada on
October 19, 1903, which agreement was confirmed by Act of Parliament on October
24, 1903 (3 Edward VII., chap. 54). By this Act the government undertook to guar-
antee the bonds of the company, the bond issue was fixed at $6,678,000, and the
corapany was authorized to redeem the outstanding stockt on certain conditions. The
number of directors was increased to eleven, and the QGovernor in Council had the
right to appoint three of these. Nothing in this Act authorized the government,
without consent of parliament previously obtained, to exercise its right to take over
the undertakmg

The above is & brief summary of the legislation that has affected the company
from its inception to this date (February 20, 1908).

HISTORY OF PROGRESS.

At the annual general meeting of the Quebec Bridge and Railway Company,
held Apri’ 1897, the president, Lt.-Col. J. B. Forsyth, reported that subsequently
- 1o 1888 Mr. ... A. Hoare had carefully surveyed the St. Lawrence river on both sides

from Que’ec to the vxclmty of the Chaudidre, and had reported that a bridge could be
‘built at three sites, viz.:— .

1st, at Cape Diamond;
9nd, at Point-a-Pizeau; and :
8rd, near the mouth of the Chaudidre river.

After consideration of Mr. Hoare's report by the board, the macter was referred
to Mr. Walter Shanly, who visited the different sites, and reported in 1889 in favour
of the third of those above mentioned. Mr. Collingwood Schreiber, the chief engineer
of the Department of Railways and Canals, also endorsed the Chaudidre sitée in his
report of February 28, 1891, which report was presented :to parliament (Return No.
16, Secesion of 1891). At this meeting the Cheudidre site was finally adopted by the
company. The president, Lt.-Ool, Forsyth, havmg remgned, his place was taken by
the Hon, 8. N. Parent. ,
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On June 16, >1897, Mr. E. A. Hoare, the engineer of the Quebec Bridge Company,-:
wrote to the president of the Phoonix Bridge Company asking if any of their engineers
expected to attend the annual convention of the American Society of Civil Engincers,

Quebec and met Mr. Hoare and othera conneoted with the Quebec Bridge Company.
Hon, R. R. Dobell, one of the directors of the company, took many of the visiting

engineere on an excursion to the site and explained the project to them. Mr, Theodore

Cooper was one of the party who visited Quebec at this time and then first learned of
the proposed work, and on J uly 7, 1897, Mr. Deans, of the Phenix Bridge Company,
wrote to Mr. Hoare stating that Mr. Cooper would be glad to give the Quebec Bridge
Company the benefit of his extended experience, As stated by Mr. Deans, Mr. Hoare
promised to send him a profile of the river crossing at the proposed site, and - *her
general information necessary for the purpose of preparing a tender on the work should
his company be asked to make one.” This Mr. Hoare did, and the matter was at once
taken up by the Phonix Bridge Company, and on November 30, 1897, they completed
their first preliminary general plan for the bridge. This plan was altered, and on
December 7, 1897, a new plan was completed, and was sent to Mr. Hoare,

The Quebec Bridge Company, early in 1898, applied to the Railway Committee of
the Privy Council for approval of the plans and proposed site of the bridge, which

application’is”datéd‘iTﬁh‘udi-y 13, 1898, and is signed by Messrs, S. N. Parent, Ulric
Barthe and E. A. Hoare, and as to the superstructurd it! is identioal with the dlan
made by the Phanix Bridge Company, and dated December 7, 1897,

The site of the bridge and the positions of the piers and abutments were approved
as showa on the plans. The bridge had a clear width of span over the channel of
1,200 feet, and a clear height of 150 feet from extreme high water, the clear span
between pier centres being 1,600 feet. The plans of all details were made subjeat to
the approval of the chief engincer of the Department of-Railways and Oanals béfore

" work could be commenced, and also subject to the approval of the QGovernor in

Council upon the joint report of the Minister of Railways and Canals and the Minister
of Public Works. The order in council conveying this approval was signed May 16,

1898 (Ex. 2).

On July 2, 1898, the board of the Quebes Bridge,(}ompanyrpassed a- resolution
instrueting Mr, E. A, Hoare, their chief engineer, to put himself in communication
with Mr. Schreiber, and the secretary was instructed to write to the Right Honourable

Sir Wilfrid Laurier, asking him to give,instruetions»to_ the-chief engineer of the

-~ Department of Ra lways and Canals to put his"bridge enginesr in communiecation

with Mr, Hoare, so that suitable specifications for the proposed bridge might be
prepared, to be used when calling for tenders (Ex. 4). These instruetions were carried
out, and Mr. Hoare conferred with Mr. R. G Douglas, the bridge engineer of the
department, ‘and the specifications were prepared. On August 26, 1898, these general
epecifications were submitted to Mr. Schreiber and were approved by him as quite
satisfactory on August 31, 1898 (Ex. 8).

The specifications thus approved by the Department of Railways and Canals were

On September 6. 1898, the Quebee Bridge Company instructed their secretary
to issue circulars inviting tenders; the date for receiving the same was madp January
1, 1899, but subsequently this was changed to March 1, 1899, : .

In accordance with these instructions, the secretary issued a circular (Ex. 6)
sending with each copy a section of the viver showing the clearances required, and

also specifications for a cantilever bridge; if any tenderers proposed a suspension
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bridge they were_to.furnish complete -specifications. . A form of -tender was sent-to — -
each party, which called for lump sum ptices both for substructure and superstructure,

In response to this circular, tenders were received from the Keystone Bridge
Company, of Pittsburg, for a cantilever bridge; from the Dominion Bridge Company,
of Montreal, for both a cantilever and a suspension bridge; from the Phenix Bridge
Company, of Pheonixville, for both a cantilever and a suspension bridge; from the
Union Bridge Company, of New York, for a suspension bridge, and from the New
Jersey Steel Company, of Trenton, for a cantilever bridge. Tenders for substructure
were recoived from Wm. Davis & Sons, of Oardinal, Ont., and from the Engineering
Contract Company, of New York, The New Jersey Steel Company subsequently
withdrew their tender, - » ’

At this date, March, 1899, the Quebac Bridge Company were not in a position
financially to let a contract for any portion of the proposed structure, but the board
considered that the prospects of obtaining funds were sufficiently promising to
warrant the calling for tenders.

The construction of this bridge, being a task of unpredecented magnitude, the
board, on February 23, discussed the appointment of a consulting engineer, and the
names of six prominent engineers were considered, with the result that the secrotary
was instructed to write to Theodore Cooper und to ask him if he would consent to
act. This instruction was carried out on the same day.

On March 28, 1899, Hon. 8. N. Parent, Mr. Hoare aud  Mr. Barthe met Mr.
Cooper in New York, and it was arranged that Mr. Cooper would -examiine and Teport
upon the plans and tenders received for a certain fee. This agreement was confirmed
by interchange of letters. _

All plans and. tenders were accordingly sent to Mr. Cooper.

. During the period when these plans and tenders were in the hands of Mxr. Cooper,
the Pheenix Bridge Company kept in close touch with Mr. Cooper and Mr. Hoare, and
reference may be made to Mr, Deans’ letters of April 14 and April 19, 1899, addressed
to Mr. Hoare. =~ L
) The correspondence of the officials of the Phenix Bridge Company at this stage
indicates a strong desire to obtain a favourable report from Mr. Cooper as a prelim-
inary to securing the contract for the work at a later date, and the Jetters from the
officials of the Quebec Bridge Company to the Pheenix Bridge Conpany indicate a
desire to assist it in this direction. ' ‘ ‘
~The apparent reason for this atate of affairs is that the Phonix Bridge Company
were, a8 far a8 we can learn, the only tenderers who felt and expressed confidences in
the Quebec bridge project, and had prepared all of the preliminary plans for it. The .

- Quebec Bridge .Company. therefore inclined more favourably towards them, and the
relations were mutually friendly. ) ’

As to either party influencing Mr, Cooper or causing him to modify his ideas so -
a8 to favour any tender, such a suggestion is, in our opinion, quite out of the ques-
tion, and we believe that Mr: Cooper made his decisions and gave his opinions with
absolute honesty. o . ‘

On June 28, 1899, Mr. Cooper reported to the Quebes Bridge Company upon the
tender anbmiited {Exhibit 9), the foilowing being an extract from his report =—

‘From the facts and consideration as stated above, I find the cantilever super-
structure plan of the Pheenix Bridge Company an exceedingly creditable plan from
the point of view of #s general proportions, ouitlines and its constructive features,

‘I also find that it is designed in uccordance with your specifications.

‘ The tender accompanying this plan is the lowest in price, and is the most favour-
sble as to the prospective duties upon the materials to be used in its construction.

‘I therefore hereby conclude and report that the cantilever superstructure plan
of the Phmnix Bridge Company is the “beést and cheapest ” plan and proposal sub-
mitted to me for examination and report. ' :
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‘I likewise reéport that the general plan and proposals for the substructire made
by the Engineering Contract Company and by Messrs. Davis & Sons are both satis-
factory and at favourable terms.

Mr.. Cooper also advised that further investigation be made b7 boring and by
sinking trial shafts to determine the best position for the piers, and suggested that,
as the surveys that Lad been made up to date were not sufficient, in any contraoct that
might be raade, thera should be provision for changing the length of spans within
reasonable Jimits, for modifying the carrying capaoity of the structure and for increas-
ing or decreasing the construction quantities, : S

Mr. Cooper’s report of June 23, 1899, was received, and was laid before the board
of the Quebec Bridge Company on June 29, when it was reeolved :-—

‘That & copy of Mr. Cooper’s report, with superstructure plan of the Phwnix
Bridge Company, and the Keystone, and Wm. Davis & Sons’ substructure plan be
sent immedintely to the Right Honourable Sir Wilfrid Laurfer.’

No positive action was taken as to the tenders, and no one of these was formally
accepted then or at a later date, ~ .

The full report of M. Cooper is appended (Exhibit 9), and it will be observed
that he believed that the cantilever designs were the most favourable owing to their
lower cost, and thece designs were therefore more critically examined than were those
of suspension bridges. The comparison of tenders was narrowed down by a process
of elimination, to two cantilever designs, those of the Keystone Bridge Company and
of the Phoenix Bridge Company, both of which were “acceptablo designs.’ _After
making due allowance for cost of foundations so as to put the cost of superstructure
on an even basis, Mr. Cooper found that the tender of the Keystone Bridge Company
for superstructure was 82,462,119, and that of the Phenix " Bridge Company was
$2,438,612, making a difference in favour of the Phey:}. Bridge Company’s tender of
$23,607; if duty were charged, this amount would be further increased by $97,768,
owing to the greater weight of steel in the Keystone design, ~

The estimated weight of steel as per tenders was:—

Keoystone Bridge Compeny, in gross tons.. .. B 1))
Phenix Bridge Company, in gross tons.. v e e e .. 92,086

Difference in favour of latter, gross tons.. .. .. e e 0. 4444

The tenders show the average price of steel per gross ton a3 follows, all erected
and completa ;- :
Phenix Bridge Company.. .. .. .. . .. .. cv e vs oe 8108 94
Keystone Bridge Company.. .. .. ., ,. .. L ('

The tenders were lump sum prices for a completed atructure, provided that the
work was exeouted in accordance with the plans submitted and the unit prices of steel
per ton were given in the tenders solely as a basis for computing progress estimates,

In view, however, of the fact that at a subsequent date a contract was made with
the Phmnix Bridge Company at g price per pound and not on a lump sum basis, it
should be noted that, having the above figures before them, the Quebeo Bridge Com-
pany did not ask for new tenders for the eteel work on a pound or ton basis, and also

estimated weight by nearly 45 per cent. ' :

Negotiations were commenced with the Phenix Bridge Company, but that
company would not enter into a contract on account of the financial conditions of the
Quebec Bridge Company, .

Mr. Deans expressed himself as having full confidence in the scheme as a business
undertaking, and made efforts to assist the Quebeg Bridge Company by endeavouring
to interest prominent American bankers in the projeot ; he was unsuccessful and all
the financial firms declined to invest in the securities of the Quebec Bridge Company
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‘owing to the fact that the probable immediate returns would not warrant them in '
taking the matter up. :

At this time, June, 1899, the Quebec Bridge Company had only a stock subscrip-
tion of $50,352.69, of which $26,684.74 had already been expended for surveys and
other expenses, '

In his report of June 28, 1899, Mr. Cooper advised that more information be
obtained with regard to the river-bed, so that the cost both of foundations and of
superstructure might be closely estimated before the length of the main span was
finally settled, and we direct your attention to all the evidence on this point, which
clearly shows that at the time of calling for tenders there was not sufficient information
to justify the action of the Quebec Bridge Company in fixing the positions of the
main piers, On Mr. Cooper’s advice further borings and examinations were made
under the supervision of Mr., Hoare. Dr. Ami, of the Dominion Geological Survey
made a report on these borings, which is appended. .

The information thus obtained was transmitted to Mr. Cooper on January 14,
and affer studying it, he reported to Hon. S. N. Parent, on May 1, 1900 (Ex. 11)
recommending a change of the main span from 1,600 feet to 1,800 feet, for the
following reasons:— :

‘First: The construction of the larger and deeper piers of the 1,600 ft. span will
require at least one more year than those for the 1,800 foot span.

‘Second: The contingencies of the construction of the deeper piers in the deeper
waters, where they.might possibly be subject in their incomplete condition to the
heavy ice floes of the main channel, would be far greater than for the piers further
in shore. :

‘Third: The effect upon any future financing, by reducing the time of construc-
tion and minimizing the real and imaginary contingencies.’

Mr, Cooper estimated that the additional cost of the changes he advised would be
$200,000 provided that modifications were made in the epecifications, which, in his
opinion, were both desirable and justifiable, and would in no manner reduce the carry-
ing capacity of the strueture or render it incapable of fully performing all its duties
satisfactorily, (Ex. 11.) _

Previously to the receipt of Mr., Cooper’s second report, the board, on August 14,
1899, requested.a meeting with the Phenix Bridge Company’s representative, and,
on August 21, Mr. Deans met the board and discussed the situation then existing.
On the following day the board decided to divide the work hetween the Phoenix Bridge

.. Company and.Mr, M. P. Davis.. On- August 23, the Hon. S: N. Parent wrote Mr, -
- Deans-stating that-the Quebec Bridge Company was ready to enter into a contract
with the Phenix Bridge Company, upon certan. conditions, which included the
modification of the specifications, and the terms of payment. The Phenix Bridge
Company were to accept their share of the $1,500,000 of subsidies or their equivalent
and the difference in bonds. Under the same date M. Deans wrote to the Hon. S. N,
Parent extending the privilege of ordering the work in whole or in part at the unit
prices named in the tender of March 1, 1899, for ‘say one or two years,’ on the
understanding that the prices would be modified in accordance with the variations in
the base price of metal and would be fixed by agreement betweon the engineers of the
two companies at the date of the final order for each part of the bridge. In so far as
the Phwnix Bridge Company was concerned, nothing came of these negotiations, but
‘an agreement for thb construction of the substructure was made at a later date with
Mr. M. P. Davis somewhat on these lines.

Matters made no further progress until the following spring when, at a meeting
of .the board on April 8, 1000, Hon. Mr. Parent stated that before concluding the
contract for the masonry there were questions to be settled with ‘the prospective
superstructure contractor, the Phonix Bridge Company.’ Messrs. Audette,A Breaky
and Lemoine were then delegated to meet Mr. M. P. Davis about his contract and

154—vol, i—2
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conditions of payment, and Messrs, Parent, Audette and Price were selected to repre-
sent the company at a meeting with the Phenix Bridge Company, which was subse-
‘quently held at Mr. Cooper’s office in New York. )

. The arrangements with Mr, M. P, Davis were concluded in the month of April,
although' the contract itself was not executed until June 19, 1900, and at the mecting
in New York, just mentioned, which was held on April 12, 1900, an agreement was
made and signed by the Hon. S. N. Parent, president of the Quebec Bridge Company,
and Mr. John Sterling Deans, chief engineer of the Phenix Bridge Company, whereby
the Quebec Bridge Company awarded the contract for the construction of the super-
structure and steel anchorages of the bridge to the Phenix Bridge Company upon
the cash prices tendered on March 1, 1899, subject to the modifications suggested by
Mr. Deans in his letter to the Hon. S. N. Parent under date of August 23, 1899, the
superstructure and steel anchorages to be ordered within three years from date. The
Phenix Bridge Company agreed to deliver the steel work for the anchorages within
four months after the approval of detailed plans, the price to be fixed at the date of
ordering the metal. This was done on June 15, and the price, which was 4:516 cents
per pound, was fixed in accordance with the terms of Mr. Deans’ letter of August 23,
1899, by a board consisting of Messrs. Deans, Cooper and Hoare.

The Phenix Bridge Company also agreed to complete all general and detail plans
for the entire superstructure with all pussible speed.

This agreement was approved by the Quebee Company’s board on April 21, 1900,

It appears, therefore, that the contract was awarded for the superstructure before
Mr. Cooper had reported upon the necessary change in span, and ‘that the agreement
of April 12 was really not in accordance with the tender of March 1, 1899, in that
this tender contemplated a lump sum price for the whole work, and not a price per
pound; the details of this matter will be referred to further on.

Mr. Cooper’s report (Exhibit 11) of May 1, 1900, was submitted to the board on
May 5, and was adopted. At the same meeting they appointed Mr. Theodore Cooper
consulting enginecer to_the_company in accordance with terms and conditions con-
tained in the minutes of the board of March 23, 1899. These terms and conditions,
however, we note, only applied to examining and reporting upon certain plans
submitted to Mr. Cooper, and the appointment then made was for a specific purpose
and was not in the nature of a permanent appointment as consulting engineer.

Mr, Cooper objected at a later date to the arrangement of the terms of remunera-
tion, and wrote to Mr. Hoare on July 26, 1901, suggesting as a basis of adjustment,
that his services as consulting engineer from April 11, 1800, to the completion of the
metal superstructure, be placed at a lump sum of $22,500, with an additional retain-
ing fee of $2,500 for each year exceeding three years that his services were required,
yearly payments to be not less than $3,750. This letter was submitted to the board,
and on August 7, 1901, was approved. The actual payments made to Mr. Cooper are
given in Exhibit 114, ‘

A the board meeting of May 5, 1900, the following resolution was passed :—

‘That the report of [heodore Cooper, consulting engincer, in date of May} 1
instant, recommending an 1,800 foot span instead of 1,600 feet, be adopted, and that
the Quebec Bridge Company’s engineers give instructions to the Phmnix Bridge
Company, contractors for the superstructure, to prepare plans accordingly without
delay, and also that the contractors for substructure, William Davis & Sons, be
informed of such modifications, and that the contract for substructure work ‘will be
modified accordingly.” - ¢ .

The Phoenix Bridge Company, by letters of May 9 and 16, 1900, accepted th
modifications in the plans of the bridge advised by Mr. Cooper.

. The memorandum already referred to, concerning prices (Ex. 14), dated New
York, June 15, and signed by Messrs. Cooper, Hoare and Deans, was ratified by the
board on July 5, 1900, and the president advised the appointment of an inspector at
the rolling mills and machine shop, which was authorized.
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On Derember 19, 1900, a second contract was entered into between the Quebec
Bridge Company and the Phenix Bridge Company covering the erection of the
approach spans on each side of the river, the unit price being at 4'114 cents per
pound erected and painted complete. (Exhibits 13 and 14.) On January 17, 1001, the
board approved the above agreement. The report of the directors presented at the
annual meeting of the company held or September 4, 1900, fully sets out what had
been done up to that time (Ex. 19).

On October 2, 1900, the “ corner stone’ of the Quebec bridge was laid, and the
report of the directors at the annual meeting held September 8, 1901, is interesting in
that it contains reports of progress on the substructure from Messrs. Cooper and
Ioare. Mr. Cooper approves the progress of the work and adds that ‘ During the past
year special studies have also been made of the main span, to improve and better the
same in advance of the preparaticn of the final plans’ At that time the north anchor
pier was about complete, the ground was being prepared for the north abutment and
the north main pier was well under way. i

Good progress on the work under contract, viz.: the substructure, the anchorages
and the two approach spans was made during the folloviing year, and at the annual
meeting of the company held September 2, 1902, Mr. Hoare reported that the sub-
structure on north shore was completed, that the abutment on south shore would be
finished in a month, and that the south anchor pier was all finished except two courses
of masonty. Ile also reported that the main pier on-south shore was in progress, and
that it had been found that a greater depth had to be reached to get a satisfactory
foundation than was at first expected, and that in consequence it would take some
time to comp'ete this pier. The north approach span’ was in course of erection, and
the material for the south approach span had been delivered.

On October 18, 1902, Mr. Cooper reported on the south main pier, and on
February 3, 1903, he again reported, stating that the experience of the last two
summers -amply justified the change in the length of the main span from 1,600 to
1,800 feet. ' ' B

Negotiations for the construction of the main span which, in the meantime, had
not proceeded actively we-e now resumed with the Phenix Bridge Company, and Mr.
Deans wired the Hon. S. N. Parent, on May 11, 1903, that he would be in Quebec on
the 15th and could go to Ottawa on the next day or on any other convenient day, as
had been requested. -

This visit to Ottawa was made on account of legislation proposed to be submitted
to parliament in relation to the Quebec Bridge Company and the financial support to
be given-to it by the government; and the Phenix Bridge Company desired to have
the enactment of this legislation assured, before entering into any further contract
with the Quebee Bridge Company. .

The prospects for favourable legislation being satisfactory, articles of agreement
were prepared and signed by the Quebec Bridge Company and by the Phenix Bridge
Company, on June 19, 1903 (Ex. 16), and were approved by the board of directors of
the Quebec Bridge Company on the same day.,

In transmitting the exccuted agréement, Mr. David Reeves, the president of the
Phenix Bridge Company, attached a letter of same date in which he states that the
agrcement is executed by his company upon the understanding that it shall not become
operative until the legislation proposed shall have been enacted and financial arrange-
ments insuring payments of estimates shall have been made to the satisfaction of his
company. He agreed to go on with strain sheets and drawings as scon as the revised
specifications with the formal approval of the government engineers were- furnished
to his company. These conditions were accepted by the Quebec Bridge Company.

In his suplementary report of June 23, 1809, Mr. Cooper advises :—

‘It might also be desirable to ask the successful competitor to state what reduc-

_tions, if any, could be made in the tender by certain modifications of the specifications.’
154—vol. i—2¢ . ‘ '
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This indicates that changes in the Quebec Bridge Company’s specifications were in
Mr. Cooper’s mind at that early date, and aiso that he considered the tender as a lump
sum tender, and not otherwise.

On May 1, 1000 (subsequent to the awarding of the contract), Mr. Cooper
suggested to Mr, Parent, in a letter, that he ¢be instructed to make such modifications
in the accepted competitive plan when adapted to the new lengths, as may tend to
reduce the cost without reducing the carrying capacity or the stability of the structure.’

On June 2, 1903, Mr. Cooper transmitted certain amendments to the specifications
attached to the subsidy contract of November 12, 1900, and gave his reasons for the
proposed changes; "as under section 2 of this agreement, any amendments of plans and
specifications had to be approved by the Governor in Council, these amendments were
submitted to Mr. Schreiber for examination. Mr, Schreiber, the chief engineer of the
Department of Railways and Canals, examined the amended specifications, and com-
municated with the Minister of Railways and Canals on J uly 9, 1003. The Minister
reported to council on July 16, 1903, and on July 21 an order in council was passed,
cmbodying Mr. Schreiber’s recommendations (Ex. 17). In his report Mr. Schreiber
refers to discussions between himself and Mr. Cooper, the consulting engineer of the
Quebec Bridge Company, involving certain modifications of the specification attached
to the subsidy contract; he expresses his high regard for Mr. Cooper’s professional
standing, that gentleman being a man of repute and reliability. He adds: °His
modifications may, therefore, reasonably be considered to be in the best interests of the
- work”  Mr. Schreiber suggests that ¢ the department be authorized to employ a com-
petent bridge engineer to examine from time to time the detailed drawings of each
part of the hridge as prepared, and to approve of or correct them as to him may seem
necessary, submitting them for final acceptance to the chief engineer of the Depari-
ment of Railways and Canals.

When a copy of the above order in council reached Mr. Cooper, he. strenuously
objected to the appointment of an engineer as suggested by Mr. Schreiber, saying:
‘ This puts me in the position of a subordinate, which I cannot accept.”- Mr, Cooper;-
at the same time wrote to Mr. Schreiber: ‘I do not see how such an engineer could
facilitate the progress of the work or allow me to take any responsible steps indepen-
dently of his consent’ Mr. Cooper then went to Ottawa to see Mr. Schreiber, and
discussed the situation with him. In consequence. Mr. Schreiber made & further
recommendation, and an order in council was passed August 15, 1903 (Ex. 18) which
directed that, provided the efficiency of the structure be fully maintained up to that
. defined in the original specifications attached to the company’s contract (Ex. 12),

__the new loadings proposed by the Quebec Bridge Company’s consulting engineer be . -

accepted, &e.; and that all plans be submitted to the chief engineer, and until his
approval has been given, not to be adopted for work., This order modified the ordex
in council of July 21, 1803. ‘

The amendments to the specifications and Mr. Cooper's letter relating thereto are
attached to the order in council and are dated June 2, 1903. o

Upon Mr. Cooper receiving a copy of the second order in courncil he states, in a
letter of August 21, to Mr. Hoare: ‘I think under fair and broad-minded interpreta-
tion, this will allow us to go on and get the best bridgo we can, without putting metal
where it will be more harm than good.” . ’ .

This arrangement 1eft the matter of the specifications entirely in the hands of Mr. _
Cooper, subject only to the approval of the government uuihorities,

Mr. Cooper, in his evidence, says: ‘I assume the full responsibility ‘for the
chauge in the specifications and for the selected unit stresses.’ He interpreted the
authority given to him as being complete, and the work was carried out using his
amendments of the specifications. :

Up to the date of the passing of the Guarantee Act, of October, 1903, the Phenix
Bridge Company held to the position expressed in Mr. Reeves’ letter of June 19, which
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was attached to the contract of the same date with the Quebec Bridge Company. It
was not until March 15, 1904, that Mr. Reeves states (Ex. 113E), that they are
proceeding with the work vigorously, this letter being in reply to one from Mr. Parent
under date of February 22, 1004 (Ex. 113A). In this correspondence Mr. Parent
advised Mr. Reeves of the satisfactory financial condition of his company, and the
Phenix Bridge Company felt confident in proceeding with the actual work, knowing,
as it did, that payment was certain. The undertaking had now entered into its final
stage. . '
Mr. Scheidl in his evidence (see evidence) refers to certain preliminary work on
plans having been done in January, February and March, 1902. A period of inac-
tivity followed, as Mr. Scheidl further states that after the receipt of the revised
specifications ‘preliminary work’ showing practically final results, commenced in
July, 1903.

Prior to the date of the contract betweon the Quebec Bridge Company and the
Phenix Bridge Company, June 19, 1903, the Phenix Iron Company, vho manufac-
ture all the bridge work for the Pheenix Bridge Company, were not equipped to under-
take the work. In anticipation of having to do the work they, in the fall of 1902,
made additions to their main bridge shop and other improvements in their works.
In 1903 they added some heavy machinery to their shops and otherwise improved their
works, 80 as to enable theni to manufacture the Quebec bridge for the Pheenix Bridge
Company; those were general improvements to their property. Subsequent to June
19, 1803,-Mr, Norris, the manager of the works, was instructed to obtain- whatever
machinery and tools were needed.

HISTORY OF CONTRACTS.

i The commission has examined the various contracts and agreements made between
the Quebec Bridge and Railway Company and the Phenix Bridge Company, but finds
-nothing in them that has direot'» connection-with-the cause of-the disaster. -We give, -
therefore, simply an historical statement concerning these agreements, but desire to
draw attention to the fact that the agreement of April 12, 1900, the agreement of
December 19, 1900 (Exhibit 13), and the contract of June 19, 1903 (Exhibit 16),
which is an amplification of the first agreement, are, under existing circumstances, of
great importance. We recognize that we are not called upon to discuss these agree-
ments from a legal standpoint. :

The Phenix Bridge Company was requested to tender in September, 1898, for
the construction of the Quebec bridge (Ex. 6). o R o

According to My. Deans (Deans to Hoare, April 14, 1899, Ex. 75-D), there was
an understanding at the time that the contract would be awarded to the lowest
tenderer, , '

The following is the letter referred to:-—

‘ = ' April 14, 1899,
(Personal and private). .

Mr. E. A. Hoarg,
Chief Engineer, Quebec Bridge Company,
Quebee, Quebec. -

DEear MR. HoARE,—Mr. Szlapka and I were with Cooper the greater part of yester-
day, and you will be glad to learn there was not a single vital or important criticiam
or mistake found in our plans. All the slight differences, such as dead load, anchor
arms, reverse stresses, in one or two members, thickness of some detail plates, &ec.,
were all thoroughly discussed and satisfactorily settled, and not a single one would
affect in any way our price or our proposition. It was especially gratifying for us to
learn this, ' . }



2  ROYAL COMMISSION ON COLLAPSE OF QUEBEC BRIDGE
7-8 EDWARD VIl., A. 1908

- Mr. Cooper, however, somewhat upset me, by making the following remark,
which of course I understood was entirely personal and without any full knowledge of
the situation. He said: ¢ Well, Deans, I believe that all of the bids will probably
overrun the amount which the Quebec Bridge Company can raise, and that the result
will be as is usually the case, that all of the bids will be thrown out and a new tender
asked on revised specifications and plans.

~I told Mr.  Cooper that while this might be the usual ptocedure, that in the
present case it was distinetly understood that whoever was the lowest bidder under
the present specifications and plans would be awarded the work, and if any modifica-
tions were made their bid would be altered accordingly, as this could readily be done
through a conference with the Bridge Company’s engineera and ourselves; as we
conld undoubtedly build as cheap a structure -as any other company, and that unless
this plan was carried out as_understood and agreed upon, the present bidders would
be placed in a very unfair position after the expenditure of great tima and expense.
"1 finally succeeded in convincing Mr. Cooper that this wa3 the only fair method,
but I think it will take the greatest care on your part/ to see that his report is not
worded in such-a way as to give the directors an opportunity of following this sugges-
tion. Mr. Cooper undoubtedly desires to be perfectly fair, but not naving been through

. this whole matter like ourselves, does not fully understand the situation. I trust,
therefore, that you will give his report the most careful serutiny, and get it in the
right shape before it is submitted, as far as this suggestion is concerned. It would
simply be just what our competitors, and particularly the Dominion Bridge Company, _
would iike, or the Union Bridge Coimpany,; in fact, and T shall be much interested to
hear from you on this point. : :

You have not advised me to whom I shall send the revised price; including
delivery of the materinl from Quebee and Iévis to site.

Mr. Lindenthal and I have an appointment with Mr. Cooper next Tuesday to
discuss the suspension plan.

Kindly advise me when you will desire the revised propositions of the suspension
design. T }

I remain, .-
Yours truly
JNO. STERLING DEANS.

On March 1, 1899, the Phenix Bridge Company handed in its tender, making a
lump sum bid as requested. The wording of the tender which was drawn up by the
Quebee Bridge Company is as follows :— S

¢ The whole in accordance with sections and specifications shown for substructurs
and superstructure and such other plans submitted with this tener, which may be
adopted by the Bridge Company; for the total sums of money herein stated, &c.’

Mr. Deans wrote in the letter accompanying the tender, as follows : — :

‘It might be possible, if found necessary or desirable, to make modifications in
the requirements which could reduce the cost without materially affectiug the
efficiency of the structure, and at the proper time we would he glad to discuss this
question with your engineers.’ . )

All tenders and plans were handed over to Mr. Cooper for examination and report,
after the agreement between that gentleman and the officers of the Quebec Bridge
Company had been made on March 23, 1899 (Ex, 112).

On May 8, 1899, and again on May 9, Mr. Deans, at the request of Mr. Hoare,
supplemented the Phonix Bridge Company’s bid by letters to Mr. Cooper. '

On June 23, 1899, Mr. Cooper reported in favour of the Phenix Bridge Company’s
plan and tender (Ex. 9). Tenders were open for acceptance until September 1, 1899,

On August 22, 1899, the directors of the Quebec Bridge Company passed a
resolution awarding the contract for the substructure to Mr. Wm. Davis & Sons, and
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“that for the superstructure to the Phenix Bridge Company on condition that the

contractors accept subsidies and securities in payment.

The lump sum prices are mentioned in the resolution, but with this qualifying
clause ¢the whole subject to the modifications in the specifications, either decreasing
or increasing, or any other made by the company’s engineer in the size, depths and
locations of the piers and their caissons, at schedule prices in tender submitted.
Apparently this clause changed the contract from a lump sum basis to a unit price
basis, as the company’s engineer made many modifications. These modifications could
not have been avoided and arose mainly from the insufficiency of the plans and the
preliminary work done by the Quebec Bridge and Railway Company.

The following letters written at this time made cléar the understanding between
the two companies and outline an arrangement for settling unit prices which was,
afterwards adopted for all the Phenix Bridge Company’s contracts:—

QueBec, August 22, 1899,
Mr. E. A."Hoagg, n L
Chief Eng’r, the Quebec Bridge Company,
Quebee, Canada.

Dear Sir,—At the request of the president of the Quebec Bridge Company I hand
you in trust to-day the prices we used for plain structural material in our proposal
of March 1, 09, for the construction of the Quebec bridge. These figures will fix the

_ basis of comparison when work is ordered ahead as arranged in letters passed between

the Quebec Bridge Company and the Phanix Bridge Company to-day. You will
notice these prices are higher than figures ruling on March 1, ’09,—lower than those
ruling to-day. Plates and shapes 1-80 ¢. per pound. o

Stee] castings in rough 350 ¢. per pound.

Yours truly,

JNO. STERLING DEANS,
o = Chief Engineer.

. Queskc, August 23, 1899.
Mr. E. A. Hoarg, :
Chief Engineer, Quebeec Bridge Company,

. Quebee, Quebec.

Dear Sig,—Referring to the figures handed you to-day, you are at liberty to show
same to the Hon. 1. N. Parent, president of the Bridge Company, for his personal
informatiod. I feel certain a knowledge of theése figures. will not be allowed to go
further, or be used against our interests, otherwise I would not be justified in giving
out same, o '
Yours truly,

JNO. STERLING DEANS,
- ' Chiéf Engineer.

' ‘ : " QuEBEc, -August 23, 1899,
Mr. Joun STERLING DEANS, : . »
Chief Engineer, Phenix Bridge Company. — - - = — - — = oo

DeAr Sm,—Referring to yours of this day, T beg to state that this company is

‘roady to enter into a contract with your company for the superstructure of our

proposed bridge, subject to. the modifications in the specifications either decreasing
or increasing, or any other that may have to be made in size, depths and locations of
the piers and their caissons; provided you accept in payment vour share of the
amount of $1,500,000 in subsidies or their equivalent, and the difference in bonds
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given in trust as collateral security, the value and interest on same, at their redemp-
tion on conditions to be agreed upon, but at any rate the company will decidé before
the bridge is open for traffic to redeem.the said bonds at face value or surrender them
to the contractors; this corapany binding themselves to transfer you your propor-
tionate share of any further subsidies or guarantees of interest that they may receive
towards the construction of the said bridge. We will furnish by an early mail a
statement showing the position of the company, its available subsidies and prospects
a8 to resources and earning powers. If your company accepts the above conditions,
we on the other hand will accept the condition stated in your letter of this day, that
we may order the work from you at any time within two years, providing at the timeé
the work is ordered to proceed either party to the contract may request the prices for
plain structural metal revised to agree with the ruling price of metal at that time,
and provided also that you give us to-day the price of your metal on which you have
based your tender. This option is open for fifteen days from this date.

Yours truly,

S. N. PARENT,
Pres, Q. B. Co.

: QueBkgc, Cax., August 23, 1899.
Hon. S. N. Pagenr, . . :
President, the Quebec Bridge Company,
e — ot . Quebee, Cannda.

Dear Si,—In our letter of March 1, 1899, handing you our proposal for the
construction of the Quebec bridge, we stated, ‘proposal to be accepted and work
ordered to proceed on or before July 1, 1899°; later on the time was extended to
September 1, 1899, Now, as you do not find it possible to order the work to proceed
before Septembdr 1, 1899, we will adhere to the torms of our proposal, and upon
receipt of the statements promised, take up the question of financing; extending to

the Quebec Bridge Company the privilege_of -ordering-the work ahead at-any timein— - -
- the near future, say one or two years; providing at the time the work is ordered to

proceed either party to the contract may request the prices for plain structural metal

‘revised to agree with the ruling price of metal at the time, I feel quite certain upon

carefully considering this matter, you will see that this is a very reasonable proposi-

tion, We do not benefit a dollar; our profit remains as in our original proposal and

all other items, but the one item mentioned. I hope to receive your favourable reply

to-day, when I am sure we will be able to interest our friends to assist in the financ- )

ing of the enterprise. - : AN
Yours truly

JNO. STERLING DEANS,
, Chief Engineer.

. The Phenix Bridge Company declined to- accept the securities of the Quebeo .
Bridge Company in payment for work, but made a strong effort on behalf of the
Quebec Bridge Company to place those securities with certain American financial
firms of high standing. This efiort did not succeed, the reason for the fajlure being -
__given by Mr. Deans-in his testimony (see evidence); and, briefly put, was that the finan-
ciers said there was not sufficient traffic and revenue in sight to justify the .investment.
During the first two weeks of April, 1900, correspondence was in progress con-
~cerning the lengthening of the main span. -
On April 5, 1900, the directors of the Quebec Bridge Company appointed
committees to conclude arrangements with the contractors both for substructure and
for superstructure, ‘ :
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On April 12, 1900, one committee met Mr. Deans in Mr. Cooper’s office in New
York, and awarded to the Phenix Bridge Company the contract for the entire super-
structure, the terms and conditions of this award bemg set out in the agrecment of
even date as follows:—

New York, April 1%, 1900
It is hereby agreed between the Quebec Bridge Company, representea by the

Hon. 8. N. Parent; president, of the first part, and the Phenix Bridge Compary,

represented by John Sterling Deans, chief engincer, of the second part, as follovig:—

To wit: That the party of the first part does hereby award the contract for the

construction of the superstructure snd steel anchorages of the bridge to be built over
the river St. Lawrence, near Quebco, to the party of the second, upon the cash price
tendered on March 1, 1899, subject, however, to modifications as to base price of metal
stated in letter addressed to E. A. Hoare, company’s engineer, dated August 23, 1899,
and endorsed by said engineer, the superstructure and steel anclorage to be ordered
within three years from date of this present agreement.

The party of the second part hereby agrees to deliver complete all steel required
for both anchorages at the respective pier sites within four months after approval of
detail p]ans of same.

The price to be paid for the said metal anchorages by the party of the first part
will be fixed at the rate to be mutually agreed upon at the date that the metal is
ordered, on delivery at bridge site as aforesaid in good condition, in cash, payable in
monthly estimates, less 20 per cent drawback until the anchorage piers are complete,
the party of the first part undertaking to pay all custom charges.

The party of the second part hereby agrees to complete all the generel and detail
plans for the entire superstructure with all possible speed, and to furnish the details
of the metal anchorages by the 165th day of June, 1900, and to furnish any other data
required by the engineer for arranging dimensions of bridge zeats and foundations.

It is further understood that the party of the first part is to have the privilege of

- ~ordering tha superstructure in whole or any complete portion of the structure at-any-

time within the said three years. It being, however, agreed that the party of the
second part i3 to have the order for whole or any portion at least six months in
advance of time said whole or portion is to be ready for erection,

The price of metal now used for the steel anchorages as above is not to be a basis
for the price of the remaining metal of superstructure. The price of metal is to be
mutually agreed upon at the time each portion of the structure is ordered according
to letter dated August 23, 1899, aforesaid.

It is further agreed- that this- agreement-shall-not-take- effect-until -approved-by-the
board of directors of Quebec Bndge ‘Company and Phenix Bridge Company,
respectively.

) S. N. PARENT, ‘
Pres.,- Quebec Bridge Co.

JNO. STERTING DEANS, .
Chf. Eng., the Phaemz Bridge C’o.

"~ On April 14, 1900, Mr Deans wrote to the Hon. Mr. Parent, asking if the board
had epproved the agreement of April 12, and stating his understandmg of the respective

powers of Messrs. Cooper and Hoare. He asked Mr. Parent to confirm this under- -

standing.
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(Exhibit No, 75-K.) _
April 14, 1900.
Hon. 3. N. Parent,
Pres., Quebee Bridge Company,
Quebee, Canada.

Dear Sir,—In view of the extreme importance of avoiding delay on your work,
which we all appreciate, I write to ask you to kindly wire us when our recent agree-
ment hns been approved by your board and they have decided to order the metal work
of anchorages, - '

We understand that in all engineering matters, we are to receive our instructions
from Mr. E. A. Hoare, your engineer, and that he works under authority from your
board. Please advise if we are correct in this. ,

Further, we understand that all of our detailed plans of the structure, including
sections, &e., must have the approval of Mr. Theo. Cooper, consulting engineer, 35
Broadway, New York, N.Y. Please advise' us if we are correct in this.

I write you on these matters in advance of receiving your instructions to proceed,
that there may not be the Jeast delay in knowing how to proceed.

Yours truly,

JNO. STERLING DEANS,
Chief Engineer,

On April 19, 1900, the directors of the Quebec Bridge Company approved tha

.agreement of April 12, but subject to the condition that it was not fo take effect until
‘the agreement with Mr. Davis should be concluded.

- On_April 21, 1900, the Hon. S. N. Parent wired Mr. Deans, in answer to his
letter of the 14th inst., as follows :—

April 21, 1900.
J. S. Deaxs,

Phenix Bridge Company,
Phenixzville, Pa.

. Agreement made in New York April 12, appfoved*by'board. “Proceed with plans

7 immediately so as to enable us to order steel for anchorage piers upon approval of

same. Arrangements made with Davis. You can confer with Cooper and Hoare re

plans,

S. N. PARENT,
Pres., Q. B. Co.

On the same day Mr. Barthe wrote to Mr. Deans inclosing a copy of the minute
of the resolution of the board of directors, confirming the agreement of April 12, and
also confirming the Hon. S: N. Parent’s télegram of that date. )

' _ Queskec, April 21, 1900,
. Letter headed Quebec Bridge Co. S : . ’
Mr. J. S. DEeaxs,
Phenix Bridge Company,
Phenixville, Pa, S

Dear Sm,—I am instructed to confirm you the telegram which was sent this

morning by the president, as follows:— : ' .
o - April 21, 1900,
J. S. Deans, . . - -
Fhenix Bridge Compeny,
Phenixville, Pa. ]
- Agreement made in New York April 12, approved by board. Proceed with plans
immediately 50 as to enable us to order steel for anchorage piers upon approval of

1
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s:;me.« Arrangements made with Davis. You can confer with Cooper and IHoare re

plans. ' -

: S. N, PAneNT,
Pres., Q. B. Co.

I also beg to mclose copy of resolution adopted by the board of directors this
morning.
lours truly,

ULRIC BARTHE,
Secretary.

On May 5, 1800, the directors of the Quebec Bndge Company passed a resolution
changing the main span from 1,600 to 1,800 feet, and directing the engmeers of the
company to instruct the contractors to prepare plans accordmgly

On June 15, 1900, Messrs, Cooper, Hoare and Deans met in New York, and agreed
on the price to be paid for the anchorage metal, this price being fixed in accordance
with the terms of Mr. Deans’ letter of August. 23, 1899.

On December 19, 1900, a further agreement in accordance wnth the terms of the
agreement of April 12 1000, was made for the construction of the approach spans,

Revised Agreement.

L _ Dated, New York, Dee, 19, 1800.

Itis hereby agreed between the Quebec Bridge Company, represented by the IIon
S. N. Parent, president, party of the first part, and the Phenix Bridge Company,
represented by John Sterling Deans, chief engineer, party of the second part, as
follows:—

The party. of the second part agrees to deliver and erect complete, according to
spccifications hereto attached, forming part of thes: presents, all the steel work required
_for both the approaches of the proposed bridge over the St. Lawrence river at Quebec,

within six months after the approval of detailed plans by the engineers of the party ~—

of the first part, which shall allow final delivery of this metal work to be made not
later than Sepiember 1, 1901.

The party of the first part agrees to pay to the party of the second part for said
metal approaches at the rate of 4-114 cents per pound erected and painted complete,
" in cash, upon the certificates of -the rngmeer of the party of the first part and the
- Dominion government and provincial engineer, and the engineer of the city of
Quebec of the erection of each approach

Should the metal work of éither of thé approaches not be erected on~or before

January 1, 1802, due to causes beyond the control of the party of the second part, then
the party of the second part shall be pmd in cash not later than January 15, 1902, on
account of the metal work delivered at the bridge site, 3314 cénts per pound, less 20
per cent reserved until the metal work is erected. If either of the approaches is not
erected before January 1, 1803, due to causes beyond the control of the party of the
- second part, then the party of the first part agrees to pay to the party of the second
part the 20 per cent reserve in cash not later than January 15, 1903.

‘Tt is further understood that the party of the first part shall benefit to the extent
of any drop in the base price of metal between the date of this agreement and May 1,
1901, said drop in the base price of metal to be determined .as per agreement for
anchorage metal, dated April 12, 1900.

It is fm-ther ‘understood the party of the first part, shall pay all custom duties
and charges

The price of metal now used for the steel in approaches as above, is not to be a -
basis for the price of thé remaining metal of the superstructure. The price of metal
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for the said remaining superstructure is to be mutually agreed upon at the time each
portion of the superstructure is ordered, according to letter dated August 23, 1899,
aforesaid. '

It is further agreed that this agreement shall not take effect until approved by
the board of directors of the Quebec Bridge Company and the Phenix Bridge
Company respectively. ’

S. N. PARENT,
President, Quebec Bridge Company.

JNO. STERLING DEANS, .
Chief Enginecr, the Pheniz Bridge Company.

The agreement was confirmed by the board of directors on Januarv 17, 1901, and
this contract was carried out by the Pheenix Bridge Company during 1901, 1902 and
1903.

In the epring of 1903, the question of the main span was taken up, and on June
19, 1903, the final contract was entered into. This is in accordance with Mr. Deans’
letter of August 23, 1899, and with the terms of the award of April 12, 1900. The
contract reads as follows :— - ’

) ARTICLES OF AGREEMENT made and concluded this 19th day of June, 1903, between -

the Quebee Bridge Company (Limited), a corporation of the province of Quebee,

Canada, perty of the first part, and the Phenix Bridge Company, a corporation of
- the State of Pennsylvania, party of the second part, witnesseth:

First.—That the party of the firei part does hereby confirm the award (hereto-
fore made) of the contract for the conutruction of the entire superstructure of the
bridge over the River St. Lawrence, nesr Quebec, in accordance with ‘the plans and
specifications heroto attached and madc a part thereof, to the party of the second
part, for the cash prices named in schedule paragraph (6). . _

Second.—That the party of the first part agrees to pay all custom duties, entry
fees and expenses, on materials and plant. ' o

Third.—That for and in consideration of the payments and covenants to be
made and performed by the party of the firat part, the party of the second part does
hereby. agree to construct, deliver and erect in the most substantial and workmanlike
manner, to the satisfaction and acceptance of the consulting sngineer and the

engineer of the party of the first part, and in accordance with. the -general-plans-and— -

specifications hereto attached, and made a part of this agreement, the metal super-
_ structurc. railings, sereens and guard rails, also the timber for tracks and highway
Mloors, of the bridge over the St. Lawrence river, near Queébeg, consisting of one
:entral';pan of eighteen hundred feet and two side or anchor spens of five hundred
eet each. : :
’ Fourth.—That before any work is done under this agreément the detailed plans
shall be approved by the engineers of the party of the first part and the chief engineer
of the Department of Railways and Canals of the Dominion of Canada.
B The engineer of the party of the first part or his duly appointed representative
shall have the right to inspect all material covered by this agreement, at all stages
of the work, and shall have full power to condemn or reject any work or material of
inferior quality and not in strict accordance with the requirements of this agree-
ment. ’ o
Fifth.—The said superstructure shall be completed by the 81st day. of December,
1908, unless-delayed or prevented by strikes, floods, or other causes beyond the control
of the said party of the second part, or unless the party of the fieat part shall fail
to make any of the payments as hereinafter atipulated or to keep any of its covenants
herein contained. o
.- 'The above date of completion is based upon- the understanding that work under
this agreement may proceed uninterruptedly from this date,

bl i
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_Sixth.—In consideration of doing and performing the work embraced in thig
ugreement, the party of the first part hereby covenantg and agrees to pay to the party
of the second part, in addition to all custom duties, entry fees and expenses, as
provided in parsgraph (2), the following prlces, namely:— =

Estimated Quantities.

Steel in trusses and-bracing complete. .. ... per b, 5:60c. 50,897,000 1bs,

Steel in floor beams and stringers complete.. ¢ 5°35¢ 7,700,000 “

‘Steel in' railings, screens and guard rails

complete.. .. .. e el 5+55¢. 155,000 «
Steel in washers bolts, &c, complete ...... “ 5-7be. 120,000 ©
Timber in railway track in place complete
per M. ft. BM 235 865,000 ft.
Timber in highway floors in place complete
T per M. ft. B.M. $33 728,000 ft.

_ Payment shall be made in the following manner, to wit:—

On or about the last day of each month, during the progress of this work, the
engineer of the party of the first part shall estimate the value of material furnished
and work done at the manufactory of the said party-of the second part at Phenixville,
Pa., also material delivered at bridge site and work done at bridge site at the schédule
rates hereinafter specified for the several classifications, and ninety per cent of the
amount of said estimates shalk be paid in cash to the party of the second part on or
before the tenth day of the following month. After the ten per cent reserve amounts
to a total of one hundred thousand dollars ($100,000) the monthly estimates there-
after shall be paid in full. The balance due to said party of the second part shall
be paid in cash to it in thirty days after all the work embraced in this contrzet is
. completed in accordance with the plans and specifications and accepted by the engineer

of the party of the first part, and only after the bridge has been tested with the
specified loads or in any other manner required by the engineers of the party of the

first part, and has-obtained certificates from the chief engineer of the Department of
Railways and Canals of the Domirion of Canads, stating that the bridge has been
accepted and can be safely used for railway and highway trafic. It is agreed that the
absolute tiile to all material at Phenixville, or elsewhere, ninety per cent of the value

of which has been included in any monthly settlement, shall upon payment pass to_the

party of the first part, and the party of the second part will deliver a bill of sale
therefor to the party of the first part.

Seventh.—The schedule rates to be used in makmg the monthly estimates for the
work as it progresses are as herein stated. If there are any other items than those
hore indicated, the schedule rates are to be determined by the engineers of the party .
of the first part, i ‘

]

\
Trusses Floor Beamse Railway, Washers,
Classification, and and Screen and olts,
Bracing. Stringers. Guard Rails, &e.
$ ots $ cta $ ota] - $- cts. —- -
Metal lled at mills (including appro\ed de-

San and detail Arawinga)... . s rsresesss 2 55 2 85 2 55 2 85
Metal manufactured at shops. .............. 3 60 335 3 55 37 .
Metal delivered...........cooiiiviiniaaan 410 3 85 4 05 4 25
Meu{ erectccdpM ol o pl ...... ] gg g 32g g gg g gg
Metal erected an nted, complete.........

K innciaetaeriaaes Delivered at site, § r M, feet board measure,
’nmbﬂ In raitway,frac 33? r M feet board measure,

?h.ce. com; Slow
el ger measure,
In place, oomplete. $33 per M teet board measure.
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Eighth.—The party of the secend part shall take, use, provide and make.all proper,
necessary and sufficient precautions, safeguards and protections against the occurring
or happening of any accidents, injuries, damages, or hurt to any person or property
during the progress of the crection of the work herein contracted for, and indemnify
and save harmless the said party of the first part, from the payment of all sums of
money by reason of all or any such accidents, injuries, damages or hurt that may
happen or occur upon or about said work, and from all fines, penalties and loss incurred
for or by reason of the violation of any city or borough ordinance or harbour regula-

. tions, or laws of the Dominion of Canada or province of Quebee, for which they are

‘responsible, while the said work is in progress of construction. :

Ninth.—It is understood and agrced that the party of the sccond part shall
indemnify and protect the party of the first part from all claims under any law for
labour and materials furnished under this contract, and shall furnish the said party

- of the first part with satisfactory evidence when called for that all persons who have
worked for or furniched materials to the contractor or sub-contractors have been fully
paid or satisfied, and failing which an amount necessary and sufficient to meet the
claims of the persons aforesaid shall be retained by the party of the first part from
any moneys due said party of the second part until the liabilities aforesaid have been
paid; this clause is not intended, however, to apply to claims made ugainst the party
of the second part which he bona fide contests his liability for, and when the work is
completed the party of the second part will furnish the party of the first part with
a satisfactory bond indemnifying the party of the first part from all and any of the
claims that may be against them by reason of any acts of the party of the second part
or sub-contractors. )

Tenth.—All materials and supplies put on the work and settled for through
progress estimates in the manner provided for in this contract shall become the
property of the party of the first part. ) ‘

. Eleventh.—The party of the second part shall conform to all Harbour Commis--.
sioners’ regulations for the safety of vessels when passing the bridge site, and the
party of the scoond part shall further be responsible for all damages to vessels that
may ariso from neglect or proper precautions, or damages to the work in progress
from any cause until the entire superstructure is completed and accepted by the party
of the first part and the Government of the Dominion of Canada.

Twelfth.—The patty of the second part shall restore at his own_cost all or any
part of the work that may be damaged or destroyed before its aoceptance by the
aforesaid parties, notwithstanding that payments on account of progress estimates
may have been made previous to the occurrence of such:- damages. )

Thirteenth.—The party of the second part further agrees that the whole of the
working plant to be placed and used by him ‘on the bridge superstructure, including
all mechanical appliances, hoisting machines, motive power, tools, machinery and
equipment, used in said work, and buildings, workshops, landings or false works
erected for the purpose jof the present contract, shall be and remain the property of
the party of the first part until the completion of the works, as a guarantee of the
due and proper execution of the works. : , ,

Fourteenth.—The party of the second part will be obliged to give a guarantee
company bond satisfactory to the party of the first part, amounting to one hundred
thousand dollars ($100,000), which, together with the one hundred thousand dollars
($100,000) reserved aocording to the sixth clause hereof, shall constitute a fund of
two hundred thousand +ollars ($200,000) as a guarantee for the faithful performance
; of the work under this agreement. , o

Fifteenth.—The price of extra work cannot be claimed by the party of the second
bart unless same has been authorized in writing by the engineer and approved of by
a resolution of the board of directors of the party of the first part.

. Sixteenth.—The decision of the engineers of the party of the first part shall
-—~-—:qontrol-as-to-the interpretation-of-the plans-and-specifications-attached and- tha work — T
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performed under this agreement, during the execution of the work, but if either
party shall deem itself to. have been agzrieved by any decision, it may require the
dispute to be finally and conclusively settled by the decision of three arbitrators, the
ﬁrst to be appointed by the party of the first part, the second by tho party of the
“second part, and the third to be appointed by the first two named. By such decision
Doth parties hereto shall be finally bound, it being understood that no such subinis-
sion to arbitration shall suspend or postpone the making of any of the payments as
herein provided, except only to the extent actually involved therein, ,

In witness whereof the said parties to these presents have heréunto set their
respoctive corporate seals, Dated the day and year first herein written.

THE PH@®ENIX BRIDGE COMPANY.

'"Attest: By Davip Rerves, (Seal)
Grorgr GeErrY WHITE,
. Secretary. ,
(Seal Q. B. Co.) S. N. PARENT,
. ULRIC BARTHE, Prestdent.

Sécretary Treasurer.
This agreement was confirmed by the directors of the Qucbec Bridge Company
on the day that it was made.

Tts acceptance by the Phenix Bridge Company was only provisional, Mr. Reeves
attaching the following letter to the signed agreement:—

» PrneNmxviLre, Pa,, June 19, 1903.
Hoon. S. N. PARexT,
President, Quebec Bridge Company, Limited,

Quebece, Canada.

oo Dear Sm,—We hand you herewith articles of ngreement for the. constructlon of
the superstructure of main spans of the Quebec bridge, executed by this company,
upon the understanding that said agreement shall not become operative until the
legislation proposed at present session of parliament has taken place and the financial
arrangements insuring payments of estimates under said agreements have been
arranged to the satisfaction of this company, and letters have passed between the two
companies to this eﬁect

possible speed with the stress sheets and detailed dmwmgs, as soon as tho rovised
speeiﬁcations have been furnished to us, approved by the government engineers.

It is further to be understood, that the time named in the agreement for: the-
completion of the work is one which we do not guarantee, and it is based upon the
work proceeding uninterruptedly from this date. The date named we will do our best

to keep. We cannot accept any responsibility for damages of any kind which may
result from any delay in the completion beyond the date fixed in agreement,.

We agree, however, to complete the work under the terms of said agresment by
December 31, 1908, and will pay to the Quebec Bridge Company, Limited, $5,000
per month for each menth thereafter that the work called for by the said agreement
is not completed.

Should there-be any stoppage of the work for a period of six months from any
cause for which the Pheenix Bridge Company is not responsible, except from strikes
and floods, therenpon an estimate shall be made of thé total expense incurred by the
Phenix Bridge Company on account of said agreement to date, and after deducting
all payments made to date, the balance plus ten per cent of said total expense, shall
be immediately due and paid to the Phenix Bridge Company in cash by the Quebea
Bridge Company, Limited. -

We agree to modnfy the prices made in this agreement to the extent of any

—— ——ygriation-in-the-base-price-of-plain-metal-on-cars-Philadelphia;-from-$1 80-per pound;———
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and which variation may occur between thls date and August 15, 1903; said change,
if any, to be agreed upon by your chief engineer, Theo. Cooper, consultmg engineer,
and John Sterling Deans, chief engineer of this company.

It is moreover understood that the agreement shall not be assigned or transferred
by either party to the same without the consent of the other.

‘The articles of agreement handed you herewith shall become binding only upon
my receipt from you of a duplicate duly executed by your company, accompanied by
a letter confirming the understanding as expressed above.

Yours truly,

DAVID REEVES,
President, the Phaniz Bridge Company.

On February 22. 1904, the Hon. S. N. Parent wrote to Mr. Reeves as follows:—

; Quesec, February 22, 1904.
Davip Reeves, Esq,,
President, Phenix Bridge Company,
410 Walnut Street.

DEear Sir,—Referring to the contract between the Quebec Bridge Company (now
styled the Quebec Bridge and Railway Company) and your company, and also to the
letters exchanged between our companies in last June, and particularly to the first
clause in your letter of June 19, 1903, I beg to inform you that the legislation pro-
posed in the last mentioned letter has taken place, and that the following financial
arrangements insuring payments of estimates under this company’s agreement with
you have been made, namely:—

-~ 1-Provision has-been made for the payment and -discharge of the- outstandmg
bonds and mortgages of the Quebec Bridge Company referred to in section 10 of the
Act of Parliament, 3 Edward VIL, chapter 177, in accordance with the terms of that
section.

9. The agreement in reference to the government guaranty referred to in section
13 of the same Act was, on the 28th day of January, submitted to and approved by a

-~ general meeting -of -the-shareholders-of - this-company- duly-called- for-that-purpose-in— -~
- ——naceordance -with the provisions of that section.

3. This company hasarranged-with-the- present -subseribers _to_ the capltal stock
of the company for the surrender of the same in accordance with clause 3 in the — -
agreement set forth in the schedule to the Act of Parliament (3 Edward VIIL,

********* <chapter 54).—

4, Subscriptions have been procured for additional stock of this company to the
amount of $200,000 as provided for in clause 4 of the last mentioned agreement.

5. Arrangements have been made for underwriting the bonds referred to in the
fifth and sixth clauses of the said last mentioned agreement as issued.

6. The stockholders and board of directors of this company have duly performed
everything required by the two Acts of Parliament and the said agreement, as condi-
tions precedent for a compliance with the terms imposed upon thxs company by the
aforesaid agreement.

It is of course understood that the change of. name of the Quebeo Bridge
Company to that of the Quebec Bridge and Railway Company shall not in any way
impair, alter or affect the rights or llablhtles under the contract entered into with
your company in June, 1903.

Truly yours,

e I e B N RPARENT, e meeeem
: - President.
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On March 15, 1904, Mr. Reeves wrote to the Hon. S. N, Parent, advising him
that the assurances contained and the terms expressed in his letter of February 22

- were satisfactory to the Pheenix Bridge Company (Exhibit 113 Q).

On March 17, 1904, Mr. Deans wrotoe to Mr. Parent, stating that the contract is
now closed, and congratulating Mr. Parent upon his success. '
There are no subsequent alterations of these business arrangements.

The Phwnix Bridge Company had not completed the work under this contract "

when the accident took place on August 29, 1907, .

The connection of the government with the enterprise provided the means for
building the bridge, and the final approval of plans rested with it, but in no way did
the government exercise any check on the work itself, or any authority over the
contractors. The administration of the contract and the disposition of the funds
supplied by the government were left erttirely in the control of the Quebec Bridge
Company, subject to the approval of the estimates by the government inspector, and
except that the quantities of material were checked at Phwmnixville by a clerk
appointed by the Department of Railways and Canals, and an officer of that depart-
ment visited the bridge in connection with the checking of estimates, there was no
supervision on the{part of the government.

By no act did the government assume or exercise authority over the Pheenix

) Bridge Company, nor did it intervene under the contract for the bridge; the checking

and inspection done by the government and above referred to were with reference to the
operations of the Quebec Bridge Company, as the agresment for financing was
between the government and the Quebec Bridge Company. The only party, there-
fore, who was competeht to deal with the Phenix Bridge Company, and who only did
deal with it, was the Quebec Bridge Company.

On the part of the government, its confidence in the Quebec Bridge Company
was complete; in 8o far as the integrity of the structure itself was concerned, this

between the two companies. o
] : C HENRY HOLGATE,
Chairman.
J. G. G. KERRY,
J._GALBRAITH

____was because of the presence of Mr. Cooper as the consulting engineer for the Quebee
-~ Bridge Company. The government was familiar with the terms of the contract

APPENDIX No. 4.
THE PHENIX BRIDGE COMPANY.

* This company was incorporated under the authority of an Act of the General

* Assembly of the Commonwealth of Pennsylvania, entitled ‘ An Act to provide for

the incorporation and regulation of certain corporations,’ which received approval
on April 29, 1874, ’ : )

The date of the letters patent incorporating the Phenix Bridge Company -is
_April 2, 1884, the original shareholders being David Reeves, William H. Reeves,
Adolphus Bonzano, Qeorge Gerry White and Carrol S. Tyson. :

The Phenix Bridge Company was formed, according to its charter (Exhibit 119),
¢ for the purpose ol ranufacturing articles of commerce from iron and steel, and the
building of bridges, roofs, viaducts and all kinds of structural work from metal or
wood, or both, and to erect and construct such improvements and erections as they

may d66im nécessary, and 1n general 16 do all such other acts and things as a success-
164—vol, i—38
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ful, convenient prosecution of said business may require and as may be necessary,
incidental and appurtenant thereto. The business of the company to be transacted
in the borough of Phenixville, county of Chester, in this commonwealth.’

The company’s charter is a perpetual one. The capital of the company is
£100,000, divided into shares of $100 each. - "

The Phenix Bridge Company is an engineering and contracting company, and
is not a manufacturing company. It has an arrangement with the Phenix Iron

‘Company, an entirely independent corporation, under which the material for its

bridges and other structural work is manufactured and fabricdted in accordance with
the Bridge Company’s instructions. The financial control of both companies is the

same, but formal methods of accounts, charges and payments are maintained between -

the two companies precisely as in other contracts that either company might enter
into. This arrangement has been in force since 1884, and much of the material for
the Quebec bridge was manufactured and all was fabricated by the Phenix Iron
Company to the order o0 the Pheenix Bridge Company in accordance with this
arrangement.

The Phenix Bridge Company is a tenant of the Phenix Iron Company at
Phenixville, and pays rental to it for office buildings, &e.

Delivery is made to the Phenix Bridge Company as soon as the material is .

loaded on cars for shipment, and that company attends to its transportation and
erection. )

In effect, the Phenix Bridge Company sublet the manufacture of the Quebce
bridge to the Phenix Iron Company, but itself undertook the design and erection.
No mention of the Phenix Iron Company is made in the‘contract with the Quebec
Bridge and Railway Company or in any of the correspondence relating to it.

The officers of the Phwnix Brxdge Company and of the I’hoemx Iron Company
respectively are as follows:—

PueExix Brine COMPANY :

David Reeves, president. ,
Wm. H. Reeves, general superintendent.
Geo. Gerry White, secretary.

Frank T. Davis, treasurer.

John Sterling Deans, chief engineer,

PieNix Iron CoMpany:

David Reeves, president..

Wm. H. Reeves, general superintendeat.
Geo. Gerry White, secretary.

George C. Carson, Jr., treasurer.

Frank P. Norns, manager.

Chasrman.

T T IUGU GO KERRY, T
J. GALBRAITH.

. — ~o= - -——HENRY "HOLGATE, T
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~APPENDIX No. b.

THE EFFECT OF FINANCIAL LIMITATIONS UPON THE. DESIGN OF
THE BRIDGE, AND A DISCUSSION OF THE EVIDENCE
: RELATING TO THIS.

‘The fact that the carrying out of the bridge project was for years delayed by
lack of funds, being a matter of common knowledge, it was desirable to investigate
the effect of this condition upon the design and execution of the work.

Mr. Cooper has stated that ¢ during the early progress of the work it was an open
secret that the Quebec Bridge Company had but a small amount of money in sight.
(See Evidence.) : - :

In proof of this statement reference may be made to the following facts:—

Between 1887 and 1898 the Quebec Bridge Compary accomplished practically
nothing. . o ‘

In 1900, it let the contract for the substructure, payment to be made partly out
of subsidies and partly in bonds of the company to be accepted at 60 per cent of the
face value, and offered its superstructure contract on similar terms. _

» In 1900 its securities were thoroughly.investigated by the leading firms . of
American bankers, who declined to invest in them. -~ =~ - . _
_The -Phanix-Bridge Company. was paid for the construction of the approach
spans not by the Quebec Bridge Company, which ordered them, but by Mr, M. P.
" Davis. (Deans to Barthe, August 23,1901, Ex. 74 H.) - .
’ Tt must have been clear to the engineers fr.m the first that the financial condi-
tions were such that nothing but absolutely necessary work could be undertaken.
. The effect of the lack of funds is noticeable-in the methods of calling for tenders,
—__and of letting_contracts,_ and in the delays that occurred in the execution of the work.

’ In September, 1898, the bridge contracting firms were asked to submit tenders
upon their own designs, to be drawn in accordance with certain specifications. Prac-
tically -this meant that each bridge company was asked to spend several thousand
dollars on the preparation of plans, and that in return it was given an opportunity
to bid for a contract to be let by a company of weak financial standing. The result

,,,,,,,,, ‘was_that_although the magnitude of the work placed it outside_the limits of estab-
‘lished practice, most of the tenders submitted were made from immature studies based
upon insufficient data. The evidence shows that the Phenix Bridge Company gave

e~ ——more time and-attention- to the. competition than_any other tenderer, but the error
afterwards made by it in assuming the weight of the structure for final designs shows
how faulty the estimate accompanying its original tender was. We consider that the -
procedure adopted in- ealling for tenders was not satisfactory in view of the magni-
tude of the work, and was not calculated to produce the most efficient results.

In his evidence (see Evidence) Mr. Hoare ascribes the failure of the Quebec Bridge
Company to take advantage of the lump sum tender of the Pheenix Bridge Company
to lack of funds. We are satisfied from the knowledge gained during the designing
of the 1,800-foot span, that the 1,600-foot span could not have been built with the -
weight of metal stated in the tender of March 1, 1899. Mr. Deans’ letter to Mr.

. Hoare (Ex. 18 D, April 14, 1899) shows that the Phenix Bridge Company expected
that its tender would be modified before the work was built, The letter is as follows:
154—vol. 3% " ;
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. April 14, 1899,
(Personal and private.)

~Mr. E. A, Hoareg, -

--discuss -the suspension-plan.—

" 7 Chief Engineer, Quebee Bridge Company,
Quebee, Quebee. ,

DEaR MR. Hoare,—Mr. Szlapka and I were with Mr. Cooper the greater part of
yesterday, and you will be glad to learn there was not a single vital or important
criticism or mistake to be found in our plans. All the slight differences, such as dead
load, anchor arms, reverse stresses, in one or two members, thickness of some detail

“ plates, .&e., were all thoroughly discussed and satisfactorily settled, and not a single

one would affect sn any way our price or our proposition. It was especially gratify-
ing for us to learn this. ’ ) '

Mr. Cooper, however, somewhat upset me, by making the following remark, which
of course T understood was entirely personal and without any full knowledge of the
situation. He said: ¢ Well, Deans, I believe that all of the bids will probably overrun
the amount which the Quebec Bridge Company can raise, and that the result will be
as is usun: v the case, that all of the bids will be thrown out and a new tender asked
on revised specifications and plans.’

T told Mr. Cooper that while this might be the usual procedure, that in the
present case it was distinctly understood that whoever was the lowest bidder under -
the present specifications and plans would be awarded the work, and if any modifica-
tions were made their bid would be altered accordingly, as this could readily be done
through a conference with the Bridge Company’s engineers and ourselves; as we
could undoubtedly build as cheap a structure as any other company, and that unless
this plan was carried out as understood and agreed upon, the present bidders would
be placed in a very unfair position after the expenditure of great time and expence

I finally succeeded in convincing Mr. Cooper that this was the only fair metkod,

but I think it will take the greatest care on your part to see that his report is not

worded in such a way as to give the directors an opportunity of following this sugges-
tion. Mr. Cooper undoubtedly desires to be perfectly fair, but not having been
through this whole matter like oursclves, does not fully understand the situation. 1
trust, therefore, that you will give his report the most careful scrutiny, and get it
in the right shape before it is submitted, as far as this suggestion is concerned. It
would simply be just what our competitors, and particularly the Dominion Bridge
Company,-would-like,- or-the Union Bridge Company_in fact, and T shall be much .
interested to hear from you on this point. .
You have not advised me to whom I shall send the revised price, including
delivery of the material from Quebee and Lévis to site. :
Mr. Lindenthal and I have an appointment with Mr. Cooper next Tuesday, to

‘Kindly advise me when you will desire thé revised propositions of the suspension

" design. ,
‘ Yours truly,

JNO. STERLING DEANS.——

We desire to draw attention to this letter, because it indicates that the contract

was subsequently awarded on the result of this competition, the basis of the award

- being a lump sum tender, which could not have been accepted without modifications.

These errors we ascribe to failure on the part of the Quebec Bridge Company to
provide for sufficient preliminary studies of the project by its own engineers. It
should also be noted that in the opinion of Mr. Cooper the preliminary surveys from
which the main spans and the position of foundation piers, &o., were first determined
were entirely insufficient (see Evidence); further examinations and borings were made

~on his advice, and resulted in ~adical alterations in the design.
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In April, 1900, the Phenix Bridge Company undertook to complete the plans for
the bridge with all possible speed. In May, 1900, the Quebec Bridge Company, on
the advice of its consulting engineer, determined to adopt & main span of 1,800 feet,
and tacitly approved alterations of the specifications. The -contractors were_ ordered
to proceed with the designing for the 1,800-foot span under the supervision of Messrs.
Hoare and Cooper, but the new specifications, which had to be accepted and officially
approved by the Canadian government, were not issued until-the summer of 1903:
This delay of three years.seems to have occurred with the mutual consent of the
Quebec Bridge Company and the Phenix Bridge Company. . The Quebec Bridge
Company was not in a position to pay for the work, and did not demand that the
designing be proceeded with, nor did it furnish the necessary data for the designing.
The Phenix Bridge Company was occupied with other contracts, and did not make
any further expenditures on behalf of the Quebec Bridge Company until the financial -
position was assured. »

When the Dominion government finally came to be more closely identified with
the Quebec Bridge Company, in 1903, it intimated unofficially to the Phenix Bridge
Company its desire that the bridge should be ready for the Quebec Tercentenary in
T008 (see Ex. 77 U). For this and for ordinary business reasons the Phenix 'Bridga
Company hurried the work of designing and manufacture as much as possible, this
hurry resulting in errors, but uot in those errors which were the immediate cause of
the accident, these having beea previously made. It is necessary in designing a
bridge to commence by assuming what its weight will be, and as the design progresses
to alter this assumption by calculation from the drawings. In the rush following the
final financial arrangements of 1803, the necessity of rcvising the assumed weights
was overlooked both by the engineers of the Pheenix Bridge Company and by those of
the Quebec Bridge Company, with the result that the bridee members would have
been considerably over-stressed after completion, ‘Lhis error wae suincient to have
condemned the bridge had it not fallen owing to other causes. .

During the period occupied in the development of the details of the design, the
designing engineer and his staff were absorbed in the preparation of detail plans, and
this resulted in the slighting of matters of primary importance. ‘ o

. Under the circumstances this condition was unavoidable, but .could have been
improved had the time between April, 1900, and August, 1903, been used in considera-
____  tion and preparation of designs; otherwise business matters were in such shape that
————the~Phwnix-Bridge -Company-were-not-warranted-in_expending time and money in .. .
this direction. )
Tt is alsc proper to inquire whether the engineers modified their designs to the
__injury of the bridge on_account of the financial-conditions:— 7~
T The importance of economy in the preparation of the first tenders is shown by
the letter already quoted. - : . g .
. The tenders, however, had to conform to the original specifications, and there is
no evidence of unwise economy in the provisions of these. : -

Mr. Cooper’s attitude with regard to cost, while he was examining the plans and*

tenders, iz shown by the following letter:— - o

April 19, 1899.
(Personal.) .

E. A. Hoarg, Esq,, o
Chief Engineer, Quebee Bridge Company,
Quebec, Quebee. , )

Dear Mr. Hoare,—I spent most of yesterday in New York in consultation with
Mr. Cooper and Mr. Lindenthal, and found that Mr..Cooper had no serious complaints
to make in connection with Mr. Lindenthal’s plan; in fact he expressed himself as -
much interested in the ingenious design. .
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It developed, howe\er, in conversation, and Mr Cooper so expressed himself to
Mr. Lindenthal, that in view of the amount of the bid under his design, he would not
give Mr. Lindenthal’s plan careful and detailed consideration, and would so report
This rather exasperated Mr. Lindenthal, and for a time I feared he might withdraw
his bid, but it was smoothed over and I think will be permitted to s\t.nnd. Mr.
Lindenthal thought that Mr. Cooper should report solely and wholly on-the merits of
the several designs, without any regard to cost, and each design should have the same
careful consideration, and that you and your company alone should consider the ques-
tion of price. I know this is entirely' different- from Mr, Cooper’s instructions, and
that it would be useless. to spend detailed investigations upon plans which are very
expensive in price, but Mr. Lindenthal viewed the matter from’ an engineer’s stand-
point, and having taken such unusual pains with the design and estimate felt that
he was in a measure being slighted.

Mr. Cooper advises that he will finish about May 1

I think it of the utmost importance to see you some time before that date, and

- write to ask if you will not come to New York. Cooper also advised me that he liad no

authority to receive any revised bids for possible reduction in suspension bridge wire;
and I think this entirely proper. It seems to me, however, that you should have all
of these bids in your hands at once, and I will be prepared to submit ours when you
come to New York.

Please let me know at once and by wire when you will be in New York.

Yours truly,

JNO. STERLING DEANS,
Chief Engsineer.

In his report upon the competmve tenders submltted on June 23, 1899, Mr.
Cooper says:—

* The tender accompanying this plan (from the Phenix Bridge Company) _is the
lowest in pnce, and is the most favourable as to prospective duties upon the materials
to be used in its construction. I therefore hereby conclude and report that the canti-
lever superstructure plan of the Pheenix Bridge Company is the “best and cheapest ”’
plan and proposal of those submitted to me for examination and report. ;

There is no_evidence whatever to indicate that economy at the expense of

eficiency was ever considered by Mr. Cooper. His award was made distinctly to the
lowest tenderer, and he so states, but in the preceding paragraphs the accepted design
is stated to be ‘ an exceedingly creditable plan’ and ¢ in accordance with your Spemﬁ-
cations.”

“The full text of the report and Mr. Cooper’s evidence show that his award was

" made for technical reasons, although he did not overlook-costs; and he states that

(see Evidence) he was left absolutely unhampered in any manner in his report as
to which he should consider the best plan and the best brxdge _
In-s-memorandum- accompanying his original report, Mnr, Cooper indicated his

~ desire to alter the specifications, and to reconsider the length of the main span as soon

as proper foundation surveys could be made.

These changes ware subsequently wade, but it does not appear that economy was
the ruling factor in his selections. He unquestionably- increased the unit stresses,
but not to a point beyond those already adopted by the Bridge Department of the city
of New York for its great bridges, and the increase can be stated to be in harmony

. with the most advanced practice of -that time, and due more to an instinct of wise

investment than to any endeavour to simply cheapen the structure. - The wmdom of
his modifications is discussed in appendix 18.
In his evidence (see Evidence) Mr. Cooper has outlined his mtentlons in makmg

“his alterations, and a desire r:gt to involve the Quebec Bridge Company in a greater
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expenditure than was at first anticipated is given among them; but on the same page
it is sharply stated that he would not recommend any plans that did not promise to .
give a safe and satisfactory structure. .

The facts that have been discussed in this appendix show that while there is no
evidence of any cheap and insufficient work being purposely done by either Mr. Cooper
or the Phenix Bridge Company, there is evidence to prove that the fnancial weak-
ness of the Quebec Bridge Company seriously interfered with the carrying out of the
undertaking. ‘ - .

The Phenix Bridge Company were limited only by the specifications as amended
by Mr. Cooper, endorsed by the government and coneurred in by themselves, and no- *
sum of money or total weight was set as a limit in the designing or building of the
superstructure, the sole aim of all being to produce a safe and economical bridge.

The Phenix Bridge Company were paid for the work at so much per pound, so
there was no incentive to the Phenix Bridge Company to make the bridge lighter
than they deemed it should be. '

v ) HENRY HOLGATE,
. ‘ Chasrman.
J. G. G. KERRY,
J. GALBRAITH.

APPENDIX No. 6. -

THE HISTORY OF THE DEVELOPMENT OF THE SPECIFICATIONS
AND A DISCUSSION OF THE EVIDENCE RELATING TO IT. .

During the summer of 1898, Mr. E. A. Hoare, acting in his .capacity of chiet
engineer of the Quebec Bridge Company, prepared the first set of specifications for
the construction of the bridge. On July 2, 1898, Mr. Hoare was instructed by resolu-
tion of the board of directors of his company to communiocate with Mr, Collingwood
--Schreiber;-the-deputy-minister--and-chief-- enginecer.. of -the.Department. of Railways
and Canals, so that a set of specifications would be secured that would be satisfactory
both to the government and to the Quebec Bridge Company. On direction of Mr.
Schreiber, Mr. Hoare submitted his draft. specifications to Mr. L. C. Douglas, the
bridge engineor of the department, for criticism. . . . -

Mr. Douglas states in his evidence (sce Evidence) that he read over the
specifications with Mr. Hoare, but did not suggest any alterations in them, because
r. Hoare met his objections by explaining that the specifications would be used only
in connection with preliminary competitive tenders and not for the construction of
the bridge. He made no official report upon them. .

These specifications are, as stated by Mr. Douglas, mainly a direct copy from the
general specifications for stel and iron bridges issued by the Department of Rail-
ways and Canals in 1896. An examination bears out Mr. Cooper’s statement (sce
Evidence) that they were not drawn by anyone having the magnitude of this bridge,
structure in mind. - . g \ L . |

~ On August 31,1898, Mr. Schreiber, by letter, notified the Quebec Bridge Company .
that Mr. Hoare’s specifications had been approved (Exhibit 5). :

They were printed on order of the Quebec Bridge Company over date of Septem-
ber 1, 1898, and a_copy of them was sent out with each of the invitations to tender
mailed to bridge contractors in September 1808 (Exhibit 21). .- e
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On November 12, 1900, a subsidy agreement No. 13988 (Exhibit 12) was made
between the Government of Canada and the Quebec Bridge Company by which, on
.certain conditions, assistance to the amount of $1,000,000 was promised to the Quebec
Bridge Company. The Hoare specifications were made a part of this agreement, with
one alteration, viz., the length of the main span was made 1,800 feet instead of 1,600
feet, the Quebec Bridge Company having officially decided on the longer span on May
5, 1900. There is no evidence to show that these specifications were reconsidered at
this time by the technical advisers of the government. ) Vo
The original specifications were not used in the design of the approach spans
which were'made in 1901-2, alterations being made to meet the wishes of Mr, Douglas,
whose approval was required by the deputy minister and chief engineer before pay-*
ments on subsidy account could be authorized. _ -
: Mr. Cooper, in a memorandum accompanying his original report of June 23,
- 1899 (Exhibit 9), indicated that he thought the specifications could be modified with
considerable advantage to the interests of the company. On May 1, 1900, Mr. Cooper
recommended to the company the adoption of the 1,800-foot main span, his recom-
mendation being dependent up,onJhe_us&of_cmtain—alterationsﬂ'n‘vthwspeciﬁcatit)ﬁsf B

which were, in his opinion, desirable and justifiable. In a letter of even date to the
Hon. S. N. Parent, he suggests that he ‘be instructed to make such modifications in
the adopted competitive plan when adapted to the new lengths, as may tend to reduce
the cost without reducing the carrying oapacity or the stdbility of the structure.
On May 5, 1900, the board of directors of the Quebec Bridge Company directed
its engineers (Messrs. Cooper and Hoare) to instruct the contractors (the Phenix
Bridge Company) to prepare plans using the 1,800-foot span recommended by Mr,
Cooper. No active effort was made by the officials of either company to carry out
these in:iructions, and the amendments to the specifications which had to be formally
approved by the government before the plans could be commenced were not actively
discussed until May, 1903. The delay was due to financial reasons, no one knowing
when the work would proceed. : . : L .
.~ The National Transcontinental Railway project,  which was made public in the
. spring of 1903, was so planneq that a bridge near Quebec would be a national neces-
sity, and legislation involvirig a guarantee by the government of the securities of the
Quebec Bridge Company was proposed. With the improved financial outlook, the
activity of the engineers and contractors was “renewed. Mr. Cooper prepared his
—-amendments to_the original specifications, and-sent them-to Mr.-Selapka;-the-design-—————-
ing engineer of the Phonix Bridge Company, for his information and criticism.
Mr. Szlapka criticized the draft, and returned it to Mr. Cooper, after having taken a
copy of it, on May 20, 1903. The comments in his letter show that he had carefully
considered the purport of the amendments. Mr. Deans, returning from Ottawa, wrote
to Mr. Cooper on May 22, 1903, as follows: ‘1 was requested by the Ottawa officials
to urge upon you to act as promptly as possible in the matter of completing the
specifications, and to forward the same to Mr. Houra without delay. There is urgent
necessity of their taking prompt action.’ o -

On May 28, 1903, Mr. Deans wroté to Mf. Cooper, suggesting some alterations in
his draft for the amendments, one of which appears in the preface to Mr. Coopers
draft of June 2, 1903. . Mr. Cooper completed his draft of the amendments, and
forwarded it to Mr. Hoare, accompanied by a memorandum dated June 2, 1903
(Exhibit 21). A copy of the papers was sent also t- Mr. Deans. :

Mr. Deans, under date of June 4, 1903, acknowledged the receipt of these papers,
and expressed the hope that ‘we will soon hear that these specifications have been
approved by the goveérnment.’ _ o

On June 16, 1903, Mr. Szlapka, at the request of Mr. Deans, sent to Mr. Hoare
two sheets of caloulations comparing the stresses permitted under the Hoare specifi-
cations with those permitted by the Cooper amendments. In the accompanying letter

o
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(Exhibit 21) he stated: ‘ With figures given I hope you will be able to see that the
difference between the two specifications is very immaterial. Where the new ‘specifica-
tions give smaller sections than your spicifeations, it will be found during actual
final computations that owing to the m-.gu'tude of the structure, and ronsequently
the very large dead load as compared w.*h r..e live load, the unit stresses selected are
fully justified” On the sheets accompanying this letter the amendments avé referred
to as the ‘ Proposed specifications of June, 1903. (Theo. Cooper and Phenix Bridge
‘Company.)’ The officials of the Quebec Bridge Company were therefore distinctly
advised that both Mr. Cooper and the engineers of the Phenix Bridge Company
considered the adoption of the amendments entirely desirable. v
Owing to the terms of the subsidy agreement of November 12, 1900 (Exhibit No.
12), it was necessary to have these amendments approved by the government, and
they were accordingly transmitted to Mr. Schreiber by the Quebec Bridge Company.
Mr. Schreiber handed the papers to Mr, Douglas for report shortly after they reached
his office, and on July 9, 1902, Mr. Douglas made his renort in writing (Exhibit 63).

In it he advised the adoption of many of Mr. Cooper’s-suggestions; but-criticized the
~ " "Thigh unit stresses that were proposed, and the suggestion made in the memorandum
as to using the bridge for heavier rolling loads than those specified in the amend- .
ments. He also advised that the Quebec Bridge Company be required to submit new
specifications, and not merely amendments to the approved Hoare specifications. ‘

Mr. Douglas’ opposition was evidently anticipated, as will be seen by the letter
from Mr. Hoare quoted in the evidence. On receipt of the report of July 9,1903, Mr.
Schreiber had to decide whether he would depend upon Mr. Cooper or upon. Mr.
Douglas for technical adviee, and evidently decided in favour of the former, for, as
stated in the evidence, Mr. Douglas from that time had no authoritative connection
‘with the undertaking. , ’

Mr. Cooper’s intention in making these amendments was, as stated in his evi-
dence, to rearrange the wind and live loadings so that.they would more nearly corres-
pond to his own prediction of the actual loadings that would come upon the structure;
and accordingly he decreased the wind load and increased the roiling live load. He
was also of the opinion that the maximum stresses might safely be increased, and had

- recommended the 1,800-foot span on the assumption that this increass would be per- -
mitted. He was throughout impressed with the necessity of making his changes
without adding to the financial demands on the resources of the compauy. :

oo Mr. Schreiber’s views are stated in a letter to Mr. Cooper under date of July,
1903 (Exhibit 21), which reads as follows:— ' ‘

DEAaR SIR,—I have received from Mr. E. A. Hoare two memoranda made by you
in respect of the.plens of the superstructure of the Quebec bridge, suggesting certain
-~ modifications which you consider desirable. )
- Inasmuch as the contract for this structure contains an express specification by
which I am bound, I am unable, as matters stand, to sanction any deviations from it.-
- *1 am, however, strongly impressed with the expediency, in order not to hinder
the progress of the work of manufacture, of permitting you certain latitude in the
preparation of the detail plans, even to the extent of adopting (with my own concur-
rence) such'modifications as ‘may appear proper; and holding this view, I have asked
"that authority be given me by order in council which will enable me to act in that

directior. . ) S .
Nothing can, of course, be done until such order is passed, but-on receipt of it

1 will communicate with you immediately. _ :

. Falthfully " yours,
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Mr. Schreiber communicated with the Minister of Railways and Canals as indi-
cated in the foregoing letter on July 9, 1903, and his recommendations were trans-
mitted by the minister to council on July 18, 1903, and form the substance of the
order in council of July 21, 1903 (Exhibit 17). This order reads as follows :-—

Extract, from a report of the committee of the Honourable the Privy . Council,
approved by the Governor General on July 21, 1903,

On a memorandum dated July 18, 1903, from the Minister of Railways and
Canals, representing that a communication has been received from the chief engineer
of the Department of Railways and Canals, in regard of the bridge across the River
St. Lawrence, near Quebec, now in course of construction, reading as follow‘s —

OrFice or THE DepuTY MINISTER AND CHIEF ENGINEER, .
Ortawa, OxT., July 9, 1903.
L. K. Jonss, Esq., o
Secretary, Department Railways and Canals,
. Ottawa.

Sir,—Certain questions are at present under consideration and discussion between
Mr. Theodore Cooper, the consulting engineer of the Quebec Bridge Company, and
myself, involving the expediency of adopting some slight modifications of the specifi-
-cation for the superstructure of the.bridge across the St. Lawrence river, now in
course of construction by that company, attached to the subsidy contract made with
them; Mr. Cooper having prepared detailed plans and specifications of such super-
~____* structure which call for special consideration. .

Mr. Cooper is a bridge engincer of high star.ling in New York, and a man of
repute and reliability. He has made a very careful study of the necessities of this
superstructure, which, I may say, was especially imperative in view of the unusual
magnitude of the span and of the general design of the work. His modifications may
therefore reasonably be considered to be in the best interests of the work, and being
engaged continuously upon the work during constraction Mr. Cooper will be in the
best position to note the requirements of the structure as the work progresses.

In a work of this character and magnitude it is highly important that no delay
should arise from causes not absolutely unavoidable, to hinder the steady prosecution
of construction, and -there is reason to believe that the company require immediate
instructions to proceed.- )

In connection with the foregoing I would suggest that the department be author-
ized to employ a competent bridge engineer to examine from time to time the detailed
drawings of each part of the bridge as prepared, and to approve of or correct them
as to him may seem necessary, submitting them for final acceptance to the chief
engineer of Railways and Canals. )

I have thé honour to be, sir,
Your obedient servant,

COLLINGWOOD SCHREIBER,
Chief Engineer.

The niinister recognizing the point urged by the chief engineer that there should
be no hindrance thrown in the way of the parties engaged in the construction of the
bridge superstructure, and considering that under the circumstances the course
suggested by him is the best that could be adopted for the avoidance of delay, recom-

-mends that authority be given for leaving the matter in the hands of the chief
engineer to the extent expressed in his communication, it to ‘be understood that any
action taken under his authority in respect of the said bridge shall be regarded and
treated as in no way a violation of the company’s subsidy contract dated the 12th of
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November, 1600, which contract, if carried out in accordance with the decisions of
the chief engineer and to his satisfaction, shall be deemed to have been properly -
fulfilled. -

The commlttee submit the same for -approval,

JOIIN J. McGEE,
Clerk of the Privy Council.

Mr: Schreiber’s principal recommendation was ¢ that the department be authorized
. to employ a competent bridge enginéer to examine from time to time the detail draw-
ings of each part of the brldge as prepared, and to approve of or correct them as to -
him may seem necessary, submitting them for final acceptance -to the chief engineer
of Railways and Canals’ In other words, it was his intention to place ‘the final
control of the bridge construction in the hands of a specially chosen bridge expert,
who would be an employee of the depnrtment and who would report directly to the
deputy minister. As soon as the order in council was passed, inquiry was commenced
for a suitable engineer.

The policy of Mr. Schreiber was not in accordance with the wishes of the Quebec
Bridge Company and its associates—(sce letters, Hoare to Cooper, July 1, 1903
(Exhibit 70 I); Parent to Fitzpatrick, June 29, 1003 (Exhibit 70T); F 1tzpatnck to
Parent, July 18 1903 (Exhibit 73 C)—and as soon as Mr. Cooper fully understood
the deputy minister’s plans he protested vigorously. His position is very clearly set
forth in the following letter:—

Nx«:w Yogkg, July 31, 1903.

BEAR ME-—HOARE.L,——Panr—m reee:pb of- paperv from-Mr. Schreiber-which- surpmse——ﬂ—
me. He is to select an engineer in New York who will examine from time to time
the plans, approve or correct the same as to him may seem necessary, &e.

This puts me in the position of a subordinate, which I cannot accept.

It does not relieve the situation a bit. Such an engineer must either be given
liberty to do what he thinks best o1 he must have the very instructions which I have
sought, stating to what extent there may be modifications from the general specifica-
tions, if any are to be allowed.

In either case he becomes the engineer in whom trust and confidence are reposed.

It seems to me a very simple matter for the chief engineer of Rallways and
Canals to decide that the  original speclﬁuatlons must be rigidly carried out,’ or ¢ that -
certain modifications are approved,’ or ‘ that the company has perfect liberty to carry
out the work to the best advantage, provided the efficiency of the orlgmal contract be
not reduced.’ I would then know where I stand.

I have written to Mr. Schreiber that I do not see how such an engineer could
facilitate the progress of the work or allow me to take any responsible steps inde-
pendently of his consent.

Yours truly,
THEODORE COOPER.

On July 89, 1903, Mr, Cooper wrote to Mr. Deans, advising him of Mr, Schreiber’s
programme, and Mr. Deans intervened actively. The following letters show very
clearly that the Phenix Bridge Company heartily supported Mr, Cooper in his conten-
tion, and that the Quebec Bridge Company was in full sympathy with their views:—

- (Ezhibit No. T4 W.)

July 31, 1903.
E. A. Hoarg, Esq.,

Chief Engineer, Quebec Brldge Company,
Quebee, Canada.

DeArR Mr. Hoarg,—1 was greatly exerclsed this mornmg upon receiving a letter-
from Mr..Cooper undér date of July 30, stating that he had received from Mr.
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Schreiber copy of thie ‘order in council, and also a letter from Mzr. Schreiber. In.
this letter Mr. Schreiber states he has asked for authority to employ a competent
bridge engineer to examine from time to time the detail drawings of each part of the
bridge as prepared and to approve of or correct them as to him may seem necessary,
submitting these for final acceplance to the chief engineer of Railways and Canals.
Mr. Scireiber further says, ‘I have not yet named an engineer in New York to
consult with you, but will do so without unnecéssary delay, and in the meantime I
think you may safely go to work on the plans.’ )

The seriousness of this action I have not the least doubt you will appreciate
immediately. It leaves the entire matter ¢ up in the air,’ and much worse than the
condition we were all trying to avoid-—which was to save most importdnt time, and
that when Cooper once approved our designs and details it would be final and accepted
by the department. This is why I understand you secured the ‘order in counecil.’
It practically brings all matters to a standstill, as neither Mr. Cooper or ourselves
would know where we stand until this new hand could be consulted with, and even
then we would only know as each plan was paszed upon.

I cannot impress upon you too strongly the necessity of taking immediate action
to stop any such plan as suggested by Mr. Schreiher. :

When you consider that the entire feeling and action of Mr. Cooper’s was to save
the Quebec Bridge Company needless expense, without the least sacrifice in the
“design or efficiency of the structure, it has certainly proven a thankless task for all
concerned, and unless this present action upon- Mr. Schreiber’s part is immediately
stopped the entire buginess will be in a worse condition than if it had been let entirely

alone.” e

I am trying to reach j;;b_y "phone, as I appreciate the necessity of immediate
action. ’
Yours truly, -

JNO. STERLING DEANS,
Chief Engineer.
(Exhibit 70 L.)
(Letterhead of Phenix Bridge Company.)
) PueENixviLLE, Pa., July 31, 1903,
Tueovore CooPer, Esq., -
Consulting Engineer,
36 Broadway, New York, N.Y.

Dear Mr. Coorer,—To say that T was surprised by the contents of your letter of
July 30 is putting it mildly. I am trying to reach Mr. Hoare by ’phone. In addi-
tion, I have wired him, and have also written a strong letter expressing my feeling
in the matter.

The suggested action by Mr. Schreiber would place the business in a much worse
condition than it was originally in. The order in council’ was #aken solely to save
time and to have your approval of our details final and binding on the government—
it simply being necessary to have Mr. Schreiber’s signature a. a matter of form, Tt
has certainly proven to be a thankless task so far, in trying to save the Quebec Bridge
Company a large amount of money, without in the least affecting the etliciency of the
structure. - . - ) N : ] : :

We of course agree with you that we are at a standstill until this matter is
gettled, as certainly the matter of a new engineer is an uncertain quantity at present.

I cannot but believe that a trip to Quebee by yourself and myself would tend to
clear the situation.

Yours truly,

JNO. STERLING DEANS,
_ Ohief Engineer.
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(Letterhead of Phonix Bridge Company.) .

. PueExixviLLg, PA., August 1, 1903,

Mr. Tueo. Coorer, C.E., ’
35 Broadway, New York, N.Y.

DeaR Mr. Cooprr,—I talked with Mr. Hoare over the ’phone yesterday (the
service was not very satisfactory), and also wired him two long messages, and have
received his reply, stating that ‘he will take up the question with parties at Ottawa,.
and that we should go ahead, and if anything turns up to cause trouble tell Cooper to.
let me know at once.’ I have written him again, and urged him to stop entirely this”
proposed plan, and explaining that the sole purpose of the order in council was to
give you the final authority to settle all details, the government approval being a
mere formality, and in this way save time which was so valuable. I personally think
it would have been -much better to have had Douglas as originally proposed rather
than to have the present plan carried out; but we must insist upon having the whole
matter stopped.

Yours truly,

JNO. STERLING DEANS,
Chief Engineer.
(Exhibit No, 80P.)

(Telegram.) . __August 8, 1903,

E. A. Hoazre, Chief Engineer, 3
Quebec Bridge Company,
Quebec, Canada.

I found Cooper had written and wired you, and feels much more strongly than
I do the serious result of any such action. It would be disastrous to have proposed
appointment finally made. You and I should see Schreiber in Ottawa at once, and
céme to some better understanding. As it now stands nothing can be done on plans.
Answer to Phenixville.
: JNO. STERLING DEANS.

Mr. Cooper went to Qttawa and discussed the situation with Mr. Schreiber, who,
as & result of this conference, made a further recommendation to the minister under
date of August 13, 1903 (Exhibit 65). This recommendation is embodied in the
order in council passed on August 15, 19003 (Exhibit 18),

The text of this order in council is as follows:—

ExTtract from a report of a committes of the Honourable the Privy Council, approved
by His Excellency on the 15th August, 1903.

On a_memorandum datcd August 13, 1903, from the Minister of Railways and
" Canals, representing that by an order in council of July 21, 1003, authority was
given, in accordance with a suggestion made by the chief engineer of the Department
of Railways and Canals, for- the employment of a competent bridge engineer to
examine from time to time detail drawings of the superstructure of the bridge across
the River St. Lawrence, near Quebec, now in course of construction, in view of certain
modifications suggested by the consulting engineer of the Bridge Company; the said
plans to be submitted for final acceptance to the chief engineer of the Department
_ of Railways and Canals, _ ;

" The minister further represents that the chief engineer has this day reported,
stating that, as the result of the personal interview had with the company’s consult-
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ing engineer, he would advise that, provided the efficiency of the structure be fully
maintained up to that defined in the original specifications attached to the company’s
contract, the new loadings proposed by their consulting engineer be accepted; all
detail parts of the structure to be, however, as efficient for their particular function
as the main members for theirs, the efficiency of all such details to be determined by
the principles governing the best modern practice, and by the experience gained
through actual test; all plans to be submitted to tha chief engineer, and until his
approval has been given not to be adopted for the work.

The minister recommends that nmhonty be given for following the course so
advised by the chief engineer, the order in council of July 21 last to be modified
accordingly.

The committee submit the same for approval,

JOHN J. McGEE,
Clerk of the Privy Council.

Mr, Cooper’s interpretation of the order in council of August 15 was that it gave
him an absolutely free hand, provided efficiency was maintained up to the standard
of the specifications attached to the subsidy contract.

Necessarily throughout the development of the design of the structure cases would
arise when further modifications of the written specifications would appear desirable.
Such cases did arise, and were met from time to time by Mr. Cooper. In such cases he
proceeded accordmg to his mtetpretatxon of the order in council, and did not submit
further opmlous to the government engmeers for approval

éxtract from hlS evidence shows:i—

Q. Considering the relation of Mr. Cooper to the Quebec Bridge a'nd Railway
Company, and your opinion of Mr. Cooper’s ability, and the relation of the govern-
ment with the Quebec Bridge and Railway Company, woiuld you consider that Mr.
Cooper would have the power or authority to amend the specifications for the work
" from time to time as he might consider necessary or desirable, and would those
amendments be tacitly accepted by all parties concerned?

A. (Mr. ScureBER).—No, I think not. They would have to be submitted to me,
and they would come before our bridge engineer—before the bridge engineer of the
Department of Railways and Canals—before they would be accepted.

Q. So that, unless we can find a formal acceptance of the changes or alterations
made in the specifications we would have to consider them as unauthorized?

A. (Mr. ScuremBER).—Certainly.

There is, however, no evidence to show that Mr. Schreiber even questioned any
decision made by Mr. Cooper or in any way interfered with him. We consider that
in this Mr. Cooper was acting, as he believed, in the best interests of the work.

A copy of the order in council was sent to the Phaenix Bridge Company, so they
were aware of its conditions, one of which was: ¢ all plans to be submitted to the chief

engineer (Mr. Schreiber), and until his approval has been glven not to be adopted for
the work.” This condition also was embodied in explicit form in the contract between

the Phenix Bridge Company and the Quebec Bridge Company, and yet, the engineer
of the Phenix Bridge Company when asked, ‘ Did you consider the approval of the
plans by the Department of Railways and Canals a condition precedent to the fabrica-
tion of the bridge,’ answered, ¢ No.

The specifications thus officially amended by authority of order in council were

transmitted to the Pheenix Bridge Company. When asked, ¢ Did you fully concur in
all the amendments made in the specifications, having in' mind that you were endea-
vouring to produce the best possible bridge, Mr. Szlapka, the desxgmng engineer of
the Phenix Bridge Company, answered,  The amendments made in the speclﬁnatlons
by Mr. Cooper were not sub]ect to my approval.’ .
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The action of Mr. Schreiber at this time and subsequently can only be explained -
on the assumption that he considered the order in council of August 15, 1903, to be
a direction to him to place the responsibility for the building of the bridge entitely
in Mr. Cooper’s hands. Mr. Cooper’s amendments were according to Mr, Douglas’
evidence, accepted and used by the department in subsequent examinations of plans
(see Evidence), and Mr. Cooper’s signature was considered by the department prac-
tically as a final warrant of the sufficiency of the plans (see Evidence). -

That the proceedings of the department were irregular, and that Mr. Cooper was
assuming a degree of authority not in keeeping with the wording of the order in
council ‘of August 15, 1903, was élear to the Quebec Bridge Company, as the following
letter shows:—

(Exhibit No. 81C.)

(I.etterhead, Quebee Bridge and Railway Company.)
' Quesec, May 27, 1907.
J. S. Deans, Esq., . .
Chief Engineer, Phenix Bridge Compmly,
Phen?xville, Pa.

DEear SiR,—In reply to your letter of the 24th inst.,, I am aware that you are
doing everything that is possible to hasten the forwarding of the plans for approval
by the government, except that much time might have been saved if Mr. Cooper had
signed the tracings instead of having to sxgn so many blue prints,

; The signature of the consult’ .g engineer does not comply with the government

- ~regulations;——The order -in council-passed - some-years—ago -only—authorized -certain

~— - modifications in~the gpecification and details front time to time; if found necessary.

The obligations under contracts, with the company and the government still remain-
ing, viz., that no work is to be proceeded with or estimates paid until the fiial plans
have been passed through the various stages required by the government in the Depart- .
ment of Railways and Canals. This is the point they are objecting to. Understand
that it is not myself that is raising any question, but I am only endeavouring to
bring you in line with the contracts. The government has passed no order in couneil
cancelling your obligation to have all your plans approved at Ottawa beforo any metal
is fabricated. We ere under very ¢lose investigation now.

Yours truly,
E. A. HOARE.

Tt should be stated that the Quebec Bridge and Railway Company was through-
out fully advised of ‘what was being done at New York and Phenixville, and did not
make any objection to the authority assumed by Mr. Cooper or to the acceptance of
that authority by the Phenix Bridge Company, noththstandmg provision to the
contrary existing in. the contract. This letter also indicates a more active supervxsxon
on the part of the government than had previously been exercised.

The Phenix Bridge Company was immediately advised of the teris of the order
in council of August 15, 1903 (see letter, Couper to Hoare, August 21, 1903), but
being fully aware of the arguments and influences that had brought about the enact-
ment of that order, they concluded that it was intended to grant exactly what Hon.
S. N. Parent had asked for in his letter of June 29, 1903 (Exhibit 70 J). :

Mr. Deans and Mr. Szlapka in their evidence (see Evidence) make it very
clear that they considered Mr. Cooper’s pronouncements final, and not liable to alteru-
tion either by the Quebec Bridge and Railway Company or by the Dominion Govern-
ment.

In the opinion of the commission it is always desirable, when an entirely novel
problem is to be solved, to have the advice of several engineers upon the unproven

.
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features of the design before attempting to execute it. Having accepted the govern-
ment’s decision to depend upon the advice of only one man, the authorities thereafter
acted in accordance with the best knowledge of the time; and the most competent
engineers would have endorsed the concentration of responsxblhty upon the most
experienced and able man.

In effect, after August 15, 1903, instructions given bv Mr. Theodore Cooper from )
time to time were the specifications. In the offices of the Phenix Bridge Company
and in the works of the Phenix Iron Company the Hoare specifications as amended
by Mr.. Cooper were recognized as official and were so used (see Evidence,
and exhibits 99, 100, 101 and 102). It .was recognized by these companies that Mr.
Cooper had authority to alter any requirements of the specifications, and 1t is in
evidence that this authority was not infrequently exercxsed

HENRY HOLGATE
C’hacrman

J. G. G. KERRY,

J. GALBRAITH.

APPENDIX No. 7,

A DESCRIPTION OF THE ORGANIZATIONS AND STAFFS MAIN-
TAINED BY THE DIFFERENT CORPORATIONS INTERESTED
IN THE ERECTION OF THE BRIDGE.

There were four parties directly interested in the building of the bridge, viz.:
The Canadian Government, the Quebec Bridge and Railway Company, the Pheenix
Bridge Company and the Pheenix Iron Company. Each had its'own staff to take
charge of the portions of the work in which it was interested.

The commissioners made the personal acquaintance of all the senior officials
concerned, and discussed with each of them the duties he was called upon to perform:
Evidence has been secured giving the previous experience of these men, their fitness
for their several positions, and their duties.

The Dominion government was represented by the deputy minister of the Depart-
ment of Railways and Canals and his assistants; two deputy ministers and three
inspectors having been connected with the work,

The government’s interests are set forth-clearly in the Subsidy Agreement of
November 12, 1900 (Exhibit 12) and in the Guarantee Act of 1903 (Exhibit 1), and
throughout the work the Quebec Bndge and Railway Company recognized its obliga-.
- tions to the governmeut by requiring its contractors to do their work m such a

manner that it would be acceptable to the government.
Although the deputy minister of the department was charged with the duty of
" examining the plans and specifications, all of which were subject to his approval
checkmg up the monthly estimates which were the basis for payments, and exercis-
ing general oversight of the work up to the time of its final acceptance, in reality the
whole responsibility for specifications, plans and construction was upon the officials
of the Quebeec Bridge and Ruilway Company, its interests being identical with those
of the government, Mr. Cooper's special qualifications having been officially recog-
nized in the orders in council of July 21 and August 15, 1903 (see Evidence).



REPORT OF THE COMMISSIONERS ~ 4 -
SESSIONAL PAPER No. 184 ' ’

The issue at the time previous to the passing of the order in council of August
15 referred to, was whether Mr. Cooper’s approvals were to be subjeot to cancellation
on the advice of an expert engineer employed by the department or not. By the
order in council of August 16, 1903, 'the government practically decided that Mr,
Cooper’s decisions were to be final, and neither Mr. Schreiber nor his successor, Mr.
Butler, at any time, interfered with his control of the technical features of the under-
taking. Mr. Cooper’s understanding of the situation was the same, and this indicates
_clearly both, the government’s position and that of Mr. Cooper on this question.

The Quebeo Bridge and Railway Conmipany maintained in its service and employed _
on the work a chief engineer, a consultmg engineer, two ereotion inspectors and four
mill and ehop inspectors Tho chief ongmeer, Mr. E. A. Hoare, M, Inst. O.E, had
an extensive experience as a railway engineer, and had done most of the « eompany 8
prehmmary work. - The record of.his professional experience will be found in full-
in his evidencs (see Evidence). Mr. Hoare had a high reputation for integrity,
good judgment and devotion to duty. From the standpoints of personal character
and knowledge of Quebec and its people, no better man could have been found, and
the evidence throughout shows that to the best of his ability the company was faith-
fully served.  There is, however, nothing in Mr. Hoare’s record that would indicate
that he had the technical knowledge to direet the work in all of its branches, :

The. company’s directors do not seem to have realized the importance of the duties ~
pertaining to Mr, Hoare’s position and (see Parent to Holgate, January 11, 1908),
whi'e believing that he was not competent to control the work, they still gave
him the -position, the powers and emoluments of the office of chief engineer.

“While we ¢an only consider this as a mistake on- the‘part of the Quebec Bridge -

and Railway Company, yet we regrét to say that such appointments afa b?*mrmeam
uncommon, and it must be recognized that in many cases good executive ability is
valued more highly or eonsldered of more 1mportance than special professional knowl-
edge. '
Mr. Hoare personally considered that he was in general control of the construc-
tion, and that everything was under his jurisdiction except the approval of plans;--
the evidence shows that he gave much personal time to the oversight of the fabrica-
tion of the material, to inspection of the erection and the preparation of the esti-
mates; it also shows that be lacked a comprehensive grasp of the work that was being
done by the inspectors, and that although his subordinates entertained the highest -
- personal regard for him they did not look to him for advxce when technical dxﬁicultnes
arose.
Mr, Theodore Cooper, of New York, was the consulting engmeer. In the extent
of his experien¢s and in. reputation for integrity, professional judgment and acumen,
Mr. Cooper had few equals on this continent, and his appomtment would have been
generally approved. Mr. Cooper’s strict duties were to examme, correct and approve
the plans prepared by the contractors, and. to give engineering advice to Mr, Hoare
when requested. Mr, Cooper and his chief assistant, Mr, Bernt Berger, carried on a
most thorough and painstaking examination of the plans. Mr, Cooper appointed both
shop. and erection inspectors for reasons explained in his evidence, and had these
inspectors report fully and regularly to him. Mr. Cooper states that he greatly desired
1o build this bridge as his final work, and he gave.it careful attention. His profee-
agngsz;amhgg was so high that his appointment left no further anciety sbout the
outcome in the minds of all most closely concerned. -As the event proved, his connec-
tion with the work yroduced in general a false fecling of security. His approval of
.any plan was considered by every one to be final, and he has accepted absolute
responslbnht\ for the two gresat enginecring ehanges that were made durmg the
progress of the work—the lengthening of the main span and the: changes in the
spocification and the adopted unit stresses. In considering Mr. Cooper’s part in this
undertakxng, if should be remembered thgt he was an elderly man, rapxdly apﬁroaclv
164—vol, i—4
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" ing mventy, and of such mﬁrm health that he was only rarely permltted to leave New
Yok .

. Mr. Cooper assumed a posmon of great responsxbxhty, and agreed ‘to accept an
inndequate salary for his services.. No provision was made by the Quebec Bridge
Company for a staff to assist” him, nor is there any evidence to show that hé asked
for the appointment.of such a staff. He endeavoured to maintain: the necessary
assistants out of his own salary, which was itself too small for his personal services,
and he did a great deal of detail work which could have been satzsfaetonly done. by a
junior, The resilt of this was that he had no-time to investigate. the soundness of
the data and theories which were being used in the designing, and consequently
allowed fundamental errors to pass by him unchallenged. The detection and correc- .
tion of these fundamental errors is a distinctive duty of the consulting engineer, and
we are’ compelled to recognize that in undertaking to do his work without sufficient
staff or sufficient remuneration both he and his employers are to blame, but 1t lay
with himself to demand that these matters be remedied. -

During the construction of the substructure, Mr. Cooper visited the bndge Blte on
several o.ccasxona, but did not visit the bridge during the erection of the super- -
structure. He visited the Pheenix Iron Company’s ehops but three times dunng the
fabrication of the structure.

During erection, Mr. Cooper, upon recexpt of information from Mr,: McLure,
ordered certain work on.the erection to be stopped-for correction. This order.- ‘was
communicated by, him to Mr. Hoare, who stopped the work accordingly. : )

In the sense that the inspectors lookeéd to Mr. Cooper for advice and dlrechons
almost entirely and that he appointed them and issued instructions to_them, and also

———-———that-he-dealt directiy with-the contractors; he-assumed-many-of-the-duties of-a-chief——
' engineer. Owing to the special nature of the work, he was the only one in the employ-
ment of the Quebec Bndge Company. who was capable of mssuming these duties. He
was not authorized to act in this capaclty, nor was he able to VISlt the brldge duriong
its erection, ’

Norman R, McLure was an mm‘ector assisting Mr. Edwards in the shops up to
the beginning of .the erection, when he acted as inspector of erection, being employed
during the winter as an inspéctor in the shops. He was appointed by Mr. Cooper
with Mr. Hoare's concurrence. He was responsible to both Mr. Cooper and Mr.
Hoare, and Yéceived instructions from both, but reported to Mr. Hoare principally
upon matters regarding monthly estimates, and to Mr. Cooper upon matters of con-
struction. Mr. McLure had definite instructions in ‘writing as to duties from Mr.
Cooper (see Evidence), but had none from Mr. Hoare. Mr. McLure is a technical
man, .a graduate of Princeton Univergity (1904), and previous to the Quebec
bridge work was inspector of bridges for the New York, Ontario and Western Rail-
way, and in so far as his experience fitted him, performed bis duties well and is a
painstaking and capable engineer. He had not full authority on the work, and
depended -on Mr. Cooper for all technical advice and instruetions.

Weo are at a loss to understand why Mr. Cooper under the ¢ircumstances did not
place a more experienced man in full local charge of the inspection of erection. We
must recognize, however, that the power of makmg such an appointment did not rest
with Mr. Cooper, and that Mr. Hoare has stated in evidence hm convxctlon of his own
ability to handle the work. -

Mr. E. R. Kinloch acted as mspector of workmanship throughout erection, havmg”
been appointed by. Mr. Hoare and was responsible to him. Mr. Kinloch’s .experience
‘on bridge work as given in his evidence shows that while without technical training.
he had been connected with the building of several heavy structures, and was thor-
oughly capable of handling ordinary bridge erection. His duties were to watch the-
structure closely, and to see that the erection work, and particularly the riveting, were
properly done and .in accordance with the ipstructions issued by the Fhenix Bridge -
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Company, While the Phenix Bridge Company did not recognize his authority, they
co-operated cordially with hita to the common end of endeavouring to obtain good
work, Mr, McLure and -Mr. Kinloch worked independently, but all Mr, Kinloch's
observations and criticisms were reported to Mr. McLure, and these have added &

. great deal to the value of the records. Mr. Kinloch was thoroughly at home in his
work, and executed his duties carefuliy and intelligently. He appears from the
evidence to have been a kecn observer and fully impressed with the importanes of his
duties. We are, however, convinced that the bridge was too large for one man to
thoroughly cover in detnil all the work that was entrusted to Mr, Kinioch, end that
there should have been more inspectors of equal ability.

Mr, E, L. Edwards was chiof ingpector of shop work, and was appomted by Mr.
Cooper with the approval of Mr. Hoare. He reported to both Mr, Cooper and Mr.
Hoare. The “dircumstances of his appointment are stated by Mr. Oooper in his
evidence, and Mr. Edwards’ experience as an inspector is giveu in full in his own
evidence. His duties were to see that the metal supplied by the rolling ‘mills came
fully up to the requirements of the specifications and that it was properly tested; he
sent the test reports regularly to Mr. Hoare, and visited Mr. Cooper for inetructions
every month or when anythmg irregular happened. He had also to see that the
finished members corresponded in dimensions exactly with the approved plans, and
that the methods of fabncatxon that were used were in each case most accurate and
satisfactory.,

The test records and the list of shop errors detected by the inspectors are evidence -
as to how Mr. Edwards performed his duties.

Mr. I..-W. Meeser -was Mr.- Edwards’-assistant;-and- his- )nspeotlon was - more-~—-~ -

““—*partrcnlaﬂy‘dlmtal*tﬁhe‘ s}wpwork"‘ﬁ—haﬂ—m”le wxporience in shopwork, havieg —
been trained as a machinist, and was at one time subforeman in the shops of the
Phwnix Iron Company.- The commissioners satisfied themselves during their visit to
Pheenixville that Loth Mr. Edwards and Mr. Meeser thoroughly understood the work
they had undertaken. The commissioners are not, however, satisfied that the shop
inspeotion as arranged for by the Quebec Bridge and Failway Company would have
been as thorough as it was if it had not been aided throughout by the hearty co-opera-
tion of the officials of the Pheenix Bndge Company and of the Pheenix Iron Company,

* The staff was too small; and it is our opinion that the Quebeo Bridge Company
.would have shown better judgment had it employed a larger staff under the direction
of an independent man of wider technical knowledge and who would have been suffi-
ciently forceful to -hold his own against the cont.:actors,

Messrs. Keenan and Ostrom acted as inspectors in the rolhng mills at Harns-
burg and Pittsburg, respectively. Thers is no evidence of any serious defect in the
metal supplied by these establishments, and it may be concluded that the mspection.. N
was thorough and oreditable.

As a whole the staff was insficient and not well organized. -The excellence of -
the work done must be largely attributed to the ambition of the constructors to do- the
work to the very best of their ability; the organization was weak in. the absence of a
fully competent eng-meer of erection and of a forceful chief of staff for the inspeotion
of shopwork, -

, The "officials of the Phenix Brxdge OOmpany most closely connected with the

____Quebeo bridge were the _chiof enginegr, the designing engineer, the engineer in charge__
of details, the shop inspector, the superintendent of erectxon, the erection foreman, ;
the resident engmeer of surveys, and the resident engineer on erection.

The chief engineer was Mr. Deans, who has ocoupied this position for many years,
and is widely.dnd favoursbly known as an experienced bridge builder. My, Deans”
personal dutiés aro the general oversight of all work being executed by his company.
He may be fairly described as its- chief business manager, and as such conducted all -

" the negotmtlons loading up to the Quebec bridge contracts, From the nature of hiu )
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“work it is not possible for lnm to be closely in touch with the planning and execution
_of technical details; these were in the direct charge of his two principal-assistants,
My, Szlapka and Mr, Milliken, acting under his general instructions. Mr. Deans was
very active in the performance of his duties, kept closely in- -touch with the progress
of the work in all departmente and generally managed the execution of the contract.

Mr. Deans’ actions in the month of August, 1907, and his judgment, as shown by

the correspondence and- evidence, were lackmg in cautlon, and thow a failure to
- appreciate emergencies that erose.

The deslgmng engineer was Mr. Szlapka, who had received a thorough technical -
education in Germany, and has been with the Phoenix Bridge Company for about
twenty-seven years, having held his present position for twenty-one years. A list of

. the more important structures that have been built by this company to Mr, Szlapka’s
. designs will be found in the ev1dence, and shows that previous to 1903 his ability
as a des:gner had been thoroughly tried, and that his experience was wide.
As_ usual in present ‘bridge company organizations, Mr. Szlapka’s work has been
confined to his own department and : his personal knowledge of the work of transporta-
‘tion ‘and erection is limited. - ‘The evidence shows that Mr. Cooper, whose faculty of
. direct and unsparing criticism is well known, had every confidence in the ability of
Mr. Szlapka, and on previous works had had good opportunity to form his estimate
of him. Mr. Szlapka was responsible for the entire work of designing, and the com-
. missioners are satisfied from their personal investigations at Phenixville that this -
was conducted with care and energy. Mr. Szlapka’s mistakes and errors, to which
the disaster is du-ectly attributéd by the commissioners, are discussed elsewhere.
The engineer in charge of details was Mr. Charles Scheidl. Mr. Scheidl had

received a technical education in  Germany, and has been with the Phonix- Bridge-
Company for twenty-four years, during eighteon of which hé has held his present
position. His work in conpection with the Quebec bridge is clearly and fully set
" forth in his evidence, and, briefly stated, consisted of preparing the shop drawings
from the general outlines of design that had been determined by Mr. Szlapka. The
accuracy with which this work was done is proved by the records of the shop inspee- -
tors and of the erectors, and was of the highest grade: Upon Mr. Scheidl was laid
the burden of bemg personally responsible for the accuracy of every one of the shop
drawings.

Mr. E. T. Morns was shop inspector for the Phenix Bridge Company, his posi-
tion being a permanent one. His duties were similar to those of Messrs. Edwards
and Meeser, and his employment practically .provided for an additional inspection of
the work in the shop. He reported to Mr. Deans and Mr. Szlapka, and kept a record -
of all errors detected and of the methods adopted for their correction. An examina-
tion of the “field corrections’ reported by the resident engmeer of ereotion will show
how thoroughly this shop inspection was done, and by comparison of the records we
. find that the work >f Mr. Morris was even more thorough and exact than that of
Messrs. Edwards and Meeser. It is proper to credit the thoroughness with which this
work was performed not solely to Mr. Morris but also to Messrs. W. H. Reeves, Deans
and Norris, whose emphatic instructions concerning inspection he bad received.

Mr. A, B. Milliken was superintendent of erection, having general jurisdiction
over the handling of all the contracts of the company after the material was delivered
to it by the Phenix Iron Company. He has occupied his present position for about.
__seventeen years. A list of .the most important structures that he has erected i isgiven

-in Hig evidence. Mr, Millikon did not confine his attention to the Quebec bridge
work, but had the execution of several other contracts to .ook after at the same time.
The ev1denee shows that he spent much time at the site, and was always closely in
“touch with work. The system of reports of progress establlshed ‘in his department
 was very thorough.
~ Mr. Milliken reported to Mr. Deans, and when on the work did not interfere wnth
ths jurisdiction of Mr. Yenser, who was in charge, but simply advised him.  His work
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throughout appears to have been thoroughly and carefully done. The éystem of ered-
tion was jointly deeigned by the engineering and erection departments of thé Phoiix
Bridge Company, the details of the members, their connections, the travellere and the
general order of erection being determined by the engineers, and the equipment of
plait and tackle by the erection department. Mr. Milliken appointed Mr. Yenser as
forsman on the Quebec bridge. ' B

Mr. B. A. Yenser was Mr. Milliken’s subordinate in charge of erection, and was
in absolu‘e local authority. He had been a bridge erector for many years, and had
worked for the Phmnix Bridga Company. for about fifteen years. In Mr. Deans’
evidence will be found a statement of the more important structures erected by
Mr. Yenser, and that gentléman is described as ‘having shown unusual qualifies
as an erector, being careful and conscientious, and having had experience in the
handling of men.’ . It should be noted that Mr. Yenser had absolutely no authority to

- vary the programme of erection, which’was arranged in Phenixville and furnished to
him in a book of instructions with accompanying plans. His position was largely an
executive one, his duties being to carry out positive instructions and to sce that tha
forces employed were worked to their full efficiency. He had orders to exercise extra-
ordinary care in the inspection of the tackle and all handling applicnces. Mr. Yenser
had no technical training, and his position did not call for it. His action in continu-
ing erection on August 28, 1907, was immediately referred to his engineering superiors
and was approved. The evidence shows that he was an sble and forceful superin-
tendent, and that he went to his death with supreme confidence in the judgment of
his superiors at Pheenixville. - . o

~ Mr. A, H. Birks, the resident engineer of erection, who also perished in the

.. ..disaster, had complete confidence in the ability and efficiency of the Phenix Bridge
e —Company’s-designers;-whose abilities-he-had-had-ample-opportunity to observe. The

personality of Mr. Birks is described, "and his record in the performance of
his duties is stated in Mr. Deans’ testimony. It will be there notod that M.
Birks’ experience was rather lmited. . He had received a thorougl training in
the design of the erection plant. His duties were to inspect the material as it arrived
on the bridge for erection, to see that it was properly placed, and to watch the erectors
to see that the programme of erection as laid down in the Phenixville written instrue-
tions was minutely followed. The evidence shows that these duties were performed
with intelligence and fidelity. Mr. Birks prepared all technical reports for trans-
mission to Phenixville, and advised Mr. Yenser on matters calling for engineering

~ knowledge. Lo e ) o ;

Mr. ¥. A. Cudworth was resident engineer in charge of surveys. No question
of importance affecting Mr. Cudworth’s work has come up in the progress of this
inquiry, and it is sufficient to say that his duties were faithfully and ably attended to.

The Phenixville office depended upon him principally for reports of the movements
of the various parts of the truss as the erection proceeded, and his observations are
matters of record. . : '

In general, it may be said that this staff was highly efficient, the men were well
trained, and had ample experience in the class of work that they were called upon to
do, and there is throughout evildence of great pride in their individual connection

 with the undertaking and of determination to do their utmost to make it a success in
every way. The commissioners are of opininn, however, that the Phenix Bridge
Company erred in judgment and showed a failure to appreciate the magnitude and -

T difficulties of ’th?fb?lﬂlﬁt’it"h’éd‘iﬁde’rtﬁkén”’wben'itfdid’not'provide*az*part" of -this — -—
organization an engineer of erection who, by virtue of technical training and lomg
experience on large bridge work, was' fitted to take complete local control of the erec-
tion. In this they followed usual practice, which, however, was not applicable to this
particular work. : S
 The manager for the Phonix Iron Company was Mr. Norris, who has been
prominently connected with the company since 1898, snd who became manager in- .
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in 19000. Under his mansgement the works of the company have been altered and
‘enlarged and the output materially increased. Mr. Norris’ endeavour to secure thor-
oughly good material and good workmanship for the Quebeo bndge is set forth at
Tength in his teehmony, and his conduct of the work throughout is, in the opinion
of the oommmsloners, eommendable for.its carefulness, thoroughness and energy..

The commissioners are of opinion that the works of the Phenix Iron Company
are efficiently managed and operated :

: HENRY HOLGATE

_ Ohamnan
o . " J. @, Q. KERRY,

: © -~ J. GALBRAITH.
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APPENDIX To. 8.

A HISTORY OF THE DEVELOPMENT OF THE PLANS AND OF THE
’ METHODS FOLLOWED 'IN THE DESIGNING OFFIOE.

. The fiet preliminary plan of the Quebec bridge was made by the Pheenix Bridge .
Company for the Qyebec Bridge Company, and is dated November 80, 1897 (Exhibit
94). A second plan was made December 7, 1897 (Exhibit 05), showing the lower
chord curved. In response to our inquiry Mr. Szlapka states that the-change from
tha straight to the curved lower chord was made for the sake of artistic appearance,
either form being considered by him structurally satisfactory. _ -

.- —There are three other pluns dated February 17, 1899, two of which show the lower
chord of the anchor arm arched at both ends, and the other shows the anchor army
arched only at the main pier. In general outline thia last plan was almost identical
with that of the final design. ‘ _ .

 All of these five general preliminary plans are drawn for a river span of 1,600
feet. The plan of November 80, 1897, shows the cross-section of the river correctly,
which indicates that information of this nature had been received from the Quebec .
Bridge Company prior to that date. o .

The plan made by the Phwnix Bridge Company and dated December /7, 1897
(Exhibit 95), is identical as to bridge outline with the plan dated January 13, 1898,
and filed in the Department of Railways and Canals by the Quebec Bridge Company
(Exhibit 8). ’ '

The plan which accompanied the tender of March 31, 1899 (Exhibit 98), was one
of the three plans dated February 17, 1899. This design and others of the same date,
some of which were competitive designs, are shown on drawing No. 83.
~ Two plans were made by the Phenix Bridge Company, both dated April 22,
1900. Both of these show the anchor arm with a complete arch in the lower chord,
but the river span is 1,723 feet, and in the other 1,800 feet. These plans were madé
subsequent to the awarding of the contract for. the bridge on April 12, 1960, but

“ before Mr. Gooper had advised the adoption of the 1,800-foot span. Another general
plan was made dated May 6, 1900, showing the bridge generally pj it was intended to
be built. A further plan was made by the Phenix Bridge Company, \dated October
6, 1900, similar to the last mentioned plan, but with the title of the ¢ Quebec Bridge
Company,’ and on April 14, 1901, a further and last preliminary general plan was
made by the Phmnix Bridge Company, which is practically the same as the former
plan and bears the same outline as the constructed bridge. . All theso preliminary
plans were made by the Phenix Bridge Company.

i On April 12, 1900, the contract embracing the anchorage steel work was sighed.
The plans for this work were developed in the regular course, aind the work was lone
acqordingly. In this agreement the Phonix Bridge Comphny were awarded ‘the
contract for all the steelwork of the whole structure, and agreell to proceed with detail
plans. On December 19, 1900, the contract for the two approach spans was sigped.
The plans for this work were developed in the regular course, and the work wad

. { While the approach spans were simple truss spans of usual design for such
strpctures, and - complete in themselves, the anchorages for .the cantilever bridge
involved calculations of the main structure, in order that the uplift could be deter-
mined. Such calculations as were necessary to ascertain this were made on assumed
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data.. The work was-ordered June 15, 1900, and forthwith designmed and wndﬁuotod o

with ¢ a'liberal allowance for increase of uplift,’ as the exact uplift could not be ascer-
tained, t:ge weight of the structure itself not being then known and only approximately
estima

A general study of the details of the bndge was made by Mr, Scheidl during the
months of J. anuary, February and March, 1903, = This study involved tho considefra-
tion of the outlines of the bridge and of the general stresa sheets which had been-
prepared. The method of connectmg the suspended span to the cantilever arms, the
details of the shoes for the main posts, and the details of the anchorages were con-
sidered ; -the-detailing of the panel points and interseotions of the suspended epan
were worked out; then followsd the arrangement of the top chord packing for the
eantilover and anchor -arms, -the panel points and intersections, the main posts and
pedestals. ‘These studies not being considered as other than tentative, the weights
were not computed at that time as a Lasis for new stress sheets. The real prelim-
inary work intended for final results was begun in July, 1903, after the receipt of the.
revised specifications, the contract having been signed provisionally on June 19,

The following is an outline of these preliminary studies, First, the determina-
tion of the normal lengths of all the bridge members; jhen studies of all plate and
trussed floor beams and stringers; of transverse bra‘ings, details of main ahoea,
pedestals, connecting chords and bracing of same.

The packing of the eye bars was then taken up, then the:details for anchorages
and the transfer of wind stresses and anchor piers. Then followed the detail of the
anchor arm panel points, commencing with the end lower chords; then the web. inter-
sections. Bimildr studies were made for the cantilover arms and the suspended span,
‘ When the details for the anchor arm were completed and those for the cantilever
arm partially completed, the weights of all details were caloulated and final anchor
arm stress sheets computed. This was the beginning of. t.he shop-drawmg period;
only the anchoy towers had then been shop detailed.

The dead load concentration upon which ths final make-up of the members of the
anchor arm was based were as follows:—

- Haf suspended 8pan... .. .o vo vu ssvn na coeree 4,842,000 1bs,
Cantilever ArM.. .. o+ oo 4o o0 o o0 0e o6 o0 oo 18,205,200 ¢
) Anchorann te ee e e se eaee e e ee ee .s 13,817,600 ¢

The cortespbndmg concentrations as determined on June 25, 1907, were found to
be:—

: Halfsuspendedspan.. e e et e e te e e e e 5,694,000 lbs.
Cantilévei‘axjm..-.....................; 15,804,000 «
ADCHOE BITN: . oo vv ve ve vn oo e on oo ne oo as 17,318,000 ¢

(See also drawing No. 8.) The total steel in these concentrations was’ nbout
85,316,000 lbs, -

The difference between these two sets of oonoentratxons mdlcate a fundamental
error in the calculations for the bridge. In a properly computed bndge tho assumed
dead load.concentrations. upon which the make-up of the membeérs is based should
agree closely with the weight computed from the dimensions in thé finished design

~ and with thé actual weights (see clause 8 of the specifications, which provides: ‘8.
The déad weight used for éaleulating stresses must nof bé less than the actual wexght
of structure when.completed’).

- The error consists not so much in the assumed concentranons belng mcorrect, :

for that is more or less unavoidable, but in the fact that a recomputation of weights-
based’ upon’ the cross-seotions: already determined and with sufficient allowance for
doubtful details: was not made, and the process of approximation . continued -urtil
. satisfactory -agreement was reached.. In bridges of ordmary design ‘and dimensiong
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‘experience has furnished data suﬂlcleut to enable the desxgner to estimate the weight
80 accutately that a recomputation is not always necessary. In this’case, however,
the unique charaoter of the design, the magnitude of the span and the high unit
stresses specified demanded that no risks should be taken by fmlmg to adopt this
method of approximation and checking.

. 'In computing the make-up of the members of the cantilever arm the same dead
Joad caloulations were assumed for thy cantilever arm and for thé suspended span
a8 in the computations for the anchor arm, and the above coinment will apply with
equal force to the design of the cantilsver arm.

The failure to make the necessary recomputations can be attributed in: part to
the pressure of work in the designing offices and to the confidence of M. Szlapka in
the correctness of his assumed dead load concentrations. Mr. Uooper shared t.lna
confidence, as He approved the stres: sheets. -

--The dates of approval of the various stress sheets by Mr. Oooper are as follows.

Suepended gpan, March 29, 1004.
Anchor armr; June 80, 1904.
Cantilever arm, Mey 25, 1005.

Mr. Cooper’s examination' with regard to the questlon wxll be found in the
evidence. Mn Cooper says:— .
‘In qomputing the deéad lond strains I-was furnished by Mr. Szlapka with a
diagram, dated May 12, 1904, which gave the dead load concentrations for the anchor
and cantilever arms, Quebec bridge.
. ‘These dead load concentratijons vary at every point. I asked Mr. Szlapka when
“this was presented to me whether it was carefully and properly estimated. He etates
‘that he had his best men to carefully estimate the weight at each point, and that this
was a correct arrangement of the final weight to the best of his belief. As I had no
other means of determining these weights, the plans not bemg yot submitted to me,
I' assumed them to be correct, and used them in determining my strains. I did,
however, check these weights in the following manner: I added together all the
concenfrated loadings, deducted the allowance for floor and. timber which he states
here especially, and found ‘that the resultant wexght was abundant to cover the
assumed estimated weight of the structure.
Early in 1905 the didwings of thé anchor armi were practically complete and it
was possible to compute the weight of the anchor arm within say two per cent of the
actual weight. There is no evidence to show that this was done by the Phenix
Bridge Company or by Mr. Cooper, Had such a computation been made at that time,
when but a small portlon of the work had passed through the shop, and erection had
got begun, the serious error of the assumed ‘dead load would have_been immediately
etected,
‘Shopwork began in July, 1904, and the record shows that af the énd of Deoember,
1904, eight panels of anchor arm lower chords had been completed ready for ship-
ment. The demands of the shop on the drawing office no doubt contributed to prevent
‘& recomputation of the stress sheets and the early discovery of the error, °
" Mr. Cooper did not become aware. of the error until he received Mr. Edwards?
report on material of February 1, 1908. At this txme, the anchor arm, tower and two
panels of the cantilever arm were fabricated, and six panels of the enchor arm were
in place. Realizing that thege was no remedy, and believing that the increased
stresses were still within the limit of safety, Mr. Cooper permitted the work to pro-
ceed. He estimated that the inorease in unit str ins due to this’ error was from i soven i
————to-ten-per-cent.
No progressive record of computed weights was made and kept in the deelgmng
offices for"the purpose of checking the éstimated' concentrations”used in the stress
gheots, a8 will be seen from the following correspondence with Mr. Deans:— -
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" MONTREAL, January 25, 1908,

Messrs. the Phenix Bridge Company,
Phenixville, Pa.

@ENTLEMEN,—] have been requested to ascertain from you the process of system
you used in the drawing office, whereby the weights were estimated and ascertained,
and what record of estimated and actual weights of parts was kept in the drawing
office. Was it your practice as scon as a drawing was completed to make an estimate
of the weight of that part, and was this work done systematically so as to be of service
in checking the driginal caloulations of the bridge, and were the weights estimated
* from the drawing of service to.you in furnishing data for design ¥ If you can give -
me a Mst of these actual weights, with t'.e dates at whioh they were ascertained,
either from the estimate made from the drawing or from actual weight, whichever
was first, it would, I think, give the information desired.

I would be obliged to you for an early reply.

' ~ Truly yours, ‘_
e  _ __ _HENRY HOLGATE.

_ ‘ PreENxviLLe, Pa., January 81, 1908,
Henry Horeats, Esq,, o
‘Chairman, Royal Commission,

Montreal, Oanada.

Drar Sm,—Replying to your letter January 28. :

When the shop drawings of the heaviest and largest pieces were partially
finished, sk-tches were prepared showing their approximate weights and extreme
dimensions. Theys sketches were sent to the transportation companies to secure
routing end meticd of loading. No weights were figured of any pieces of ordinary
dimensions, where no difficulty whatever was expected in loading. After the shop
drawings of the fmost important members were finished and approved by the consult-
_ing engineor, then their weights were figurei with care for comparison with the
shipping weights. No other record was kept in the drawing room outside of these

itemized weights on forging lists of the estimated and actual shipping weights.
" Our shipping invoices give the actual weights, marks and dates of shipment of
all pieces in the bridge. We have no extra copy of these, but no doubt you could get
the loan of Mr, Hoare’s record.
. . o Yours truly,

JNO. STERLING DEANS,
- Chisf Engineer.

‘Before commencing the shop drawings a full understanding was arrived at
between the drawing office and the erection department regarding the positions of
" fleld splices and other details which might affect the erection. The large traveller was
designed after consultation between the two departments.

" Before shop drawings could be made for the larger pieces, arrangements had to

~ be completed with the transportation companies. This involved the making of trans-
portation drawings for the purpose of avoiding all dificulties which might arise during
the transportation with regard to rolling stock, curves and bridges. A

The exact dimensions of the various members had to be determined, so that under

normal loading the normal configiration should obtain. This involved the computa~ -
tion of all the alterations of lengths and of position in members from the first posi-

~ tion of the anchor arm lower chorda on the false works to the final configuration of

the bridge when complete and sustainiiig its normal load.
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The methods of erection were fully considered in planning the details of the shop
drawings. All the work, including the preliminary detailing already desoribed, was
under-the charge of one assistant engineer, Mr. Chas. Scheidl. ‘Each shop drawing,
when completed, was fully checked. Copxes were then forwarded to the consulting
engineer for approval. When approved copxes were returnoed to the Phenix Bridge
Company, which sent copies to the chief engineer of the Quebec Bridge Company
to be forwarded to the Department of Railways and Canals. The department returned
one approved copy to the Phenix Bridge Company, and in accorddncs with the terms
of the contract, the receipt of the plans approved by the Department of Railwhkys and
Canals was the authority for the Phenix Bridge Company to construct the ‘work.

All'shop drawings weré executed in the best style of draughtsmanship, and gave

all necessary information for the shop and to some extent for the erection.

The most careful methods of checking were employed. At no time during the
progress of the office work were more than eighteen men employed. The rate of
progress depended upon the rate at which Mr. Scheidl could perform his work, and
would not have been hastened by the employment of a greater number of draughts-
men. (For fuller detdils see the evidence of Mr. Sziapka and Mr. Scheidl.)

- The north and south halves of the bridge being identical, the members for each -
were constructed from the same drawings simultaneously.

The annexed table shows that the drawings were sent to the shops as soon as the
approval of Mr. Cooper was obtained, and that the approval of the Department of
Railways and Cana]s, while necessary, was regarded as being purely formal.



LOWER ‘CHOR

S OF SOUTH ANCHOR ARM.

‘ ‘SmowmNG dates at which various operations on these were pe;.-formed.
| T | 2555, | BT eoxam SRR R L | (| B | e | B
1 Enqpmd eub??'.....xoiug?ﬁ.; ....... 1904.. 21 Octobes... .. 122 Julgr ... 1&333%« 5Au§§%.....z§&3&b&. tgéu'rg
2 Seon;nd panel... 16 August......120 August...... 29Au¢\nt 21 Ootober... . . |25 August.. ... .25 September. . 10 September.... IOctobcr 127 Qotober-
3 Thix;'dpmel.. |10 Septamber...{14 Septemaber...|22 September.s.| 1 Novermber...|16 Soptember...| 5 Gatobet..... 11 Octob ...ﬁm.....%:gzrgm:j
4 Fourth panel.... |10 Septacber...24 September...|28 Septamber...| 1 November...(26 September...|11 October....- mc;tober....‘.afyombc..... 1-12 Novamber.
5 F‘xfdihpanel.. 16 September.. |4 September...| & October... .| 1 November...[29 September...|31 Octobet.... . 2Nwmb«ﬂ;l7Nomb¢...§g§m:
[ Sixt:h panet 14 September...[24 September...;13 October.....! 1 November...] 4 October..... I‘Novemlnr... 10 November...{17 November... {:%Deomber.
7 Sevémux panel. | 7 October. ... 13 October..... 21 October... 12 November... {17 October... . . |14 November...[21 November... 3 Docember...(1-13 Desember.
8 E)g%xﬂ:p-ml...uomber.....lsomber. ...| 4 November...|23 November... |24 October... .18 November... 4Deoanbcr...1'leooember7 -|1-24 Dooember.
) Ninithpa.nel. .|19 October... .. 23 October... .. 4N0fembc.;.23N6vmb¢...280cwba.....25Novcm!>er... 13 December. .. s@ December. .. }jﬁ:?_mg:
10 Tenth panel....|{21 6otober..... 25 October... . .|23 November...|{19 Decetnber 7 November...|28 November...|28 December... SJ&. t}.g gm-
Columa........ 1 2 3 4 5 6 7 8 °
Compare column 4 with 5. Compare column 4 with 9. i
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The followmg is & condensed diary of the work more or less connected. w1th the
-drawing office in connection with the structure as erected:— :

April 12, 1900.—Contract for anchorages signed.

December 19, 1900.—Contract for two approach-spans signed.

January, February, March, 1902.—Tentative studies of details for main structure.

July, 1903.—Preliminary studies for final design -of main structure began on

- receipt of the revised-specifications. - Contract signed provisionally on'June 19.

July 23, 1003.—Studies of floor system began, Mr. Szlapka decides to arrange
his work so as to complete the shop drawings for the anchor and cantilever arms not
later than August 31, 1904, giving the shops eight months to complete twenty mllhon
pournds, so that erection might begin-May '1; 1903. - e

January to May, 1904.—Computation of stress sheets and make-up of anehor

arm,

March to Deceraber, 1904.—Computation of stress sheets and make-up of canti-
lever arm.

February 19, 1904.—General dra:wmg and stress sheets of suspended span sent to
Mr. Cooper.

March 21, 1904.—Mr, Deans mstruq@ Mr. Szlapka to push all work with the
utmost despatch. -
March 29, 1904. —Stress sheets of suspended span approved by Mr. Cooper. .~
April 8, 1904 —Mr, Szlapka advises Mr. Hoare that weight of bridge would not
be more than five per cent above the estimate, or, say, 62, 720,000 pounds.
April, 1904.—Large traveller designed, and weight determined for computmg
erection stresses.
May, 1904. —General detail drawing suspended span approved by Mr. Cooper.
May 8, 1904.—Details of anchor bents approved by Mr, Cooper.
May 13, 1904.—Mr. Szlapka sends Mr. Cooper dead load concentrations for canti-
lever ‘and anchor arm, so that Mr. Cooper might check his stress sheets. -
May 93, 1904.—Preliminary study of shoes and .pedestals -ant to Mr, Cooper.
Algo complete calculations for anchor arm. Also first shop drawing for anchor bent.
May, 1904.—All typieal drawmgs of top and bottom panel pomts approved by
>~ Mr. Cooper.
- i June 2, 1904, —Complete. stresa sheet for anchor arm taken to Mr. Cooper by Mx.— -

Szlapka.

June 6, 1904.—Revised plan of anchor eyebars sent to Mr. Cooper.

June 30, 1904 —Mr, Coopar approves anchor arm stress sheet.

July, 1904.—Plate floor beams and stringers approved by Mr. Cooper.

July 10, 1904 —First lower chord plans approved by Mr. Cooper, and work begun
on them in shop.

July 11, 1904.—Copies of anchor arm- stress sheet sent to Mr, Hoare for trans-
mission to Department of Railways and Canals.

July 28, 1904.—Top -chords approved by Mr. Cooper. After thm drawmgs com-
pleted and forwarded to Mr. Cooper in a continuous stream.

August, 1004 —Shop drawings of two end panels approved by Mr, Cooper.

The followmg letter from Mr. Deans to Mr. Hoare deacribes ths sltuahon a8 at
QOctober 8, 1904 :— .
: October 8, 1904,
- E. A. Hoarg, Esq,,
Chlef Engineer, Quebec Bridge and leway Company,
o _Quebec, Canada, e

DEAR Sm -——We find we have not received from ‘the government engmeer the
8y 144l of any main chord sections. As explamed to you some time ago, we have
ben viorking at great disadvantage to ourselves in bemg compelled to conﬁne our
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office work to the anchor arm, in order that everything might be- done that it is
"possible to do to be.ready early next spring to start the erection of the anchor arm.
There was too much work to do in the time allotted after the finencial arrangements
were made and work ordered ahead. . 'We have not therefore been able to complete our:
stress sheets for the cantilever arm and for the susponded span, it heing necessary to
await the completlon of all detalls, not only of the permanent structure, but also the’
details and rigging of the main traveller, that we may know exactly the total. wmght
coming at each panel point.

We have as you know, sent to the Canadian engineers, through your office, the
stress sheets for the auchor arm, covering the chords which have not been approved,
and we would kindly usk:that they be examined and prints sent to us with their
approval as soon ms possible. The engineers have everything that is necessary to
check these.chords, although we thoroughly appreciate they would like to have beforg
. them these stress. sheets of the eatire bridge, and these will, be sent with the least
-possible delay.

Yours truly,

——— JNO. STERLING DEANS,

B _ e thf Engmem. I

November 19, 1904,—Plan of centre post approved.
. January, 1905.—8eries-of eyebar tests made,

March 8, 1905,—Drawings for main shoes sent to shops

May 25, 1905.—Mr, Cooper approves stress sheet for cantilever arm.

July 12, 1905.—First detail drawing cantilever arm chord No. 9 sent to Mr.
Cooper.

. July 18, 1805.—Stress sheet for cantilever arm approved by Department of Rail-
ways and Oanals. Anchor arm at this stage nearly all fabricated. Mr. Szlapka
expected to finish the shop drawings for first two panels of cantilever. arm by Septem-
ber 1, and all the drawings for the bridge by March 15, 1907,

July 20, 1905.—Mr. Cooper and Mr. Szlapka discuss the testing of riveted links
and other watters. Use of slightly higher steel for eyebars and some corrections in
~ camber. All satisfactorily agreed upon.

August-11,-1905.—First_lower_chord_sections of anchor_arm erected in pomnon.‘"

~and practlcally whole of anchor arm fabrlcated a large amount havmg been delwered ’

at bridge site. A
June 14, 1806.—Development of drawmgs so far advanced that the Phwnix

Bndge Company made a closer estimate of the weight of the steel in the structure,

which, including the anchorages, was placed at 78,000,600 pounds. The weight finally

was estimated at 73,312,504 pounds. The actual weight averaged about one per .

cent heavier than the weight computed from the drawmgs (See attached statement
of weights.)

November 26, 1906 -—-The gscuth anchor arm and nearly all the south cantilever
arm erected.

February 1, 1007.—Stress sheets - of the suapended span revised.

March 15, 1907 —The last drawing completed, being that of the lower chord of
centre panel of suspended span.

June 28, 1907 to October 8, 1907.—Dead load concentrations for suspended span,
cantilever arm and anchor’ arm revised and new cross seotional areas for members
of bridge computed for purposes of comparison with actual cross-sectxons

N ) , HENRY HOLGATE

J. ¢. G. KERRY,
. J. GALBRAITH. |

Chairman.~ 7
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QUEBEC BRIDGE—SOUTH HALF.

STATEMENT SHOWING COMPARISON OF Acrug. Wrionrs anp Writouts Figuaxp vroM COMPLETED

RAWINGS.
Order . Description. Figured . Actual
‘ it Total. Total,-
No, Welght, | ) Welght.
B Lba, Lbs, Lba, - Lbas.
602 Anehorns1 e eyebarsand pins.................. 210,820 223,100
604 |Anchor shelis and bracing.................. .. 874,607 371,843
{
| Anc}xorage. ................................ 594,620 |............ 594,943
600 'Anchor arm trusses.................... vee.] so085621 8,142,803
608 Anchor armeyebars..........cveievieennnnas 3,188,361 . 3,200,014
610 {Anchorarmapins.........ociiiiivivnrnnoaans 229,058 229,255
Anchor arm trusssystem, .......J.coeiieeinan. 11,603,040 /............ 11,581,072
813 |Anchor wim floor beams and stringers. . ....... 1,607,140 1,517,036 | -
618 [Anchor arm trusses floor beams............... 260,832 . 510 i
| “Anchor arm foor system. s ereerirrrris 1,767,972 e e 1,718,548 -
612 Centre posts and bracing... ees 2,676,863 2,708,660
014-{Shoes und pedestals.........c...oovvvinnne. 808,810 814,349
Centre post system..............fuues eeinadan 3485673 {............ 3,522,909
621 |Cantilever arm trusses, 8,602,086 1 8,724,603
623 ;Cantilever a/m eyebars... .. 3,467,005 3,488,
625 |Cantilever arm pins...... . 330,220 329,584 ]
Cantilever arm truss 8ystem. .. .. f vevreoernn. 12,300,311 |............| 12,522,435
627 Cantilever arm floor beams and stringers.......| 1,732,200 ‘ 1,770,892
620 Cantilever arm trussed floor beams,.. cerenanes 200,435
Cantilever arm floor system......}............ 2022725 {....0ouuinnn 2.067.098
631 ‘Suspended SPAD rUBs.. . v eeurriiiireniains 3,307,590 1 3370203
633 :Suspended span e{:‘bars ..................... s
835 !Suspended span pins..... reeeeraenennriaes 35,710 \
 Suspended span truss system.....|............| 8685640 |....... ceees] 8,788,033
837 Suspended span floor beams and stringere.......| 1,107,365 { 1,107,365 | _1,214.905 | 1,214,905 )
- — —For one-half of the bridge.... 36,658,252 37,039,941 . -
The whole bridge...............].....oeails. 73,312,504 {............ 74,079,882

gctml t:;ighf" in excess (?3‘ weight estimated from drawings, 767 378 pounds.
ercentage of errors,

Actual weight is l(r)l 05pe?ercontofﬁgured t

Figured weight is 98.95 per cent of actual weig

SeersuBER 25th, 1007,

APPENDIX No. 9.
MATERIAL, SHOPWORK AND INSPECTION.

The steel supplied for the bridge was made to meet the requirements of the
" Hoare specifications, with the exception that Mr. Cooper, finding that the tests on the
full-sized eyebars were runaning a little low, called for the use of a elightly higher
material for eyebar blanks, .
"~ The Hoare specifications dalled for an ordinary grade of structural steel very
similar to the regular output of the mills, The testing requirements were not onerous
but were in accordance with current practice, Some reference to this wxll be made in
Appendm No. 18.° ' '
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The behaviour of the metal, as evidenced by the wreck, was so good that. the

.commission was convinced that the disaster could not he traced to the furnaces or
rolling mills. Its examination of these was accordingly rather general in character,

The following amounts of metal were supplied by the different mills:—

Pheenix Iron Company, shapes.. .. .. .. .. .. .. 16,875,888 Ibs.
Central Iron and Steel .Company, eyebar blanks.. 14,827,400 “
Central. Iron and Steel Company, plates... .. .. 27,240,100
Carnegie Steel Company, plates... .. .. .. .. .. 13,822,000 “
Bethlehem Steel Company, pins.. .. v oo «v oo oo - 993,600

The commission visited the works of the Phenix Iron Company, of the Central
Tron and Steel Company, and of the Penusylvania Steel Company, the latter corpora-
tion having supplied a large tonnage of slabs to the rolling milis of the Central Iron
and Steel Company. ’ . .

On our inspections we were accompanied by the mill inspectors employed by the
Quebec Bridge and Railway Company, and the details of the manufacture of the
steel, of the rolling of the shapes and plates and of the work of the inspection were
explained fully to us both by these gentletnen and by the superintendents in charge

-—of -the-various-works.. ... . e e e e
We desire to acknowledge here the courtesicg extended to us by Mr. J. B. Bailey,

manager of the Central Iron and Steel Company, and by Mr. Reynolds, vice-presiden
of the Pennsylvania Steel Company. -
The tests of material called for in the Hoare specifications were regularly made
by the rolling mills under the supervision of the inspactors for the Quebec Bridge
and Railway Company, and the reports of thesc tests are filed as Exhibit No. 28. An
examination of these records, there being in the neighbourhood of five thousand tests
in all, shows that there was nothting abnormal about any of the material, and that it
satisfactorily met the requirements of the specifications, '
Full-sized tests of some seventy eyebars were also made in the large machine at

Pheenixville in accordance with the requirements of the specifications. The results

of these tests are given in Exhibits Nos. 28 and 86, and it.will be noted that a number
of the bars tested did not quite come up to specifications. The results of these tests
were referred to Mr. Cooper, who agreed to accept a certain number of weak bars, but

raised the volling mill specification so that there would- be-no-further-difficulty- of -

this nature. These full-sized tests were madeon—finished-eyebars;,—prepared -in-all
respects as were the eyebars that were used in the bridge. : .
Mr. Cooper's statements (Cooper to Hoare, August 4, 1903) that ‘the various
members of this bridge will exceed anything heretofore made, and will tax to the
utmost the manufacturing appliances of the time, is a fair description of the work

that the Pheenix Iron Company had undertaken to perform.

-~ Whenr the Phenix Bridze Company provisionally signed the finsl contract of
June 19, 1908, its subcontractor, the Phenix Iron Company, was not fully equipped
for the carrying out of the work, and additions and changes had to be made both to
its buildings and to its plant. : ;

The study that had been given to improvement of equipment preparatory to the
acceptance of the Quebec contract is set forth in the evidence of Mr. Norris; and
‘the Pheenix Tron Company was ready to commence making the necessary changes a9
soon as the contract was accepted. _

The total expenditure then made on improvements was over $220,010, divided as
follows :—

Enlargement and improvement of eyebar plant.. . . .. 840,000

" Alterations of buildings and installation of overhead

cranes sufficiently powerful to handle weights of 100
BOMB. o vv se ov oo a0 50 a0 a2 o0 25 o8 2o so so ee *110,000
184—vol. i—5 :
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New machinery, including a 84” double rotary planer for
facing the compression chords; a plate straightener
for large thick plates, hydraulic shears for heavy sec-
tions, larger boring mills, large vertical planer, and
sundry alterations to other machinery.. .. .. .. .. 70,000

This expenditure was necessary before the Quebec work could be properly
handled, and is an evidence of careful preparation for that undsrtaking. The addi-
tions themselves constitute a permanent improvement to the iron Company’s plant,
and aro now in constant use as part of its regular workirg equipment.

The evidenco shows that Mr. Reeves and Mr. Norris fully appreciated the diffi-
culty of manufacturing the large and complicated pieces of the Quebec bridge, and

that the various superintendents and foremen were warned to give more than usual’

attention to the execution of the work. As a preliminary, a full-sized wooden model
of one of the panel points of the lower chord of the anchor arm was made, and
remaitied - set up for the inspection of the shopmen. All details, such as the heads of
rivets, &o., were shown on this model, so that the ghopmen could realize the mechani-
oal accuracy that was necessary in order that the several members meeting at a point
would go together in the field. : ’

——— ——The commissioners spent-some days in" the workshops with the Iron Company’s

foremen and with the inspectors for the Quebec Bridge and Railway Company in

order to familiarize themselves with the work of fabrication and inspection. There -

was nothing peculiar to the Quebec work .other than the great size and weight of the
pieces to be handled, and the usual bridge shop methods were followed, the provisions
of Mr. Cooper’s standard specifications having to be observed for workmanship.
- It was the obvious intention of the Iron Company to do a first-class piece of
- work, and it is in evidence that the management impressed not only on its own offi-
cials but also upon the employees of the Quebec Bridge aud Railway Company its
desircials but also upon the employces of the Quebec Bridge and Railway Company
its desire that the shop inspection should be thorough and rigorous.
Al pieces were inspected twice, once by the regular shop inspector employed by
the Pheenix Bridge Company and again by the inspectors for the Quebec Bridge and
Railway Company. In the more delicate work the inspectors had orders not only ta

test the finished pieces, but also to test the setting in the machines before the final -

cuts were made.

It was the practice of the shop to make the duplicate pieces for the north and
south halves of the bridge at the same time; so that the bridge material now lying
in Belair yard was manufactured under exactly the same conditions as that which
was erected from the south shore. The commission spent some time examining the
material in Belair yard, for the purpose of satisfying itself concerning the finish of
the workmanship on the lower chords. This was found to be by no means perfect,
but the errors measured were of small amount. The shops were defective in that
they lacked a well founded floor for the assembling of the heavy pieces. The methods
adopted were also defective in that adjoining compression members were not fitted
together before shipment. Some of the minor, but by no means negligible errors
-discovered in Belair yard would have been detected by this fitting, and it 39 a cus-
tomary practice on heavy work. That errors similar to those observed at Belair
existed on the south half of the bridge there can be no doubt, and Mr. Kinloch (see
evidence) states that such errors were obsefved by him.- That these minor errors at
the joints contributed in some degree to the final disaster is probable, but our eriticism
in this case is not of the shopwork, which was of a fair grade. The fault lies in a
design which called for an accuracy beyond the working limits of good shop practice.

_.____The errors now being discussed are differences of length of the several ribs-

making up one chord and irregularities of surface at the field joints of the lower

chords. The chord faces are found to be rlightly dished and not true. It is mot

< -
e
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possible to determine by analysis the result of these slight errors, the larger of which'
would not exceed %4 of an inch in dimensions. o

The inspectors were instructed to work to the nearest oné-sixtyfourth of an inch;
but such accuracy is hardly practicable. We do not consider that such high accuracy
can he maintained, at least not without fitting together adjoining pieces in the shop:

It is probable that some portion of the errors noted at Belair was due to the
unavoidsable racking of the members while in transport.

Both sets of inspectors worked with steel tapes that had been carefully compared,
and kept books of record stating the errors discovered in their inspections and the
methods adopted in correcting them. In cases of difficulty the question was referred
to Mr. Szlapka for instructions, and occasionally to Mr, Cooper. ’

Some few errors (see Exhibit 91, ¢ Field corrections’) escaped detection until
the work was being erected in the field; the drafting room and not the machine shop -
was responsible for several of these. None of thess final errors were of a serious
nature, and the necessary corrections were made without difficulty.

AMr. Edwards has recorded the following number of errors:— .

_ In the anchor arms.—Twenty-three in the stringers, 2 in the floor beams, 17 in
the lower chords, 20 ia the main posts, 7 in the hangers, 4 in the eyebars, 6 in the
pedestals and shoes, 1 in the main diagonals, 14 in the laterals, 15 in the struts, 2 in
the pins, 8 in the plrics and in knee braces, giving in all 119 errors. ' .

In the cantileves arms and suspended span.—Twenty-seven in the lower chords,
10 in the floor beams, 8 in the stringers, 8 in the diagonals, 4 in the struts, 4 in the
bangers, 34 in the main posts, 4 in the laterals and 3 in the eyebars, giving in all
104 errors. ' .

As the inspection requirements were more severe than is customary on ordinary
bridge work, and as the shopmen had never been called upon to handle work of such
magnitude before, it was natural that a number of errors should be made, and that
this number should decrease propartionately as the conditions of the work became
better known to the men. L«

Tt will be noted from the figures given above that such a decrease in the number
of shop errors did take place, and in the correspondence the better quality of the
workmanship on the cantilever arms, when compared with that on the anchor arms,
is referred to from time to time. , , 7
——My. Kinloch states in his evidence that in spite of the magnitude and difficnlty o

—— ofthe work, which would reasoniably account for an unusual number of shop eérrors,

_ .the number actually found during erection was not in exceis of waat would-bo——
-regularly expected on much simpler work. i . -

Mr. Edwards’ list of errors, which is not 'so ample as that prepared by Mr.
Morris, looks, in a statement, to be rather serious, but-when the number and magni-
tude of the pieces are remembered it cannot be considered to indicate careldesness or,
.insufficiency in the shops. Some errors will always occur. . IR

 On the whole we consider that the inspection of the material and the work both
in the mills and shops was reasonably efficient, and that the collapee of the bridge is
not attributable to waut of care in either. » o

Some special shopwork errors that occasioned a good deal of correspondence arae -
referred to elsewhere.

The evidence shows that Mr. Cooper was seriously annoyed at the number of
shop errors reported and reprimanded the inspectors very sharply, but the ease with
which the structure was erected indicates that their work was fairly well done,

The lines of the several ribs in the chords are known t» have been wavy to the
extent of from 3-inch to I-inch (eee evidence), but errors of this size and kind do

not appear to have been-considered & ‘cause of anxiety. The existence of these wavy. i
bends had been noticed by the shop inspectors, and had been reported both to Mr.
Szlapks and to Mr. Cooper. . _ :

- 154—vol, i—83 ’
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We find no evidence to show that the seriousness of such minor errors in the
compression chords and posts was appreciated by the engineers or was ever impressed
by them upon the inspectors. The necessity of detail accuracy in compression
members is referred to in Appendix No. 16.

HENRY HOLGATE,
Chatrman.

J. G. G. KERRY,

J. GALBRAITH,

APPENDIX No. 10.
TRANSPORTATION AND ERECTION.

In the practice of steel bridge design, details are of vital importance; and con-
nections which may appear to be simple and satisfactory frequently prove to be
impossible of execution. The complete study of the details therefore involves patient
and skilful work, and necessarily occupies a great deal of time. I

A large portion of the time spent on the Quebec bridge plans by the designers
was devoted to the study of practical details. :

Four main principles had to be observed: :

(1) The size of the metal shapes and plates called for in the bills of material had
to be limited to the dimensions that the rolling mills éould furnish. It will be noted
by reference to Appendix No. 9 that a large tonnage of metal was made for this
bridge by the Carnegie Steel Company, neither the Phenix Iron Company nor the
Central Iron and Steel Company being able to make the largér plates. o

(2) The members had to be designed so that the machines in the shop could
make them. It will be noted by reference to Appendix No. 9 that the Phenix Iron
Company had to provide a number of new machines with which to manufacture the
Quebec bridge. These machines were not novel in design; they were simply larger
than those previously used by the Phenix Iron Company, and were required on-
account of the greater size of the parts entering into the work. ‘

(3) The members had to be designed of such size and weight that the railways
could transport them. —To ensure this it was necessary to- kmow—=md-comply-with-the-
clearances and weight limits of several different railroads. For some of the members
special cars were provided, so equipped as to make safe transportation a reasonable
certainty, It may be noted that one member of the north half of the bridge has been

lying in the Phenixville yard for about three years awaiting the renewal of certain
railroad bridges over which it would have to pass to Teach Belair yard. -

" (4) The members had to be designed so that they could be easily and quickly
erected to place with the appliances provided. This made it necessary for the
designers to thoroughly study the system and appliances for erection. The erection
equipment provided was almost entirely new, and much of it was built specially for
this bridge.

The capacity of the erection equipment was sufficient, although demands made
upon it were very great. Some of the members handled weighed 100 tons, and one
lift of two panels of eyebars was 145 tons. This was lifted and placed in position in
the upper chord of the bridge without difficulty, proving the capacity and perfection
of the apparatus used in eréction. -

It should be said that the errors and mistakes of the Phenix Bridge Company
in connection with the bridge were made in the design, and that its work in detailing,
—shopwork and erection was excellent.” The care and forethodghg;g_iggn to the execu-

v ) . A .

|
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. tion of the work cannot be better described than it is in the evidence of Messrs, Deans
and Scheidl. We therefore add only a few explanatory remarks to those state- -
ments. . ’ -

Some of the photographs (Exhibits 126 and 127) show the size and complexity of
parts of the bridge. , .

"The bridge members were loaded on cars by the Phenix Iron Company, and were
shipped either to the Chaudidre or to the Belair storage yards, which are indicated
on drawing No. 1 (map). The equipment \at these yards for handling the members
is describcd by Mr. Deans and illustrated by the photographs. :

The facilities for loading, unloe{ding and transporting the material were entirely
satisfactory so far as the safe delivery of the members is concerned. . . .
But four cases of accidents during transportation from the shop to the bridge
are reported. .

Mr. Milliken (see evidence) has given the particulars of an injury to one
of the steel shells that stood on the anchor pier. This injury was due to an accident
on the railway. ‘

The accident to chord 9L anchor arm which occurred in the Chaudidre storage
yﬁard, and which is frequently referred to in the evidence, is discuséed in Appendix

0. 11, . /s oo
_ An accident to centre post 6R which occurred !i;‘l the Chaudidre yard is also
~ “referred to in Appendix No. 11. 'An injury occurred to one of the north side lower
chords, which fell in the Pheenix Iron Company’s yard, striking a centre post cap.
These pieces were repaired before they were shipped, and have not yet been erected.

The work was delayed owing to lack of railway connections to the bridge site,
The Quebec Bridge and Railway Company’s railway line giving connection with the
Chaudiére storage yard was not opened for traffic until July 9, 1005, the first metal -
for the main spans being placed on the south anchor pier on J uly 22, 1805. Owing
to lack of this connection, all the metal for the anchorages and approach spans, and
all the material for the falseworks and traveller, had to be sent to Lévis or Quebec
and taken to the bridge site on barges. The beginning of the erection of the main
spans was delayed, and considerable difficulty was experienced by the contractor,
owing to the congestion of the yards at Pheenixville and Belair. At the present date
there are no railway connections with the bridge on the north gide-of the river;
gimilar conditions existed on the south shore of the river early in-19035.

It was the duty of the Quebec Bridge and Railway Company to see that these

rail connections were provided. i :
" The erection traveller is described by Mr. Deans, and is shown in the photo-
graphs in Exhibits 126 and 127, Great attention was given to the design and equip-
- ment cf this traveller, and it performed its work in a manner entirely satisfactory to
the erectors. In evidence the eréction workmen stated that they-had never-worked-on-a———
“bridge on which better appliances were provided, or on which the erection programme
had been more perfectly arranged. In order to hasten the erection of the bridge,
“ which had been delayed by lack of rail connections, it was decided in January, 19806,
. to erect the suspended span with a small traveller, so that the big traveller might be
removed to the north shore at an earlier date. This programme, which was followed,
was found quite satisfactory, and it tended to increase the safety of the structure
during erection, as ergction stresses were thereby reduced. -
At the time of the collapse of the bridge the small traveller was doing all the
work of erection and the big traveller was being dismantled. : o
In the design of the bridge a normal configuration and loading was assumed in
which the stresses in all the members were intended to be axial. In other wonds,

under these conditions no ;mdimsmmd~aist~at,~thez-variousfiointa;mndek;4
_any other loading, therefore, angular changes would either ta.ke plage or tend to take
- place at the joints: that is to say, bending stressee‘would exist.
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The shop lengths of all members being computed so that in the normal configura-
tion the members had the normal lengths, it resulted that during erection, when the
members were under little or no stress, the whole configzuration was distorted, as
compared with the normal configuration. The false works upon which the anchor
arm was built had therefore to be arranged to conform to the initial configuration.
After the anchor arm was erected, the building of the cantilever arm gradually intro-
duced and increased the stresses in the various members of the anchor arm, and at
a certain stage the anchor arm became free from the camber blocks on the falsework,
which were lowered to assist this movement.

In the ongmal distorted form all field butt joints were in contact only at one
edge, since in the normal form they would be in full contact. With the increasing
loads on the cantilever arm, due to the progress of erection, these joints gradually
approached the condition of full contact, and in doing so revolved about the edges in
contact; in the meantime the splices were secured by bolts which could be changed
as tho movement at the joints improved the matching of the holes. The instructions
issued by the Phenix Bridge Company were that when the joints finally closed the
splices should be permanently riveted.

It must be apparent that during the movement in question the stresses at these
joints were applied first only at the edges in contact, and that it was not until thed
joints were fully closed that there was any possibility of uniform distribution of

" stress. Indeed this condition was not possible until the bridge would be completed

and carrying its mormal load, and the attainment of this condition would even then
be dependent on the accuracy of the mechanical work at the joints,

Drawings No. 8 and 11 in this appendix show in an exagperated manner the
members in the initial distorted configuration; and drawing No. 12 shows, among
other things, the records kept of the above described camber movements.

These mowvements were regularly and earefully observed by the Phenix Bridge
Company’s engineer in charge of survey work, and Mr. Daans states that these
observations agreed closely with the expected movements as calculated by the design-
ing engineers.

The adopted scheme of erection was carefully worked out in all details before the
work of erection began. The results of this study were embodied in a book of field
instructions (Exhibit 60), copies of which were furnished to the principal foremen
on the work and to the representatives of the Quebsc Bridge Company. These
instructions were imperative, and were not departed from or varied without approval
of the Phenix Bridge Company at Phenixrille.

Mr. Kinloch in his evidence, referring to these instructions said : ‘In fact
yon had only to follow instructions and the thing would get there iteelf if
you followed the lines laid down.! This statement coming from a bridge erector of

Mr. Kinloch’s experience is a tribute to the completeness of the prearranged system

of erectlon

“There can be no doubt that the camber problem in t.he Quebec bridge was much
more difficult than in ordinary structures on account of the magmtude of the bridge

- and-the-great-size-of-its-members. - R —

The prcgress of erection is illustrated by the dated photographs and the date at
which each member was erccted as shown on drawing No. 6.

The actual work of erection of the bridge began July 92, 1905, and contmued
for that season untnl November 24, This work comprlsed six panels of the south
anchor arm. ’

In 1908 erection was. commenwd April 16, and continued until November 29.
At the end of this season’s work thé condition of all joints, as reported by Mr. Birks
and Mr. Yenser, complied with® the roquirements of the Phenix Bndge Oompany’s
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instructions to their employces (Exhibit 60). At this date tho anchor arm and prac-
tically all of the cantilever arm were erected. ;

Work of erection was resumed May 1, 1807, and continued until August 29, the
date of the collapse of'the structure. At that date the fourth panel of the suspended
span was in course of erection. .

APPENDIX No. 11,

A DISCUSSION OF THE DIFFICULTIES THAT AROSE DURING EREC-
TION AND OF THE EVENTS AT THE TIME OF THE
COLLAPSE OF 'THE STRUCTURE.

The contract for the construction of the main spans was made conditionally on
June 19, 1903, and finally accepted by the Phenix Bridge Company on March 15,
1904. By the 1st of August, 1904, the assembling of materials for the falseworks on
the south shore had commenced, and by the beginning of September, 1904, the ereec-
tion of the falsework was well under way. The wooden falsework for the supply
tracks and the steel falsework for the traveller and bridge trusses were erected gimul-
taneously, not quite one-half of the falsework being put up before Decomber 1, 1904,
The erection of the big traveller was commenced, and the storage yard at Chaudidre

___ was-in-working-order_befora the end of the season of 1904.

SEASON OF 1905,

A considerable amount of material was delivered at the Chaudidre yard during
the winter, but the work was not pushed in the spring of 1905 because there was no
rail connection between the bridge site and the Chaudiére yard. This connection was
completed on July 9, 1905, at which time the framework of the big traveller was being
completed, and the falsework had been erected to the main pier but was not finished.

The equipmeunt of the traveller was installed and the erection of the steelwork
was commenced at the anchor pier on July 23, 1905. By the middle of Septemben
the lower chords of the anchor arm had been erected, the pedestals and feet of the
centre posts were being placed and the erection of the web members and upper chords
had commenced. )

By the end of the season, six panels of the anchor arm, out of a total of ten,
were in place. The weight of matal erected during each month is given in the monthly
estimate of the chief engineer (Exhibit 42), the total amount erected during 1905
being about 10,600,000 pounds. . v , '

The work during the season proceeded satisfactorily both to the Phenix Bridge

- - Company -and- the Quebec-Bridge Company. There were. gome difficulties which are

described in-the evidence. The more important of these were as follows :—

" Field corrections, 1905—The ¢field’ filed notices of 21 corrections and altera-

tions with the ¢ office’ of the Phenix Bridge Company’s erecticon department, These
~~—files up to August 29, 1907, all concern. minor alterations that would facilitate erection,

but do not call for comment. . o :
" Chord-A-9L.—In April, 1905, this chord had a severe fall while being handled in
the Chaudidre yard. One of the hooks that were being used in raising it broke, and
the whole chord fell, one end striking on a yard plate lying on the ground, and the
other on a pile of eyebars.” The drop was five feet at one end and about three feet at.
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the other. The chord struck in such a way that any resulting bend would have been

" at right angles to the deflections measured on August 27, 1907. The two lower flange

angles were broken. This chord was repaired in July, 1905, in accordance with drawh

ings received from Phenixville, and to the satisfaction of the Quebec Bridge Com-

pany. We have examined these repairs since the fall of the bridge, and we find

nothing to justify us in connecting them with the disaster. Whether the chord was

, strained by its fall so that it afterwards bent more readily under stress is a matter of

- conjecture that cannot be settled. A discussion of the f.ilure of chord A 9L under
less than its working load will be found in Appendix No. 16.

Pasnting.—There was some discussion because the designs were such that water
and snow could lodge in many pockets of the steelwork, and that other par‘s of it
were inaccessible for future painting. Mr. Hoare considered that this was an ¢ over-
sight’ on the part of both the Phenix Bridge Company and Mr. Cooper, and on Mr.
Kinloch’s advice insisted on its being remedied. No changes were made, but better
provision for painting was arranged for in the members not yet built.

Masonry.—It was found necessary to delay the placing of the pedestals until the
surface of the masonry upon which they were to rest was diressed level. Mr. Cooper
would not permit the use of a lead plate under the pedestal, and had pieces of duck,.
heavily conted with red lead, used instead.

Main shoe right bruss—On placing this in position it was found that the
bottom did not bear evenly on the pedestals, there being an op2ning parallel to the
bridgo centre line about 4 feet wide and perhaps Ys-inch high at the maximum. It was.
decided that this would close as the weight on the shoe increased, but this closing
had only partially occulrred up to August 29, 1907. The shop inspector (Mr. McLure
in this case) states that ne warp existed in the finished pieces in the shop, and that
it must have been caused by handling and transportation. [he matter does not call

——for further comment, - : .

Lower chords—bends.—It was noticed by Mr. Kinloch that lower chords A 1R,
A 2-R, A 3-R, after they were set, and before any stress came on them, did not look.
stiraight, but were wavy to the extent of perhaps 3-inch. He discussed this matter
with Messrs. Birks and McLure, and it was decided that it was of no importance.
It was also noted early in September, 1905, that th> op:nings at ths lower chord
splices did not correspond exactly with the erection diagrams (Exhibit 60), ‘but
seemed to average up about the same,” and also that the inside ribs of cliords at
splices 1 and 2 did not line up well.*

SEASON OF 1906.

In 1906, ercction commenced on April 16, and the south anchor arm was all in
place, with the exception of some decorative details, by June 27. Erection continued
on south cantilever arm and this was completed, with the exception of some connect-
ing pieces between it and the suspended span before work closed down for the year,
on November 26. The total weight of metal erected during this season was about'
21,000,000 pounds. Work on ‘the north shore commenced about the middle of July,
— ——and .a.small_portion of the falsework was.in position by the end.of the season.. .
During this season few difficulties occurred, and these were of a kind usually
met with in all large werk. The following quotation from Mr. McLure’s report to
Mr. Cooper, under date of July 21, 1906, gives a fair idea of the conditions existing
on the work:—* The whole policy of the Phenix erection department seems to be .to
make things safe and take no chances, which is a very satisfactory one to us, and in
pursuance of this everything is being bolted up_in full_in_cantilever arm, with the.

*On drawing No. '11 the erection markings of the various members are shown, the letters
B and L being used to denote the trusses on the Quebec and Montreal sides of the
- _bridge respectively. .. _ . A ——
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largest size bolts the holes will take, post and chord splices, main and subdiagonal
- splices, as well as all lateral and transverse bracing connections.’

Fiald corrections, 1908.—Fifty corrections and alterations were reported by the
‘field’ during this season, nono of them being of a scrious character as far as the —
safety of the bridge was concerned.

Painting.—The field inspectors for the Quebec Bridge and Railway Company
recorded many minor defects both in the arrangements for future painting and with
regard to the shop painting that had been done. There are few bridges built upon
which this difficulty does not arise,

Centre posi—Section No. 8 of this post in the Quebec truss (G P, 6R) was

injured while being handled in the Chaudidre yard in April, the outstanding leg of
one of the flang» angles of an inner rib being broken through the slipping of a hoist-
ing chain. This break was repaired during the summer in accordance with plans
drawn by the Phenix Bridge Company and to the satisfaction of the Quebec Bridge
Company’s inspectors. There is no evidence to show that this break was a cause of
th- collapse of the bridge. On June 2, Mr. McLure reported to Mr. Cooper that the
bearing surfaces at the top of C P 1, both R and L, were not even and would not give
"a good bearing to the centre post aps, these gurfaces being made up of the tops of
the posts themselves and of two brackets attached to each. Mr. Cooper immediately
wired Mr. Hoare as. follows: ‘Do not allow posts C P, 1, erected until top is made
level. Notify McLure! Mr. Hoare immediately issued instructions to this effect.
The Pheenix Bridge Company sent Mr. Scheidl to check Mr. McLure’s measurements,
and the defect was finally made good in accordance with Mr. Cooper’s detail instruc-
tions to Mr. McLure. Tho fault lay both in the fitting of the brackets and in the
facing of the posts by the planer. Mr. Cooper considered such workmanship to be
_disgraceful; but the defects as stated to him were rather exaggerated cwing to the
methods of measurement adopted by the inspectors.

Compression members—On July 20, Mr. McLure wrote to M. Edwards as
follows:—‘ On a number of the compression members that we have erected—particu-
larly on threc or four anchor urm bottom chord sections, in chord 621 8-L (south
cantilever arm, bottom chord), and in main diagonal sections for both anchor and
cantilever arms (T & and T 50), and on 621 S P-5 sections (south cantiléver arm sub-
posts), especially the latter—in sighting from end to end, the webs in places are
decidedly crooked, and show up in wavy lines apparently held that way by the lacing
angles. This makes a very bad appearance, for a person seeing a member like that,
and knowing it to be in compression, would at once infer that it had heen over-
strained sufficiently to bulge the webs, As to its actual effect in the number of cases
1 have figured out there is no possibility of this causing trouble, as long as the lacing
in the members in question is intact” On September 22, Mr. McLure reported to
Mr. Cooper a deflection of }-inch in a distance of 36 feet and of }-inch in a distance
of 17 feet in the upper section of post 3-L, cantilever arm (621 U P 3-L). Mr. Cooper
replied that he did not like the distortions, Lut did not see that anything could be
done at that stage. No effort was made to correct any of these irregularities, all of
which were due either to shop errors or to racking in transportation. We do not

~connect these undoubted faults immediately with-the disasterr———————————

Removal of steel falsework.—In August, 1908, the Phenix Bridge Company
issuad instructions covering the removal of the steel falsework bents, under members
T O and P I, anchor arm. The draft of the instructions showed that the Phoenix
Bridge Company expected the portions of the anchor arm near the main pier to lift
~ first, as the weight erected on the cantilever arm increased, but desired, for.con-
" venience of erection on the north shore, to take down the bents near the anchor pier
as soon as possible. -On’ September-16,> M. McLuretreported these instructidns in
_detail to Mr. Cooper, abd asked*him for dircctions concerning the matter; he also
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reported that no lifting was yet visible at any point in the anchor arm. On Septem-
ber 17, Mr. Cooper directed Mr. McLure to permit the removal of the falsework,
provided he was satisfied that the remaining bents would not be overloaded. On
September 29, Mr. McLure reported that E P, R, had lifted clear of the falsework,
and on the same day it was noticed that T O O O-R was free. After discussion in
the ¢ field,” the blocking under T 5-Z, both R and L, was lowered §-inch, T § Z-R then
swinging free. On Octobor 2, Mr. Cooper advised Mr., McLure that he thought the
iniermediate bents were too high, and that he should examine them for evidences of
extra loading and have them slacked down. ¢The whole must be rather a matter of
careful obsorvation and judgment rather than any reference to thooratical lines.’
Mr. Cooper read this letter to Mr. Szlapka, and during the following week the block-
ing under T 5 Z, P-4 and T O O O O was lowered on orders from Phenixville, As
this was done without notice to Mr. McLure, who had received Mr. Cooper’s instruc-
tions about the falsework, he immediately protested against this failure to recognize
the inspectors of the Quebec Bridge Company. A short and rather sharp controversy
wrose over this, which was closed on October 20,by a personal letter from Mr. Hoare
to Mr. Deans, below quoted, in which Mr. Hoare very definitely asserts the import-
ance of Mr, McLure’s position as the representative of Mr. Cooper and himself, and
makes it clear that no important steps are to be taken in the future without Mr,
McLure’s knowledge :—

(Letterhead, the Commissioners of the Trans-Continental Railway.)

QuEBEC,: October 20, 1906.

Dear Deans,—I wish to send you a few personal lines on the following matter.
Mr. McLure showed me a letter dated October 5, written by him to Mr. Milliken,
respecting the relieving of steel falsework bents under anchor arm without giving
him notice of such_a procedure in_order_that Mr., Cooper first and then myself be
previously notified. Mr, McLure has specific instructions to notify Mr. Coopor of
any important procedure, and. receive in return any instructions that may be neces-
sary. I fancy changes were made from Phwnixville to relieve the falsswork. Mr.
McLure—representing the Bridge Company’s officers not daily on the work—should
have been immediately informed, notwithstanding the fact that you considered your
instructions perfectly correct and safe. If Mr. McLure had been informed in time
he could have wired Mr. Cooper your intentions without any delay to the work. I
entirely endorse his letter to Mr. Mxlhken and to you on the subject of yours of the
8th inst. to Mr, Milliken.

Both you and Mr. Milliken appear to have mxsunderatood Mr. McLure's letter.
He did not for a moment intend interference with erection orders from your office,
but makes a plain request to be informed of important moves of the above nature,
and not be ignored, in order that he may perform his duty and carry out his instrue-
tions. I regret your remarks on his lack of experience, as it was uncalled for, and
as a reflection on the Bridge Company’s supervision, and instead of helping matters
the tendency will be to ignore general inspection orders which can be considered as
given by me personally Mr. McLure communicates daily with me and weekly with
Mr, Cooper to receive instructions when necessary. I am writing you a personal and

- friendly letter, which-TI-hope-will-receive your-usual generous-consideration-by ceeing ————-~~
that Mr. McLure is better informed in future by your chief representative on the
work of any proceedings of xmportance or of the nature referred to.
-Yours truly,

E. A, HOARE.

~—— Tn the week ending October 29, T 5 Z, P 4, T O O O, and E P, were reported-as—
free from the falsework, and in the following week the blocking at T O O P % TOO
and P 3 (drawmg No. 6) was lowered P1i swmgmg clear wlnle thls was bemg done.




RIPORT OF THE GOMMISSIGNERS %

SESSIONAL PAPER No. 164

By November 3, only T O O and P 2 were still bearing, and by further lowering of
the blocking the whole truss was set free before November 28. This record shows
olearly that the right truss rose more quickly than the left truss, and that the centre
of the anchor arm remained resting upon the falsework for the longest time. In his
evidence Mr, Cooper has expressed the opinion that the blocking near the centre was
left too high, and that it acted as a fulerum, permitting E P and T O to lift from
the falsework at an early date, whereas, theoretically, they should have been the last
to lift. On.page 842 of the evidence he suggests that this condition may have pro-
duced an undue and unprovided-for strain on the anchor arm splices. There is no
evidence that any serious action of this nature took place, Mr. McLure having been
unable to observe any signs of stress at the suspected points, and no deformations in
a vertical plane being anywhere on record. In our opinion the failure of the Phenix
Bridge Company to more closely adjust the blocking of the truss to its movements
was an error of judgment, as the stresses produced by ths gradual working of the
truss are not calculable, and the movement should be made as free as possible.

The commission hes been unable to satisfactorily determine the respective duties
cf Mr. Hoare and Mr. Cooper, their real psitions being perhaps better brought out
by the events of 1906 than by any other evidence. According to Mr. Deans (letter,
Deans to Parent, April 14, 1900, Exhibit 76 K), Mr. Cooper had to approve all plans,
but all other authority was vested in Mr. Hoare, and this opinion Mr. Deans con-
tinued to hold throughout the work (sce evidence). According to Mr. Parent (letter,
Parént to Holgate, Evidence), Mr. Hoare was practically an executive officer
acting in all technical matters on the direction of Mr, Cooper, who was de
facto, chief engineer, Mr. C-.per himself has stated that the erection plans
were not subject to his authority (see evidence), and has disclaimed any respon-
gible connection with the inspection either in the shop or in' the field (see
Evidence). With few exceptions, all his directions are advisory and not imperative,

—and he scoms to have endeavoured throughouttoavoid-encroaching-upon-the-privi
leges and rights properly pertaining to Mr. Hoare’s position. He gave frequent
dircections to both Mr. McLure and Mr. Edwards on technical matters, but throughout
the construction period (August, 1905, to August, 1907) he had practically no corres-
pondence with Mr. Hoare. Mr. Cooper’s opinions, when given, were accepted by the
inspectors as instructions. The impression left with us is that throughout the work
Mr. Cooper was in the position of a man forced in the interests of the work to take
responsibility which did not fully belong to his position, and which he was not
authorized to take, and that he avoided the assumption of authority whenever
possible.

" Such an organization cannot froin an executive standpoint be considered entirely
satisfactory. Mr. Yenser closed the season of 1906 with the following report:—

New Livereoor, P.Q., November 30, 1808,

The Phenix Bridge Company,
Phenixville, Pa.
GENTLEMEN :—
SOUTH SIDE.

1 beg to report to-day that all the bolting is fully completed on all metal erected
— ———jmaccordance with-your-instructions: : :
The work for closing down for the winter is nearing completion. The traveller
has been unrigged, and all tools are properly stored. The engines on the traveller
are housed, and the shelters are now. being covered with tar paper,
The storage yard is closed, and the locomotive put away.
The large scow has been beached, and preparations for putting the small scow in
———wihter-quarters-are-under-ways L — < e
" A general report will be sent you at the entire closing down for the season.
| Yours truly,
R — — B. A. YENSER.- - --m s
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SEASON oF 1907,

Work for the season of 1907 began in March, it being necessary to have a yard
prepared to receive material on the north shore by early spring. The yard was located
"at Belair, close to the junction of the Canadian Pacific and National Transconti-
nental Railways. Work on the trusses began on May 1, but until May 31 was confined
mainly to riveting., Using the big traveller, the connecting links between the canti-
lever arm and the suspended arm were put in, and the small traveller was built. On
July 13, the erection of the suspended span was commenced, the small traveller being
used, and the dismantling and removal of the big traveller was begun. Both of these
operations were in progress when the bridge fell, on Thursday, August 29.

On the north shore work continued at a leisurely rate from about May 15 until
the day of the accident. The north shore falsework was not fully erected by that
date, there being no reason to hurry, because rail connection could not be obtained.

During this season less than 3,000,000 pounds of metal was erected. The last
progress estimate (August, 1907) showed that about 34 400 000 pounds in all had 'been
erccted.

Riveting.—It had been intended to delay much of the riveting of the structure
until the erection of the south half of the bridge was completed, and all joints had
their full stress; but-at a meeting between Mr. Cooper and Mr. Szlapka, on May 10,
it was decided that riveting could be done at once at all joints where the connectmg
pieces had taken their full bearing. The estimate of the amount of field riveting in
the south half of the bridge was as follows:—

Part of bridge. No. of rivets.
Anchor arm and centre posts. ot e e e e e ae e es 121,000
Cantilever arm.. .. Ce en e ne as se ve os 987700
South half of suspended span te th te e ee ve ee .. DB3,300

Total.. cv vv vv vv it n e e e e e e .. 278,000

Some minor riveting was done in 1905, and in 1906 the joints of the floor beams
and those near the anchor pier were riveted, but the bulk of the riveting was not
started until 1907. Drawing No. 7 shows the dates on which the joints of the main
trusses were riveted. The following table shows the number of rivets driven during
the periods specified :—

Period. No. of rivets driven.
DurmngO5 7,807
B U - ;2 {111
“ May,1907............................ 31,617
“  June, 1907.. 1 X3 )
“  July, 1907.. ce . 88917
“  August, 1907 (not 1ncludmg August 29) .. 28019

,Total.. e et e e e e e ee e s e ol .. 179,078

On August 3, Mr. McLure reported that the anchor arm was ninety per cent
riveted, although the bottom lateral braces in panels 8, 9 and 10 were not riveted;
and that forty per cent of the riveting on the cantilever arm was done. At the same -
date the lower chord splices at 5-6, 9-10 and 10-11 were the only chord splices in the
anchor arm remaining unrivéted. Throughout the season the work proceeded satis-

~factorily ;~ there were practically no difficulties until-after August 1. T

Fourteen corrections and alterations were reported by the ‘fleld’ to the office of
the erection department
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The surveys in May showed that the truss had stood up very well throughout the
winter, the movement of the centre post being trifling, indicating that the stresses
then exiating were well within the strength of the membors, On J uly 20, a wooden
derrick that was being used in the dismantling of the big traveller was struck by
lightning. The derrick mast was shattered, but no other damage was done.

The diffioulties with the lower chords that finally resulted in the collapse of the
bridge were noted early in the season, but those first observed were considered to be
of minor importance. The joints between lower chords & and 6, anchor arm,
reraained open Ys-inch on the lower side long after all the others had closed. They
finally closed shortly before the disaster, and on August 29 were being riveted. No
explanation has been offered of the slow closing of these joints, and from their near-
ness to the falsework bents at T O O and P 2 it is possible that the pressure of the
falsework may have had something to do with this, .

On June 15, Mr. McLure reported to Mr. Cooper as follows:— In riveting the
bottom chord splices of south anchor arm, we have had some trouble on account of
the faced ends of the two middle ribs not matching as per following sketch (the
sketch shows that at the lower sides the middle ribs of the abutting chords were out
of line by § to } inch, this offset decraasing to nothing near the mid depth of the
ribs). This has occurred in four instances so far, and by using two 75-ton jacks we
have been able to partly straighten out these splices, but not altogether. These were
probably in this condition when erested, but owing to the presence of the bottom
cover plate, it was then impossible io detect them, and it was only when this plate
was removed for riveting that the inequality was noticed. The chords found in this
shape were between 3 and 4, 7 and 8 and 8 and 9, in east truss, and 8 and 9 in west
truss. You will note that this occurs only on inside ribs, which are provided with
but a single thin splice plate each. I think that a heavy plate on each side of these
ribs, bolted up tight when chords were erected, would have remedied this, i.e., drawn

the ribs together till the *faced ends matched”’ Mr. Cooper replied on June 17,
saying :—* Make as good work of it as you can. It is not serious. It would be well
to draw attention to as much care as possible in future work to get the best results
in matching all the members before the full strains are brought upon them.’

It should be noted that of the four joints mentioned, those between chords 3 and
4 and 7 and 8 had originally been opened at the lower side and had come together by
¢ camber’ movement; but the 8 and 9 joints had been set with the lower edges abut-
ting. During the first stages of erection, the upper edges of all the ribs at a joint
were exposed to view, as the upper cover plate was not in place. Mr. Kinloch, to
whose practical knowledge of bridge work and powers of dbservation much of the
excellence of Mr. McLure’'s report is due, states in his evidence that ho
observed gaps between abutting ribs as great as sy-inch due to irregular finish of the
planed ends of the chords. In the examination of the material in Belair yard the
commissioners found irregularities of workmanship which would account for the
conditions. described above, and in ovr judgment these could have been avoided only
by matching the chords together in the shop previous to shipment. The small gaps
between abutting ends of chords closed as the pressure on the chords increased, with
no result other than producing irregularity of stress, but the lateral deviations had

_____to be corrected by the use_of jacks =
As Mr. Cooper, in his evidence (see evidence), has expressed the opinion that
these lower chord joints were, during erection, the weakest and the most hazardous
part of the structure, and that they suffered from lack of appreciation of the neces-
sary care to be given them, it is advisable to closely review all evidence concerning
- tham. _The-chords consisted of. four deep and narrow ribs latticed together and
~ " finished with square ends so_that the pressure might be transmitted from one_chord
to the next by contact of the abutting ends. Under the system of erection adopted
it was possible to place the adjoining chord ends in contact only at either the upper =
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or lower edges, and it was expected that the chords would gradually turn during the
settlement of the bridge until the end surfaces came fully in contact, as is more fully
described in Appendix No. 10. This expectation was realized. The adjoining chords
were held together by eight spliced plates, an upper and a lower horizontal plate, two
vertical plates on each outside rib and one vertical plate on each inne: rib. The
order of erection required that the lower plate should be put in position before the
next cliord was set; the vertical plates were next placed, and the erection of the joint
was finished by bolting on the upper plate. Owing to the erection angle at the joint
it was possible to use full size bolts on only one horizontal plate and on one edge,
either upper or lower, of each vertical plate. The instructions with regard to the
belting were very definite, and read as follows (sze Exhibit 60) :—all boftom
chords to have two-thirds of all holes of web splices filled with 1-inch bolts on the
outer ribs, and §-inch bolts on the inner ribs, or their equivalent in smaller bolts or
drifts, For top splice plate apply rule (1), (this requires that every hole shall be
filled with a bolt), and never take off splice plate again, not even while driving rivets
in web splices. Bottom splice plate to be bolted with bolts (two-thirds value). While
driving rivets in web splices of chords, remove bottom splice plate and bolt across
flanges temporary angles to keep flanges in place’ Owing to the camber openings at
the joints it was found necessary in some cases to use §-inch bolts, as no larger bolts
could enter the holes in their erection condition.

The evidence shows that these instructions were carried out, but not with a full

appreciation of their importance. Mr., Birks, who was admitted by all witnesses to -

have been an exceptionally accurate and painstaking inspector, examined all the
bolting towards the end of the season of 1906, this examination being made on direc-
tion of Mr. Deans, and at the express request of Mr. Reeves, the president of the
Phenix Bridge Company. He reported rs follows:—

All bottom chord splices in anchor arm—top plate full—bottom plate and webs

five panels of the cantilever arm top plate full—rest 67 per cent’ Mr, McLure’s
report about bolting has already teen quoted, and Mr. Kinloch, in his evidence,
states tr.t the Phmnix Bridze Jompany’s instructions about bolting were fully
obeyed, lut that he personally did not pay much attention to the bolting of the
bottom cover plate, as he knew that it had to come off during riveting. Beauvais, the
riveter, in his evidence casts some doubts upon the inspectors’ reports, and we are of
the opinion that the top and bottom cover plates and the splice plates for the outside
ribs, all of which could be readily seen by the inspectors, were correctly bolted, but
there may have been some cases of insufiicient bolting on the inside ribs. Such cases
were wa think rare. It was intended that, as the camber openings closed, the smaller
bolts should be taken out and replaced by larger bolts on all outside plates, the inner
plates being difficult of access until the bottom cover plate was removed. This idea
does not seem to have been followed in practice to any extent, nor is there any evi-
dence to show that the bolting was systematically tightened up, as it worked loose
with che adjustment of the structure. The evidence also shows that the bottom cover
plates were left off during the whole period of riveting a joint (usually frcm ten days
to two weeks), and that in the case of 7-8 L cantilever arm this plate was off for
nearly the whole month of August, 1907. We must tlierefore conclude that the splice

1t these points were strangely overlooked.

It should be noted that this system of bolted sphces was a necessity due to the
method of erection adopted, but that there was no reason why the end details of the
chords and the splice plates themselves should not have been much more strongly
and rigidly designed, The erection problem was unique in rnagnitude, particularly
in the camber requirements, and the method followed by thie . li®nix Bfidge Company
closely- corresponds to that in general and successful use on. smaller structures. It

Qi:' -

87-per-cent—all-joints-bolted-as-pei-instructions;2-and-also, “all-chords -in - the-first -..- ...
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is open to criticisra on theorstical grounds, and it is possible that other engineors
might, by other design, serve the same ends; the problem in its dimensions is so
entirely new, that there is room for much study and invention in erection methods
for great structures.

We know of no reason why the method adopted ¢annot be successfully used, but
the evidenco shows that the Pheenix Bridge Company failed to appreciate the impor-
tant influence that end details and splices had on the strength of the chords. Steps
were not taken to ensure that the work was so handled that the maximum rigidity
censistent with design was secured at these joints, Qonsidering the circumstances;
we know of no good reason why the riveting should not have been much further
advanced before the greai stresses created by the erection of the suspended span were

thrown upon the joints. The report of Mr. McLure on November 10, 1906, shows -

that all but eight of the forty lower chord joints were then closed and ready for
riveting. Mr. Cooper has clearly stated that he did not consider that the erection
methods were subject to his control, although the evidence shows that he-was fre-
quently consulted about them, both by Mr. Szlapka and by . Mr. McLure. The erection
-pseblem in this case was of great importance, and the Quebec Bridge Company did
not place their interests under the direct and responsible control of an experienced
engineer acting solely on its behalf. ) )

Difficulties developed almost as soon as the erection of tﬁé'uuspended span got

well under way. On August 6, Mr, McLure reports as follows:—

New Livex: son, P.Q,, August 6, 1907.
Mr. TrHEODORE COOPER,
Consulting Engineer,
45 Broadway, New York City.

DEear Sir,—In riveting up the splice between chords 8 and 7 in the west truss

—of south cantilever arm we found-the condition of the inside ribs at splice as indicated

in the following sketch (drawing No. 30).

Owing to the limited space between the two inside ribs, it would be impossible
to jack this splice back, and as the condition is not nearly as bad at the top of the
splice, we have proposed putting a diaphragm between the two inside ribs to cover
the first five rivets up from the bottom on each side of the splice, as indicated in red
in the sketch above. The splice plaies heing riveted on the two inside ribs, it will
be necessary to cut out and redcive twenty rivets to do this. This provision, together
with the top and bottom cover plates, should be sufficient to hold this splice against
~ the thrust due to its being out of line, which thrust when under its maximum
compressive stress I estimate at not over 60,600 pounds.

The Pheenixville office is being notified of this plan, and if they will approve
will wire us. If this also-meets with your approval, or if you wish to suggest another
way to remedy the difficulty, will you please wire me at St. Romuald, P.Q., care
Phenix Bridge Company, as the riveting gangs are ready to finish riveting this splice.

Very truly yours,

~ N. R. MOLURE.

Upon receipt of Vthiswlettjgr,i Mr. Cooper wired the Phenix Company as follows,»

“August 8:—
New Yorg, August 8, 1907,
PreENx BriDGE CoMPANY,
Phenixville, Pa.

Method proposed by Quebec for splicing joints at lower 7 and 8 chords is not

_satisfactory. How did_bend occur in both chords?
) THEODORE: COOPER.
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And wrote Mr. McLure on August 9 as follows:—

New York, August 9, 1907,
N R. McLuze, Esq., :
Inspector for Erectxon, Quebec Bridge,

New Liverpool, P.Q.

Dear SiR,—Yours of the 6th regarding bent condition of lower 7 &nd 8 chord
joint came yesterday. I wired Phenix that the proposed method as sketched by you
for repairing was not satisfactory. Also asked, what you should have reported, how
did both these chords get bent?
In my opinion these webs can be brought back to proper line by use of fifteen to
twenty 1-inch bolts, threaded at both ends for nuts, passing through ths two webs
of that half of chord. Of course menns must be taken to stiffen the straight web
against its bending when the bolts are tightened.
_ TIf neccessary, after getting the bent webs in line, to hold them, spaoers and
possibly some through bolts may be used.

- Some more satisfactory method than the one shown in your sketch must be
devised.

Mr. Deans telegraphs that upon Mr. Szlapka’s return he will give me fuller

. facts. -
Yours truly,

THEODORE COOYEK..

Then the following tebegram was received from Mr. Deans:—

) 7 PueNixvitte, PA., August 9, 1907,
Tueopore CoOPER,
Consulting Engineer,

42 T} 3 AT h 4 1 : e e e e e e e o e e
Ty Droaaway, iINew I OTK.

Mr. Szlapka happened to be at bridge site yesterday; expect him home to-morrow,
with full information concerning chord joint; will then write you fully.

JNO. STERLING DEANS,

To which Mr. Cooper neplied as follows:—

New York, August 9, 1907.
JoHN STERLING - T)EANS, i
Chief Engineer Phenix Bridge Company,
. Phenixville, Pa.

Dear. Sm,—Your telegram regarding chord joint at hand. The method proposed
as sketched by Mr. McLure is not satisfactory as I telegraphed yesterday.

These bent webs can be pulled back by use of about fifteen to twenty 1-inch bolts
(in 17s-in. holes) threaded at both ends fcr nuts, passing from the outer to the inner
bent web. The outer straight web being stayed in some manner against its bending.

If the bent webs after being pulled into line, tend to go back when released from
.~ the-bolts,. stays -must-be-introduced—to-hold--them—in—position. —Possibly—it- may-be————

necessary to permanently rivet in some of these 1-inch bolts. :

Please let me know what method you propose to use.

It is a mystery to me how both these webs happened to be bent at one point and
why it was not discovered sooner. . ,

Yours very truly,

©  THEODORE COOPER.
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On August 10, Mr, Desns wrote as follows —

Puml ILLE, u 10, f907
TrEoDORR Coorn, Esq., !X" e 4 it

Consulting Engineer, » ‘ ‘
48 Broadwey, New York, o : o )
DxAn Sm ,—3Splice cantilever chords ¥ and 8. o
Mr, 8zlspks did-not return to-day s eypected, byt will no douht be here on
Moqday, when we will \vritp you at opoa. .
YO\}" Wbt

 JOHN STERLING DEANS.
snd on 13th Mr. Deans wrate a8 follows — ‘ : : -

- . Pr@ENxviLe, Pa, August 19, 1907,
TrEonore Coopgn, Egq, . : i
Consulting Engineer, '
45- Broadway. New York,

Deag 8m,~~Chord splipe south cantilever arm, TL and 8 L.

M. Szlapkd resched the office this mornmghxd 1 am able to give you mformatxon
in conection with this one joint.

All rihe of tha chord 7 I, haya & cémplete and full bearing on ribs of 8 L. The
bend was no doubt put in the rib in the shop, before facmg and was probably done
when pulling the ribs in line to make them agree with spacing of thesa ribs and the
clearance between ribs, called for on the drawing. The bend being on only one rib of
one chord, there belng a full bearing over the entire rib, all splice plates being readily
put in position, we do not think it necessary to put in the diaphragm suggvsted
by the erection department.

. Please let us hear from you on this subject promptly, and obhge.

- i Yours truly,

J OHN STERLING DEANS.
- Ohief Engineer.

- On August 13th in reply to Mr, Deoans, Mr. Cooper wrote as follows:—
- New Yorg, Avgust 13, 1907

Jony 8rertine DraNs,
" . Chief Engmeer, v :
~ Phenix Bridge Company, R .
thmxwlle, Pa, . ’ ~
DEeAR Sm,—The information rding ohord sphce 7and 8 L is s0 different f'om
the dimension sketch sent by Mr. cLure, I can take no action on this matter till the
- exact facts are presented. Please have your resident engineer and Mr.- McLure
re-examine this joint and send the exact condition of this rib, as to the amount of tha
bends and relation of the bearing surfaces to each other.
"I don’t see how one rib being bent, only, ay s stated in your letter, there esn be a
complete and full bearing of these ribs.
Neither can I understand kow pulling the ribs into line at Lh_e_shnp_cmxldjmndJL#
out of line. ’
I will write Mr. McLure to-day to havo a further mveshgatxon of ﬂns ;omt and
. to report a8 promptly a8 poss:ble

Youra very truly, )
THEQDQRE COOPLR.

_ And on the same day%iFGoopermte Mcz.qm -
~ 154—vol. i—6
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New Yorg, August 13, 1907,
N. R. McLurg, Eeq.,
“Inspoctor for Erection, Quebec Bridge,
New Liverpool, P.Q., Canada, .

Dear Sm,—-Mr. Deans writes me that only one rib at joint 7 and 8 L is bent, and
still that there is a full and complete bearing, that the bend was no doubt put in the
chord in the shop before facing.

I have asked him to instruct his resident engmeer to join thh you in making =n
exact report, with dimensions of the conditions of this joint, with amount of bearing
and if it is a square bearing or eskew.

In reference to ths splicing of T-5 and T-5 O menhoned in your letter of 10th, I
do not care to interfere with the regular programme as 1 have not followed tbe various
actions of the loadings at different stages.” Without going into it caréfu, I think
tlllere will be more compression at these points with more of the suspenc ed span in
place.

Please report promptly regarding joint 7 and 8-L with all the facts

Yours truly,

. THEODORE COOPER,
Mr. Deans wrote Mr. Cooper on 14th as follows:—

. Pr@ENIXVILLE, PA., August 14, 1907,
THEeo. Coorer, Esq., A S
Consulting Engineer, ) : .
45 Broadway, New York. .
Dear Smw,—Chord splice 7 and 8 L—Your letter August 13th
I will have a full and complete report made of this joint by Mr. McLure and Mr
Birks and submit it to you earliest possible moment.

- Yours truly, L

s

JOHN STERLING DEANS, C.E.C,
Ohtef Engineer.

On Avugust 14 Mr. Cooper received the following letter of 12th from Mr MecLure:—

New Liverroor, P.Q., OANADA
. August 12, 1907,
“%r. THEODORE COOPER, - N ' :
Consulting Engineer, /
‘45 Broadway, New York.

DEar Srr,—I beg to acknowledge the receipt of your letter of August 9 and have .
noted what you say regarding the method of repairing splice Letween chord 7 and 8 .
cantilever arm west truss. We will not do anything with this than until the matter- -
has been arranged between yourself and Mr. Szlapka.

The reagon I did not report at first as to how these chords gut bent was because
there were many different theories here as to the cause, no one of which I was at that
time ready to accept. One thing I am reasonably sure of, and that is that the bend has
occurred since the chord has been under stress, and was not present when the chords

~were placed. “This being thie case, the cause ¢f the benid Would seem to be the slight
overrunning in length of the bent rib in either chord 7 or' 8, Owing to the fact that

these chords are faced on the rotary machine the four ribs at once, this would at first

scem to be out of the question, but it seems to me that after the first ‘end of a chord -

has been faced in turning it with the crane, to bring the other end into position, for

facing, it might be’ possrble for one rib to work slightly by the others longitudinally, -
-~ mithout being noticed; and-in spite of-the latticing and-thus cause a-slight-difference-in————

P ¥ e
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length. 1In fact, in taking the opening in the chord splices on the south anchor arm; -
it has often boen noticed that a considerable variation existed between the openings
of the different ribs at the same splice, which difference I was not abla.to account for
except by the above theory that, during transportation, and in the handling before
eréction, some of the ribs have worked alightly in a_longitudisal. direction by each
other. In the case in question, of course, this must have happened between the time
of facing one end and the other. If thia is correct, then it will be a pretty hard matter
to draw the splice back into line with bolts, and our idea in suggesting that diaphragm
was to prevent this eccentrioiiy “~om increasing, rather than to correct that already .
there. . . . -

. As T had supposed, the strike in force for the last three days of last week,-has
been settled and work was again resumed this morning, A mesting of the ¢ Union’
was held Saturday night and enough of the discontented element had been lost so that
when the matter was brought to a vote the majority were found to be in favour of
returning to work under the original agreement, - Those who were not in favour of
returning to work, however, are now leaving so that our force is reduced greatly on
both sides of the river. . . = . S

8ince writing the above I have discovered that splice botween the chords 8 and 9
on west truss of south cantilever arm is in the same condition exactly as that between
7 and 8, except that the bend is only fe-in. instead of 4-in. at the bottom, and runs out
so that on top. this rib is in line as sre the other three, i

This is the same rib, and the bend is in the same direction ss that reported for
the other splice. When it is decided in what way to treat the splice between chords
7 and 8 we will repair that between chords 8 and 9 in a similar manner.

Yours very truly,
N. R. MCLURE.
To this Mr, Cooper replied on August 15 as follows:—

New Yorg, August 15, 1907,

~ -

N. R. MoLugg, Esq., :
Inspector Erection, Quebec Bridge,
New Liverpool, P.Q., Can.

DEear 8m,—None of the explanations for the bent chord stand the test of logic.

I have evolved another theory, which is a nossible if not the probable one. These
chords have heen hit by those suspended beams used during the erection, while they:
were being put in place or taken down. Examine if you cannot find evidence of the

- :’blow, and also make inquiries of the men in charge. :

Yours very {ruly, _
- THEODORE COOPER.

A further report was made by Mr. McLure on August 16:—

- New Livearoor, P.Q., Canapa, August 16, 1907,
Mr. Treo. CooPEr, : ‘ o :
. Consulting Engineer, 45.Broadway, —
New York. : ‘ . _
 Dear S,—Referring to your letter of the 13th, regarding splice between 8-L ‘and
7-L.on south cantilever arm, you have no doubt by this time received my letter of
- > the 1st instant, giving my theory of the cause of this bend. . These conditions are as _
. indicated in my report of Auguat 8. Mr. Birks, the resident engineer for the Phamix |
___Bridge Comipany, reported exactly the same thing, in somewhat different language 0.5 .-
Phoenixville, but Mr. Deans has evidently taken a differ nt meaning from his report’
1r 4 Yy a1 - - L i — .
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" thain, was intended. He evidently thinks that only one rib of one chord is bent,

wheteas it is-the same rib of each chord, as indicated in ‘the sketoh I sent you. There

- i8 really nothixg to add to the two lette¥s I have already written regarding this bend,

6‘03? to say that all the four ribs have full besring on each other, ah indicated also

in thie skotch of August 6. In order to ‘verify our first reports, Mr. Blrks and X made

a oareful and niore thorough medsurement of thia eplico to-dsy, both top and bottow,

aud ¥ am inclosing a bluéd'print of a sketoch madé a8 a result of these meacurements,

Tt indicates practically the same condition as deioribed in my first lettor, exoept that

it is given miore in detail (see drawing No. 80), - . P

: 'As' to the cause of this bend, regarding which I wrote you on August 12, Mr.
————Deans-seems to.fhink that it was put'in in the shope; but that is because he did mot

understand the conditions’ existing. Aside from the fact that it would be hardly

probable that thése two ribs of different chord sections should'be bent the same way,

exactly the same amount In the shops to dimensions 3-inch to §-inch less than ‘called

for; T am reasonably sure, as I said before, that this conditiod did not exist before

the erection of these chords, as I have personally inspected every member yet erected

in this bridge thus far, except the bottom chords of anchor arm, on the cars just

before the erection, looking perticularly for bends in ribs of compression members,

and wherever digcoverad have taken messurements of the amounts and recorded them.

If thees ribs then hsd been thig much out of line before erecting, it would be well

e nigh impossible to-miss secing them. Consequently the only way the bend could have

oodurred, it scems to me, is that reported in my letter of August 12. ,
"I trust that these explanatioas, with the inclosed sketch, will make the matter
- entirely clear. Mr. Birks is sending same sketch to Fhomixville to-day. :

. Yours very truly,
' N.R. McLURE.

Mr. Deans also received a copy of this sketch, and wrote Mr. Cooper on August
20 as follows:— ' ~ :
’ ‘ : PrENvILLE, August 20, 1907,
Tueon. Coorer, Esq.,, .
Consulting Engineer, 46 Broadway,
:New York. s -
Dear S;,—We have advice from your field that you received copy of sketch No.
98, giving further details in connedtion with cantilever chord sp'ice 7-L and 8-L.
You'will notice that the two chords have a perfect bearing with each other at all vibs;
both chords having. one bent rib and not one chord enly as we firet understood.

Yours truly,

, ] JNO. STERLING DEANS,.
- o o . _ Ohief Engineer.
T'6 which Mr, Cooper replied on August 21 as follows:— .
: R " New Yorg, Augusc 21, 1907,
JonN Steruma DEAns, Esq, - . : :
Chief Engineer, PLenix Bridge Company,
‘ " Phenixville, Pa. -
D#ar Sm,—1I received copy of sketch of joint 7 and 8-L two days ago.
I wrote Mr, MoLure last week, telling him none of the theories as {o how this-—
bending ocourred were logical. That my theory was a blow on'this rib-after the two-
soctions were in contact, and that it probably was dome in moying the suspended

beams used in erecjing. To examing carefully to see if he could find any evidence

“=-of this; he has not yet reparted. - He did report a similar bend at I-¢ and 9 west.
truss in same rib but of less gmount. N T
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1 still belxeve this. bend h%n be partly remoyod by Jse of &lgng bolte with ads at

“each end, guter rib {»emg stiffened to, prqvent ding. 1§ it oan be pulled nearer
strm ht, steys or bolts m\mtl be wrovx ded to ho h it againot int\; m ve;nent. "
. cannot_consent to_let it go without furth ion as the rivets.in. ﬁm eover
sphoes would not satisfy ‘the requirements to my mm o
' &ou‘ﬁ h\,ry ti'uly,

THEOGNORE COOPER.
Th}g rletter was acknowledged by Mr. Deans on Abist ﬁ =
meﬁnlvmm, PA;, Avkust 93, 1907

‘Taio. CooeRr, Esq.,, =~
~ Condulting Engineer, 45 Bmdwny,
New Yotk. ‘
Dkait Bik,—Jolht 7-L and 6-X #60th cahtilovst avhi: Rebébrifig to your lobtef of
Atgrust 21, T tiottey you expiéct th lisdr ftiith froth Mf. nmui‘é & ool 18 yoil Hitve
‘his tepott kindly 16t e hear Troiti Joul bpath xha obMgs. ; S

Yours h-uly,

Ino. é’i‘h&mt} DEANS. *'

sef gineer.

On August 26 ﬁr. Cooper wiote the followmg' ‘ié{m

New Yoiik Ahkuk} 8, 1007:
Jom': Smm;ml)ms
Ohief Euginesr Bhenlt Bridge Condpaniy,
' Phiﬁiﬁ&v‘llé, Pa.
Dear Sm—Mr, McLur reports that he can m evxdenﬁ of ﬁle bent #ibs
baving been hit and doés 3 b; ﬁih\!’( théy 4ould have Y E Fick

myst{aﬁ th despibf, foF T da ot ks Kot othittwiss theé }ibs b611d hive |
én convditeht T would 1tks to dikoiiss With My. bt TRpKR thS b

getting thwa riba info date oondmbh to o {mm 'pi'ofaer w’bi

Yours very tru]y,
Thﬁbﬁ’dﬁ; c‘d‘orfm. .
Tlns w&s acknowledgbd Ankust a7 by Mr: Dehnigss-
Pummxm.m, PA; Auguat 27 1907,

xheai}é of

vaso Coopxn, Esq.,
Coneulting Enmneer, 45 Bx‘oadwny, 7
v New York., . ;
Dnh Sm;~~Chord splice 7 and 8 cantilévet hrth suuth bide,
Replying to your letter of August 26th, I #ill have Mr. Brhpka call td i%'e yth
' fitkt oppottunity, to diséuss this question, He will wire you later the day ho vhll He in
New York.
e .’ R Yourstnﬂy,

,, s mosmmﬁabgw

[

shasH

T}ns was tﬁe last fﬁm‘. transpxred with xegard to ti)e Bent i
mntnlev  arm, and i plm mdmated t 0, ome ex

dicating any nsiu&o i eakniedd;
m‘ ?ife benx at ouséo 8 weré repor{:ed on A pfxguéib dh
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on August 12, and that both bends were in the west truss, that previously from time
"to time chords with ribs more or less wavy had been reported, and Mr. MoLure gave it
- @8 his opinion that these bends were caused by strees since erection, because he was
"sure they were straight when erected, while Mr. Deans thought the bends were made
in the shop. ' ’ : . ’
While Mr. Deans, after Mr. Szlapka’s return, gives ceriain information as to the
bend "in. the 7 and 8 splice, Mr. Szlapka states that on his visit to the brivige
- he did not examine this splice, and further says that during none of his three visits
to the bridge did he examine any chords. ) o

Mr. Kinloch states in his evidence that he did not notice the bends at the 7. {—8-I,
joints when the bottom-cover plate was first removed, and that he felt confifent that

- these distortions took,plnge,after.the,removalloffthercover—plate.—r—— e e s
-7 Tt seems clear from the above that Mr. Cooper’s statement that the Gelicacy of the
joints was not sufficiently appreciated by the Phanix Bridge Company is rubstantiated.
*Mr. Szlapka was on the grourd .nd made no special examination in the matter, and
and Mr, Deans endeavoured to throw the blame for the distortions ontively on the shop
work, No evidence has been shown to us to prove that Mr Deans had any grounds for
this assertion, and his inspector, Mr. Morris, was in possession of information that
indicated that there was no great probability that such an error could have escaped
detection. On August 20 Mr. Kinloch discovered that chord 8- R of cantilever arm
was bent, and afterwards found that 9-R and 10-R also showe'l distortion, he called

______Mr. Birk’s attention to thia condition, but neither of them. cons'dered-it-of-importance,—— —
Mr. McLure was ill and did not eee these bends until several days after they were
found (August 23), but Mr. Yenser was made aware of iuem. On August 23 the
joint at chords 5-6 R of cantilever arm was found to be r£ on one centre rib 4-inch
.. at bottom, the offset running to nothing at top. _Mr. Kirioch visited chord 8-R diily
"~ for several days and imagined that the bend was becoming greater, all four ribs being
bent, but not alike. . o - : o , )
The bend in chord 9-I anchor srm was discoveved about 9.30 a.m., August 27,
“to have greatly increased, it having been previously noted and being under observa-
.tion. Owing to the fact that the 25th was a Sunday, and that there was practically
no work done on the 26th, it is doubtful whether this chord was examined between
the 24th and the 27th, - Mr. Kinloch, who made the discovery, in his evidence

says :— .
: Q. Please relate the ocourrences following your discovery of the bent chord on
August 974 ’ ' o - -

© ¢A. Immediately after discovering the bend I brought the matter to the atten-
tion of Mr. Yenser and Mr. Birks, and with them re-examined both chord A 9-L
and several othor lower chord members. We did not know what to make of the
matter, and then went up to our office and arranged with Mr. McLure to have the
deflections of the suspicicus chords measured. This measurement, which was made
by Birks, McLure and myself, showed the extent of the deflections; and their cause
and their ultimate result immediately became a matter of very active disoussion.
Mr. Birks expressed himself definitely as being of opinion that there was no danger,
and endeavoured to persuade mo that the bend had always been in the chord. Mr.
Yenser and I were uneasy, and considered the matter serious, and finally suggested
that Mr. McLure and Birks should go to New York and Phenixville for advice. It
was congidered that the matter could not be satisfactorily explained by telegraph or
telephone, and none of us expected immediate disaster. Mr. Birks and Mr. MoLure
did not welcome our suggestion, saying that they would only be laughed at on arrival,
and. it was finally agreed to refer the matter of sending to heqdquarters to Mr., Hoare,
who decided in favour of our suggestion. Mr. Hoare visi the bridge on the
Wednesday and spent most of the day there. He appeared very anxious that I should
abandon my.position of being positively convinced that the bend had acourred since
the erection of the cantilever arm was completed, and argued both this and some

RN

Y
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poséible methods of strengthening the chords by bracing several times with me. I
was somewhat excited and much annoyed at the unwillingness of all the engineers to
‘aceept my statement of facts, and on both Wednesday and Thursday avoided further
dlsoussion of the matter as much as posdible, It was understood that Mr. McLure
would immediately wire me'if Mr, Cooper took a serious’view of the situation, but
this he failed to do.- Mr. Birks, however; told me én the morning of the 20th instant
that he had been advised by ’phone from Phenixville that they had a record which
showed that the bends had been in thé chord before it was shipped from Phonixville,
and that he had just adviced Mr. Hoare by telephone 'at the request of Mr, Deans to
that effect.’ ’ S o .
As soon as the .neasurcments above referred to were made, it was recognized by
" Mr. Yenser and the inspectors that they wete face to face with a crisis; ~Mr. Yenser -
announced his intention of stopping erection until he had referred the matter to
Phmnixville,— The measurements were plotted (drawings Nos. 28, 290 and 30 have
been prepared from theze plottings), and were reported by mail to Mr. Cooper and to
Phenixville, these reports being delivered on the morning of the 20th. Owing appar-
ently to anxiety already existing among the workmen (see evidence D. B. Haley) it
was not considered wise to use either telegraph or telephone. As suggested by Mr,
Kinloch, Mr, McLure reported the matter fully to Mr. Hoare on the evening of the
27th, the delay of about twelve hours being accounted for by the making and plotting
of the measurements and the neceésity.of using. a pevsonal messenger; as it was not
wished to report particulars over the telephone. It is clear that Mr. Yomser, Mr—
Kinloch and Mr. MoLure were very much alarmed, but Mr. Birks could not be con-
vinced that the bends had recently taken place. He knew bettor than anyone elso
- on the work the care with which the calculations and designs had been made, he was
familiar with the experience and abilities of -the designers, and could caloulate that
the stresses were then far below the expected maximum. To engineers the force of
such reasoning is very great, and we do not consider that the confidence Mr, Birks
placed in his superiors was in any way. unusual or unreasonable, There was no
misunderstanding, however, on his part; he realized that if the bends had not been
in the chord before it was erected the bridge was doomed, and although Mr, McLure
had evidence that the bends had increased more than one inch in the course of a
week, although Mr. Kinloch was positive that the bends had very recently greatly
increased, and although Mr. Clark stubbornly maintained that the chord was abso-
lutely straight when it left Chaudidre yard, Mr. Bitka still strove to.convince himself
that they must have been mistaken. Mr. Hoare evidently concluded that the matter
i too serious for him to settle by any offhand decision, and approved Mr. McLure's
mission to New York, wisely requiring that he should get.all possible facts befors
leaving, so that Mr. Cooper need not wait for further information on which to bages
a decision. - e '

" The text of Mr. McLure’s report of August 27th is as follows:— " B

o ‘ New Livespoor, P.Q., ‘August 27, 1907,
Mr. THEODORE COOPER, ' ' - :

Consulting Engineer, . f :
45 Broadway, New York. T

Dear Sm,—I inclose cketches showing condition of bottom chord sections No.
¢806-9 1.’ ‘of south anchor arm and ‘621:9 R and 8 R’ of south cantilever arm, as
found from measurements made to-day by the Phenix Bridge Company’s assistant .
anhgineer and-myself, by stretching a line from batten plate to batten plate as indicated -
on the sketcheés and measyring from this line held taut, to- each rib, top and bottom,
Tt was foticed this morning that these chords wero bent in this manner, as it is Yery
evident to one wallting over them, and as i* looked like a serious matter, wo measured’
them. o ol R R
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Although a number of the chords originally had ribs more or less wavy, as I have

reported to you from time

to time, it is only very recently that these have been in

this condition, and their present shape is undoubtedly due to the stress they are now
receiving, Only a little over a week ago, I measured one rib of the 9-L chord of anchor

arm here shown, and it was

only 3-inch out of line. Now it is 2} inches.

In the sketches the red indicates straight lines, and black ones the ribs of chords.
A top and Bo%tom view is shown in each case. You will note that chords ¢606-9 I’
h

and ¢ 621-9 R’ have all ribs

bent in same direction, while ¢ 621 8-R’ hag its ribs bent

in reverse curves, These bends had become so apparent by - to-day that the gangs
riveting at these points noticed them, and called Mr, Kinloch's attention to them.
This matter is being reported in this mail, with gketches from the same measure-

ments; to the Phanixville office, and the erection will not proceed until we hear from.

you and from Phwmnixville,

Wednesday, August 28,
changed hié mind during th

— - Yours very truly,

N. R. McLURE.

was a day of waiting and uncertainty. M#. Yerger had
o tiight ahd it the Hofning cofitinued eféction. The men

were unedsy and alarmeéd and the offcials were ankiously dwaitihg instrictions frof
Phenikville of New York., M#. Yerser's dedisioh to continue work, was laid bufore lg
Hoaté, aitd Mr. Ho#ifs, upon whom, # chief engineer, the fial fespotisibility for
- 6very-8tep-takbi-restéd - decided-that he-had-#otad wisely, ~Mi Hoare Tnakes thig tlear
in the following lettéts to Mr. Cooffer ;-

Letterhead—

Tueooore Coobih, Esqg,,
85 Bfoadwhy,

(The Quebeo Bridge and Railway Ooglbany.)

Quedko, August 28, 1907,

New Yotk Cty.
Dear S18,—1 wir you to-day as under:—

Have sent Mz, MoLure
day about anchor arm cho

to see you early to-mofrow to explain letter mailed yester-
8.

Also the following message to the Phoenix Bridge Company. ‘Mr, McLure will.

call to-morrow to explain Birks’ letter re anchot arm chords, will see Mr. Cooper first.’

)

Regarding this matter I thought it best for Molure fo go at once to be able to
explain matters and answer questions. He did not have much time for extended
investigation before leaving,

I have been at the bridge all day trying to gét some evidencs in connection with
the bending of the ribs in this chord. Mr, Kinloch noticed it for the first time

yesterday and all inspectors

declare that no such pronounced distortion existed & few

weeks ago. Mr. McLure nade measurements yesterday afternoon and brought them to
my house late laat night, and stated that the erection foreman hastily concluded that he
would not continue erecting to-day, which alarmed me at the time. Upon arfiving
at the work this morning he thought better of it and decided to go ahead, at the same
time asking me if it would-be all right. Aftet ascerthining that the effects from

moving the traveller ahead a

nd proceeding with the next panel would be so insignificant

1 requested him to continue, ag the moral effect of holding up the work would be very

bad on all concerped and
losing the men. From fu

ight also stop the work for this season on account of
er investigation during the day I cammot help concluding

that the metal received some injury before it was erected; as the corresponding chord
in the same panel, and stressed the same, is in good condition, Theee panels are being
stressed to-day, approximately, about Ysths of their maximum, and it is difficult to
believe that this is the entire cause of the distortion. Now and agaip a rib in certain
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members is found to be a trifle longer than andther, which, when compressed, might
causo a triflihg kink in it. There are a fow examples of this. The chbrd in quédtion,
when being lifted to the cars in the storage yard broke loose from the gtiph, ons end of
which fell a distanbe of 6 feet bn to timber sills, the other end fell a distance of 2 feet
on to a block of eyebars. In falling it fell over on its side bredkirig ond of its angles
on the north end splice and twisting some of the lacing bars; dll of which were rehewed.
After this the inspeétors reported the ribs perfebtly straight: On hecount bf this choid
fallihg on to two rigid higher points at nds; with xib support in thé middlé but soft
material; the conclueioh would be that the Heflection would be downwatd; as a rhatter
- of fact, the evidence sliows that it was in the opposite direction. Since Mr. McLure
left, Mr. Birks has made cdreful examination of the thord and statés that the dctual
__ _ _ _bending—commenced. at thé south.splice-and.was not_confinéd entirely to_the lingths
betweeni the batten plates, where the ldcing anglds are used. As the foreman and
inspectors declaré that these defects were not noticeable until recently, perhaps the
stress in this chord has made previous defects mote pronouncéd. I thought I would

give you the above story from further invebtigatipn by to-night’s mail to help you come
to some conclusion,

.

" Yours truly,

’ E. A. HOARE.
(Letterhead, the Quebec Bridge and Railway Company.)

QueBeo,-August-99, 1007

Treoboke Cobrer; Edq.;
88 Bibadway, New York Oity.

Deir Sif,—M#: Bitkd had just called me up on the telephonie froin the bridge,
and stated that he has fecdived & thhesags froth Phorixellls stating that they Have
positive svideiles that the chord was not atFaight before it left the ehops. This
possibly cleats up the thystery why the deflection wad iti the oppbsite direction to
what it should have been, due to its fall in the storage yard. Mr. Biiks hds wired
that information t6 M. McLuré at your office. M#. Bitké furthef atdted that he is
positive that the clibtd ribd Wers fiorb 6t less out of liné Wwhén the éplice 4t the south
end wad riveted up in the bridge. N

‘ Yours ttuly,

, L N i E. A. HOARE.
(Letterhead, the Quebec Bridge and Railway Company.)

QuEBEO, September 2, 1907.
Tueopore Coorer; Esq,, )
45 Broadway, New York City.

Dear Sir,—I thank you for replies to all our messages. I am sorry that you are
not well, and of course this appalling disaster has made you feal a thousand times
worse, : , . - . o .

Mr. Berger will answer our purpose very well for the present. The investigating -
commission may find it necessary later to interview you in New York, due notice. of
which will be given you. L )

T wish to correct a misstatement in my letter to you of the 28th August, which
was written late end very hastily; to confirm telegram and conversation with Mr.
ﬁirkq sbout the chord under discussion. The statement in my letter, as follows:—

¢Mr. McLure made measurgments yesterday afternoon, and brought them to my

house late iast night, and stated that the erection foreman hastily concluded that he
_wonld not continue erecting to-day, which alarmed me at the time. Upon arriving
at the work. this mrrning he thought better of it, and desided to go ahead, at the
same time asking me if it would be all right. After aseartaining that the effects
from moving the traveller shead and procesding with the next pansl would be so
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insignificant, I requested him to continue, as the moral effect of holding up the work
would be very bad on all concerned, and might also stop the work for this season on
‘account of losing the men,’ .

is to some extent a misstatement of facts and not clearly stated, due to too much
haste, and which I wish now to correot as under:—

‘Upon arriving at the work that morning the foreman told mie that he had con-
sidered it during the night, and had already moved the traveller forward, asking
myself, Mr. McLure and Mr. Birks if we thought that what he had done would do
any harm. We all thought that it would not, as they stated it would only add 50
pounds to the square inch to the chord in question. We all thought at the time that
to discontinue the work would entirely stop the work for this season, as the men
would not wait and would go elsewhere to prepare for the winter. As stated in my last

letter, strictly speaking, I did not request the foreman to continue the work, as he
had already done so; at the sameé time we thought there was no immediate danger
in adding so small a load. This latter more clearly states the conversation between
us, and I am sorry that I have misstated, in my hurry, one or two points which
would be more or less confusing. o
) Yours truly,

E. A. HOARE.

It was clear that on that day the greatest bridge in the world was being built with-
out there being a singl(zmg_uithinJeacleho-hyAexperience,Jmowledgevandfability

was competent to deal with the crisis. Mr. Yenser was an able superintendent, but
hie was in no way qualified to deal with the question that had arisen. Mr, Birks, well-
trained and clear headed, lacked the experience that teaches a man to properly valus
facts and conditions; snd Mr, Hoare, conscious that he was not qualified to give
judgment, simply assented to the courses of action that had been determined on by
Messrs. Yenser and Kinloch and made no endeavour to make a personal examinatior
of the suspected chords. o .

Some measurements were made to test the stability of the main pier, but no one
seems to have thought of testing the span for alignment or levels, and, above all, to
measuro the chords again to see if they showed any increase of deflection. Mr. Hoare
discussed some means of bracing the chords, but decided to postpone action until Mr,
Cooper was heard from. "At Mr. Hoare’s request, Mr, Birks inspected the chord A
9-L and the A-L 8-9 joint carefully and his observations tended to reassure both Mr.
Hoare and himself, as he thougPt, that he found evidence of original crookedness in
the chord. e

His report to Pheenixville which was received on August 30 reads as follows
(Exhibit 58) :— :
, -NEw Liverpoor, August 28, 1907,
The Praenix Bringe CoMPANY, i
Phenixville, Pa, : . : .
~ Dear Sirs,—I have made a further investigation of chord 9 A, and beg to report
following additional data. The bend in the chord starts at the faced splice at the
shore end and not at the edge of the splice batten. It appears from this that at least
a large portion of the bend was in the chord when the top and bottom splice battens
were riveted early in June. This and the fact that the lacing angles are not disturbed
leads me to believe that the ribs were bent before erection in spite of the fact that Mr.
Olark and Kinloch think all ribs were straight when the chord was repaired. From

the evidence so far, I do not think we are justified in assuming it to be a fact that

the ribs of any of the chords have buckled since erection, end Mr.  Yenser has come to
the same conclusion. .

- Yours truly,
- o A, H, BIRKS.
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After ho had made his examination, Mr. Birks called Mr. Kinloch and waited at
track level, while Mr, Kinloch went down to the chord and checked Mr, Berks’ observa-:
tiezs, * After careful discussion with Mr. Kinloch of what was then done we are
forced to conclude that the sketch in Mr. Birks’ letter shows only his personal idea of
thy shape and extent of the existing distortion and cannot be considered as furnishing

- data on which to base engineering conclusions, as no actual measurements were taken. -

On August 20 Mr. Birks' report of the 27th inst. was received at Phonixville
and was immediately discussed by Messrs. Deans, Szlapka and Milliken. It was
finally decided that it was safe for the work to proceed and a telephone conversation
took place between Messrs, Milliken and Yenser and another between Messrs, Deans
and Birks. Mr. Selapka had made some calculations and Mr. Birks reported his
observations of August 28. Messrs, Yenser and Birks were assured that the office

approved their action in continuinig Work of erection and MT. Birks was told to tell

Mr. Hoare-that the bends had been in the chords before they left Pheenixville. This
Mr. Birks did.

. Mr. Deans also telegraphed Mr. Hoare as follows:—

: - PHENIXVILLE, PA., August 29, 1907,
E. A. Hoare, Esq., '
Chief Engineer Quebec Bridge Company,

Quebeo, Canada,

e ¢ MeLure has-not.reported here ; the chords are in_exact condition they left
Phenixville in and now have much less than maximum load.

Mvr. Hoare had telegraphed to both Mr, Cooper and Deans on August 28, advising
them of Mr. McLure’s mission. Mr. Deans has since explained that his telegram did
not refer to the chords measured on the 27th inst,, but after considering ike ciroum-
stances we are entirely satisfied that Mr., Hoare was justified in thinking that it did,
-and in 8o doing he was confirmed by Mr. Birks’ telephone message previously received.

" From the time that these assurances were received, anxiety at the bridge practi-
cally ceased, and there is no evidence that any further measurements were made to
determined the movements of the suspected chords. As Mr. Hoare expressed it, ‘I
felt quite comfoftable that day about it. I knew it could not be long before the matter
would be taken up. ) . . .

Shortly after 11 a.m. on August 29 Mr. Cooper reached his office and found Mr.
MoLure there, After a brief discussion Mr. Cooper wired to Phenixville as follows:—

] "New Yorg, August 27, 1907.
- PHENIX BRIDGE COMPANY, 12.16 p.m.
Phenizville, Pa. -
Add no more load to bridge till after due consideration of facts. McLure will
be over at five o'clock. . ’

This message was received at Phenixville at 1.15 p.m. Mr. Cooper has explained
in his evidence that he was not aware at the time that erection was proceeding, Mr.
McLure having advised him to the contrary, and that he telegraphed to Pheenixvilio

instead of to Quebec because,he thought action would be more promptly secured by

so doing. )
Mr. McLure had promia?g to wira Mr. Cooper’s d=2ision to Mr. Kinloch immedia-
tely, but he did not do so. ,
. Mr, Deans reached his office about 8 p.n., and found Mr. Cooper’s telegram there.
He arranged for Mr. Sgzlapka and Mr. Milliken to be on hand to meet Mr. MoLure,
but otherwise took no action. After Mr. McLure arfivéd there was a brief discussion,
during which Mr. MoLure mentioned that he had received a wire from Mr. Birks
giving himn the result of that gentleman’s observations on August 28. It was decided
. to postpone action until the morning, and to await the arrival of Mr. Birke’ letter of
Augugt 28. This decision was made almost at the minute that the bridge fell.
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As a conclusiori reachéd from the evidence and from our own sthdibs and tests,
we are éatisfied thdt the bridge fell bechusé the latticing of the ld#ef chords edr the
main pier was too weak to ciitry the stressts to which it wis kibjested; biit we also
believe that the drhount of those lutticd stfessés is determinéd by the detlatior of the
lihes of entro of pressuré, from the axis of thie thbrds; ard this devidtion s lurkély
affected by the conditions at the ends of the chords. Weé must; therefdre; concldde
that although the lower .chords 9-L and 9:R auchor akui, whicl; in otit judgment,
were the first to fdll, failed from wedkness of lattiolng; thy stredses that caused the
fdilure were to somb extent due to the wehk end detdils of the chords, ahd to ths Touse-
ness, or abskiice of thb splice plhtes, arisiiig partly ttoht therecbaslties of the method
of erection adopted, dfid partly from # failure to appreelate the delicaty of the joitits,

: and thé carb with which they should be handled und watéthed during erwotion: We
= - conclutle from-our thets tht owing to-the weakiess of the lattioing; the chords were—
dangerously weak iti the body for tha duty they would be éalled upon to do. We Hete
no evidence to show that they would have actually failed under wozking conditiohs
had they been sxially loaded and no subject to transverse stresses arising from weak
end details and looss connectiohs. We tectilive that dxial 1oading is 4 ideal condi-
tion that cannot be prdttically attaitibd, but we do not consider that suficient effort
was in thie case made to secure a reasonable approach to this conditiod. Ths PHenix
Bridge Company showed indifferent enginesting ability in the debigii of the joints,
and did not recognize the great care with which théss should bs treated in the field.
We consider that Mr. Deans was lacking in judgment and in sehse of responsi-

~—bility when he-approved of the action of Mr; Y enser in continuing, erection; and whenh
he told Mr. Birks and My. Hoare that the condition of the chords had ndt changed
since they left P%oenixville. S ) L .

_No evidence has been produced befora the commisgion in proof of the cortectness
of thig statement about the chords, and Mr. Szlapka’s caleulations as stated in .the
following letter showed that fhe rivets were-even then loaded td théi# maxithum
specified stress of 18,000 pounds per square inch, .

' . MoNthih; Jahddby 94; 1908,

" “Mesars, PRENX Baboe CoMFaxy, o,

' : Phaenixville; Ps. ‘ ;

‘GeNTLEMEN,—Will you please file with the commission a copy of ths calchlativtis
made by Lﬁ-; sJﬂapka' oh Atigust 20; 1907, hhd which dte fetbited to b pages Y87 and

968 of the evidehch: .
As we are nearing the completion of our report, we would esteem it a favour if
you would have.thig informatipn sent to us immediately. . ) .
It is possible that you may not have an exact copy of thess calculations, but no
dou!it they can be duplicated, and Mr, Szlapka’s certificate to this effect will bo suffi-
cient. . . .
’ Yours truly, -

HENHY HOLGATE:

. N o PueNixvicie, Pa,, J anuary 31, 1908.
Henry Hovraatk, Eéq., N
Chairman; Royal Commisgion,

Montreal, Canada.

Dear Str,—Replying to your letter of January 24, I inolose herewith létter from
Mr. Szlapka of this Uate; giving caleulations similar to tht miGde on August 99,
- regarding ¢hord 9-L south cantilever arm..

Yours thaly,,
. , - INO. §TERLING D}?éNS; .
L g . Ohie nainacr.
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PHENIXVILLE, BA., January 81, 1908,

Joux SteruiNg Deans, Esq.,
Chief Engineer, The Phenix Iiridge Company,

Pheenixvillg, Pa.

DeAr Sm,—Reforring to Mr. Holggte’s lc} ter of anuary 24 addressed to the

Phenix Bridge Company, I beg to iye you he

w the ca qulatlons similar to the one

made on August 29, 1907, referrmg‘ to chord"9-L south anchor arm.
Taking 13-inch as the average reported curvature of chord 9-L we have:—

# x 12:2180° x 18,000 x 14-inch =21,060,000 inch lbs.
_ _,V_.‘; = 61,600 bs. "
Stress in each lattice S= &69%}_1_4_21 600 1bs.
Yours truly,

THE PHENIX BRIDGE COMPANY
Per P. L. Sru.sPEA.

The theory undetlying these calculations is very questionable, but it was adop.ted

in the design of the bridge (See Appendices Nos. 16 and 17) and we cannot under-
stand why its warning was so entirely’ dlsregarded in the face of the consequences
that might result.

With reference to Mr. Cooper’s telegram, Mr, Deans knew that he was in posses-
sion of later information from the bridge than had reached Mr. Cooper and therefore
decided to wait for Mr. McLure and afterwards for the arrival of Mr. Birks’ letter of
August 28 before taking action. The whole incident points out the need of a com-
petent engineer in responsible charge at the gite.

Mr., Hoare wus the only senior engineer who was able to reach the structure

between August 27 and August 20. He was fully advised of the facts yet did not
order Mr. Yenser to discontinue erection which he had power to do; we consider that
he was in a much better position than any other respdnslble official to fully realize the
events that had occurred, and his failure to take action must be attnbuted to mdecmon
and to a habit of relying upon Mr. Cooper for instructions,
‘ We are sgtisfied that no one connected with the work was expectmg immediate
disaster, and”we believe that u} the case of Mr. Cooper his opinion was justified.
He uvnderstood that erection was not proceedmg, and without additional load the
bridge might have held out for days. : ‘ o -

Our tests have satisfied us that no temporary bracing such as that proposed by
Mr. Cooper could have long arrested the disaster; struts might have kept the chords
from bending, but failure £..m buckling and' rivet shear would soon have vecurred.

The following drawmgs may be consulted in connection with this Append1x°

Drawing No. 1. General plan of site and vicinity.

€«
{3

2. General dimensions of bridge members.
6. Er.~tion marks on bridge members.
7. Datea of :ive -
9. Bections of brr o members and erection stresses.
10. Plan showing positions of eye witnesses.
13. Loading of bridge on August 29,

- 28, 29, 80. Chord bends measured on August 6, 12 and N,

36. Detml of chord No. A-0.
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Our conclusions are based to a considerable extent on the facts set forth in the
following appendices:— :
Appendix No. 13. Full sized column tests.
“ 15. Special tests made in connection with the Quebec Bridge.
16. The theory of built up compression members,
17. A comparison of chord designs.
18. A discussion of the specifications.

LIST OF ORDERS FOR QUEBECU BRIDGE., .
Series D. Anchorage.
C.0. 700. Eyebars and pins.
“ 701, Plate girders and I-beams. .
ool .. .. _Approach Spans at_each_end of. Bridge.
C.0. 702. 2-210° 0" C. of E. pins deck spans for D, Tr. Ry 2 roadways and 2
sidewalks, . ‘
“ 708. 2 bents for above spans, about 50’ high.
“ 704, 3 full sizes test eyebars.
“ 1705. Anchorage for 1-214' south approach span,

Series E. MAIN RIVER BRIDGR,

C.O. 600. Sundry field charges, such as rents, watching, engineering work, &e.
“ 601. Field plant charges: steel traveller, tools, engines, rope, blocks, cars,
boats, &c., and only such fie:1 labor as is used in making tools.

{]
[{1

« o

Anchorage.
C.0. 602. Eyebars and pins for anchorage for south approach,
“ 603, “ o north: approach,
¥ 604. Towers and bracing for south anchorage. -
“ 605, “ .o north anchorage.
2,600-foot Anchor Arms.
“ 608, Trusses and bracing for south anchor arm.
“ 807, “ « north anchor arm.
608. Eyebars for trusses for south anchor arm.
- %809, “ “ north anchor arm.
“ 610. Pins for trusses for south anchor arm.
“ 611, « « north anchor arm.
“ 812. Centre posts and bracing for south pier.
- ¢ 618, “ “ north pier.
“ 614, Shoes and pedestals for south pier.
“ 615, .o« “ no:-th pier.
“ 616. Plate floorbeams, stringers and bracing, south anchor arm,
“ 617, « - « « - qgtb,gggho:,arm.,
“ 618, Trussed floorbeams fof south anchor arm.
“ 619, “ «“ north anchor arm.
“ 620, Full size test eyebars for C.0: 602 and 603.

_ 2,662-foot 6-in. Cantilever Arms.
621, Trusses -and bracing for south cantilever arm.
[{4

{3

“ 822, “ north cantilever arm.

823, Eyebars for trusses for south cantilever arm.

“ 624, . “ “ north cantilever arm.

“ 625. Pins for trusses for south cantilever arm.

“ 626, “ “ - north cantilever arm.

“ 627, Plate floorbeams and stringers-and bracing, south cantilever arm.

“ 628, - “ “ “ - north cantilever arm.
s “ 620, Trussed floorbeams for south cantilever arm.

“ 830, “ T ‘north cantilever arm,
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875-foot Suspended Span. k

631, Trusses and bracing for southern half of suapended span.
“ 832, “ “ northern half of suspended span.
833, Eyebars for southern half of suspended span.

884, « northern half of suspended span.

635. Pins for southern half of suspended span.

“ 636, u northern half of suspended span.

637. Floorbeams and stringers for south half of suspended span.
638. Floorbeams and bracing for north half of suspended span.

HENRY HOLGATE,
e C’hmrman
J G 3. KERRY,

J. GALBRAITH.

APPENDIX No. 12.
A DESCRIPTION OF THE FALLEN STRUCTURE,
The Commission began its inquiry by examining a number of workmen who were
understood to have scen the disaster.

A study of this portion of the evidence brings out clearly one or two main facts
but with an almost complete absence of important detail. This is not surprising,
when the suddenness with which the disaster came and the few ‘seconds occupied by
the downfall are considered. The evidence of Huot, who ran from the second panel
of the anchor arm to the offico at his topmost speed, enables us to fix the duration
of the fall at not above 15 seconds. The distance is almost 100 yards, and the floor
was already opening between the end of the anchor arm and the approach span as he
passed that pomt Tt is not surprising that accurate evidence was not obtainable,
as every man’s first thought was of self-preservation, and there was no time to con-
sider or realize what was happening, T

The records of the inspectors, which show the deformatlons that were taking
place. during the month preceding the accident, are corroborated by the witnesses,
D. B. Haley and Alexandre Beauvais, the latter in pariicular testifying to. the

‘working’ of the ribs both at joint A 9-10 R-and at joint A-9-10-L.—It- should be ——
noted that neither of these joints gave way at the time of the accident, and that
injuries that they have received are due to the fall itself.

The col]apse came very suddenly. The witnesses who were on the bndge ‘outside
of the main pier, Haley, Nance, Hall, Davis and Laberge, all testify that they had
no warning of any kind, and several of the men who were working on the ground
directly under the anchor arm, were caught by the falling structure and killed, when

- by moving not more than 50 feet they would have saved themselves.
The eantilever arm and suspended span fell as a whole. The witnesses Wickizer
. % and- Esmond, both of whom were in good position for observation (see-drawing No.
10), testify to the whole cantilever arm-falling as one piece, and the former adds that
the outer end of the cantilever arm swung slightly to the east, so-that he could gseo
directly between the trusses from his position on the jetty on the north shore.

The big traveller fell as if it was part of the cantilever arm, and did: not upset,

at least until after % arm had struck the waters, The aeexdent was 1mmediately
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followed by the rising of a cloud of dust and spray that obscured everything, and
there is no evidence wnoermng the final movement of the traveller; the witnesses Hall
and Laberge, testify that it did not upset, to their knowledge. The tope of tha centre
posts moved slowly riverwards aqd dropped suddenly, when the centre post feet kicked
off the pedestals on the main pier; the post feet were foroed southwards, The witness
- Chase states that he saw these movements.
The anchor arm broke near the centre, and in its first movement appeared to rise
in the neighbourhood of the bresk, and then fall; the thnees Culbert, states that he
- observed this.

James Jobnson testified that he thought the lower chord of the anchor arm near
the third papel fpom the main pier struck the ground first; and Delphis Lajeunesse,
clinging to tﬁe west truss of the anchor arm as it fell, noticed that the trusses
appearéd to be tippling over towards the east.

The anchor arm fe]l almost without movement to the right or to the left. ' Mr.
Kinloch noted that the portal posts sank down and, usmg his own simile ¢ as if they
were ice pillars whose ends were rapidly melting away.’ In other words, as he stood
near the centre line of the track and opposite the office, the end posts while falling
_ straight away from him, appeared to only settle down.

Mr. Cudworth’s evidence indicates that the trusses first tippled slightly to the
east, he being able to see only the top portions of the centre posts and the adjoining
members, then followed an outward movement similar to that described by the witness
Chase, and finally everything disappeared suddenly from sight. :

Out of eighty-six men on the work only eleven escaped with their lives.

The Commission commenced its examination of the wreck by instructing the
inspectors and engincers of the Phenix Bridge Company and of the Quebec Bridge

Companv to go over the debris of the anchor arm and to paint in large letters on

* each main member its erection mark (See dmmng No. 5). :
. The wrecked structure in places was in so chaotic a condition that even these
:men, who had been familiar with the appearance of every piece of the anchor arm
. for nearly two years, had dnﬁiculty in identifying many of the members.
‘ The photographs, twenty-four in all, that are filed as Frhibit 34 were taken as
soon as the marking was completed.

Surveys of the wreckage and adjoining ground were arranged for, the results of
these surveys being shown on the following drawings :—

Drawing No. 10.—Plan showing position of witnesses at the time of the fall,
Drawmg No. 14.—Check measurements to determine whether any movement of
the main pier had taken place. .
Drawing No. 15.—Positions occupied by camera when the photographs in Exhlbxt
34 were taken.
' Dramng No. 16.—Diagram of fall—-east truss
Drawing No. 17.—Diagram of fall—west truss.
Drawing No. 18—Diagram of fall—floor beams-and stringers.
Drawing No. 19.—Diagram showing the shape of chords A 9-L and A 9-R after,
the accident.
-~ Mr. Walter J. Francis, M. Can. 8oc. C.E., was requested to make an exammahon
~of the wreckage and to prepare such descnptlons and photographs of selected bridge
details as would be of service in assisting the work of the Commission.
Twenty-three photographs taken by Mr. Francis are filed as Exhibit No. 124.
A number of photographs from Mr. Kinloch’s  collection are filed as Exhibit No.

'35, These plotos. show clearly the details of several intricate mteraect;on- R

points, and give.an excellent idea of the demands that this bridge made upon” the
technical skill of the desiguning officers and upon the resources of the manufacturers.
When examining these photographs it skould be remenbered that the component parts
~ of the structure were never put together until finally, erected every detail was planned
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by the designers and made without trial or fitting, prior to erection in place, Several .
photographs of portions of the wreck are.included in Exhibit 33, these having been
made by Mr. Kinloch at the request of the Commission, -

The measurements to the piers showed that the masonry of tho main pier had risen
very slightly when relieved of the load of the superstructure ; otherwise it had
remained exactly in its original position. The results of these surveys were accepted
as proof that there were no defects in the substructure or foundations to contribute
to the disaster. (Drawing No. 14.) :

The plans of the wreckage (Drawings Nos. 16, 17 gnd 18) show :

(1) That there was practically no lateral movement of the anchor arm, lower
chords and floor system while falling. This we regard as a proof of simultaneous
failure in the two trusses. ) ‘ o

~(2) That there were opposite longitudinal movements of those lower chords aund "~~~ "~
parts of floor system that were to the north and scuth respectively of the joint 8-9
anchor arm. (See Drawings 16 and 17.) This is proof that the initial failure took
place close to this joint.

(3) That there was an almost complete destruction of the chords 9 A-L and 9
A-R, that of 9 A-R being the more striking and peculiar, Views of these chords are
given in photos Nos. 3, 11 and 12, in Exhjbit 34, and in Nos. 18, 19, 20, 21 in Exhibit
35, but their condition after the accident will be more fully realized by reference to
Drawings Nos. 18 and 19. ' ,

We cannot describe the failure better than by quoting the evidence of Mr. Kin- --
loct. whose knowledge of the structure both before and after its fall is exceptional. [
(Bee Evidence.) ‘ ;

" Q. Please describe the movements that you think took place when the bridge was
falling 7—A. The initial failure I think occurred in both lower chords No. 9 anchor
" arm simultaneously and in the latticed portion of the chords but not in the same way
in both chords. No. 9-L which had previously been observed to be bent deflected slow-
ly and transferred some of its load to 9-R until that chord burst with a sudden
fracture accompanied by the loud report igsiified to_ by some witnesses. The sudden
and complete collapse of 9-R, whilst 9-L was slowly yielding, accounts for the slight
swing of the cantilever arm downstream, and for the tendency of the upper portions .
of the anchor arm to fall in the same direction. At the moment of collapse the thrust
of the cantilever arm forced the feet of the main posts off the pedestals and the shoes
of the main posts were the first part of the structure to strike the ground. Whilst
they were in the air the extremities of the stub chord on the cantilever arm struck the
inside coping of the main pier a glancing blow. When the shoes struck the ground
that part of the O.P. 6 above the batten plates failed and simultaneously the hori-
zontal strut connecting the two shoes was destroyed. The transverse diagonal bracing
between the two posts at the bottum remained intact for an instant and almost the
entire weight of th. mein post and of the top chord was concentrated upon it, causing
the bracing to act as a toggle and to force the shoes and the feet of the main post -
out sideways. This is shown by the holes made in the ground. This action threw ‘the
_bottom portions of the centre post out of. the vertical and permitted the feet of the
P-4 posts with the broken ends of A-8 attachied to them to pass inside the centre posts,
some part of P-4-L striking C.P. 6-L heavily as it fell. During the fall chords 10-R and
L cantilever arin which had »robably broken loose when the stub chords struck the
pier rested for a moment on top-of the pedestals and were then partially upended and
thrown over on their sides, as they now lie on top of the pier, by the wreckage of S.P.
8 and of the pieces connected to it. Chords 9 of the cantilever arm did not strike the
pier before they reached the ground although they now lie with their ends just against
the face of the masonry which is slightly marked. Chord 9-R of the cantilever arm is
1ying in the water with its two inner ribs practically straight and its two outer ribs
buckled back in a V-shaped loop about 18 or 20 inthes long at a point about 20 feet -
184—vol, i—T - : ' .
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from the shop splice, the ends being parallel to the inner ribs. Chord 9-I, is buckled
at about 15 feet from the field splice in all four ribs to a shape similar to that shown

by A-1-R but with a smaller deflection ?.

The warnings of coming disaster are thus referred to by Mr. David Reeves, (See
Evidence): When the compression members began to. yield at several places one after
another as we can now sce, and the whoie bridge was at the verge of collapse, as after-
wards developed, &ec., &’ 'This statement calls for comment. )

We do not consider that any of the difficulties with lower chord members noted
previous to August 1, 1907, wese of serious moment with the possible exception of the
fall of chord A-9-L in the storage yard ; the effect of that fall upon the latticing of
the member was not determined, and in fact was practically impossible of determina-
tion. '

. Our investigations at Belair.yard have convinced us that the several discrepancies
noted in the chords during the earlier stages of erection were probably due to errors
of shop work and, as Mr. Cooper said, were not serious. The waviness of the ribs

~which was often recorded by the inspectors might not produce serious results, its

importance being depcndent upon the strength of the latticing. (See Appendix No.
11). The presence of these bends would materially increase the stresses in the latticing,
but we have no evideénce to show that there was exceptional waviness in the chords
that afterwards deflected most seriously, »

The erection of the suspended span did not begin until the middle of July, 1907,
and the building out of this span was accompanied by a rapid increase of the stresses

‘inithe aiichor niid “cantilever arms. ~On the day of the disaster the most heavily
siressed members (see drawing No. 13) were as follows :(—

Member. Panel No. Arm, ' Stress.
Upper Chord .. .. ........ g Aachor ..... .......... 17,200 1bs. per sq. in.
" . 9 W g0 .
" 10 W i e e 18,200 "
W e, ... 7 "
W s iee aesssaes 8 "
M e ie s resanaen 9 "
H it i e 10 "
Lower Chord .............. g w
" R 7 "
M s iee asesses 8 "
L T 9 "
L 10 1t
" 7 Cantilever. ... "
" 8 " "
11] 0 " "
W e e 10 W deriiees saaes 17,080 "
Main Diagonal............. b Anchor ....... Cereeanan 17,080 n
1 it een vwe 4 " ............-'....17,160 "

By the beginning of August the effect of these growing stresses on the weak end
details of the chords became perceptible, and by the middis of August the chords began
to show signs of failire in the body. On August 6 the deflection of joint 7-8-L canti-
lever arm was noted, and Mr. Kinloch has expressed his conviction that this deflection
occurred after the lower cover plate was removed. The design of the chord ends and
joints was such that it is probable that Mr. Kinloch's conclusion is correct, and' that
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the removal of the lower cover plate weakened the joint appreciably., Any distortion
at the joint would throw consideralle stresses into the latticing unless the batten
plates were of great strength and stifiness. On August 12 the inspectors reported a
similar deflection at joint 8-9-L cantilever arm. On August 8 the workman, Haley,
noticed tFat the ribs at joint 8-9-R, cantilever arm, did not match properly, and on-
August U8 he noticed that the splice plates were bulging. This was noticed by Mr.
Kinloch also, who was confident that they were all right when rivetted. Ifaley also saw
that chord 8-R, cantilever arm, close to the joint just mentioned, was bending in all
its ribs. The workman, Beauvais, noticed, during the two wecks previous to the acei--
dent, that the inner ribs at the joint 9-10-R, anchor arm, were graduslly coming
together, but does not seem to have reported this. About August 20 Mr. Kinloch noticed
that chords 8, 9 and 10-R, cantilever arm, were wavy in the body, but was not sure
whether the bends were shop bends or not ; he consulted Mr. Birks and they agreed
that these waves were of no importance. On August 25 the deflection at joint 5-6-R,
canti‘ever arm, was discovered. On August 27 the bending in chords 9-L, anchor arm,
and chords 8 and 9-R, cantilever arm, had become 8o noticeable -that  they -were
measured in detail, and reported to both headquarters. Mr. McLure's records note a
deflection of 3-inch in chord A-9-L about one week previous to August 27. This reci-
tal shows that the chords near the main pier both in the anchor arm and in the canti-
lever arm were under close observation for at least a weck previous to the accident.
These were the most heavily stressed compression members in the bridge.

We are satisfied tiat the structure was being closely watched and that had there
been noticeable weakness at any points it would have been-detected—and-recorded.— ——
There is no evidence of the existence of weak details except on the lower chord. :

We therefore conclude both from the evidenco of the witnesses, and from that of
the wreckage, that the initial failure occurred in chords 9—R and 9—L, anchor arm.

Our opinion is that these two chords failed almost simultaneously by rupture of
latticing or shearing of lattice rivets (see Appendix No. 17) and that the buekling
of the ribs followed immediately. The cantilever arm commenced to drop, turning
around the feet of the-centre posts, and raising the anchor arm near the point of
rupture. When the top of the centre post had leaned over perhaps 30 feet, (this
estimate being made by the witness Chase) the centre post feet kicked off the ped-
estals, and both anchor and cantilever arms crashed down. The right truss of the
anchor arm apparently fell faster than the left truss, for the top members of the
arm have fallen towards the right, and the witness Delphis Lajeunesse noticed such
a movement. The stub chords on the cantilever side which were attached to the
centre post feet struck the coping of the masonry heavily, the marks of the contact
on these chords indicating that the right post was falling the faster, The cantilever
arm was controlled in its fall by the stiffness of the centre post, and by the resistance
of the upper chord, and did not drop suddenly until the feet of the centre posts kicked
off the pier. The centre post feet reached the ground first, carrying inwards before
them the lower parts of panels 9 and 10 anchor arm; the remainder of the anchor
arm was swung forward by the action of the upper chord in straightening out, under
the pull of-the cantilever arm, and moved around the top of the anchor pier as a fixed
point. The damage to the lower chords from the fall was the more severe because’
the ends of the posts landed in the foundation pits dug for the falsework, and the
“chords themselves struck on the high ground between the pits. The forces that
pushed the centre post fect out into their present position, as described by Mr. Kin-
loch, are a matter of conjecture; the holes dug by the feet in their fall are plain to
view and are partly filled by sections & of the centre posts which are standing upright
in them. As these sections are comparatively little injured and have not dug down
into the ground, it is evident that they struck with but little force- and that the
ground was already shaped to receive ‘them. The force of the fall was probably

- largely absorbed.in the wrecking of sections 6 of the centre posts. .
154—vol, i—T4
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No description in words can give as correct an idea of the wreckage as will be
obtained by a study of the photographs in Exhibit 34; the principal feature to be
noted is the comparatively uninjured condition of all members except 'some of the
lower chords, posts and sub-posts which by reason of their position had to bear the
larger portion of the forces developed by the fall, and completely failed under them.

All connections except the splices of the lower chords proved to be as strong and
in most cases much stronger than the body of some of the members they connected.
The tension members, laterals and floor system call for little comnment; the com-
pression members and their splices have shown themselves to be the weakest parts
of the structure, :

The following is a statement of Mr. Walter J. Francis’ observations of the
wrecked structure, and which clearly describes certain phases of it:—

‘ The condition of the posts throughout may be said to be largely the result of
the unyielding strength of the top chord eve-bar system, while the condition of the
other members mey be regarded as due to their fall to the earth and upon one another.

- “Of more than 700 eye-bars in the wreck, only one has beén found “which has
broken, and on all remaining ones there is not a sign of a crack or failure of any
kind, notwithstanding the extreme punishment to which these members have been
eubjected. . The broken bar, 1if-inch x 15-inch, is undoubtedly the result of a heavy
blow on the edge, about 18 inches from the centre of the pin. The bar parted about
4 feet from the centre of the pin, in acting as a beam. The fracture is fine grained,
and although not of the highest class it would certainly be rated as good.

. “Of sbout 60 pins in the accessible parts-of-the debris-only-one-has any-evidenceof —

having been distorted. This pin is 12 inches in diameter, 8 feet 6 inches long, bored
2] inches diameter through its axis lengthwise. Its bend consists in having one end
turned up about 5 inches, the curve being about 1} feet from this end. As this pin
is at the joint where the eve-bar above referred to was broken, its condition is
undoubtedly due to the same cause as that which broke the eye-bar.

‘ 8peaking generally, the compression members throughout have suffered severely.
They were generalls composed of parallel laminated webs, In the maximum size of
chords there were four vertical webs. Each web consists of four plates ranging from
1 -inch to t#-inch in thickness, and one angle on each edge S-inch x 6-inch x 4i-inch
for cutside webs, or &-inch x 34-inch x 1§-inch for inside webs, the S-inch leg being
vertical. The finished width back to back of angles was 5% inches. The maximum
length of these webs was about 57 feet. At each end the four webs are connected
together top and bottom by cover plates varying from 6 feet to 10 feet long. the space
between the cover plates being latticed with 4-inch x 3-inch x #-inch angles. The
tower posts had four parallel webs, while in other posts there were two webs only,
latticed for the greater part of their length with 3-inch x 3-inch x #-inch angles, set
at about 60 degrees. Speaking gencrally, at and near the panel points of al] these
members, there were either internal diaphragms, or cover-plates, or both. Throughout
the middle leugth of the merbere there were none. In the wreck the compression
members are distorted in every couceivable manner, excepting at the panel points,
where, as will be observed from the general photographs, the portions having internal
diaphragms or outside covers are vet comparatively straight after enduring the forces

. of the fall. Between these stiffened portions the lattice work is torn, the laminated

webs are parted, and the rivets sheared and pulled in every possible way.

‘The component parts of the various built up members have been destroyed by
all sorts of complications, as will be seen by reference to the accompanying photo-
graphs, to which descriptions are attached. These in themselves form an interésting
studs. In the selection of the 28 photographs attached hereto the intention was to
choose only those which are typical of the general damage to the various pieces and
those fractures which have been produced hy simple and clearly defined forces. There
are innumerable examples of destruction under extremely complicated sets of forces,

X
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but these have no special scientific interest beyond the proof of the quality of the
mauterial. _ : :

‘ The evidence of hest produced by blows and friction is in many instances quite
marked; one case was noted where the steel had been fused and drawn into shreds
and small globules. .

¢ Although quite secondary to the main members of the bridge, it is interesting
to note that the 1j-inch anchor bolts holding the vertical steel in position on the
auchor pier drew bodily out of the masonry. These bolts had the ordinary surface of
a steel rod, were swedged on the opposite sides every 3-inch and were 4 feet 6 inches
long. The holes in which they were set were drilled in the granite masonry just large
enough to admit the bolt. They are said to have been grouted in with pure Portland
cement. In every case where they received direct tension they pulled bodily out of
the masonry. :

‘It is almost beyond comprehension that hoth the main pier and anchor pier
-should have withstood the shocks of the accident.. There is no indication of any move-
ment in, or general damage to, either of these piers. The arrises have been abraded
in some cases, and where the main shoen_left the pedestals the blow they administered
to the roping and cornice moulding spawled the granite in-one case for about 22 feet
in Jength. The effect on the masonry, however, can only be absolutely determined by
ar exhausiive examination.

As the lower ‘chords call for particular attention we give bere a memorandum
- of the condition of these chords after the accident. The other portions of the structure
are sufficiently illustrated in the photographs and drawings already referred to. . .
. This memorandum is part of Exhibit 54; it was prepured by Messra.
Cudworth, Kinloch & McLure, and was checked by the commissioners and found to
be a correct deseription. It is as follows:—

A-1-L.

Starting with its pin connection with anchorage eye-bars, 79 ft. from C.L. of anchor
pier, and about &5 ft. above the ground, A-1-L slopes at an angle of abont 70 degre=s
to the horizontal, until it rests on the ground at a point 99 ft. from C. L. of anchor
pier. Here the four ribs cre broken entirely off, the west rib 3 ft. north of its eplice
to chord A-2-L, the west and east centre ribs at the ficld splice to A-2-L, and ibe east
rib through the web at the south zuds of splice plates. The top cover plate is still
attached to A-2-L, and the bottom cover plate is torn off entirely. The latticing 1=
still practically intact. {(See photographs No. 10 and No. 18).

N . , R .. A-2L ) ,

The portion of A-2-L separated from A-1-L, as above described, lies on the ground
96 ft. from C. L. of anchor pier, the break being about 6 ft. south of pin hole conneet-
ing hanger T-O-L. The chord bends to the east from this point to a point 118 ft.
from C.L. of anchor pier, where all four ribs are twisted, and broken through the
angles and web plates from the tops, half way down, (see photo. No. 18). At this
point of break the deflection from a straight line is the max, and about 6 feet. From
this break the chord dipe downward at an angle of about 10 degrees with the horizontal,
and elightly westward (sce photo No. 17). The pin hole for conneetion of A-P-1-L is
intact, and all four ribs of this chord are broken off at the field eplice eight feet north
of this pin hole. The top and bottom cover plates at the splice with A-3-L are torn
from A-2 end fast on A-3. The latticing at point of break is brokem, and all the
remsining latticing badly bent up, but in position.

A A3-L ' s

Starting with its splice with A-2-L, recorded above as broken, A-3-L has its
four vibs in a straight line about parallel to axis of bridge, to a point 170 feet from ,
“C. L. of anchor pier, where the west rib is bent in toward the centre of chord, and the o
latticing broken, but rib itself uninjured. - -
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The pin hole for connection of T-0-O hanger ias intact, but all four ribs are broken
through at the field splice ‘eight feet north of this pin, right through the splice plates
to A-4-L. At this point, the south end of A-4-L lies 4 feet above the north end of
A-3-L, and 3 feet to the west (see photograph No. 16). At this splice between A-3-L
and A-4-L, and bottom cover plate is torn from A-4-J: and fast to A-3-L, and the
top cover plate is torn from A-3-I and fast to A-4-L. . R

A4-L

The four ribs of A-4-L run parallel to each other from their aplice with A-3-T.
to a point 10 feot south of pi  onnecting post P-2-L, at which point the east rib
spreads a foot toward the east till it reaches the pin hole of P-2-L post. At this point
all four ribs are broken through. North of this pin hole, the two outer ribs are spread,
but converge to their splice with A-5-L at which point the t\\o centre ribs are broken
off entirely, but the outside vibs, intact. .

I\ 5- Il ’

A-5-L runs contmuously from its field splice with A-4-L to pin hole for connee-
tion of T-0-0-0-L hanger, where all four ribs are broken through. From this pin hole
the chord runs straight to field splice. Here the three west ribs are broken off, but the
east rib rvns by the splice, 4 feet on to chord A-8-L where it is broken. The top cover

—-——plate at this splice is fastened at its east edge only, and the bottom cover plate torn
loose from A-0-I, and fast to A-5-I. The latticing has been little damaged.

A-G-I, at its splice with A-5-L is offset about two feet towards the west, and from
there runs in a straight line to the pin hole for connection of P-3-I.. Here all four
ribs are broken through. Beyond the pin hole the east rib is displaced slightly to
the east to the field splica with A-7-I.. At this splice the top cover plate is fast to
enst rib of A-6-I only, and bottom cover plate fast to four ribs of A-6-L only. The
latticing is little damaged.

A-T-L
From its splice with A-6-L, A-T-L is deflected slightly to the west until it reaches
the pin hole for connection of T-0-O-0-O-L hanger, where all four ribs are broken
through. From this pin hole to the splice with A-8-L the ribs run straight.
At the splice the two centre ribs are broken through the splice plates but the outside

ribs are intact. The latticing is little damaged.

A-8-L
The ribs of A—8 L run straight from its splice with A-7-L for a distance of about
20 feet. At this point the west rib bends to the west about 90 degrees and rises in the
air to a height of about 20 ft. The west and east centre ribs start to bend at the
same point but come back again, forming a reverse cuive, and burying themselves
in a pile of scrap iron immediately beyond the pin hole for the connection for P-4-L.
The east rib follows the same general direction, Lut its north end instead of turmng
downward, makes a hook toward the east. All four ribs are broken off at the pin hole
for P-4-L, the piece from the west rib lying out on the beach about 25 feet from the
! present position of the west main pier shoe, and having attached to it two feet of
the west rib of chord A-9 -L with the field splice intact. The lattlcmg is almost

; entirely destroyed

i A-9-L
Begmnmg at the field splice with chord A-10-L, at which splice all foﬁr ribs are
broken, the west rib of A-9-L runs south, at an ang]e of 45 degrees to the axis of the
bridge towards the east to the pin hole for the connection of A-T-5-Z hanger, at which
point it starts to bend eastward, turning through about 180 degrees in a length of 15
feet and thence running north eight feet. At this point it bends through 180 degrees
again in a length of 10 ft., and then runs south and inclined upward at an angle of
40-degre»s with the horizontal, to a point two feet beyond its field splice with A-8-L,

3
i
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which splice is intact and fully riveted. At the last bend mentioned, threo of the
web plates are broken through. " S

Running parallel to west rib to T-5-Z pin hole, the west centre rib is there
broken, but continues beyond, turning through 180 degrees, and running north for
eight feet, then bending back 180 degrees, at which bend two of the web plates are
ll)n'oll(«m through and running south to its former field splice with A-8-L, where it is
roken. :

The east centre rib runs parallel to west centre, but is not broken at pin hole, and
at the last bend has only one web plate broken. .

The east rib parallels the east centre rib through the first bend of 180 degrees to
a point eight feet north of the pin hole, where it doubles over on itself and projects
upward and toward the west to a hieight of 14 feet above the ground.

The distance from the field splice with A-3-L to the chain mark on west centro

rib is 13 feet. The centre of max. bend of the chord is about 20 inches forward of -

this point, and the loose rivet discovered in the lattice angle is about midway Letween

the chain mark and the centre of the bend. ~ This bend lics-about-15-feet-south-of -the -

fracture in the floor beam between P-4 posts. All of the west end of A-9-L is still
attached to T-5-Z hanger, and all of its four ribs are bent through 180 degrees at a
distance of about 8 feet from the T-5-Z-L pin hole.

At the second bend mentioned in tie cast rib two web plates are broken through.
The lattice angles are completely destroyed. ’

A-10-L

The four ribs of A-10-T, starting from its field splice with A-0-L, at which -

all four ribs are broken, runs in a straight line slightly inclined westward, with the
ribs folded over and lying one on top of the other, the Intticing being completely
destroyed. |

: o A-1-R

Starting with its connection with the anchorage eye-bars, A-1-R dips downward
at an angle of about 70 degrees to the horizontal. At a point 6 feet distant horizon-
tally from its south end it is crippled through all four ribs, and bends toward the cast,
the flange angles being cracked through here and the latticing torn off. Turning again
90 degrees it runs straight down into the ground at the pin hole for the connection of
T-O-R hanger, at a very short distance beyond which; biried in the mud,; the four
ribs are broken off through the webs. The field splice 4 feot south of A-T-O-R hanger
pin hole is intact on the two outer ribs, but slightfy loosened up on the inner. The
top cover plate is on, but the bottom one partly torn off.

S A-2-R

Beginning at the break mentioned as north of the T-O-R hanger connection,
this end of ‘A-2-R has been thrown westward to a position 138 feet from C-L of
anchor pier and 5 feet west of original east truss line, the chord turned up on its west
side, and runniag northeast to a point 166 feet from C L of anchor pier and 31 feet
east of origina) line of east truss. The chord has a long bend at its centre, and the
latticing is badly bent up, but for the most part still fast to the chord. All four riks
are broken completely through just south of the P-1-R pin hole, and form the end
last located.” The remainder of the chord lies at the foot of P-1-R post and runs

“horth from that to its field splice with A-3-R, at which the east rib is brokeir three
feet north of splice on chord A-3-R, and the other ribs broken right at the splice.
_ : A-3-R ' o

At a point six feet from its field splice with A-2-R this chord beunds sharply to
the east for five feet and then back again to a direction about parallel to axis of bridge.
At the pin hole for connection of A-T-0-O-R hanger, the east rib only i3 broken. At
the field splice with A-4-R the east rib is intact and the other three ribs broken
through. The bottom cover plate is fast to east rib of both chords, and top cover plate
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to all ribs of A-4-R end to east rib of A-3-R. The latticing is in good condition
at south end and broken off at north end.

A4R

From its field splice with A-3-R, A-4-R runs straight to a point 10 fest south
of pin hole for connection of P-2-R post, where the outside ribs bulge out
around the pin hole to the field splice with A-5-R. At the pin hole all four ribs are
broken through. At the splice the west rib is partly and the other three entirely
broken through. The batten plate on chord just south of P-2-R is entirely destroyed.
The latticing is little damaged.

A-5-R.

Runs straight from its field splice at south end to the pin hole for connection of
T-0-0-0-R hanger, where all ribs are broken through. From pin hole to field splice
at north end the chord is tipped up in the air at an angle of 45 degrees to the hori-
zontal. At the field splice. the splice plates are stripped off the two outside ribs. On
the inner ribs the splice plates are broken through. Latticing partly broken.

A-6-R .
Runs straight from its field splice with A-5-R to pin hole for contection of
P-3-R post, where the four ribs are broken through, From the pin hole to its field

splice with A-7-R chord in'clines slightly west. At this splice all four ribs are
broken, and the short section thus left is tipped up about 15 dcgrees with the hori-

A-T-R

Starting at an offset of 18 inches east from A-6-R at splice, A-7-R runs straight
to pin hole for connection of A-T-0-O-O-O-R hanger, where the four ribs are
brokeny through at pin hole. From this point, t ofield splice with A-8-R the chord.
inclines slightly westward. At the latter splice everything is intact except the bottom.
cover plate which is partly broken off from east rib. Latticing bent up, but not badly
broken.

A-8-R

Running six feet north from its field splice with A-7-R the chord is straight.
At this point the three west ribs take a sharp bend through almost 90 degrees to the
east for six feet, followed a little further north by a similar but wider bend in cast
rib, all four ribs turning north again to meet the pin hole for connection of
A-P-4-R post, at which point the ribs are all broken off.

The west rib runs from this pin hole to splice which is intact, and continuing on
to the west rib of A-9-R makes a sharp bend of 180 degrees to the west and south,.
and in a few feet, again turns about 75 degrees to the west and is broken off through
its web about opposite the pin in foot of A-P-4-R. » :

The west centre rib parallels the west rib, across the field splice, continuing on
to the same rib in chord A-9-R and terminating in a broken end at about the same-
point as the west tib. '
The east centre rib.runs from the pin hole to the field splice, and is there broken'
off, ' : .
The east rib runs from the pin hole across the splice which is intact, on to the:
same rib of chord A-9-R, turning to the east and south, through about 150 degrees,.
and terminating in a broken end at a point about two feet north of the pin at foot of
post A-P-4-R.

A-9-R

Starting at the field splicé with A-10-R this.chord runs south, almost directly
underneath chord A-7-R, to .the pin hole for connection. of A-T-5-Z hanger, ‘ot
which point all four ribs are broken. From here the four ribs turn to the west -about:
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90 degrees and run completely under A-7-R. After passing under the latter chord,
the east rib continues almost directly westward for a distance of 20 ft. and terminates
in & broken and twisted end, which probably matchcs the other end of this rib described
under chord A-8-R, and located about 75 ft. distant. B

After emerging from underneath chord A-T-R the other three ribs continue
the 90 degree tend to onc of about 180 degrees, and run directly north, the east and
east centre ribs terminating in ends broken and twisted, directly opposite and just
west of fielc splice between A-0-R and A-10-R, and the west centre rib continu-
ing its course north to its faced ciid, opposite and directly east of field splice between
A-7-R and A-8-R, and before reaching there, having three of its four plates torn
from it and doubled back, and the fourth broken haif through, and twisted completely
around. In this neighbourhood there are numerous small pieces of plates and angles
that can readily be identified as having once belonged to chord A-9-R. Latticing
on this chord is completely destroyed. ’

A-10-R ,

The field éplice between A-9-R and A-10-R is partly broken. ”S"t'élfi“i-iié"ffo}ii/ T

that point, A-10-R runs ne-th, and inclining slightly eastward to a point near the
south end of the stub chord A-11-R, pinned on the.24-inch pin, its field splice with
which is entirely broken. The ribs of A-10-R are ‘comparatively straight, but are
piled over, one on the other, and the latticing entircly destroyed.

A-11-R and L.

~———~These V-shaped stub chords arc still iz the positions-originally-placed;-on—the—--—--—

94-inch pins holding them to the main yier shoes. Their field splices with both the
number 10 chords of anchor and cantilever arms have been broken off entirely, but the
shords themselves damaged but little,

HENRY HOLGATE,

. Chairman.
J. (1. G, KERRY.
J. GALBRAITH.

APPENDIX No. 13,

AN EXAMINATION OF THE: VARIOUS FULL-SIZED COLUMN TESTS
THAT HAVE BEEN MADE IN AMERICA, ACCOMPANIED BY DIA-
GRAMS SHOWING THE RESULTS OF THESE TESTS.

In view of the eircumstances accompanying the accident of August 20th, it wns
mecessary for us to investigate the design of the lower chords and the data that were
at the disposal of the designer (The Phenix Bridge Company’s engineer) when he
began his work. This investigation was commenced by an examination of all obtain-

. able records of column tests.

The column formulas used in practice are, broadly speaking. empirical formulas,
framed to suit the results of these testa. _

In examining the records, a process of elimination was adopted, the object being
to select those tests which most nearly corresponded to' the Quebec Bridge. conditions.
Th. following are the considerations upon which the selection was made.

(1) No tests on solid sections were used, because the bridge chords were built-up

. members and apparently failed from weakness of connecting details, the conditions -

being absolutely fdiﬁéiéiit from  those: existing in a solid section.
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(2) No tests on sections that have been proved defective were used, except that
certain of the Buchanan tests, which were published in 1907, have been selected on
account of the large sections of the test pieces, although these were not of the most
approved design. . ' ' '

(3) No tests on members whose failure was caused by defects in the testing
apparatus were used. In the earlier tests special ends were fitted to many of the test
columns with unsatisfactory results, :

(4) Tt wus intended to exclude all tests on members having less than 10 square
inches area, but some tests on sections having areas between 7% and 10 square inches
have been included. ’

(5) When the ratio _for any column exceeded about 120 the test results were

not used,
The records consulted were:—

(1) J. M. Moncrieff (Am, Soc. C. E., Vol. XLV., 1001.)

~ This paper, which was written by an English engineer, contains perhaps the most

complete compilation of column test data that has ever been published. It was con-

sulted for reference to original authorities. The records contained in it show that

there were practically no English or Eurcpean tests that would not be excluded by the
fourth consideration above mentioned.

(2) ‘Tests of Motals.’

This is the officinl record of all tests made at the United States Arsenal at

~ Watertown, Mass. The complete file of these volumes, publications of which began
about 1881, was examined. No tests of interest were found in any volumes issued
after 1884. The results from tests on wrought iron columns of the Phenix box and
latticed channel types have been selected. The results of 99 of these tests have been
used. The specimens varied in cross section from 7 square inches to 22 square inches,
there being 6 with areas between 20 and 22 square inches and 14 with areas between
15 and 20 square inches,

(3) G. Bouscaren (Am. Soc. C. E., Volume IX., 1880.)

The tests recorded in this paper were made between 1875 and 1879 in conmnection
with the building of the Cinninnati Southern Railway. They included tests on

. wrought iron columns of the box and latticed channel types. In all 9 tests were select-
ed for use. This series of tests has possibly had more influence upon the detail of
bridge design than any other series that has been made, as the rejection of various
types of columns and the adoption of various modifications in detailing directly
resulted from it. The small number of tests that have been selected for this record
shows how greatly the tests were needed at the time. The cross section varied from
a minimum of about 11 square inches to a maximum of about 14 square inches, with
the exception of one box column which had an area of 26.05 square inches, The metal
used developed an ultimate strength of between 52,000 and 55,000 lbs. per square
inch, Mr. Bouscaren’s specification of 1875 calling for an ultimate strength of 60,000
1bs. per square inch in tension. ' :

(4) Clarke, Reeves and Company (Am. Soc. C. E. Volume XI, 1882).

This firm, which was the predecessor of the Phonix Bridge Company, published
in this paper the results of a series of tests on Phenix columns which were ‘made for

~them in 1879 and 1880 at the Watertown Arsenal, the material being wrought iron.
‘There were 22 tests in all. : )

It was found necessary to alter the ®breaking load’. on some of the shorter
columns given in the records, as an examination of the diary of the tests showed that
real failure had occurred considerably before the metal managed to. escape from the
following up of the machine. ‘

Clarke, Reeves and Company’s specification of 1871 calls for iron of an ultimate
strength of from 655,000 to 60,000 1bs. per square inch. Twenty of the columns had
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a sectional area of about 12 square inches and two a sectional area of 1 are
inches. , M

(6) C. L. Strobel (Am. Soc. C. E,, Volume XVIII, 1888).

The tests recorded in this paper were made in 1887 upon columns of H-shape built
up out of 4 Z-bars with a lafticed web. The material was wrought iron, and the results
of nine tests have been used. The sectional area in each case was between 9 and 10
inches,

(6) J. C. Dagron (Am. Soc. C. E,, Volume XX, 1889). .

This series of eight tests, all of which have been used, were made in 1884-5. The
columns were of the latticed two-chanmel type, the channels being built up. The
material was high steel, the ultimate strength bring given- at 84,000 lbs. per square
inch and the elastic limit at 53,000 lbs. per square inch. The columns were Letween
8 and 14 square inch eross sections. . i

() Professor W. H. Burr. ‘ The Elasticity and Resistance of the
Engineering.’ S R

Tn this book there is given a full resumé of column test data, including 4 tests on
Pl .ix columns made in 1873, the results of which have been used. The columns
were between 8 and 14 square inches in cross section. :

(8) C. P. Buchanan (Engincering News, December 26, 1007).

In this paper arc given the results of 10 tests made between 1888 and 1900, the
- gections of the specimens varying from about 14 square inches to 33 square inches,

these being the largest columns that had been tested previous to the investigations .

made in connection with our inquiry. The results were not made public until the date
above mentioned and were not available for use of the Quebec bridge deeigners. Twelve
of the specimens were of wrought iron, three of Bessemer steel and four of open hearth
steel, these last four being of the grade known as * structural steel, which is at present
in general use for bridge work. Only six of the specimens were strictly symmetrical.
The columns were of the ¢ H’ two-channel and upper chord types. All the results have
Leen used, although on account of unsymmetrical sections and eccentric loading in

several cases, high ultimate strength was not to be expected.

(9) J. A. L. Waddell (Engincering News, January 16, 1908).

This paper gives the results of six tests upon structural steel columns of the two-
channel type. The tests were made about 1907. All of the results have been used,
the column sections being 17-44 square inches in area. The results of the tests on
nickel steel columns which were made at the same time have not been included.

The results of 176 teste in all have been plotted, the cross section of the largest
column being less than 33 square inches in area, and that of the smallest greater than
7} square inches; three columns had cross sections greater than 30 square inches, 9
greater than 25 square inches, 16 greater than 20 square inches and 20 greater than 15
square inches. The results of the tests are plotted in drawing No. 20, and are divided
into three groups, viz.: flat-ended wrought iron columns, pin-ended wrought iron
columns and pin-ended steel columns. :

The following conclusions may be drawn from this study:—

(1) Very few tests have been made on full-sized steel columns, and some of those
that have been made are upon unusual grades of material. IR .

(2) The experiments upon which modern practice is largely depending were made
at least twenty ycars ago, and upon a grade of material which is not now in use in
bridge construction. ,

. ’ 1. .
(8) The decrease of strength with increase of the ratio of 1% in the case of flat-

ended wrought iron columns, not clearly discernible on the diagram in drawing No. 20.

Materials of




s e

o e e S £

* ey b s g 3 3 5

108 ROYAL CO  18SION ON COLLAPSZ OF QUEBEC BRIDGE

7-8 EDWARD VIL,; A;-1908

(4) This decrease is discernible on the diagram in the case of pin-ended wrought
iron columns, but it is not nearly so rapid as the decrease indicated by the column
formula adopted in the amended specifications for the Quebec bridge. )

(8) It is ovident from the particulars of many tests that the size and strength of
the pin used have sn appreciable effect on the results obtained, but the amount of this
effect has not been determined. . ’

(6) The relation between the stre. _th of a column as determined by test and as
calculated by formula varies greatly. :

(7) No series of tests have been made to determine the relative stresses in the
various parts of a built-up column,

(8) The strength of a column is greatly affected by what have been considered
minor features in the end details. ' :

(9) A compression member of usual design and dimeunsions cannot be expected to
develop an ultimate strength much greater than about one-half of the ultimate strength
of a tension member made from the same material, - -

~~(10) Notests have been ninde on ¢olumns of the form of the Quebec lower chords
nor on any having more than about %5 of the cross section of these chords,

That the results of laboratory tests should not be rigidly followed in field prac-
tice is axiomatic, but the extent to which they can be safely accepted is a matter of
judgment. During the last 25 years, a failure similar to that of the Quebec bridge
has been, we believe, unknown, and as compression members designed in accordance
with the results of the Bouscaren tests have been uniformly successful, little doubt
existed in the minds of practising bridge engineers concerning them,

There is no definite evidence to show that either Mr. Cooper or Mr, Szlapka
ordered any investigation to be mede of the tests data that were available, and when
the comparative magnitude of the undertaking is remembered, it is difficult to explain
their failure to check their conclusions on the Phenix testing machine, which was
at their disposal,

On the drawing the results of the tests are shown, arranged according to the ratio

1
N for each cnlumn, The form of the section upon which each test was made,—

double channel H, box Phenix, or upper chord—is indicated by miniature sections.

It should be remembered that, previous to the Quebec disaster, the insufficiency
of the existing knowledge of column action had been widely recognized, and pro-
grammes for additional testing were under consideration both by the American
Society for Testing Materials and by an independent committee of prominent
engincers, acting in co-operation with the officers attached to the United States
Arsenal at Watertown, It is generally felt that modern bridge work has. gruwn to
such dimensions that further investigations are desirable.

HENRY HOLGATE,
Chakrman.

J. G. G. KERRY.

J. GALBRAITH.




‘ REPORT OF THE COMMISSIONERR 109
SESSIONAL PAPER No. 154

APPENDIX No. 14,

A COMPARISON OF THE STRESSES IN THE SEVERAL MEMBERS OF
THE MAIN TRUSSES, COMPUTED FROM THE BRIDGE AS FINALLY
DESIGNED, WITH THE STRESSES AUTHORIZED BY THE SPECIFI-

CATIONS."

The nineteen tables acompanying the report of Mr, C. O. Schneider, consulting
engineer, upon the design of the Quebec bridge, are self-explanatory. All Mer.

Schneider’s results have been compared with corresponding figures furnished by the ,

Phenix Bridge Company and in general are found to slightly underrun them. "They

show that the calculations of the Phenix Bridge Company were carefully and acecu-

rately made. (Se¢ Exhibits Nos. 102 and 108.)

Drawing No. 4 has been prepared for the Commission and revised by the Phenix
Bridge Company. This drawing shows the maximum stresses arising from dead load,
plus 13 live load plus 4 wind, this loading having been used to some extent in the
original calculations at Mr. Cooper’s direction. The only difference in the calcula-
tions leading up to the two sets of figures on the drawing lies in the dead load used;
for the first set the dead load assumed in the designing was taken, and for the second,
the actual dead load obtained from the built members. Tt will be noted that the error
- of stresses in the main choids near the centre posts, due to this error of assumed dead

lead is fully 10 per cent.

No satisfactory exploration of the occurrence of this error has been offered.
On minor bridges, with a given live loading the weight of metal is known not
to vary greatly with details of design and in some offices revision of the assumed dead
loads for such bridge is not the rule ; but no information from which to predict the
weight of the Quebec bridge existed, and the probability of a serious mistake in the

_first estimate for weight would be apparent to a cautious designer,

The fact is that Messrs. Deans, Szlapka and Cooper permitted the shops and
rolling mills to commence work without taking any sieps to tést the correctness of
the assumed dead load, and the probable dead load does not appear to have been
estimated from the plans until at least cighteen mionths after the work of fabrication
was commenced. (See Appendix No. 8.)

A list showing the dates on which each shop drawing was computed is filed as
Exhibit No. 125, and it will be noted that the work of designing was so
far advanced by the beginning of 1805, that the preliminary estimates of dead load
might then have been revised with considerable accuracy. By reference to Appendix
No. 8, it will be seen that the percentage of error in the original estimates for all

- parts of the spans was roughly the same. o

We are of opinion that no manufdeturing should have been done until the
designers had so far advanced with their work as to be able to make a proper estimate
of the weight of the bridge. (See clause 8 of 1898 specification Exhibit No. 21).
Before completing the drawings for use in the shop the weight of the various
parts should have been computed as a check on the estimated weight of the bridge. - As
a matter of fact this procedure was not adopted and manufacturing was commenced
in July, 1904, without any such checking, although the specifications ecalled for it,
and the contract practically demanded it. (See Appendix No. 8). .

The designing office had accumulated sufficient information to engjfle it to make
a close estimate of the weight of the bridge but did not do so. On the contrary, work
continued as if their assumptions had been correct.
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That Mr, Cooper fully intended to permit stresses in excess.of 24,000 lbs. per

_ square inch under the conditions used for drawing No. 4 is shown by the following

letters :—
© August 6, 1904.
Puorxix Bripar COMPANY, .
Phoenixville, Pa. A
My DEAr Mg, Szrarka,—I have tested the proportions of the members of the
anchor arm under the following maximum loading for my personal satisfaction—viz.:
Dead plus 1.5 live plus 25 Ibs. of wind (3 of your wind strain) and find that the only
members exceeding 24,000 in tension or 24,000—100 BN for compression are—
The lower chord which has 26,500 and is all right and Towers L which should
have 108 square inches. )
Towers B which should have 99 square inches to come within the above conditions.
This is such a slight matter I request for the sentiment of the thing that you
change those last two members to the above sections if it does not inconvenience
anything. :
ST e "~ Yeours very truly, T T T

THEODORE COOPER.
August 9, 1004, .
Tneo. Coorer,
Consulting Engineer,
New York, N.Y.

DEar Sir,—I have your kind letter of August 6 in referencs to increase of section

of members ‘TLO OO O0OO0andTB OO 0 O O’ for combination of stresses due -

to dead load plus 13 live-load plus wind.

I will gladly comply with your request and will also apply the same combination to
all other members to satisfy myself that the unit stresses are in proportion not higher
than those on the two above mentioned members. .

Yours respectfully,
P. L. SZLAPKA.

The propriety of the selected stresses is discussed in Appendix No. 18.
N ' HENRY HOLGATE,
Chairman,

J. G. G. KERRY,
J. GALBRAITH.

 APPENDIX No. 15,

A DESCRIPTION OF THE VARIOUS EXPERIMENTAL RESEARCHES
THAT HAVE BEEN MADE IN CONNECTION WITH THE BUILDING
OF THE QUEBEC BRIDGE AND DURING THIS INQUIRY. ) '

The Pheenix Iron Company possesses the most powerful machine for compression
tests in existence; unfortunately, some doubt exists as to the accuracy of the records
obtained from it. As a result of a series of tests made in 1897, the New York Depart-
ment of Buildings places its error in compression at 15 per cent in ‘excess; in tension,
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however; its results scem to be in agreement with those obtained with other machines —
on similar material. -In spue of these doubts, ho\xewr, this machine has been of in-
valuable service to the enginecering profession.

In the evidence, Mr. David Reeves, the president of tho Phenix Bridge Company,
states that he had given orders ¢ that all the specml tests advised by the consultmg en-
gineer, Mr. Cooper, or by our own engineers, arising from the vnusual size of the
bridge, be promptly and fully made,’ 8o that from the outset the designers of the
Quebec bridge had at their disposal both the equipment for making tests and the
authority to use that equipment. ,

The ovidence shows that along. certain lines these facilities. were by no means
neg]ected and we are of opinion that had Mr. Cooper and Mr, Szlapka realized how
limited is our knowledge of the strength of compressnon members, they would have -
made as much use of the testing machine for compression tests as they did in connec-
tion with the eye-bars,

The appliances and tackle that were so successfully used in the erection wero
tested when necessary, and the only failure of which we have record was in the hook -
that was hftmg A—9—Li in ‘the Chaudiére yard..
in section were tested in tensnon (seco Exhibit 85), to determine the efficiency
of the connection between the two pins to be used at certain intersections. The plates
were tested with 12” pins and reinforced bearings; the records filed are rather meagre.
One plate dished at one pin bearing when the stress amounted to 35,200 1bs. per square
inch, the test having continued without sign of ‘failure to 26,000 1bs. per square inch,
In the test of the second plate the rivets began to work loose at a stress of 16,000 1bs.
per square inch; the test was discontinued before failure, when a stress of 26,000 1bs.
was reached.

An cye-bar, 16” x 13", was nmde into two by cutting and reheading. One half

was bent into a long ‘S, the maximum deviations from the line between centres of
pin holes being about 83” and 43”; the length centre to centre of pin holes was about
17 feet. The other half was tested to destruction as a straight bar and failed under a .
stress of 57,990 lbs. per square inch; 14-inch pins .were used. The bent half stood a
stress of 61,340 lbs. per square mch before it failed. The bends were made in the
plane perpendicular to the pins. The test was assumed to indicate the negligible
effect of waves and bends in tension members.
--.. Mr, Cooper having questioned the efficiency of-the device for adjusting the posi-
tion of the suspended span on account of the friction between the pins and tha toggle
eye-bars, tests were made to determine the correctness of his opinion. The tests were
not conclusive, and Mr. Cooper decided that some entirely different device should be
used at the north end of the suspended span.

An important series of tests was made at Mr. Cooper’s direction upon the deforma-
tion of eye-bars under strain, . The usual record of tests upon full-sized eye-bars will
be found in Exhibit No. 86; 73 tests in all were made. Squares. were scribed on
the heads of a number of these, and observations were made both of the flow

.of the rietal near the. oye and of the deformation at the pin-bearing. This.study -
has been fully described by Mr, Cooper in his paper entitled ¢ New facts about eye-
bars,’ presented at the meeting of the American Society of Civil Engmeers March

21, 1906. The shapes of the eye-bar hwds after the tests are fully shown in Exhlblt

104, :

Alterations were made in the dxmensnona of the eye- -bar heads as a result of these

tests and the set at the pin-bearing was allowed for in the camber diagrams, The
above were all of the special tests made in connection with the design of the bridge. -

After the collapse of the bridge the Pheenix Bridge Company, at its own cost and .
on its own initiative, built and tested the chord shown on Drawing No, 23. This
model chord had, as far as-possible, the same relative dimensions as the No. 9 chords



TP PRI %N S

112- - ROYAL COMMISSION ON COLLAPSE OF QUEBEC BRIDGE __ __

7-8 EDWARD VIl A. 1908

of the Quebec bridge and yet was small enough to be broken in the Pheenix Iron Com-
pany’s testing machine. The test was made on November 21 and 22, -1907, and was
under the general direction of Professor W. H. Burr. By the courtesy of the Phonix
Bridge Company we are able to give the text of Professor Burr’s report:—

New York, December 23, 1907.
Mr. Davio Reeves, President,
" The Phenix Bridge Company,
Philadelphia, Pa.

Dear Sm,—In accordance with your instructions a model chord section was built
to a linear scale of one-third of the lower chord section 9 of the anchor arm truss of
the Quebec Bridge and was tested to destruction, uider my direction and supervision,
at the shops of the Phoenix Bridge Company at Phenixville on. November 21st and
29nd of the current year. The purpose of this test was to secure all possible infor-
mation regarding the circumstances and method or other features of the failure of
that chord which could be disclosed by the test of the model column in question.

This chord section was built of four ribs 54 inches deep, with 4 in.x3 in.x § in.
double angle latticing. Its area of cross section was 780 sq. in. , '

All the linear dimensions of the model were exactly one-third of those of the full
size chord section, making the area of cross section (86.526 sq. ins.) one-ninth of that
of the full size member and the volume of metal, with the exception about to be noted,
one-twenty-seventh of the original member. . This exception arises from the fact that

~—=---the-actual qhord~member-as—built;-57 -ft.-f2-in.-in-length, had a heavy chord joint in it

10 ft. 6 in., a little more than twice the depth, from one end. Furthermore, the full

. 8ize chords were bored for 12-inch pins, and pins of the same diameter were used for the
end bearings of the model chord section. It is manifestly impossible to reproduce in

-a test precisely the conditions existing in the structure at the time of its failure, but

it is believed that the end conditions employed in the test and the accurate reproduc-
tion by scale of the main dimensions and nearly all the dimensions of the details in
___the model ennble the nearest approach to the actual conditions of the structure to be

secured, Tt 1s bolicved that these unavoidable and subordinate departures from the

actual conditions of the chord meémber did not sensibly affect the conditions of failure
in the testing machine or the ultimate load carried by the model.

The blue print plans accompanying this report show both the working drawings of
the original chord members 8 and 9, including tt.2 joint mentioned above, and those of
the model chord precizely as it was built as well as in its-condition after test, the latter
plan having been made from accurate measurements of the failed member immedia-
tely after its removal from the testing machine. The blue prints of the mode! show

“the four webs of the original chord accurately reproduced by scale, making the depth =

18+% in. and the length 19 ft. . As the plans of both the actual chord and the model
show every main and detailed dimension it is not necessary to repeat them here. It
should be stated, however, that each of the two interior ribs were composed of one
18-inch x Y-inch plate, one 18-inch x }-in-h plate, two 164-inch x s inch side plates,
and two 213-inch x 1}-inch x fs-inch angles, and that the two exterior ribs were each

composed of one 18-inch x ¥k-inch plate, two 18-inch x }-inch plates, one 12§-inch x -

fe-inch side plate, and two 21}-inch x 2-inch x fs-inch angles. The latticiig was a double

oblique system of 13}-inch x l1-inch x 3-inch angles, with 1+-inch x 1-inch x 3-inch -

¢rossing angles at the panel points of the former- at ‘right angles to
the axis of the mémber, . All- of thesa lattice angles had two s%-inch
rivets at the ends of each with a single rivet at each crossing of the interior flange
angles of rims, as clearly shown on the plans. The linear scale of one-third of the
actual dimensions required the rivets used to be }-inch, fs-inch and ¥i-inch in
diameter, also as shown on the plans, the k-inch_rivets being turned down from an
_ original diameter of /% of an inch. Similarly the 2H-itich x 2-inch and the 2{}-inch
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x 1}-inch rib flange angles were planed down from 3-inch x 2-inch x fs-inch pieces.
The lacing angles were also planed from 1}-inch x 1}-inch x 3-inch and #-inch angle
to the dimensions given above. All rivet holes were drilled. :

The method of construction of the model was such as to leave it in true and
accurate condition. The web plates were laid off by wood templet, except the pin
plate holes, and drilled while the pin plates were drilled from iron templates. The
pin plates were then used as templates for the drilled holes at the ends of the web™
plates. One web plate for each rib thus drilled was used as a drilling template for the
other plates of the same rib, the blank plates being bolted to the drilled plate for this
purpose. In the same manner the blank flange angles wero bolted to the drill webs
and drilled from the latter as a templat. Rivet holes required for lattice angles were
drilled from iron templets, but the batten plates first drilled were used for drilling
templets after the chord was completely assembled. After the component parts of the
ribs were drilled they were taken apart, cleaned, painted and bolted together for
riveting. The latter was done both in web and lattice angles with pneumatic hammers.
The lattice bars were drilled like the other parts of the model. After the riveting
was completed the pin holes were bored and subsequently the ends were faced to proper
dimensions in a rotary planer, All the metal used for the main parts of the model
column was medium steel, but soft steel was used for rivets. The steel plates were
furnished by the Lukens Iron and Steel Company, of Coatésville, Pennsylvania; but
the angles were supplied and rolled by the Phenix Iron Company, of Phenixville,
Pennsylvania. The rivets were purchased in Philadelphia.

- === - Ty—prder that-the character-of the metal-employed- might -be -completely -deter- .-
mined, tensile tests were made of both plates and angles and shearing tests of both
the sk-inch rivets used in the model and g-inch rivets used in the full size chord.

The following tabular statements show the results of all these tests and of repre-
sentative specimen tests of the metal used in the chord member 9 as actually built,
together with chemical analyses exhibiting the main elements of interest in such
structural material: — .

— TENSILE-TESTS OF PLATES AND-ANGLEX. ... o
1418, X 141N, X 418, ANGLES. ’

Pounps Prr Sq. Ix. Pk CRXT.
D lglemt ’ .
ate. 0. OT ‘racture.
Size. Elas. Lim, | Ultimate. Slt;%ng‘th Reduction. :
& a -
NOv. 6uvevnnr oo 1402 52,620 | 65,660 27-0 556 [Silky.
w o Bieiieens ’ 1402 50,000 63,460 23°0 577 w
R : TP eee 1402 51,900 62,600 27'5 59°6 "
I | SRR 1402 50,340 - 61,300 21°0 544 v 4eup.
IR | TN 1402 50,360 65,700 205 482 weoon
3-IN. X 2-IN, X fy-IN. ANGLES.
Nov. Buvveee ornes T 1,402 42,300 63,040 “s1ros |- 613 |Silky.
[T PSR 1,402 41,780 62,100 320 540 "
%-IN. PLATES: TEST SPECIMENS 1°045 INCH WIDE, \
Oct. €9, vieienenn 13673 - 38,270 - 65,420 290 631 v R
w 20,000 00 e 13676 87,350 64,200 300 631 .

154—vo].‘ i—8
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} LATES OF CHORD MEMBER 9 AS BUILT.

The specimen tests of the plates and angles used in the actual chords were selected

b4 x i - 38,810 60,680 25 53:0 Sitky cup.
544 x 1} 40,810 61,440 255 bl-4 »w  8ng.
544 x v 42,000 67,700 230 505 | v .
548 x % 40,780 65,640 245 ‘ 490 wooeny,
ANGLES OF CHORD MEMBER AS BUILT.
i - - -
38,000 61,900 27°0 826 Silky cup.
37,120 , 29°0 606 | W
39,460 62,300 300 47°1 § w "
38,800 61,300 32'5 49-2 " "
41,730 6,640 25 02| . ang
12,710 64,8€0 270 0271 w "
SHEAR TESIS OF RIVETS, NOV., 190",
Size of Rivets. Ultimate resist. in lbs, Per wuare inch. l Average
. T
h-in, diameter ........... L, 59700 58:200 , | 149700 | 59° 200
fion dimeter oo e 50" 420 50°875 - 11380 I 50960
CHEMICAL ANALYSES.
LT T I LT I T s "_:_L'_:". Rttt pakini ey
e Car. Phos, Man, Sul.
1an. X in. X bin. angles ... ST 038 61 09
fein. plates........ ..o Ll +21 016 40 023
TSRO 23 ‘025 42 024
544 x § plates... . 17 *01 *46 _
- b4h-x {1 plates: - o e Y g — — 35—
" v o 26 "007 34
" "o *26 007 34
8 x 3§ x {§ angles. 16 ‘041 36
“ " 16 "041 ‘36
8x6x it " 17 052 *39
" “ 17 '052 "39
4x3x ﬂ " 18 036 L
" w oo . 19 05 - ‘i1

by me out of a large number so as to.give_a reasonably. and- comprehensive view of - -

all and they are fairly representative, It will be observed that the usual effect of
rolling thin metal necessarily finishing at a lower temperature than that in the heavier
sections is apparent in the high elastic limits of 13-inch x 1}-inch x §-inch angles.
The same effect, but to a small degree only, is probably discoverable in the fs-inch

. and §-inch angles. This marked effect in the lattice argles of the model column has

e distinet bearing upon the final results of the test. A similar general observation,
and to a marked degreo, applies to the higher unit shearing values of the sk-inch
rivets as compared with- those of the §-inch rivets of the full size member.

After placing the model column in the machine and under a load producing a
stress of 18,000 lbe. per square inch it was thought that a buckling or bulging of the
web plates was discovered to the extent of ‘034 inch near the west end of the north
rib, but this was found not to increase under further loading. Although measurements
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of this particular feature were not made before placing the column in the testing
mach no, coatiuued observations subscquent to the first indicate I think conclusively
that this particulur deformation existed in the cohunn Lefore loading, and hence that
it had no cffect upon the ultimate failure of the column, or in other words, that it
was an unavoidable result of the processes employed in the manufacture of the
column and was not n true buckling of the plates under loading.

The column was accurately pla in the machine with four fine wires stretched
throughout its length in the gendyal plane of the upper flanges and with two
similarly placed in relation to the Jower flanges. These fine wires stretched with
constant weights enabled any vertical or horizontal deflections of the tops of the.four
‘ribs and the bottoms of the two exterior ribs to be measured by the aid of finely
graduated steel seales, Furthermore, longitudinal timber scantlings on the two centre
lines of the exterior ribs, carrying steel scales at their ends, were'used to measure
the shortening of the column under loading for 16 feet of its length to Y2s of an
inch. While these methods of mneasurements were not so refined as it might be
desirable to adopt in an extended series of tests of this nature, they answered well
the purposes of this particular investigation, which was not intended so much to
determine with refined accuracy all the deformations produced in the test as to dis-
cover the main features and methods or other circumstances of failure, so far ns
possible, which attended the collapse of the full size chord section.

Prick punch marks were made in the heads of the rivets of the lattico bars
throughout the length of the upper side of the column as it lay in the testing machine,
and tho distances betwecn these marked were accurately measured at all stages of the

__test_up_to_failure in_order to_nscertain the condition of stress in the lattice dngles
under the progressive loading to which the column was subjected. Furthermore, these
bars were tapped with & hammer at the game time in order to secure further infor-
mation as {o their condition of stress as the tone of the resulting sounds might give.

The progressive loading was applied in stages of 3,000 lbs. per square inch of
cross section of column, beginning with an initial loading of that value. At-theend .. .
of every other stage of each loading, the column was relieved of stress in order to
make observations in that condition. This programme was adhered to up to a stress
of 21,000 lbs. per square inch, when the next increment was made 1,600 lbs. per square

" “inch; aftér which t°¢ column was freed of load,” The remaining programine of Toadinig—
is shown on the blue print plan showing the effect of the test on the ecolwnn which
will be discussed in full below.

After the application of each 8,000 lbs., or finally 1,500 1bs., increment of loading

- and upon each removal of loading an accurate series of measurements for shortening
of the column, for horizontal and vertical deflections at the various panel points of the
latticing and for the stretching or shortening of the latticing angles were made. The
results of these measurements are shown on the blue print plan showing the effect of
test and largely in the tabular statement on that blue print headed ‘Changes in
_...Chord Lengths According_to Yoading’ _The only exception to this stat%ment is the

fact that the measured deflections of the columns are not given, As these deflections
were small the methods of measuring them were not altogether conclusivg as to their
amounts or as to their actual existence in some cases.. At 9,000 lbs. per square inch,
for instance, three ribs showed an apparent upward deflection of ¥ ing¢h at and in
the vicinity of the centre of thie column, This deflection did rot appedr to increase
until the stress reached 18,000 1bs. per square inch, and then only o @n amount less
than 7 inch with doubt as to the accuracy of the measurement. No apparent increase
of deflection was found again until a stress of 24,000 lbs. per square iuch was reached,
when the deflection of the four fibs appears.to be # inch, 4 inch, #% inch and 3 inch,
respectively, at centre. On removal of the load this deflection disappeared entirely
except for 1 inch in one interior rib and the same amount in one exterior rib, both
being upward. There was no subsequent opportunity to make further deflection
measurements. ] I
154—vol, i—8%
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Under a stress of 12,000 lbs. per square inch one rivet in & lattice angle at the
second centr intersection from the west end of the column was found loose, but toward
the end of the test it appeared to become lese so, the eonditions of the centre ribs
probably becomning such as to give it less opportunity for small motion. Up to the
final loading all other rivets appecred to remain in good condition although they were
frequently tested with a light hammer. :

Actual testing of the column with the application of the first loading began at
about two o’clock in the afternoon of November 21, of the current year, and it was
continued without interruption in the manner set forth in the preceding statements
to 11 pm. of the same day. At that time a load of 25,000 lbs, per square inch was
reached for a very short time in the endeavour to attain a stress of 25,600 1bs. per
square inch. This endeavour, however, was unsuccessful in consequence of the leaking
of a pump valve (subsequently repaired) to such an extent as to render it impossible
to secure the desired pressure in the eylinder of the testing machine.

After having attained the above loading of 25,000 lbs. per square inch the
programme of the test was interrupted until 10 a.m. of November 22.

At that time instructions were given to load the column to 25,500 lbs. per square
inch, but inadvertence in signalling to attendants at the pump caused the load to reach
26,850 lbs. per square inch, at which stress the member suddenly failed. This failure
was attended by a quick sharp report, and it occvrred so suddenly that three observers
who were closely watching the column at the time could not discover eny sequence in
the yielding of the details of the column; the occurrence was so sudden that all failures
of details appeared to be absolutely simultaneous.

___Aside from the raising of scale on the pin plates immediately in front of the

12-inch pins, the collapse of the column consisted in the failure by shearing of the
majority of the lattice rivets at the central pancl of latticing and of a considerable
number of other rivets throughout the length of the column in both flanges, loading
to the permanent bending to reversed curvature of the four ribs at the same central
vicinity accompanied by the violent bending or distortion of the lattice angles and
some small dishing of the rib web plates, all as shown on the accompanying blue print.
The ribs were all slightly bent immediately beyond the supporting influence of the
battens at@ach end. ) -

"T 77 There are certain features of this practically instantancous failure of the colunin
which are highly significant, As indicated in the preceding statements, there were no
permanent strains or distortions of any kind discovered or apparently discoverable
up to the loading preducing failure. - This observation is certainly true of every part
of the column except the fi-inch lattice rivets. If suitable apparatus for refined
measurements could have been applied to them some »; ar distortion might have been
observed prior to the final loading. Observations made on the latticed angles showed
no permanent stretching or compression of those members prior to failure. The
phenomenally high elastic limit of the metal in them shown by the test results in the

tabular statement and already remarked upon indicates that they would have exhibited
no marked permanent distortion much short of ultimate resistance either as tension
or compression members. In point of fact all the circumstances of the test indicated
that no main part of the column was stressed up to its elastic limit; in other words,
that the entire loading was insufficient to develop more than a part of the elastic
resistance of the column as a whole, and that if the latticing details had been stronger
the column would have carried a greater-load before collapsing. The instantaneous
failure was clearly due to the fact that the main parts of the column were subject to
elastic stress only, S -

Although it is impossible to corelate accurately the results of this column test
with the stress conditions in the actual chord section at the instont of failure, in
consequence of the higher elastic qualities of the relatively thin mtal in the model

column which has already been commented upon and the presumably greater care.
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which is usually bestowed upon the manufacture of a model member, an approximation
of some value may perhaps be made.

The friction of a hydraulic testing machine is known to be considerable, but
without recent calibration its amount cannot be confidently staled. The friction of
the machine at the Phenix Bridge Company’s works was dsiermined some ten or
twelve years ago by G. Henning as 173 per cent of the total load on the piston as
indicated by the mercury gauge, anc this may be acecepted provisionally until a further -
calibration can be made. If this percentaze deduction b made from 26,800 lbs. per
square inch, the apparent stress at which the column failed, it will make the com-
pressive stress in the metal 22,110 1ts. per square inch. The shear tests of the s%-inch
and -inch rivets make the average of the latter but 86 per cent of the former, Ience,
if the ultimate shearing resistance of the ¥x-inch rivets had been the same as that of
the §-inch rivets, the stress-on the column producing the failure of the latticing rivews-
would have been but 19,014 Ibs. per square inch of the column: Just what value should
be given to the possibly higher excellence of manufacture of the mode! over that of the
full sizo column is of course not determinable. It may or may net have sensible value.
It is to be noted, however, that after making such allowance as is practicable for the
friction and the increased resistance of the smaller rivets there is reached an intensity
of stress nearly identical with that which existed in the actual chord section at the
time of this failure. -

1t should be carefully observed that the radius of gyration of the normal section
of the model column about an axis at right angles to the webs and through their
centres, i.e. parallel to the axis of each pin, is 5:43 and §-52 inch about a central axis
parallel to the webs. Hence, as the columnu lay in the testing machine, the ratio of its
length divided by the horizontal radius of gyration is 35, while the ratio of the same

. length over. the_vertical radius of gyration is 42. The column failed, therefore, in the
plane of the greatest radius of gyration. Furthermore, its failure was wholly ima————
horizontal plane, there being no gensible vertical deflection of the failed column.

The length of the column was such as to place it practically st the limit between
short and long columns, as the ordinary column formule, such as the much used
Gordon’s and ¢straight line, are properly applicable when the ratio of length over
radius of gyration has values greater than about 40 or possibly a little more. Inns-
much as the ultimate carrying capacity per square inch of scction increases as the
length of column decreases and as this model column was comparatively short, the

“Tatticing Tequired to develop its full-load -carrying-power-should-be re'atively heavy _____
rather than light. :

Very truly yours,
WM. H. BURR,

“Qons. Engineer.

The commissioners were invited to be present and to assist at this test, and the
Department of Railways and Canals was represented at it by Mr. C. C. Schneider.
The shape of the model chord after the test was finished is shown on drawing No. 21,
which has been prepared- from the blue prints referred to by Prof.  Burr., -The -
accompanying photographs (Nos. 1 and 2) show the details of the failure very clearly.

The commission has thé following comments to make concerning this test:—

1. There was little or no indication of failure up to the instant at which it
oceurred. Failure took place with explosive violence, by tho shearing of the outer
rivets of the latticing.

9. Messrs. Schneider, Deans and Szlapka were closely watching the chord when the
unexpected failure occurred. No one of these engineers could say what connection
or detail was the fifst to give way. -

3. Tt was noted that the surface gcaled at only three outside pin bearings.
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4. The cross lattice bars showed little sign of stress, rivets being sheared only in
those bounding the central bay. Theoretically, under a racking stress in the column,
these bars wou'd not come into play, the diagonals only being strained, one set in
tension and the other set in compression.

5. The failure of the riveting was systematic. In each lattice bay one diagonal
conunection failed in tension and the other in compression; and usually both failures
occurred at the side of the bay farthest from the nearer end of the column. Tt will
be noted from the photographs that both on top and bottom the diagonals in the centre
bay failed in the opposite manner to that of the ‘corresponding diagonals in all the
other bays, ‘

6. The efficiency of the central conwction plate in the bottom latticing .is well
shown by the photographs,

7. Some of the lattice rivets were cut out and found to be partially sheared and

there were some slight indications that they had been sheared first on one side and then

on the other. indicating a reversal of stress in the lattices. That such a reversal would
instantly follow the failure of the latticing in the central panel is apparent from the
curvature of the chord on one side of the central panel being opposite to that on the
other side,

8. Subsequent investigation has shown that the mothod adopted for testing the
working of the lattice bars was unzatisfactory. It consisted of measurements between
centre punch marks on the rivet heads and did not include the effect of rivet shear.

In our opinion the load was more evenly and centrally applied in this test than
it would be in the case of a chord in ordinary service. In other words under working
conditions the failure of the latticing of this model chord would have taken place
under a smaller stress.

-This -is -the -more-probable-since; as  Prof. Burr points out, the model chord was
superior to the bridge chord in both material and workmanship. . The difference in
material is well shown by the test records ineluded in Prof. Burr's report. ;

On November 26 some tests on rivet shear were made by the Phoenix Bridge Com-
pany, the results being given on Drawing No. 26. The results of these tests, together
with those given by Prof. Burr, showed that the rivets used in the bridge wouid develop
an vltimate strength of slightly over 50,000 Ibs. per sq. inch, and also that the rivets
maintained without failure their ultimate strength, even though partially sheared.

On_January 14 _some further tests_wero-made-by -the-Phoenix-Bridge Company

which gave similar results. These results aro given on Drawing No. 23. A movement
of 1% to.}-inch apparently tock place befor~ actual failure.
This rivet shear offered a reasonable explanation of part of the change in the

lengths of the diagonal lattice bars which must have accompanied the distortions of -

the chords in the bridge which were measured on August 27, 1907. The inspectors
had indeed ecarefully examined the chords and the lattices and reported no evidence
of failure, but this rivet shear might easily have escaped their observation; it is
noteworthy that no one of the engineers assembled to watch the test of the model
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- chord on-November-21-thought-of-it;-and they -completely failed-todetect such aetion -

" up to the moment of failure, although working under the most favourable conditions,
A change in length in addition to the above seemed to be due to the reduced section
at the centre of one of each pair of diagonal lattice bars.,

In December the commission ordered the construction’of test chord No. 2 for the
purpose of determining the strength of the webs of the design used in the Quebec
bridge. The dimensions of this chord are given in Drawing No. 23. It had a section
half that of test chord No. 1; the number of rivets in the lattice connections was
doubled,” the section of the lattice bars was increased 50% and the weak points at
their centres were strengthened by the use of connection plates. The webs were of
the same section as the outer webs of test chord No. 1. Material from the same heats
was nsed in the manufacture of the two test chords.
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This chord was tested at Pheenixville on January 18, the observations made during
the test and the shape of the chord after failure being shown on Drawing No. 24
and on photographs Nos. 3 and 4.

It will be noted that this chord failed under a stress of 37,000 Ibs. per sq. in. by
the buckling of the webs in the centre bay, the latticing being sufficiently strong to
fully develop the strength of the webs. The nominal strength of the column (the
record has to be corrected for an unknown machine error) was slightly less than the
elastic limit of the metal in the webs. (See record in Professor Burr's report.)

In this test the column seems to have been loaded evenly and centrally, since the
latticing was ot seriously stressed @

The following notes conoerning this test are of interest :— :

(1) There was some reason to think that chord A—9—L might_have been bent
sharply at the edge of the cover plate provious to failure. The inclination of its webs
to the centre line on August 97 was very marked near the 8-9 joint. (See Drawing .
No. 28). A series of straight edge measurements (see Drawing No. 24) was made
during the test of model chord No. 2 to determine whether any angle devcloped
at the edge of the cover plate as the pressure increased, but no such movement was
detected. ’

(2) During the test the yielding of the lattice rivets was observed by means of
match marks upon the lattices and ribs. The results noted are given on drawing No.
94, They indicate that the pressure was centrally applied and that the lattice bars
wera not seriously stressed when theso observations were taken. Towards the end of
the test the lattice bars in the end panels were distinctly bowed upwards owing
probably to the compression of the webs.

(3) Scaling at the pin bearings was observed as shown on Drawing No. 24, but
this was about the samo-at all four surfaces at_the bearings and did not indicate that
there was any racking strain on the chord. T

(4) The dishing of the webs during the test is shown on’ Drawing No. 24.

(6) It will be noted from the measurements on Drawing No, 24 that there were
practically no horizontal or vertical movements of the chord webs with reference to
the chord ends to which the reference wires were attached,

On January 20, the Commission made three tests.on full size lattice bars of the
chord No. 9 design, the particulars of which are given on Drawing No. 27. The tests
 were made in_the laboratory of Messrs. Wm. Sollers & Company, Philadelphia, and
the results obtained under the skilful handling™ of -Mr: Backstrom-may -be-accepted ———
without question. .

The purpose of these tests avas to determine the strength of the lattice bars and
the amount of yielding of the various parts of -the length as the tension increased.

Tt will be noted that in cach case failure took place at the centre of the lattice
bar and the following table is of interest :—

“FSULTS OF LATTICE AND RIVET TESTS.

o 1
. A R o
-y oo 13- short—sectiona...of 1 testa_on.2i-in, riv|2 tests on 2.l 7iv-[3 " teatsupon” 23-in.
3 full sizo bars teat I* (o1} siznd bars test-| ets in einglo shear) ‘ete in single shear] “Hets T -double-
Jers & Co. on Jan.|’ ed by the Phoenix wmade by the Phee-| made by the Phee- shear, made by the
20th, 1903 ‘| Bridge Co. on Jan.| nix Bridge Co. on] nix Bridge Co. on| Phenix Bridge Co.
: . 21st, 1908. Nov, 26th 1907. Jany. 14th, 1002. Nov. 1907. -
Ultimateloadinibe.] Ultimate load in lbs.!Ultimate load in lbs.|Ultimate load in lbs.{Ultimate load in lba,
60,100 61,100 63,000 62,600 121,000
59,800 62,000 63,000 63,100 122,000
59,500 60,7 63,800 . 123,800
64,700
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It will be noted from the above that the riveting was sufficiently strong to
develop the full strength of the cut lattice bar and by reference to Drawing No. 27
it will be seen that yielding took place simultaneously in the rivet connections and in
the reduced section at the centre of the bar.

As the first test chord failed by shearing of the rivet conunections and as no indica-
tions of failure at the centre of the lattice bars were noticed, the result of the tests
on the full size lattice bars was unexpected.

A series of tests on the lattice bars of test chord No. 1 was made by direction of
the commission on January 23rd. The small testing machine belonging to the
Pheenix Iron Company was used, but as this was not well equipped for the work, the
results are not wholly satisfactory.

The observations which are given on Drawing No. 25, show that up to the moment
of failure there was little yielding either of the rivets or of the reduced centra’ portion,
and that the failure took place in each case by rivet shear. The results of the speci-
men tests on the material for the angles are given in Prof. Burr's report.

The following table gives the results of tests upon the ¥i-in. rivets.

TESTS ON 15, RIVETS.

At Phewenixville, November, 1907,
2 Rivets in Euble Shear.

Ultimate load in lbs.

16,000 - e o

15,600
16,000

At Phenixville, Jan, 21st 1908,
Two Rivets in Single Shear.

Ultimate load in lbs.
i
8,700
9,000

On January 31, the Commission made some tests at the laboratory of Messrs.
Wm. Sellers and Company to determine the slips of rivets connecting parts under

compression, the form of the test

pieces before and after testing being shown on draw-
-———-ing-No.-25—-The record -of these-tests; which is mot given ¢lséwhere, is8 as Tollows -—

Cand D1° from end




REPORT OF THE COMMISSIONERS ) m
SESSIONAL PAPER No. 164 . ‘ )
TESTS No. 1874.—JANUARY 21, 1908

7
Loads. Distance A .| Distance B.| Dietance C.{Distance D Remarka.
Ins Ins Ins. Ins ‘
0 1-0069 1-2700 5°90 604
5,000 10060 1-2623 590 604 !
1C,000 1-0018 1°2612 590 604
15,000 1°0000 1°2529 590 604
20,000 1-0000 1-2505 5 88 6°05
25,000 9975 12469 588 60
20,000 9940 1-2304 b E64 606
35,000 9820 1-2178 586+ 607 -
40,000 +9341 1°1670 b 86+ 607 .
40,000 9390 11 686+ 6:07 ({After 10 inutes rest.

. 45,000 8912 1-0332 587 608 .
50,000 8228 1-0090 b-84 600 .
50.000 8050 9913 584 6°09 |After 10 minutes rest.
53,000 7090 8470 5:80 6°11 |I beam starting to scale.
59,200 Maximum load reached. Structure collapsing.

] 5271 { * 4106 546 6.31 S
Motion of Blocks 8 and 8
S ="200+
8'="180
TEST No. 1875.
Loads. | Distance A.| Distance B.| Distance C. | Distance D. Remarks.
Ins. Ins. Ins. Ins.
0] 1008 | 11941 598 59
5,000 | 1:0010 | 11941 508 69
10,000 1°0010 1-189% 5 M 596
15,000 9991 11830 598 5 96
20,000 9991 11797 508 506
e 25,000 9973 1-1733 593 596

30,000 — =005 101688 ———-5"98--—---5:06 T e T T T T T
35,000 9852 1-1528 698 596
40,000 9411 1-1004 5'96 96 .

40,000 94 11004 5°96 506 After 10 minutes rest.

45,000 9072 1-0036 595 598

50,000 8367 6569 593 599 )

50,000 &318 45635 593 599 |After 10 minutes rest.

55,000 6953 7647 590 6:03 |I beam scahnf;. .

58,700 ., Maximum load reached. __:Structure collapsing.
0 ‘5193 3160 552 | 625 l

Motion of Blocks 8 and 5’
: S =210"
S'=230"

Measurements C and D are on rough surfacee,
GUS E. BACKSTROM.
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TEST No. 1873.

Toad Dm‘t\a.nee l)lslt;.nce Remark.
i e S - e
0
5,000
10,000
15,000
20,000
25,000
30,000
35,000
40.000
45,000
45,000 {12 mins.)
- 45,000 After 10 minutes sustained load.
50,000 After 15 minutes sustained load.
60,000 After 10 minutes sustained load.
55,000 Beam begins to scale.
57,600 ..{Maximum load reached then falling off from distortion of I beam.

Block 5l|p 018" and 0°211” after completion of teat.

It will be noted that under light loads the slip was much the same as in-tension
tests and that as the loading increased the web of the I beam and not the riveting
gave way.

These tests were made for the purpose of obtaining information to throw light
upon the fracture of chord A 9-I Quebec Bridge. The discussion of the failure of
this chord will be found in nppendlx No. 186,

o T T TTTTTHENRY HOLGATE, T
Chairman.

J. G. G. KERRY,

J. GALBRAITH.

APPENDIX No. 186.

A DISCUSSION OF THE THEORY OF BUILT-UP COMPRI-I'SSKON MEMBERS.

This discussion will be confined to columns of which the cross seetion is ree-
tangular in outline and which are built up of two or more parallel webs with stiffening
angles, connected by lattice bars, tie plates, diaphragms, ete. In such coluymns the
parallel webs carry the load and the connections serve a subsidiary purpose. For
conveniefice the webs, considered apart from their connections, will be termed the
web system and the connections the lattice system. In many bridges the continuous
cover plates of the top chord belong to both the web aystem and the lattice system,
inasmuch as they both carry load and serve as connections for the side plates.

In the design of the cross section the arrangement and dimensions of the web
system are first considered. Column formulas based on experiment are used for this
purpose. 'These formulas give the average unit stresses under which columns fail
in terms of ler7th and radius of gyration. This radius is taken in the plane
in which the column will probably fail by buckling or bending. A factor of safety
is used in the design and a suitable afrangement of the cross section of the web
system adopted. The web system, in short, is designed from column formulas or the
plotted results of experiments from which these formulas are deduced.
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The design of the lattice system is quite a different matter. As a rule it depends
on the judgment of the engineer guided sololy by experience. He finds little or .
nothing in scientific text books or periodicals to assist his judgment. Some lattice
formulas are in existence, but they are not generally known and their utility is more
or less doubtful owing to the uncertainty of the data and assumptions on which they
are founded. The unsatisfactory nature of th: column formulas upen which the
web system is-designed is a matter of common knowledge among engineers, but the -

column formulas may be considered to represent exaet science in comparisonwith - .-

the lattice formulas.

The lattice system performs two distinct functions. In the case in which each
web of the web system carries its share of the load, that is to say when there is no
transfer of load in any part of the column from one web to another, the lattice system
simply acts as a side support to the web system and by means of it a long web is
divided up into a number of short columns, Tho stresses thrown into the latticing
in this state cannot be computed. In this case the load on the eolumn is parallel
to the axis but not necessarily coincident with it, and the curvature is assumed to be
negligible. When, however, the load is inclined to the axis of the column, the lattice
system has a different function. The angle of inclination may vary from point to
point along the column owing to the curvature of the column. This curvature may
be due to original bends or to the action of the load or to both combined. If the
curvature is sufficiently small the variation of inclination due to it will be negligible.
There remains, however, the original inclination or obliquity which is due to the
method of application of the loads at the ends_of the column. 1f the eccentricity of
application is the same at each end and in the same plane with the axis of the column,
there will be no obliquity other than that arising from the curveture of the webs
which may be negligible. If, however, the eccentricities at the opposite ends are

-~ = different or in different directions the-obliquity may be of-considerable amount. If
the curvature of the column be negligible the obliquity arising from the cccentricity
will be the same at every point. This obliquity causes a transfer of load throughout
the whole length of the column from one web to another. This transfer of load is
accompanied by longitudinal shearing stresses in the lattice system. The obliquity
also causes transverse shearing stresses at every cross section of the column.

If the lattice system is considered to be sufficiently stiff the longitudinal shearing
forces can bo derived from the transverse shearing forces by the ordinary proceases

— - —vof*smtics~~as—appl_ied-tofelastic_solids,_andAfmm_them_the lattice stresses and the

lattice cross sections may he computed.
If ¢ is the angle between the directi
S the tranaverse shear and P the load,
S=Psin g
and- since in practical cases @ is small this may be written .
S=P @
if 9 be expressed in radians or aa the ratio of the total ccecentricity to the length
—of the column. .. . . '

on of the column axis and that of the load,

This formula holds true also if the curvature of the column is great enough to 7

require consideration. In such a case 8 varies along the column, and in computations
the column should be divided by cross-sections so close together that the difference in
@ at two neighbouring cross-sections may be disregarded. .

So far the problem is comparatively easy—with the next step difficulties begin.
The- question now is,—what value of the obliquity shall be chosen in design?

Since the obliquity depends upon inequality in the eccentricitics at the cnds,
the maximum difference must be decided upon for design. Tt would seem reasonable
to assume for this purpose equal eccentricities in opposite directions so that if e be .
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the assumcd eccentricity at one end the maximum value of the obliquity will be
given by
2e
f- ] .
I being the length of the column. Against this view, however, it may be urged that
the chances of the maximum value ever being reached are extremely small and that
. therefore some smaller value should be chosen.

Evidently the strength of this objection depends upon the value assumed for the
eccentricity. The safe maximum value to be assumed for e depends upon the excel-
lence of the design both of the column and of the splices, on the accuracy of work-
manship, and on the ecre and precision employed in the crection. - i .

It is impossible to estimate with accuracy the value of ¢ under any set of condi-
tions, but reasonable limits for its values will doubtless be learned from experience
and study. With bad work, and more especially bad fitting and weak splices at butt
joints, the value of e may be much greater than it need be under other conditions of
construction. In design, however, good workmanship and strong splices shoul! be
assumed. Theoretically the cross sections of the latticing should be designed so that
with the assumed eccentricity the lattice and the web systems will get their
ultimate safe stresses simultaneously. This condition will be satisfied if the unit
stress in the latticing has the same factor of safety as the maximum compressive
stress in the web system corresponding to the eccentricity.

Let P be the safe load, 4 the area of the cross-section p= ’%’. d the greatest

- diameter of the cross-section in the plane of the latticing, r its radius of gyration
parallel to d, g the unit stress at the most compressed edge, e the eccentricity of the
load P, then . )

= 1+ ed
ag=p ( 9P

an equation which is generslly true only within the limit of elasticity—and conse-
quently . ) )

R

_ 27 q-p
=~a 3
o= 2e 2 2¢ q-p
Tl T 1 7d o
_ a 2 2+ g-p
S=Pé=pd5 - - —
2 27
— =A_f T(Q"‘P)

_.In design all the quantities in the above expressions for e, §, and § are fixed
without difficulty with the exception of g, the extrems unit stress in the web system.
It is evident from the formula that S becomes zero when g=p. Now the waximum
value of ¢ for which the formula

. 145 d
1=r X
holds, is in general, the elastic limit. Consequently as p approaches the elastic limit,
S approaches zero. Evidently, when p is equal to the elastic limit, the load must be
central and without obliquity since no part of it can be transferred from one web to
another without inducing stresses in the second web in excess of the elastic limit.
The function of the latticing in such a case is rimply to stiffen the webs and,
88 has already been said, the accompanying lattice streces cannot be computed. The
condition necessary for a theoretical computation of the stresses in the latticing is
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that the difference between p and g be rcasonably large.. Lattice formulas of course '
fix a value of g in a fashion, but only tests and experience can -determine whether
or not these give economical and sofe results. Direct tests are difficult to apply and
unless great care is exercised, incorrect inferences may be drawn from them. A
lattice column placed in a testing machine may fail i the web system, but this is
1o indication that the lattice system is strong enough for service in a similar column
when in use as a bridge member. It may be that the obliquity of the load was too
small to-develop the lattice strength. With a greater obliquity the column might
fail in the lattice system under‘a much smaller lead. In other words, the failure
.of the webs is an indication that the full strength of the column has been nearly
developed. The failure of the latticing may not be such an indication. The full
strength of the column can be developed only by axial loading, and under such loading
comparatively weak latticing may serve to develop this strength. -

The full sirength of the latticing can be developed only by oblique loading. The
column strength in this case must be less than under axial loading.

The case of lower chord 4 9 L Quebec bridge is an example of an insufficient
lattice system. The webs bent and the lattices failed under a load only three-fourths
of the specified maximum workiag load.

DETERMINATION OF THE AREA OF A LATTICE BAR CROSS-EECTION.

The bar must be designed to take equal stresses in tension and compression. Let
P’ represent the lattice stress, A’ the tension tection, A” the compression section ¢’
the unit stress in tension, ¢” that in compression. The unit stress ¢” must be com-
puted by a column formula. -

Now P'=Fk S, where k is a coefficient which can be calculated from the known
arrangement and dimensions of the lattice and web system, This calculation will be
taken up later.

Thus :
P =A"¢=A"q¢"=k.
, kS ., 227 g-p
A R
L kS 2 2¢ q-p
Ar= Gk AT T e

¢ and ” in design should have at least the same factor of safe{y as q. )
—— It may-be more convenient in_many cases to make A’ represeni the shearing area

of the rivets and ¢ the shearing unit stress. The net area of the lattice bar has been
selected in this discussion because in the Quebec bridge it was weaker than the rivet
areas, the lattice bar section being 1-15 sq. ins. sind the rivet area 1-80 square iuches
(3 rivets), T —— ; :

In the arrangement of the lattice system the free portions of the webs should have

a value of ——:—— less than that of the column as'a whole.

LATTICE FORMULAS.

In the foregoing discussion it has been ghown that there are two points with
regard to which there must be more or less doubt and in which no aid can be expected
from theory; first, the stresses to which the latticing is exposed when the load is
axial and, second, the value to be assumed for the maximum unit stress in the web
system. ) - B T
The assumption is made that a satisfactory solution of the second diffculty is
sufficient to provide for the first. All practical lattice formulas determine, in effect,
the value to be assigned to g¢. The same factor of safety is used for ¢ and ¢” as for q.



1w ROY AL CONMISESION -ON -QULLAPSE -OF -QUEBEC BRIIGE

78 EDWARD VII,. A. 1BDB

Meo €10 behneider, Consulting Lngineer. his eulied e attention of the Cons-
rusnor e e aelicie on this subjest by Professor Pravdt! of Goetiingen. i the
“Lensebiotft de Veretns  dentselier Iugenicure” of December 96, 1007,  Professor
Frand! ussutues that the egquation

N
¢ 3 ‘]'y(‘

toltie yp 10 the point of Tuilure of the outer web.  He makes g the 1iltimate ftrength
vt gortion of the oo wel betwes, noighbouring Juttice poines.  He necessorily
b ¢ ot g7 e the formude {or luttice bare yepresent wltinmie swrengihs. e uls
dizcusser the allowause 40 be mude iy the vidue of r on aveovmt of want o sti
i the Inttioing. 1o other reepeats liie discussion .corveaponds 1o ours.

Ju the sue Jenennd g lotter appears from Professor Fugessr of Karlsribe, who
whhe eofen to the dbpnutios of v owing to wat of stiffnees of the Jutficing. This
hier duer 1t contuin snfliciont indormation ¢ enalile 8 render 1o follow the line «of

thowedt.  Howexer, in the fornuids for luttiee bar areas, he ssems to segilace g;'p

’

v w‘” t T which ¢ de the ulthunte strongth of the muterind and 2 is the
Yy .

ittt stregeth of Sthe culmuu whidh Le determine by use of the Tetmejer formuula.
He wdse tepluen the fuctor £ by 1.

e swnter thut he publistied hus o, estigations iv 15891 and 1885,

Mr. 3. 8. Pridhed iuv  Engiveering Record, October 12, 1907, givee 8 rule
which hie lud used Lor seversd yeurs which wuke

DI Ut Y o4
e othier words
6015

Nr. Sdepks. iv lie evideno, stater that after 8 wost prinstaking search the only ;

fuformetiou be could find on the subjest of lutlice computations was thet given in
Johwsou's < Modery Fruuod Structurs.’
The experione of the Commwion i practicully siw’ler to thet «f Mr. Szlapks

Lo, exapt the role in f Modery Frawed Btroctures? 8] e information we have boen

uble v find bae gppenred ju the yuriodical press—inee the oolapse of the Quebee
bridge, :

Mr. Bindon B. Swaey, one of the curdier suthorities on bridge oonstroction. hae
given g method of cotoputing etienlly the stresses in lattioss based on the assumption
of curyatuze iy the ooluon, —_ .

The erticle in * Modery Framed Btruetures? is ar follows:— )

There are po rules other than awpirical oues in use by which the rize and spacing
of Isttice bere for oompression wembers sre determined. . . . Tt hes been suggested
that, as our ouupresson formvulas sll assume 8 cerigin extreme fibre stress due to the
fexure of the etrut, from thice knowa extreme fibre stress we find an equivalent_
vaiform lowd scting in the plane of the latticing which will produce this fibre stress
end fram this losd find the stress in the lattioe bare.

This method is equivslent o sssuming that g=f snd §= -ilf—,fbeing taken fm

? _L )’ when applied to the working

14

i

: ; :
the furmula p=f ~¢- , the formuls p=
r

o tlrcaws,

The value of B thus b@omgz
4e  _B7 f-p
“ g P ep 1P
B=P g=F I ! id "5
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e ow - . A ¢ 1
Tyom the straight Ting 1m'mu‘h:~-——!— N
r ;

PR G
So thm
n—‘f‘f«"' Aﬁr-? _»f‘,tlrl
STT7Td P d
Fyon: the Rankine Formuls
f-r_ gty
¥ N
_ 2 * 1 AN .
t_-_ﬂ “\rJ ca
4 ¢ &7 &7
=l = - S= = r
b=y =7z Pé=

These equutions give vary differout. vilues for & even thongh the econctants of
the Rankine formule be computed a0 that the curve rapresented dix it smi the atraight
Line represented by the straipht ling formule sre tampent at the point corresponding

:

1. .
1o the velue of m guestion.

Wr. Szlapke msed the role in * Modarn Framed Swoctares”  He aclecred Rankines
“Jarmule and peve ¢ ite value for sguare boarings. Ho, however, modified the ‘methni
bx umsing # central lond instend of a distritmred lopd. This mndification hedd the
oot of meking the aras of the letfiee bar cnehed of that given bx the mathod
suppested in * Modern Framed Stroctores” .
Mr. Sglspke finelly adopted 5 larger cross-section than his wothed guve, snd
one whidk, in bif judemont, wes suficent.
1 he hnd tested the method fully he wonld have found it caxpable of giving nrens
ranging up 1o ten times the ares computed by him, & resnlt- which wonld have shown -
. the indefiniteness of this method: We micht, of conrse, have come 0 the conclusion
thet & role capable of giving stch difforemt resolts was valucless. .

In an artcle in ¢ Enginsenmg’ Septembar 27, 1907, Professor Rocthofl of Ghont
Criversitr. states that in 1388 de develonad & lattice formula which has heen wnove ot
Jess extemsively psed. When tlown into the form of the throretios) formula pre-
vionsly given, the following resolts are obtsined.

e Prrdfranor -Koedbof muttipiies the-expression-—for-#-he-the—oaefficiont ; S Thas
inctend of §= 2. his method gives f= .. this change heing the resalt of &

! 2
theoretiens stody in which be adopted Enler’s sinusid curve as the prohable form of
® bent column. He 2lso replaces @ by f taken from the column formula for working
Stresses :

1

.p:f—c e ."
L &

- Tt is thus apparent-that the methoeds of lattice computation which have baen nsed in
practice, when thrown inte the form adopted in thiz discussion, simple assign values
10 the unknown ¢, and in some cases multiply the theoretical obliguity by the favctor

-
. 2 or —;—.
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The following is a resume of the lattice formulas discussed in this appendix:—

Theoretical Formulas.

g 27 0P
=L
g=2c_2 27 a-p
T T 1 o4 p
ppepa 22T 2P
S—PO—»})A l— d "
2 92
AT g @
kS 2 2¢ q-p
A= - =k Rl
ql LA l d ql
kS 2 2¢7 q-p
Ar=2Dapd S 20
q’ 1l d Q”

q to be determined by judgment and not to exceed the elastic limit.
¢ and ¢” to have the same factor of safety as q.

Formulas used in Practice.

Prandt]l makes ¢ the ultimate strength of the portion of the outer web between
neighbouring lattice points and ¢’ and g¢” the ultimate strength of the lattice bars

used.
Engesser replaces %11 and q;”p by _‘1_5}’_ respectively, using ultimate values,

I1e also multiplies @ by —;— i.e. makes 0= Il—e—.

Prichard makes § constant = -015.
¢ Modern Framed Structures LxAnakes g=f of the working stress formula—

! LA
Y S - 1 2
p=f-c¢ or p 1+_T(_l-)
cC_\.Tr
4e

And also multiplies 8 by 2, f.e. makes §=

l
Szlapka modified the rule in ‘Modern Framed Structures’ by mot using the
multiplier 2 in the value of §, i.e. made 6= 210 )

. and also used the formula

f

giving ¢’ its largeat value, viz.:—36,000.

!
Keelhoff makes g=F of the working stress formula p:f—c—;——
and also multiplies § by'%
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’ Computation of k in formula P'=k S.

The method of making this computetion will be illustrated by a numerical
example. :

For this purpose lower chord A 9—L Quebec bridge will be taken.

On the assumption that the latticing is sufficiently stiff to enable the webs to act
as a unit, the relation between the longitudinal shear S’ in the length of one panel of
latticing and the transverse shear S at the end of the panel is given by the statical
zQ

7 where z is the length of one lattico panel, Q the moment of area

formula &’ = §

about the central axis of the chord cross-section perpendicular to the lattice planes of ‘

that portion of the web cross-section which lies outside the given plane of longitudinal
shgar, and I the moment of inertina of the whole chord eross-section about the same
axis,

Evidently mazimum &' corresponds to maximum Q which, in chord A 9-I, occurs
between the centre webs. The numerical values are Q =6439. z="72-75. I=2302640,
dimensions being given in inches. ,

Therefore & =1-55 S between the centre webs. Similarly between the outside
web and the centre web Q = 5313, gividg

§=1-28 8
In a lattice panel there are four bars arranged two and two as the diagonals of a
square of which the side is 54-36 inches, this being the distance between the axes of

the outside webs.
4

Therefore P’ = i xV2=-85 &
P’'=.33%x1-55 S=-54 S between the centre webs
and P’ = 35x1-28 §=-45 S between an outside web and a centre wcb.
Thus the values of k are -54 and -45.

From the design of the chord it is evident that the net area of the lattice bar is
governed by k= -54, while the rivets connecting the bar to the outside web are deter-
mined by k=-45 and those connecting the bar with the inside web by the difference
of these values, which is -09. That is to say, if 5 rivets were necessary to connect the
bar to the outer web, only one would be required for the connection with the inner
web. S S : .

Transverse shears and bending moments exist in the_webs due to the transverse
ghear § on the cross-section of the chord.

The maximum transverse shear in the outer web occurs in the space between two

1 54-36 1
o X qgog X1 8=
% 747 % 1.98 S = -48 8, if the small bending moments in the webs due to the assumed
distribution of stress at tho plane of seotion be neglected; the maximum shearing
stress on a centre web section is thus 02 S, the sum being -50 3, half the shearing

stress on the cross-section of the chord. T :

Thus 98 per cent of the transverse shear is carried by the outer webs and only
4 per cent by the inner webs in the space between the panels.

The difficulty of determining theoretically the values to be assigned to the

q-p a-p

consecutive panels of latticing. It is equal to

quantities TJ 7 in the formulas
. 2 219 ¢g-p
A=k AT — 7 .
" 2 2 ¢ q-p
and =k A‘—l— _:i - q" .

154—vol. i—9
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has been pointed out. It will be of iuterest to rompare the eolutions of this problem’
a8 given by the various methods thav, have been described by means of a numerical
example and also to compare the corvesponding lattice cross-sections.

For this purpose the web system of lower chord A 9-L, Quebec bridge, will be
selected. It will be suffcient for the present purpose to consider the formula for the
tension section A’.

In this chord, 1=684 inches, r=19-7 inches. d=67-5 inches. A =780 eq. in.
k=54 ’

Thus—

2 2%x19-7" gq-p

A’ = 54 x"780 % g1 X et g X 7

q-=p .
=14 ——— 8q. ins.
7 84,

Prandtl: -—:7— for outer web between lattice points=44; ultimate strength of

outer web say 48,000 - 210 x 44 = 38,760,
Specified unit load on column p =24,000.
Tensile strength of lattice bar q’=60,000.‘
. @-p__ 38760-24000 _ 14760 .
=7 = - = =
A’=14x-28=38-50 sq. ins.
N — l
If the unit load for the column had be¢n determined by the formula p = 16000 -70-r—

=16000— 70 x 34:7=13571, we should have had
g-p 38760-13571 25189

7 T 60000 60000 - 2
and 4'=14x-42=5-88 tq. ins. T
Engesser:—
q=¢ =60000
p = 48000 - 210 ——l— =48000 - 210 x 34- 7 40718
qg-p 60000 40713 __ 18287 .3§

d 60000 60000

| A= x 14X :32=7:04 &q. ins.

When this formula is used, the cross-section of the latticing does not vary with
the load.
Prichard ~—

6=-015
. _2 2 F qg-p
Now theoretically 0--1— = 5

=_~'x§_"_1_°_'r_x2:i

684 67-5 4

=.0333 12
P

. q-p 0150 _

“*Tp 0383



LEPORT OF THE COMMISSIONERS 131

SESSIONAL PAPER No. 164

Assuming that 40000 in tension represents the same factor of Vsafety as 24000 (in the
case of this column) in compression,

q-p
A =14x >, - =14x%x-27
7
=3-78 sp. ins.
since -§~ is constant for all factors of safety this result applies to all loads.
‘ Modern Framed Structures’:— ‘

‘ (1) Straight line formula.
q =24000 p=24000 103 x34-7=20356

¢ = 30000

. 4-p _24000-20356 _ 5044 _ o
s 30000 30000

A'=2xl4xq;,p =98x -12=3-36 sq. ins.

q-p

In this formula evidently 7

for all loads.

is constant for all factors of safety and therefore

(2) Rankine's formula.

P 1\? .
a-p _f-» -5 T)

T 7 |
assuming p = 24000, ¢’ = 18000, —;— =34-7, ¢ =30000
q-p '
———=0535
g
’ q-p .
- A’ =92x14x 7 =28 x 0535 =1-80 sq. ins.
if ¢ be made 38000 the values are
qg-—-p

——-= 0267 A’ =15 sq. ins.

Evidently the same results will be given by all factors of safety i.e., for all loads.
Mr, Szlapka’s method, if he had used the proper value of ¥, would have given
A’=.37 8q. ins. He assumed that the panels of latticing were square, whereas they
were oblong and the lattice bars were not diagonals. .
In the actual design, however, he made 4’=1-15 gq. ins.

Keelhoff — _ .
g-p _f-p _24000-105x84-7_24000-20356 _ 8644 _ o
'd 's 30000 30000 . 30000
A'=—;f—x14xq;,"
=1-5T%x14 % -12=2-64 sq. ins.
a-p

The value of will not be altered by using diﬁqrent_ factors of safety for p,

7
g and ¢ and therefore applies to all loads.

184—vol. i—9%



132 ROYAL COMMISSION ON COLLAPSE OF QUEBEC BRIDGE

7-8 EDWARD VIL., A. 1908
These results, arranged for comparison, are collected in the following iable.

AUTHOR. u) A’ —_
Q
Sq. in.
Prandtl......... P 25 350 For p=24000, ,
e e 42 58  |Forp=1371 from formula p=16000— 70’7

Engesser..........vcvvunnne. 32 7:04 For all values of p. '
Prichard.. ... .... ........ 27 378 " “
¢ Modern framed structyres” ‘12 836 For all values of p, straight line formula.

" " ) 1'60 For all values of p, Rankine's formula, ¢'=18000.

w ) " R 4 75 For all values of p, Rankine’s formula, ¢’'=36000.
Keelhoff ...t ol 0 ‘12 2'64 For all values of p.

The following list shows the value of p' , in chord A 9-L adjusted by multiply-

9
ing the originel values by the factors ——and 2 where necessary, for use in the formula
ki3

0535 " "
‘19 for all values of p

g a22ap
A'=k A Td ¢

Prandtl : = 2 p=24,00

" w = °42 p=13,571 from p=16,000~—10Lr
Eungesser: w = 50 for all values of p
Prichard : we= 27 "

*Modern Framed Structurea’ .« = 24 for all values of p straight line formula
" w = 21070 for all values of p Rankine's formula
L

Keelhoff : "

The prachcal formulae thus give values for the net section: of a lattice bar in
chord A 9-L rangmg from -75 sq. ins. to 7-04 sq. ins.

The rule in ‘Modern Framed Structures’ is capable of giving values ranging
from 75 sq. ins. up to 3_-36 5q. ins. :

The range of values i8 even more indefinite than the numerical values irdicate,
depending as it does on the varying opinions regarding the values to be assigned to
the constants of the column formulas,

1t is evident that the number of rivets necessary to develop the values of the
larger sections given above wm‘\ld make the use of lattice bars impossible. Cover
plates and honzontal diaphragms would be required.

The value of — for the outer web in chord A 9-L is 44, and for the column as a

whole,- 847, Thls is not good dmngn as the first value ought to be less than the
second.
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The latticing between the centre weba is inefficient. Intermediate latticing should -

have been used on thess webs, One of the bars between the centre webs in every panel
on the upper face of the chord A 9-L has a net gection of only 1-15 8q. ins. at the
centre and 1-5 sq. ins. for a length of about 4 inches, whereas between the centre web
and the outside web the section is 2-48 sq. ins.

The bending moments and shears in the webs, the bending moments in the
latticing and the compressive stresses in the latticing due to the load on the column
have not been considered in this discussion. The theory of tho design of latticing has
been discussed on the assumption that the curvature in the column under load is
negligible, as it ought to be. :

When appreciable bending occurs, the total transverse shear is still given by the
formula S=P 9. On the other hand, when the curvature of the axis of the column
varies from point to point, the longitudinal shear S’ will not be as great in comparison
with S as if the column remained straight, on account of part of the transverso shear
being balanced by the resistance to bending of the webs taken individually. Only
the difference between these actions is thrown into the latticing and represented by S’

A method of dealing with the shears which in some respects is simpler than that
adopted might have been used. This simpler method is based on the assumption that
the small bending stresses at the ends of the webs in a panel of latticing, due to the
assumed unity of the column, may be neglected. In this case g will denote the

average unit stress in the outer web under. eccentric loading “and wot the extreme- -~

unit stress in this web, This method has indeed been partially applied in this
appendix. The results do not differ appreciably from those of the general method
adopted.

Failure of lower chord A 9-L.

Tn discussing this failure the Voriginal conditions -will be assumed to hold, that
is &’ =-84 8 and -45 S between the inner webs and between the inner and outer webs
respectively. It is possible that these two values were closer together owing to the
working loose of the latticing between the inner webs. -

Assume P =the load at the time of failure=14,000,000 1bs. and P’ =50,000 lbs.,
a load sufficient, aceording to experiments made at Philadelphis, to cause slow move-
ment and rivet slip,
then S=20% _ 09,502

R
Now S=P ¢
S 02592
< 0= = Ta000000 - -

Thus if the obliquity=-0088 existed urtder “a~ Toad P =14;000,000 ~pounds; the —-

chord would gradually go to destruction.

The measurements made by Messrs, Birks, MecLure and Kinloch on August 27th,
1907, show when averaged up for the four webs, a deflection of the chord as a whole
of 12 inches at the point between the second and third lattice panels from the south
end. Since no measurements were made to determine the position of the axia of the
chord from panel point to panel point it is impossible to state the real deflection of
the chord, and the only assumption which can be made is that it is represented by the
above amount. )

It is not possible to state-why the maximum deflection took place at the point
mentioned. There may have been an original deflection ot small amount there, a

defect in workmanship or a loesl injury from the fall mentioned in Appendix No. 11. .

The accompanying buckling of chords 8 R and 9 R cantilever arm, shows that
the failure itself was n t eccidental, although it may have been localized by defects
or accident. The Philadelphia tests show that slip in tho lattice system would ha\_re
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commenced with an obliquity less than one-half of that obtained above and it is
possible that the first movement was caused by a combined stress due to a small
initial obliquity and to the shortening of the chord under stress,

It is hardly necessary to note that, owing to the form taken by the chords, partial
failure in the lattice system must have preceded any failure in the web system.

If now it bo assumed that tho chord had an original deflection of } inch at the
placo in question, the inclination of the azis of the chord in the first panel of latticing

will be found to be 1—:1- = 0028 which is greater than in any other panel. To make up

the required obliquity of -0086 it will therefore Lo necessary to assume that the
direction of the load originally had an obliquity of +0066 - - 0026 = -0040 to the axis.

- This would be equivalent to 2§ inches in the length of ‘the chord; probably due to an
cccentricity of about §.inch to the east at panel point 8-9 and 2} inches to ‘the west
at panel point 9-10.

From the discussion given in this appendix and from the results obtained in the
test of model chord No. 1, it is not difficult to see that failure was certain and close
at hand on August 27th. The evidence shows that the increase of obliquity which
created this danger condition took place between August 24th and Avugust 27th.

On August 27th the curvature was such that the line of load which would give the
least maximum- obliquities in the chord had an eccentricity with regard to the centre
line adopted for the measurements towards the 1 vst of 13 inches at panel point 8-9
and } inches to the east at panel point 9-10, equivalent to an inclination of -004.

- As this line of load gives minimum lattice stresses we assume it, for the purposes of
this investigation, to be the true line of load. The inclination of the axis of the chord
in the first panel of latticing at the south end with reference to the same centre line
was about -016, thus making the obliquity of the line of load in this panel about
016 - 004 = .012. : .

o Tho question now oceurs how was it possible that the chord could sustain an

obliquity of 012 when an obliquity of 0066 +was sufficient to strain the lattices to

the danger point? .

If the chord had remained straight, an obliquity of -0086 x -g——-= <0079 would
have caused immediate failure. .

In reply it may be said, as has already been pointed out, that the consideration
of the bending moments in the individual webs accompanying the bending of the
chord, the bending moments in the latticing, the compressive stresses in the latticing
due to the load on the columns &e., &c., has heretofore been omitted. Of these the
first appears to be the most important and its effect in aiding the lattice system may
be estimated as follows:— i

Let M denote the increase in the l;ending moments of the outer web in the first

‘panel of latticing st the south end of the chord, M’ the corresponding quantity for
the inner web,

then 54:36 §'=69 S-2 (AU + M)
. g 898-2 (M+A)
DY 7 OF. : S

the length of this panel being 69 inches,

Now the chord in the I~ngth of the first two panels of latticing, viz., in 142 inches
has a central deflection of } inch. The radius at the middle point may thus be
computed approximately. Tho resulting value is r=10,000 ins, The true radius may
bo less than this as the web was probably nearly straight next the cover plate with
increasing curvature towards the point of greatest deflection. It is even possible
that there was a point of contrafley ‘re near the edge of the cover plate. -



REPORT OF THE OOMHISSIONERS : 136

SESSIONAL PAPER No. 164

Now . .
E I _30,000,000x368 _ .
M= —= 0000 =1,008,000 inch pounds
, .
M= E1 W:m,ooo inch pounds

=
r 10,000
From what has been said with reference to the change of curvature along the
length of the chord, it is not unreasonable to assume that the above bending moments
represent approximately’ the increase of bending moment in the length of the first
panel of latticing i.6., in 60 inches from south to north,
Thus
2 (M+M)=2 (1,098,000 + 717,000) = 3,630,000
69 S ~-8,630,000
54-36

8=

Now

 §=P 014,000,000 x -012=168,000

o ,s"'/—; 69 x 168,000 — 3,630,000
AT 5438

7 And Pr= Lt = 5% 146,208.261204 pds.

=146,468

Ve Thus on account of the resistance to bending of the individual webs, the obliquity
012 will produce a stress in the lattice bars of dbout 51,264 pounds, whereas had the
;vebs remained straight, an obliquity of only 0079 would have deatroyed the lattice
ars.
In the tension experiments described in Appendix No. 18 on lattice bars like
those used in the Quebec bridge the bresking values of P’ were 60,100, 59,800 and
59,500 pounds.
In the above calculations the compressive streases in the lattice bars due to the
compression of the chord as a whole bave been neglected.
= The above explanation of the failure of this chord under three-quarters of its
maximum working load “contains assumptions which render it only tentative. It
indicates the dangerous effects of even small obliquities and deflections on the safety
of a chord with weak latticing. It is quite probable that the obliquity was in great
measure due to movements at the field joint in panel 9-L, which was riveted up, and
at the field joint in panel 10-L which was being riveted up at the time of the collapse.
In fact all the troubles in the lower chords of both anchor and cantilever arms which
deoveloped after August 6, 1907, seem to be partly attributable to movement at the field
joints, These movements were noticed principally in the inner webs, which have
__"'_"ﬁu_ch‘less‘horizontal—atiﬁness-than.the_ouwr webs, These webs were intended to carry
the same unit loads as the outer webs. and yet at the field joints they were connected ——
to the cover plates with only half as many rivots, the small web angles used not
permitting more. The outer webs with heavy angles and fairly effective latticing
soem to have stood up under the stresses—the small angles and inefficient splicing and
latticing of the inner webs allowed them to yield, thus disturbing the intended action
at the field joints and paneFPpoints and giving opportunities for unforeseen- eccen-.
tricities of loading. Heavier angles on the centre webs under the cover plates, heavier
gplicing and heavier. top and bottom cover plates would have added much to the
efficiency of the joints. ‘ - )
An important function of cover plates is that they maintain the weba or ribs at
their proper distances apart, but in erection, the bottom cover plate was taken off dur-
ing the riveting up of the joint, and was replaced by small anglo bars which were
entirely too slight to perform the function of the cover plate. This is shown by the
fact that a much-greater movement was noticed at the bottom of the.centre webs than -
at the top.
See Drawings Nos. 25, 26, 27, 28, 20 and 30.
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TEST OF MODEL OHORD NoO. 1.

Mads at Phaenizville byb the Phoniz Bridge Company, November 21, 1907.

This chord was essentially a model of chord A 9-L, Quebec bridge, between panel
points. It had, however, no field joint. Its dimensions were one-third of those of
chord A 9-I. (See Drawing No. 22.) It broke without warning under a load P =
2,322,600, 1bs., by the failure of the outside lattice rivets. .

The ultimate shearing value of one rivet was 4000 Ibs. The lattice angle was
connected with the web by two rivets.
From the foregoing formulas therefore

§=-L_ =800 1018 pounds,
) -45 ’
8 _ 118

0= P T 9,322,600 0071

The obliquity of the load which caused the failure was thus -0077, subject to correc-
tion for error of calibration of the testing machine,

TEST OF MODEL CHORD NO. 2.

Made at Phanizville by the Royal Commission, January 18, 1008.

The test of chord Ne. 1 showed that the lattice system was too light, but gave
no indication of the ultimate stréngth of the column if properly latticed. The
capacity of the Pheenix Yron Company’s machine was not sufficient to permit a com-
plete test of this kind. In order, therefore, to get results, a chord with only two webs
was constructed. The dimensions of the webs were one-third of those of the outer
webs of chord A 9-L. (See Drawing No. 23.)

) The lattice system, however, was made about twice the strength of that in Model
Chord No. 1 and the length of the model was only 11’ - 4}” c. to ¢. of pinholes, The
lattice bars were connected to the web by four rivets instead of two.

This chord fulfilled the expectations of the Commission and broke under a load
of 37,000 pounds per square inch by the yielding of the webs in the centre panel.

From what has been said it is evident that this experiment did not settle the. .

questxon of the strength of the lattxcmg Stronger latticing might have been required
in good design. The proper inference is that the obliquity was too small to break the
latticing, so that the full strength of the webs was meatly, if not quite, developed. -

Bince the inside webs of the Quebec chords are less etiff than the outer webs, 1t
seems to be a fair inference that 87,000 Ibs. per square inch is higher than the strength
of the Quebeo chord would have beén, even if properly latticed.

Some allowance also must be made for the higher-strength -and-elastic-limit -of-
the small plates and angles used in these models as compared with those in the
bridge.

There is doubt as to the correctness of the calibration of the testing machine, so
that the above figures are subject to correction. In the tests of both models, the
dishing of the webs between the upper and lower lattice systems was. small and only
ceveful measurements rendered its existence apparent.

See Drawings Nos. 21, 22, 23 and 24, -

In concluding this appendnx, some brief comment is necessary upon two points, viz:
(1) The use made by Mr. Szlapka of the information existing in 1903 respecting the -
des:gn of latticing and (2) the application in practice of the theoretical formula
given in our discussion.

(1) The use made by Mr. Szlapka of the information existing in 1903
respecting the daxg‘n of latticing. Tt has been admitted by Mr. Cooper that
he failed to give the design of the lower chords the degres of personal atten-
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tion that he gave to the details of the tension system. The foregoing discussion
shows that even at the present time theories of lattice design are seriously in conflict
and the strength of any lattice system will vary materially according to the formula
adopted. Mr. Szlapka used, with his own modifications, the only system of lattice
computation generally known to American engineers. This method involved the
choice of a column formula from which to determine certain quantities necessary in
the lattice computations. Mr. Szlapka selected the column formula adopted by his
own company, and used the constants for it that, in his judgment, were most in keep-
ing with the conditions of the case and in best accord with the spirit of the specifica-
tion. He made what he considered a liberal increase in his adopted sections over what
his computations called for. -Theresult has shown that his judgment *vas faulty, but
we are not prepared at this date to define the minimum safe sections for the latticing
for these chords. The profession has learned much from Mr. Szlapka’s mistake, but
it is not yet in a position fo determine the percentage of his error. The lattices
of model chord No. 2 were proportionately only 50 per cent heavier than those used
on the Quebee chords and yet they did not fail until the webs yieldled. We have
indicated in the discussion that Mr. Szlapka’s attention would soon have been drawn
to the weakness of the theory by which he was guided, had he made any study of the
results given by that theory with different assumptions. No explanation, except the
previous uniform success of compression members in service, can be offered for his
failure to do this. . E

(2) The application in practice of the theoretical formulas given in our discussion
" depends upon our ability to select values of g and p suitable to the detail of construc-
tion in tho epecial column under consideration. Tho values of p are determined in
practice by the use of column formulas, but no one contends that the range of the
tests upon which these formulas are based is sufficiently extensive to cover all the
conditions that affect column strength; the formulas are simply accepted as the best
guide that we now have. It is evident that by experience values of ¢ and p may be
gradually determined which will make it possible to design latticing that will be
unquestionably safe and not unnecessarily heavy. We may here point out that great
compression members, such as the Quebec bridge chords, call for just as much indi-
vidual study in design as an ordinary small bridge, and that any specification for such
members should give reasonable latitude for the exercise of judgment by the design-
~ing-engineer. - - - - - e

. HENRY HOLGATE,
" " Chairman.

J. G, G. KERRY, ...

J. GALBRAITH.






