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foot (3,(W pounds per lineal foot on each track) on anchor arm only?-A. Stress
sheet of anchor arm for E3,000 pounds per lineal foot of bridge attached herewith .
(Exhibit No . 111 .)

The Commi~sion, having for the time being concluded the inquiry in New York,
Philadelphia and Phornixville; returned to Montreal . A second visit was paid to
Quebec on November 28, for the purpose of re-examining Mr . Hoare and pursuing other
investigations .

HE-E1AMINATION OF MR. E. A. HOARE, AT QUEBEC, NOVEMBER 29,
1907 .

Q . Why did you use the Phoenix Bridge Company's design in 1898?-A . Previous
to 1898 several picture drawings were voluntarily sent by various engineers desiring
to show the mcrits of their designs . Amongst the number was a study by the Phani : :
Bridge Company. At that date, having to prepare a plan to submit to the Railway
Comnrittee of the Privy Council to obtain their decision upon the least clearance and
width of channel for navigation, I applied the outline for the superstructure of the
Phoenix Bridge Company's design to my plan, it being considered at the time the most
suitable design submitted .

Q Whnt iirstruétions were given to lIr. Cooper when he was requested to re~sort
upon the various tendersl If these were written, plëase file-eopiésl'==A~-Writtén
instructions were given (copy of the same attache .i herewith, Exhibit 112) .

Q. Was any suin mentioned to Mr. Cooper which the bridge must not excerd in
.•nst . and if so what was it?-A . No .

Q. Was Mr. Cooper required to limit the cost of the bridge to any arnorit, or was
the question of cost left entirely to his jüdgment?-A . The question was left entirely
to his own judgment.

Q. Did the weight of the bridge exceed your expectations, and by how mach?-
-A . The approximate weight of the bridge as estimated by the Phoenix Bridge Ccmpany
amount to 29,700 tons, the actual weight is about 38,000 tons . I fully oxpect~d that
the original figures would be exceeded by the time all details were designed .

Q. Was Mr. Cooper advised of the terms of the contract of June 19, 1903, and in
what manner ?Was he furnished a copy of the contract, and if so when ?-A . I can-

not state definitely if Mr. Cooper was advised of the terms of the contract of ' une 19,
1903, directly by the company. The secretary states that he did not furr,ish Mr.

Cooper with a copy of the contract.
Q. Mr. Deans has stated that final arrangements were made with the Phoenix

Comp4ny by the Quebeo Bridge Company on February 22, 1904, although the contract
was signed June 19, 1903 . What was the reason for the delay and what was the final
arrangement made February 22, 1904 ?-A . Although the contract was P"sed in Julie,
1903, its execution was forcibly delayed by other arrangements then rnder way with
the governrnent, the passing of legislation and financial arrangements, which were con-
chid :ed 28th January, 1904. Letters were then exchanged in Februar,v be:ween the
two oompanies giving effect to the arntract (copies of theee letters are at•t.ached here-
with . (Exhibit 113-A, 113-B, 1•13-C, 113-D and 113-E. )

Q. Did you find Mr. Cooper accessible and available at all times during the con-
struction of the bridge ?-A. He was accessible and available, but only at his office
in New York during tlre'design and building of the superataucture.

Q. State exactly the full scope of Mr . Cooper's duties as ooi,sulting en ;;ineer t-
A. Mr. Cooper's duties, in a general way, as cansulting engineer for the Quebec
Bridge Company and as understood by them, are as under :
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To revise .the sWifioati~ne when he thought necessary . To examine all stress

diagrams and plans for the structure submitted by the Phoenix Bridgd Co ., to approve

or modify the same from time to time when, as in his opinion, he comsidared it neoes-
sary to obtain effieieiu=y under the powers delegated to him. Rw:ive reports on vital

and technical questions affecting the, detaila of construction and uncertainties as to

quality of ?rnetal tested, for his decision thereon. Also to be available for consultation

with the Phoenix Bridge Company and the Quebec Bridge Company at any time on
any question arising out of the design or construction of the bridge. Also to visit

the work in progrese from time to time, and finally pass upon it.

Q. File a statement ehowing all the payments made to 'kir. Cooper by the Quebec

Bridge Company ?-A . See statement attached herewith. (Exhibit'No . 114 . )

Q. Did MT. Cooper over ask for any inspectors 6ther than these who were

appointed and who aoted 4-A . No . He was entirely aatisfied with the inspectors

appointed, as shown in his corresporixience . ILe never raked for any other inspectors .

Q. Did Mr. 0ooper over ask for asaiatanae to be given him in his office for the
purpose of assisting him in ehecking•plans or for other work ?-A. No.

Q. Had Mi . Cooper authority to ordea expenditures on account of the Quebec

Bridge Company for special tests or for engaging aaaistanta 1 At whose expense were

the eye-bar teste made Q-A. Mr. Cooper had no written authority to order expendi-

tures for epec'.a1 tests, but he oould, as eonsultiug engineer, have ordered any tests

to be made that he thought necessary and upon his request any assistants would have

been allowed at any time . As assistant inspeciors were required from time to time

Mr
. Edwardry applied to me direct and I authorized him to engage all the assistants lie

required upan tarms which he oon°'dered fair.

The eie-bar tests wérô-made at-the expense of the Quebec Bridge Company and

- clause No. 136 of thè ôrigi ► a1 âpëëificftïion piovides thAt- the c cantraetor shall ma e

at his own expenae, under the direction of the engineer or his inspector such other
tests of full sized members or details similar to those used for the work, as the engi-

neer may presariho .'
Q. Did Mr. Cooper at any time during the erection of the bridge stop the work,

and how was this done 1 Please file copies of any letters or telegrams oonneeted with
this incident, and give your explanation 4-A. In June, 1903, Mr . Cooper telegraphed

me not to allow posts CIP to be erected until top was made level . Copy of telegram

attached herewith. (Exhibit No . 115.) This was on account of the bearing of the

top section of the post not being quite urbilorm. The report of the defects was exag-

gerated and the work was immediately oornoted according to Mr. Coaper'a inatruc-

tions, which were to make sure of a minimum bearing of i of the total area .

Q. Did you receive any communication from Mr. Cooper between August 27 and

August 30, 1907 Y-A . No .

Q. Please explain how the staff of inspectors was appointed and organized t-A .

Mr. Cooper agreed to assist in that organization and appointed the ohief inspector
himself, and it was understood betwen us, and adhered to, that the chief inspector at

the Phoenix works was to personally report at Mr . Cooper's office in New York at least
once a month, and oftener if necessary, upon anything of special occurrence, result of

tests, &c., and take direct and final orders from him. Mr. Cooper suggested, and I

agreed with him, that it would be advisable to endeavour to obtain qualified men in

Canada . I spent some time making inquiries, but found that all the qualified men

were engaged . One or two doubtful applicants, I requested to communicate with Mr .

Cooper direct. Finally, as I could not secure qualified men, I asked Mr . Cooper to

nominate the chief inspector, which he did . The chief inspector having had some 20
years' experience, was always in touch with men of his class, and whenever extra
inspectors were required for mills and shops he applied to me for authority to engage
them upon their own terms, which were agreed to without exception, and they all
proved to be very efficient men, thorough and conscientious in their duties . From detail

reports received and from my own visits to the works at Phoenixville and mills at
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which steel was rolled, as frequent as distance would allow, I am able to testify to

the above facts . '
Respecting the erection inspection, Mr. McLure was recommended to Mr. Cooper

for the chief field appointment . He appointed him under certain conditions, to work

under Mr. Edwards, the chief inspector at the shops, until he was required for erection .

I{nowing that it was important that Mr. McLuro should remain at the Phcenix shops

as long as possible to master the work outlined by Mr. Cooper, I charged Mr. Kinloch

(an experienced bridge erector appôinted by me), being already on the spot, to attend
to the mechanical part of the work ; itarting with the inspection of the metal as it

arrived at the storage yard ; it was never the intention to permanently substitute _lfr .

Kinloch for Mr. McLure, but as Mr. Kinloch was competent to'inspect alone on the

start-I thought that for the time Yr. MeLure was better employed in Phoenixville-

and as soon as the field office was ready I sent for Air . McLure . The laying of the

lower chords in the false work was well advanced at that time . The instrumental work
for the false work foundations and construction was attended to by engineers under
my own supervision, using plans with figured data ; the chords being set to fixed levels,

were never changed after Mr . McLure arrived . He, however, arrived in plenty of time
to snpervise the checking of the position of the main pier pedestals .

;tir. Cooper had no right to state that he thought Kinloch and myself did not

understand the operations at that time, being without positive knowledge of the facts,

and to incorrectly assign that reason for sending for Mr. McLure at that late date . air .

Cooper, moreover, could not have been aware that many of the important features

submitted to him throughout the who1:, work of erection were due to Mr. Kinloch's

searching inspection.

Q . Why did not sou ; as chief engineer of the Quebee-Bridge- Company, certify-to -
the plans and other drawings before they were forwarded to the Department of Rail-

ways and Canals?-A . To mske a thorough check of such a mass of plans would have
taken a very long time after they were received, and caused unnecessary delay, and
which I considered an unnecessary operation, knowing that these plans were most
thoroughly checked by experts before they reached my office, and knowing, at the same
time, that they would receive furthér examination on reaching the Department of
Railways and Canals .

Q . What responsibility had you as chief engineer of the Quebec Bridge Company
in connectiov with the final specifications and plans?-A . I had no responsibility in

connection with the final specifications and plans . Full power was delegated to Mr .

Cooper, by the order in council dated August 15, 1903, to modify the original spec :fica-

tion and to regulate the detail parts of the structure to obtain the best efficiency, final
approval to be given by the chief engineer of the Department of Railways and Canals .

Q. Were you immediately responsible for the inspection of construction both in
the shops and field?-A . It was a joint responsibility divided between the consulting
engineer and chief engineer, but I deferred to Mr. Cooper's judgment. My former

statements with regard to the inspectors wAl explain this .
Q . Please state what your annual remuneration has been sinoe your connection

with the Quebec Bridge Company?-A . From November 1, 1900, $400 per month, until
the completion of the bridge and railway connections and terminals . From September

6, 1905, voluntarily raised by the company to $6,000 per annum. For three years

previous to the first date, $150 per month .
Q. During this period were you under salary for any other company or individuals,

if so, please give full details?-A. For about two years I have had chargfj of the
viaduct over the Cap Rouge valley, on the Transcontinental Railway, which did not
require any more attention than the construction of the Quebec Bridge and Railway
Company's railway approaches under my charge, work on which during that time, was
temporarily suspended . Thin did not interfere with my work in connection with the
bridge .

Q. What salary did Mr. MeLure and Mr. Kinloeh receivet-A . Mr. MeLure
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received $1,800 per year and travelling expenses, and Mr. Kinloch received $1,200 per

year and travelling expenses .
Q . Were you accessible and available at all times during the construction of the

bridge or did your other duties interfere with this condition ; especially, could the
inspectors at the bridge have communicated with you prornptly on the discovery of
the deflection in chord A-9-L on August 27?-A. I was aocessible and available at
short notice at all times during the erection of the bridge, except when an route to
and from Phaenixville. My other duties did not interfere in any manner whatever .
The inspectors could have communicated with me piomptly on the discovery of the
deflection in chord A-9-L on the 27th August .

Q . Did you consider throughout the whole of the work that the approval of the
plans by the Departnient of Railways and Canals was a condition precedent to any
operation in connection with the fabrication of the bridge?--A . Yes ,

Q. Why did you permit the fabrication of any part of the bridge before the
approval of the plans by the Department of Railways and Canals?-A . To my knowl-
edge there was no fabrication of any part of the bridge before the approval of the
plans by the Department of Railways and Canals, but the chief inspector at Phoenix-
ville informed me that the Phoenix Bridge Company had the consent of the consulting
engineer to roll a limited quantity of metal for the sections that he had approved,

entirely at the risk of the Phoenix Bridge Company . I understood at the time that
the consulting engineer had agreed to this proceeding on account of the pressure in
the mills to avoid delay in the fabrication of the metal required for immediate erec-
tion, to make sure of th, delivery of the parts required for the season's erection . I
protested against this proceeding, but was assured that the completed detail plans
would bé in my bands for submis9ion to the Department of Railavays .andCanflls

bëfore-fRbricâtioü : -Knowingtbat-Mr: Cooper had-given his Eonsn•rit-to-the .rolling_of .

a limited quantity of metal, subject to the Phoenix Bridge Company's risk, I requested

Mr . Edwards, the chief inspector, to omit the metal rolled ahead of o?rtified plans in

his monthly returns to me.
Q. Why did you not wire Mr. Cooper on August 27, when the deflection in chord

A-9-L was discovered ?-A . When the deflection in chor(l A-9-I, was reported to me
on the evening of August 27, after conversation with the inspectors, and from their
description, I did not consider that there was any immediate danger to be appre-
hended, and considered that there was time for Mr . McLure to go to New York and

Phaenixville the next day with sketches to make personal explanation of the same, in
order that there might be no misunderstanding. Full reports having been mailed

the same day, a telegram at that late hour would not convey the information nor reach
its destination without some delay, as telegraph operators were on strike at the time,

and besides that, I requested Mr . hicLure to make sure that his information was com-
plete, and that a thorough inspection of the other members of the bridge should be
made the first thing in the morning, in order to be thoroughly informed of all condi-

tions before he left . I, however, wired both Mr . Cooper and the Phmnix Bridge Com-

pany next morning that Mr. McLure had left to give full explanation with reference

to the deflected chord previously reported by, mail .

Q . Why did you not stop work on the bridge on August 28, pending Mr. Cooper's

decision, and with the information you had in regard to the condition of some of the

compression members?-A. I did not stop the work on August 28 for the following

reasons : I did not consider the conditions warranted such action, particularly as the
Quebec Bridge Company's inspectors and the Phoenix Bridge Company's engineer
and foreman disagreed upon the origin of the defiection . lThe latter showed no signs

of uneasiness and were anxious to continue the work, as they had made a special

effort to collect a large fores of bridge men . As I understood it, the majority of

the men were engaged removing the large traveller and riveting and they would add

very little extra load until expec ted instructions were_ reoaived from the consulting

engineer upon Mr . Mci.ure's arrival. My confidence was strengthened by the knowl-
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edge that very careful work had been performed by expert designers who had been
entrusted with the calculations and preparation of the plans of the bridge, and that
at the time the chord was not strained over I tlr- maximum provided for and that a

mia'~ ke was impossible under such conditions ; and it was also reported to nie that

the ribs ha(: a fLll bearinr at the splices .

Q. In your opinion, could the bridge have been made tempo; iri1v safe in sw,io

such manner as has been suggested by Mr . Cooper?-A. No.

Q . I)id you discuss the advisability of staying the lower chords, and if so with
whom did you have this discussion, when was it, what were the methods proposed and

what was the decision, and why did you reach this decisiont-A . The Phoenix Bridge

Company officials and myself did discuss the advisability of staying the chord in

question . Several methods were proposed, and when it was known that the work

could not b ? completed before a message from Mr . Cooper could be received, it wa?
decided to abandon the idea and await telegraphic instructions from Mr . Cooper,

which were expected up . 1ir. _McLure's arrival, but never received . From his silence

after :ifr. McLure's arrival, I concluded that lie considered the situation to be void

of danger. If lie thought otherwise a telegram to me could have been made the
basis of an ord^r to stop the work, as he did in June last year for a matter of very
much less importance . The confidence that we all had in the general conditions
existing at the time, and in the men in charge of the designs, and my knowledge that
tlr', work had been subject to so many methods of checking, and with members in
the bridge still to be stressed a considerable amount to reach the niaxirntun, for the
time being obliterated any impressions of danger being possible, and no doubt he
himself was not impressed with any sense of immediate danger .

Q.--Pléase plain the contradiction-in your-lett.er-of- September-2 ; -1907,-to Mr.--

Coopër to the sfateniënis ceittaincd in your letter of - August $8 #o him?-A.- With

referenoi to these two letters . On my arrival from the bridge late in the evening, in

my anxiety to convey to Mr. Cooper by the same evening's mail a full desbription of

the ch )rd and to keep him informed of what had happened since Mr . McLure left, I

dictat .d a letter hurriedly and did not read it over before signing it . In my haste
I did not state exactly what I intrnded with reference to the continuance of the

avork . Afterwards I noticed my misstatements and corrected them in a second letter,
and this letter correctly states the facts .

Q . Have you any further evidence to offer the Commission?-A . Referring to Mr.

Cooper's answer to the question, `Did you at any date ask to be relieved of your duties
and for what reasons ? If you made such a request, at whose instance was it with-
drawn 4' Mr. Cooper's conversation with Mr. Parent and Mr. Deans suggesting relief

from his duties and stating that he could not go to Quebec was unknown to ► me .

Referring to Mr. Cooper's reply to the question as to proper time being
allowed for preparation and study of plans, Mr. Cooper never complained about that .

Besides hc-was the chief and could have refused to approve plans if he thought that
sufficient time was not allowed for their study, verification and correction .

RQferring to Mr. Cooper's reply to the question, 'What organizat .ion existed for

the checking of the strain sheets and detail plans prepared by the Phoenix Bridge
Company 't' :lir. Cooper made his own proposal for remuneration to cover all ser-

vices, which' were agmed to by the company and acknowledged by him as being corrzct .

He never before complained that duties were imposed upon him improperly, and to
m}• knowledge he was satisfied with the staff and refused to concur in the appointment
of an engineer suggested by the government of Canada .

Referring to Mr. Cooper's reply to the question . 'Was the local staff at Quebec
employed by the Quebec Bridge Company and the Phoenix Bridge Company to your
satisfaction, and did you, consider it fully competent to handle the work4' Mr . Cooper

had sufficient interest in the work to have ascertained at an early date the class of
men conducting thé .erection, and if he did not crmsider the staff,su4Hcient he could
have informed the company. iThe Phoenix Bridge Company always had engineers
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on the work, . and in addition frequent visits were made by other engineers from
Phoenixville to examine the work in progress .

Referring co Mr. Cooper's reply to the question relating to the qualification of -
engineers employed by the Quebec Bridge Company or Phoenix Bridge Company, &c .,

lfr. Cooper nominated a man of his own choice to represent him on the erection ., to

work under his own special instructions, to keep him in touch with the work, and to
my personal knowledge his duties were thoroughly and most conscientiously per-
formed and all instructions strictly followed . Mr. Cooper expresed his satisfaction
with that arrangement, and if he had any doubts as to the efficiency of other members
of the local staff, I am surprised that he did not make his views known to me . My

general duties for the Quebec. Bridge and Railway Company were not known to Mr .

Cooper, and possibly he .did not know that I kept in close touch'with every detail of
the work performed in the shops and mills as well as in the field ; also followed the
progres= of work between the Phoenix bridge engineers' office and Air . Cooper, to
know how matters were progressing without interfering with the special duties of
the consulting and designing engineers .

Referring to Mr . Cooper's reply to the quèstion, ` Was it the practice of the
Quebec Bridge Company's staff to r4er all difficulties to you, and if so what were the
duties of the chief engineer?' althout,h Mr . Cooper may have performed some of the
duties incumbent upon a chief engineer, lie did not know, as I previously stated, the
general dttties I had to perform for the company . Mr. Cooner never asked for any

staff of assistants or any allowance for the same.
With reference to Mr. Cooper's reply to the question `Who authorized the com-

mencement of the erection of the suspended span before the large traveller was taken
down ? was it understood that thiswas to be danio_snd-did tliis .proëeclure_haveouur

approval ? ' Mr.-McLure' -reports -and plaotographs to him in New York showed_that
the big traveller was not envrely removed before the • aecident, I regret that Mr .

Cooper did not notify me of this understanding about entirc removt,l of the big
traveller, as I wou13 have insisted upon his instructions being carried out . The proper

c.hannei for conveyance of any instructions for important and prompt action is
through the company's enginvr at Quebec . '

Mr . lirNt.ocx, re-examination.

Q. \i'hat employee of the Phoenix Bridge Company was particitlarly responsible
for the bolting up of t~e joints during- erection ?-A . I understood that it was the

duty of Mr. Birks to see that this was properly done .

Q. To your knowledge were the blue print instructions concerning the bolting

up of joints fully complied with'ï-A. I am c,,rtain that they were fully .complied

with at all points except on the bottom cover plates of the lower chord . As it was
essential to remove these plates and to keep them off for a period of probably ten
days while the riveting of the joints was in progress, I did not consider it ne<essary
to make a close inspection-of this bolting and am not prepared to saw how fully it
was done .

Q. Were the bolts inspected for tightness or changed during the interval between

erection and riveting ?-A. All holes in the inner ribs of the lower chords were filled
at erection with the largest bolts that could be put in and these were not changed
again until the riveting gang reached the joint. As the joints closed the bolts in.

the outer ribs became loose and were generally repla,oed by larger bolt .4, but this was

not done on many joints of the lower chord .

Q. How often were the joints inspected to see how the bolts were acting and whose

duty was it to rnake these inspections -A. The joints were examined every time the

traveller was moved forward by the inspectors of the Quzbec Bridge. Company and .

by the engineera of the Phoenix Bridge Company until en .eh joint had taken its full

bearing. These inspections were part of the general examination of the structure--y

-154-vol . ii-261



ROYAL COMMISSION ON COLLAPSE OF QUBBEO BRIDGE

7-8 EDWARD VII ., A . 1908

following each traveller's moveanent, and the bolting of the
joints was obeerved and

any change of bolts that was notieed to be n'eeded was ordered
. The representatives

of the two companies worked together in these examinations .

Q . Are you positive that the bolting on erection was always in excess of the office

requirements 4-A . Yes .
Q. Were 1-inch bolts used to any large extent in the lower chord joints ?-A . No,

I do not think that ÿ-inch bolts were used in more than two joints in the anchor arm
and in two joints in the cantilever arm and then only in the rows of holes near the
top of bottom splice plates, this• being determined by the setting of the camber

opcnings.
Q. Were drift pins used in the lower chord points 3-A . In the top cover plates

of, all joints the majority of the holes connecting with the two centre ribs of each
chord were filled with diift pins, the remainder being filled with bolts, the reason
for the use of the drift pins being the difficulty of tightening up bolts in these holes,
because of the narrow space between the two inner ribs . As the joints closed, the

drift pins were driven up from time to time and the bolts between the covar plate
and the two outer ribs were changed whenever a larger sized bolt could be entered .

Q. Do you consider drift pins to be an efficient temporary connection for bridge

work 4-A. If the drift pins are long enough to get a full bearing on all the connect-
ing plates, I consider that 50 per cent drift pins properly distributed may be used in

tension joints with advantage . I am not in favour of using drift pins in compression

joints but their use is sometimes necessary as in this case . The objection to drift pins

is that having no heads or nuts they cannot prevent the joint plates from buckling

up when under compressive stress.
Q.yVhat was the_longest time that any bottom cover plate was off?--A . The

plate between chords 7-L and 8-L ctnülever arm was off from about the first of
August, 1907, until the day of the wreck .

Q. Did you observe any joints in the lower chord in which all four viebs were
not bearing equally when the joint was closedF-A . I have already given evidence

concerning the mismatching of adjoining chords for line . When the chords were first

set I noticed in several cases that one rib would show on top an opening of perhaps
s~i inch when the other three were in contact. At the time of erection the openings

at the bottom of the ribs could not be seen on account of the bottom cover plate . No

rivetting was permitted on the joints until the four ribs at the bottom and the tops of

the two outer ribs were in absolute contact . We could not test the tops of the two
inner ribs because the upper cover plate was never removedoafter it' had once been

put in place . I am of opinion that the openings that I saw at first at the joints were
closed un by the compression of the metal in the longer ribs .

Q. Did you ever observe openings in rib more than at a joint?-A . I have seen

two openings, both of which were on the centre ribs, in one joint when the outer ribs

were in contact .
Q . Do you remember any joints in the structure which did not close as expected9

--A. The joints on both sides between chords 9 and 10 and also between chords 5
end 6 on the anchor arm rovere very slow in closing, and did not finally reach the proper
position for riveting until after August 1, 1907. Some joints on T-5 and T-50 anchor

and cantilever arms never reached their final position . There were also several

longitudinal and lateral bracings near the main post that had not been got into posi-

tion and riveted at the time th-3 bridge fell .

Q. Please describe the movements that you think took place when the bridge

was falling?-A. Mie 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 slowly and transferred some of its load to 9-R, until that chord burst with
a sudden fracture accompanied by the loud report testified to by some vvitneesea .

The sudden and complete collapse of 9=R whilst 9-L was slowly yielding acmunta for
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the slight swing of the cantilever arm down stream and for the tendency of the upper

portions of the anchor arm to fall in the same direction . At the moment of oolpse

the thrust of the cantilever arm forced the feet of the main posta Off the ped

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 canti-
lever arm struck the inside coping of the main pier a glancing blow

. When the

shoes struck the ground that part of C-P-6 above the patten plates failed, and simul-

taneously the horizontal strut conntcting the two shoes was destroyed . The trans-

verse diagonal bracing between the two posts at the bottom remained intact for an

instant and almost the entire weight of the main posts and of the top chord was can-

centrated upon it, causing the bracing to act as a toggle and to force the shoes and

the feet of the main post out sideway3 . 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 . . :ua of A-8 attached 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 arm, which had probably broken loose

when the stub choris struck the pier, rested for a moment on top of the p°destals,

and were then partially suspended and thrown over on their sides, as they now lie

on top of the pier, by the wreckage of S-P-5 and of the pieces cônnected to it. Chords

9 of the cantilever arm did not strike the pier before they rea.^.hed the gro-I nd,

although they now lie with their ends just against the face of the n .ssonry, which is

slightly marked. Chord 9-R of the cantilever arm is lying in the water with its two

innnr ribs practically straight and its two outer ribs buckled back in a V-shap -A loop

about 18 or 20 inches long at a point about 20 feet from the shop splir, the ends

being parallel to the inner ribs . Chord 9-L is buckled fit 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

défléction :
Q . Please relate the occurrences following your dis covery of. the bent cliôrd ôn

August 28th2---A. Immediately after discovering the bend I brought the matter to

the attention of Mr. Yenser and Mr. Birks, and w ith them re-examined both chord

A-9-L and several other 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

deflectiona of the suspicious chords measured-this measurement which was made by

Birks, MaLuro and myself showed the extent of the defleations ; and their cause, and

their ultimate result immediately became a matter of very active diecu,ssion . Mr.

Birks expressed himself deâmtelo' as being of opinion that there was no danger and

endéavovrod to persuade me that the bend had always been in the chord . Mr. Yemser

and I were uneasy, and oor.sidered the matter serious, and finally suggested that Mc-

Luro and Birks should gY: to New York and Phaenisville for advioe. It was considered

that the matter could not be satisfacto rily explained by telegraph or telephone and

no one of us expoctF'.i immediate disaster. Mr. Birks and Mr . McLure did thot welcome

our suggestion saying that they would only be laughed at on ar rival and it was finally

agreed to refer the matter of sending to headquarters to Mr. Hoam who decided in

favour of ovr suggestion. Mr. Hoare visited the bridge on the Wednasday and spent

most of the day there. He appeared very anxious that I ehould abandon my position

of beinp positively convinced that the bond had occurred since the erection of the ean-

-tileveï arm was completed, and argued both this and some possible methods of strength-

eniug the chords by bracing several times w ith me. I was somewhat excited and much

v.nnoyed at the unwillingnese of all the engineers to accept my statement of facte and

on both Wednesday and Thursday avoided further discussion of the ma tter as much

as possible. It was undsrstood that MeLure would immediately wire me if Mr. Cooper

took a serious view of the situation, but this he failed to do. Mr. Birka, hmever, told

we on the morning of the 89tL instant that he had been advised by 'ph0ae from

phoeniaville that they had a record which showed that the bonds had been in the
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cord before it was shipped from Phoenixville and that he had just adviraed. Mr.Hoare

by telephone at the request of Mr . Deans to that effect
Q. Did you find that the officials of the Phoenix Bridge Company were anxious

to get such assistance and advice from the local staff of the Quebec Bridge Company
as they could or were they somewhat impatient of eriticism Y-A . In matters of details
I found that they valued my opinion, but in general they claimed that their plans of
erection were fully worked out, and stated that they would permit no interference
with them except by the chief engineer petsonally .

Q. Do you consider that the supervision over and wntrol of the operations of the
Phoenix Bridge Company on the work were closer and more exacting than the similar
supervision that has been exercised on bther large bridges upon which you have beén
employed as an inspector ?=A: The cu; ;irvl of this work differed from that of any
other upon which I have been employed in this respect. that every question between
the inspectors and the contractors was referred to New York and Phaenia'ville for
settlement, whereas in my previous experience the power to settle most questions wae

vested ei'l.ar in the inspectors or in a resident engineer who was always on the work .

Q. It hts been stated by witnesses that general foreman Yenser cared only to rush
up steel as fast as poesible-what is your observation i-A . Yenser was a hustler, and
like every other erector liked to get up as many tons of metal in a month as he could,
but I do not recall that lie ever took any serious risks in doing so, and in fact I was
informed by 'Air. Milliken that the inspection of Mr. Birks was especially provided

so that the Phoenix Bridge C ompany might get the full advantage o f Mr. Yenser's
energies without anything beingdoaie contrary~wïs es ë iis-engineeringc;purt

nient . I consider that Mr. Birks' inspection was carried out with singular thorough-
ness and good judgment.

Q,

Have you made the investigationof -the-appearanee of-the-lower ohord joints
méntionéd in your previous evidenceP-A :-I have- examiiredthem-but could detect -
nothing to indicate that the ends of the ribs were unevenly stressed in the fall by
reason of the original camber openings .

On December 3 a member of the Commission agsin visited New York to further

examine 3fr. Cooper, returning on December 8 .

ROYAr. COMMISSION, QUEBEC BRnXIE INQUIRY.

I, Theodore Cooper, consulting engineer, of the city of New York, in the state
of New York, one of the United States of America, maka oath and say :

1 . That I attended before the Board of Royal Commissioners appointE i under
the Great Seal of Canada to enquire into the causes of the collapse of the Quebec
bridge, oli Wednesday, Thursday and Friday, the 3rd, 4th and 6th days of December,
1907 . .

2 . That the annexed 28 pages contain my present testimony, and that the answers

to the questions are true .

Sworn before me in the said City of New York, thisi
7th day of December, 1907, by the said Theodore }
Cooper, who is personally known to 'me . J

Mr . CooPER's testimony.

Q. When the various plans and tenders were submitted to you for report, what

instructions were you given by the Quebec Bridge Company, by whom and in what

form4-A. Mr. Hoare's latter of March 18, 1899; states that o?ri±is plans which he

enumerates, had been sent to me by express. He adds, ' I will send later copies of

tenders and conditions submitted with each. In the meantime, will you kindly inves-
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tigatethe meritaof the cantilever plans and the Union Bridge Company auspeneion .

plans until you héar again about two other suspension, designs .' That covers the

.substance of that letter, which is quite long . In his secona letter of March 19 lie

speaks of the non-necessity of examining two of the suspension plans as the conditions
of the Dominion Bridge Company's design were impossible . Than there is also the

letter of March 21, 1899. On March 23 I had not yet received the plans, and on that

dvy he sends me a telegram, 'Plans should reach you this evening
. Transportation

delayed by snow
.' I did not receive the plans for some days afterwards. On April

4, Mr . Hoare telegraphed that he would be in my office . The effect of all this corres-

pondence is that I was free to take up the plans and determine what I thought was

the best plan ; there were no special instructions favouring any one plan or in any way

directing or guiding me in any one direction
. I considered then, as the impression

on my mind now is; that I was absolutely free to make a report on the plan I con-

sidèred the best . Mr. Hoare was the only person who gave me any information, or

you might say instructions, . .̂nd the instructions were more in the direction of not

considering esrtâin plans, because they were incomplete or imperfect or had been

a .`'hdrawn
. The Pencoyd Company withdrew their plan and the Dominion Bridge

Company practically withdrew their suspension bridge plan on account of the impos-
sibility of getting any sub tenders for the wire work

; so that left the matter prac-

tically between the three cantilever designa, two of which were ideQTiecnt, tsom~
Dominion Bridge Company and the Keystene Company, there app 1~Y being
understanding between them to have the same plan and divide the contract in some

way--or-other;-so-that-really_-there--were onlv tw o competitive plans that fully com-

plied with the requirements of the specifications and tenders, those of the K
;fiystone -

Bridge Company and the Phoenix Bridge Company
. The Keystone Company's

weights were higher and their bid was also higher
. The Phoenix design was a far

lntter- design , in_ the form of the design and its general arrangement, the ~,rangemcnt
of the railroad system was better, and it had the â

.dvantage of being-a--lower price .--

I would state here that all the tenders were in the form of a lump sum, but they gave
a schQdiile of rates and prices which were to be used for estimates for progress

estimates .
Q. In your former evidence you referred to limitations that existed at that time

as to the amount of funds apparently estimated for construction
. W bac infoimation

had you as to the amount of money available, and by whom was this information
transmitted to you, and were you instructed that the expenditure should not exceed
any certain sum and if so what was this amount I---A. 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
. When the contract was let to the Phoenix Bridge Company

in 1903, and I was prepurinB these specifications which were the ones on which the

structure was afterwards constructed I received, on June 15, 1906, the following

telegram -from Mr. Hoare' : 'Will your specifications reduce Phbenix weight in their

contract draft?' I replied by telegram 'Don't know Phoenix contract weight
. New

specification's will make'slight reduction over old specification for the preeeni
: span .'

7 then received another telegram from Mr
. Hoare, dated June 166, as follows :

'Trusses, towers and floor beams 29,300 net tons .' T' ►at same day I wro"e to Mr.

Hoare saying in part 'I know nothing as to the contract draft or what they now pro-

pose
. If they have given in estimated weight I wish Yrnz would send it to me

. Also

it would be a guide to me
. if I knew rvhether the proposal is for n lump sum price or

for a pound prioe
. Also whether ` the pnwé*s that bé' desire to keep down as close as

possible to the original estimates or are willing to go higher if the bridge caa be

béttered
. I am only aiming to get all parts harmoniously strong and not have some

pa:ta weaker relatii-ely than ôthers.'

From that time on, during all the formative part of the work, I was repeatedly

fold by Mr. Deans, 14ir. Sslapka and Mr. Hoare personally at varions tipaes of the

âésire'that Mi
. Hoare had that thei weights in the contract ,hould not be ex-eeded .
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Even Mr. Edwards mentioned at different times that Mr. Hoare was showing great
anxiety-I do not know whether by letters to him or simply by letters to the Phoenix
Bridge Company-that the weight estimated should not be exceeded . At a later date,
or practically for the last two years there has been no such indication, but the strength
and size and dimensions of the work were all determined and formed during this early
stage when the impression was on my mind through these different sources that the
original weight must not be exceeded . The point governing my mind in preparing a
new specification, as I have stated in my previous testimony, was to get a better
bridge for the purposes of transportation than was called for u .nder the original speci-
fications. Whike I felt that I had no right to involve the Quebec Bridge Company in,
greater expenditures tan they anticipated I aimed to get a bridge which would be
substantial, economical and better than the one tiret was originuly proposed .

Q. In making your decision between the competitive tenders, did you consider it t .
the then interest of the Quebec Bridge Company to recommend the acceptance oi the
lowest tender that would give a safe and satisfactory structure t-A . 1 certainly did .

Q . Won.u you under any circumstances have recommended the acceptance of
plans which would not in your opinion have given a safe and satisfactory structuret
-A. No, I would not .

Q. Were your representations to the Quebec Bridge Company's representatives
8>>f$ciently definite and emphatic . ith regard to your desire to be relieved of responsi-
Lility as to diaw,forth any protest on their part, and if so was there any repetition of
your desire. Or did the matter drop on your part, and did you continue without
further protest as consulting engineer ?-A . I do not know that I could say anything
fuller than I did in my previous testimony. I notice that that testimony is con-
firmzd by Mr. Deans in his evidence . As a matter of fact, I did continue as con•
sultiug eugin :_c-.r, although my condition of health has not improved in the meantime .

Q. We understand that the original agreement was that you should spend five
-ays per wonth at the bridge site, and that you réquesfe to re iev of this obliga-

tion . Were you thus relieved by the Quebec Bridge Company, and if so, how was it
arranged?--A . This understanding is not correct . I have here my original memo--
randa made at the time of the first interview with Mr. Parent, Mr. Hoare and Mr-
Barthe, and my offer to them was to act as consulting engineer at 87, 500 if I was
not called on to be more than five days out of New York in one month. That proviso
of not being more than five days out of New York per month is one that I have been
compelled to make for the last twenty-five years in all my agreements to act as con-
sulting engineer. Experience has aûo.wn me that parties out of New York do not
value the time of a consulting engineer as of any importance, and when called to a-
distant point for consultation on work for which I was acting as consulting engineer I
found great waste of time ; the directors would not think it important to meet at the
time stated, they would postpone the meeting for a week and think it my duty, being
their consulting engineer, to await their convenience . This compelled me in all my
agreements as consulting engineer during the last twenty or twenty-five pars to put
in a clause limiting the number of days that any corporation could command my
time. This does not mean that they could not have all the time that was needed for-
their work, but it was intended to limit them so that they would prômptly give atten-
tion to business upon making an appointment. That was the bearing of this proviso
as to the fivn days out of New York . Several times during my visits to Quebec r
have found this clause a protection . I have left three or four days before a meeting
of the board whivh was postponed, my good friends assuming that I would enjoy that
spare time at Quebec, forgptting that I had other business of importance to devote
my time to . It was never intended to be interpreted that I must spend five days in
every month out of New York, although that was the interpretation put upon it by
Mr. Barthe at the time of the presentation of my first bill, that I had not been five-
days in Quebec .•' I immediately protested that that clause had no such meaning . I
will state that in all my experience as a civil engineer I have never had to apply thiam
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restriction, nor have I ever limited the number of days devoted to any pieee of work ;

brt nevertheless it has b©ep a safeguard.
Q. Do you assume the full responsibility for the change from a 1,600 feet to an

1,800 feet spant-A. I assume the full responsibility for the change to an 1,$OC

feet span .
Q. From your observation, are you of opinion that the preliminary studies and

surveys in the neighbourhood of, the bridge site were sufficiently thorough, considering

the magnitude of the undertaking4---A . The profile furnished by the chief engineer,
which accompanied the plans, showed a gentle slope of the bottom extending out a
certain distance and then a steeper 91ope towards the oentre of the river

. The piers

for the 1,600 foot span were placed on or near the crest of ths steeper slope. This

position of such important piers, appeared . to me, with the slight knowledge that I

could obtain in regard to the character of the bottom and the tendency of .the river

as fraught with danger. The sinking of the piers at this point also necessitated a

far greater depth of foundation and an execution during the short season of the

Canadian summer. Impressed with these facts and also with the fact that the cost
of piers further in shore would be materially less, I recommended in my aupple-
mentary report that consideration be given to the question of increasing this span

from 1,600 feet to some -enter length . I was authorined later to make a report upon

the question of increasing the span from 1,600 feet to 1,800 feet
. I found that the

saving in cost of the piers, assuming the computations given by the chief engineer
for the two caissons to be correct, was not much exceeded by the increased cost of the

superstructure for---the additional length
. The experience obtained in sinking the

piers now existing to depths far less thdOn would have been needed if the 1,600 foot
span had been retained T think will satisfy anybody acquainted with the work thet
the change was an absoluto necessity. The founding of the present piers exLauPted

the full Kason during each summer of the construction
. A greater depth would have

been almo®timpracticab*-as it would have been impossible-to_maintain air pressure

for the piers further out and every one versed in foundation work will rocogniso the
risk of leaving unconapleted piers, sunk by pneumatie process, without the sustaining
effect of the pneumatic pressure, which the running ice would have rendered it Im-

possible to convey to these piers
. The preliminary studies and surveys in the neigh-

bourhood of the bridge site were very slight compared to the importance of the uncier-

taking . There were no profiles taken, until a later date, at any other point across the
river except upon the centre line of the proposed structure

. The knowledge of t'> :w

river bottom, 600 feet above or below the bridge, was a matter merely of conjec#-urc
.

When founding the pier on the south shore, having no knowledge of the local ootadi-

tiona, of the regime of the St
. Lawrence river, T required that additional profiles

should be taken at 5430 feet and 1,00() feet above the bridge and I unearthed at that

later, 1902, a map of the Canadian hydrographie Survey taken at this point in 1894 .

At this sanie time Dr. Ami of the Canadian Geological Survey was in Quebec and I
got him personally interested in the borings and excavations being made, and finally
succeeded in getting him officially instructed to make a report upon the geological
conditions of the rnaterial on which the piers were founded .

Q. Do you assume the full responsibility for the change in the specifications, and

for the selected unit stresses i-A . I assume the full responsibility for the changes in

the specifications and . for the selected unit stresses .

Q. What were
. your reasons for adopting the unit stresses specified f Please state

the data upon which you founded your conclusions Y-A . First, as stated before, I

desired to get a better bridge without increasing the estimated weight and for that
purpose I lowered the wind strains, increased the train loads and changed the formula

for the determination of the unit strains. I took up the investigation of the original

Phoenix design for the 1,600 feet span, examined into the sizes of the members and the
unit strains employed in preparing this design, such strains being made and pro-
portioned according to the original Quebec bridge specifications

. Looking at the
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figures I find under cantilever arm, lower chord, that the end panel at the tower con-
tains 740 square inches and was being worked to a unit strain of 21,100 1bs . Similarly

in the anchor arm the end panel at the tower was being worked to a unit strain of

21,100 lbs ., the fourth panel from the tower, anchor arm, to 20,580 lbs . As my studies
proceeded I tested the dimensions of these members under the new requirements by an
assumption of using as high as 24,000 lbs . for the dead load, and found that my design

instead of 21,100 lbs would have 21,400 lbs . In anobher case where they had 21,800

lbs. I would have 21,200 lbs. In anothér case where they had 21,620 lbs. I would have

21,200 lbs . That was my first study to find out whether the new bridge was going to
be of proportionately greater weight than the original plan, and i found that I was
going to use no higher unit strains than had been used in the original first design .

I then took up the report of the Forth Bridge, which I had read bgfore, to refresh
m,y memory, and i found that Messrs . Baker and Fowler, the engineers of that struc-

ture, had adopted 10 tons, or 22,400 lbs . for the constant or dead load and % tons, or

14,933 lbs . for the changeable or living load . While it is not definitely stated the im-
pression left by reading the reports is that these strains were employed in the design
of the Forth Bridge, and that the working strain is about 20,000 lbs . on the Forth
Bridge and that aimed at for the Quebec bridge was 21,000 lbs . This I considered as
a fair comparison for the reason that the Forth Bridge, as far as any evidence has
been presented, was constructed without any regard to the camber requirements, with-
out any regard to any such delicacy of measurement of length of members, as we
endeavoured to obtain in the ordinary bridge construction in America . I therefore
felt satisfied that the strains I had adopted for the Quebec bridge were undoubtedly
within the strains that were employed for the Forth Bridge.

My experience of many years in the study and examination of existing structures
in the United States on many of our railroads where structures were vastly overstrained
from the increasin g train loads (not infrequently double those originally designed)
gave me great confidence in the use of high unit strâinâ whén the lôads wn"éfinitë -
and clear . In other words, I have no hesitation in believing and expressing my faith
that two-thirds of the elastic limit of the material, for a positively known load, is a
safe strain . But there is no case in the design of the Quebec bridge where any such
strain as two-thirds of the elastic limit could have been expected . While a limitation
was placed in the specification to restrict the strainto 24,000 lbs . for an increase of
the specified live load of 50 per cent, this load is an absolute impossibility on any rail-
road in the United States, except where they are carying pig iron one way and ores
the-other. It must be borne in mind that the strains on the Quebec bridge were deter-
mined for heavy train loading upon both tracks . I do not believe that the actual train
loads which would cross the Quebec bridge would ever equal, certainly they would not
egceed, the requirements of my specifications nor do I think that the working strains
under practical train loads, would ever exceed 21,000 lbs .

Q . Did the unit stresses used in the specifications exceed the then accepted prac-
tice in bridge construction ?-A . Certainly, but this was an exceptional bridge of
exceptional length, and high strains were justified because the greater weight was
that due to the weight of the structure itself, and any small uncertainty in regard to
the live load would be comparatively a minor factor .

Q. Would the actual unit stress in the anchor arm in the completed bridge have
been unpmcedented in bridge building?--A . Yes, I believe Be, with the exception of
the Forth bridge, the only bridge to which it can be at all comparable.

Q. Were the specified unit stresses exceeded in the anchor arm, and, if so, why
were they permitted and approved by you P-A . The sprocified strains in the anchor
arm were exceeded by reason of the weight of the structure exceeding that originally
given me by the Phoenix Bridge Company as the -weight of the bridge . Before this
increased weight of structure was discovered the anchor arm was practically built
and erected. When I was able to sum up the shipping weights of the different mem-
bers of the anchor arm and obtain the weight of the anchor arm as,a whole, I found



MINUTES OF PRO t,'EEDINdS 411

SESSyONAL PAPER No. 154

it exceeded the original estimated weight . There was no means of changing or

correcting this work . I made an estimate of the increased strain due to this increased
weight and found it to be about 7 per cent . In conference with Mr. Szlapka at a

later time he approximately confirmed my calculations in regard to the percentage
of increased load and increased unit strain . Realizing that there was no remedy and

that this 7 per cent wa9 not a fatal increase, I did say to Mr . Szlapka, in effect, that

we would have to submit to it.

Q. To what extent were the unit stresses increased in the anchor arm over the

specified stresses?--A . When I had only the increased (weight of the anchor arm for
the purpose of my estimate, I estimat-d, as I stated, that the increased unit would be

about 7 per cent . Examination of the final and -total weight of the bridge, as we now
have it, leads me to believe that the unit strains in the anchor arm, when the bridge
was completed, would not be more than about 10 per cent, the specified unit strains .

Q. Did the repres-ntatives of the Phoenix Bridge Company object either formally
or informally to the increase of the main span or to the alteration-of the specifica-

tions?-A. In no manner whatsoever did they indicate or express any objection to
the lengthening of the span or to the alteration of the specifications ,

Q. When were you first advised that the actual weights of the bridge would
materially over-run those assumed in the computations, and what was the stage of
the work at this time?-A . The first positivo evidence that I had of the increased

weight beyond the estimate was Mr . Edwards' report of the raw material of February
1, 1906, whieh he gave me for the two anchor arms and centre posts as 36,200,208 .

Practically the enchor span, tower and two panels of the cantilever arm were in

place.
Q. Did you tako any action after receipt of this information?-A . As I stated in

a previous reply, I made an estimate of the increased strains due to this increased
weight of the anchor arm, which I stated i found to be about 7 per cent . At a later,

date-I-took up with-Mr. Szlapka-the-discussion of_this increasecLweight . __About that

same date, February, 1906, Mr. Hoare applied to Szlapka, according to Mr . Szlapka's

own statement to me for a new estimate of weights for the completed bridge . I took

up at the .same time the ques`ion of a new estimate and made a new estimate, taking
the weights of the new anchor arm as the basis for the new weights, and completed

this estimate . At the 'same timn I instructed Mr . MoLure; who was then at Phoenix-

ville, to take up the same question in connection with Mr. Szlapka's assistants and

report to me the result of his investigations . At a later date, which I, have not

recorded, but a month or two thei_,after, Mr. McLure reported his figures for the

work complete, excepting th3 suspen:ted span, which he stated neither he nor Mr .

Szlapka had yet completed . The figuros compared very closely with th8 estimate I

had obtained, which was about 66,000,OtR.~ lbs. of inetal for everything, excluding the

suspended span . Mr. McLure stated at tl,at time that as near as he could make out
the probable estimàte as so far determined st Phoenixville, would place the weight of

the suspended span at about 6,000,000 lbs. I iold him that while I was not thoroughly

satisfied, because the data vas not yet sufficient, my approximate estimate was that

it would b3 fully 8,000,000 lbs . I requested a copy of Mr. Szlapka's estimate, but

have never obtained it. During that summer, in conference with Mr . Szlapka, I

requested that he would make out a new strain oheet to suit the new dead load as
obtained from tlr estimates so that we could determine the exact increase of unit

strain upon the different individual members. I never received any such correction .

When the last panels of the cantilever arm were pne+!ented for approval, appreciating
that the weight of the suspended span would affect `,heae special panels much more
than any other portion of the bridge, and it was important that they should be pro-
portioned for this increased weight of the suspended sZ*n, which to me at that time

was yet unknown, I wrote Mr. Silapka as follows:-- -
September 29, 19 08.

'The approval of the last panels of the cantilever arm require more consideration
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than you have allowed me . Have you changed the strain sheet for the increased

weight of the suspended span Y '
I am under the impression-I am depending upon my memory aud may be in

error-that he reported to me that he had increased those last panels for the new
weight of the suspended span. That is my impression, that they were proportioned

for the new weight.
Q. In your computations did you assume the dead load to be uniformly distri-

buted or did you determine the probable concentration at the variouE, joints in th3

trusses ?-A. In computing the dead load 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 concentratione vary at every

point . I asked Mr . Szlapka when this was presented to me, whether 'it was carefully

and properly estimated. He stated that he had had his best men to ce .refull,y estimate
the weight at each point and that this was a correct arrangement of the final weights

to the best of his belief . As I had no other means of determining these weights, the
plans not being yet 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 concentrated loadings, deducted the ailcwanoes for fluor and
timber which he states here espeeially, and found that the resultant weight was
abundant to cover the assumed estimated weight of the structuro .

Q. In your computations did you include erection stresses and did you fully
satisfy yourself that all members were properly designed to carry theje erection stresses
as well as those arising from the specification loadings 9-A . Yes, with the loads pre-
aented to me by the Phoenix Bridge Company as covering the weigbt of their traveller .

While I did not verify each individual erection strain, I checked them sufficiently to
Le convinced that they were correct for the assumed loads.

Q. You have stated that the bridge might have been saved by using one hundred
dollars' worth of-timber and bolts. -Would- you- please eaplain+ow- this-could have--
bfen done and would you desire to amplify your former statements on this point I-

A . In my former testimony I stated that after Mr. McLure had left my office on the
day of the disaster l did prepare a rough sketch which I showed Mr . Berger, of the
method I would suggest to the Phwnix Bridge Company for probecting• and strength-
ening this chord in case they proposed no better method . This sketch consisted of a
rectangle composed of the two opposite (Lords, the two transverse struts connecting
the ends .of these chords and the two lateral braces diagonally across this rectangle .
I drew from the centre of the crossing of the two lateral braces an additional horiz-
ontal strut exteilding to he centre of the chord and explained that I would put
in a stiffening strut at that point connected properly to the chord, thus shortening
its length as a column in its wealc direction to one-half of its former length ; that

then we could add diagonal plates, or if safe to remove any of the lattice bars put
on additional plates until we obtaineei a chord permanently satisfactory. I also
added that if the chord was showing weakness from any mistake in design, we could
strengthen all the chords throughout the bridge in the same manner, by introducing
these intermediate tranaveise struts and thus ensure their abundant strength.

When I stated that the bridge could have been saved by the use of $100 worth of

timber and bolts, I had in my mind to insert in the place of these transverse struts
just mentioned a timber strut formed of about four 12 x 12's about 80 feet long, pro-
perly spaced apart, so as to make a wooden strut perfectly capable of resisting one
hundred tons, which I estimated was the theoretical force to be resisted at the centre
af this chord, bent as shown . Whether this would cost $100, more or less, is a matter
of very small importanca

Q. Referring to your previous statements that the bridge could have been made
permanently perfectly safe and efficient for its intended purpose, will you please
explain what is in your mind and how you would suggest that this might have been
effected 9-•-A . I think I have explained that in my previous answer in regard to insert-
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ing permsnent, struts to divide the chords in half and reduce their compressive length
and adding additional plates or diaphragms between the ribs of the chord if, on
examination, it was found necessary.

Q. Did you consider at noon on August 29 that the collapse of the bridge was

imminent?--A. I did not think at that time that without additional loading the col-
lapse was so imminent that a remedy could not be applied ; but I was not aware at

that time that they were adding new material and had been for the previous day .

Q . Will you please say why when you telegraphed the Phoenix Bridge Company'

at noon on August 29, you did not telegraph also to the chief engineer of the Q=ikeb een
Bridge Company? We underst,and that on a previous occasion you stoppe d

the bridge by adopting this course?--A. During the half hour that I had this matter
under consideration I felt that prompt action was needed to stop any more loading
and to promptly protect the chord from further deflection. Learning from Mr . MnLure

that there was no one upon the work but the foreman, realizing that it might Le very

slow reaching Mr. Hoare, as he might be at his home, his office, the bridge or some
other place, I decided that the shortest and quickest method of reaching the bridge
was through the Phoenix Bridge Company, who, I knew, had direct wire and telephonic
communication with their office at the bridge . On the previous occasion when I

stopped work on the bridge by communicating with the chief engineer of the Quebec
Bridge Company there was no emergency before me .

Q. You have referred to the position and condition of the big traveller as not hav-

ing been reported to you . Will you be good enough to refer to your photographs and
correspondence and reconsider this matter? It would appear that information with
regard to the location and condition of the big traveller was in your 1~ aphs and
to August 29?-A . I have refreshed my memory by reference to my p

correspondence.
On August 17, Mr. McLure reports :-
'The work of romoving the largo traveller is progressing and the tip of the top

overhang has been lowered this week. The removal of weight from this traveller,
however, does not nearly keep pace with the additions to the suspended span'

On August 24, Mr. MeLure reports:-

'The The top forward overhang is now entirely removed from the big traveller, two
engines are taken off and the lower forward overhang removed .'

I therefore was under the impression that they were continuously dismantling th
e th

e large traveller. I did not give special attention to the ~cus e that I had auppceed fm
showed some portion of the big traveller in position ,

the understanding we had with the Phoenix Bridge Company b
& and Mr. MeLure's re-

port, that they were dismantling the traveller as fast as possible .

Q. Were the reports of shop work and field work at any time of such a nature
that you considered it necessary to stop the work or to place more competent men to

represent you, and, if so, what action. did you take?-A . In the first place I must pro-

test against the idea that any of the employees of the Quebec Bridge Company repre-

sented me
. That all action by them was referred to me is true and in the interest of the

work I endeavoured to get the best results possible. I did reprimand Mr. Edwards very

severely once or twice and I stated to him, after a repetition of some of the bad work
in boring the chords that his duty was not solely to discover errors, but to prevent

them
; that I did not expect an inspector to merely sit down and verify work after it

had been made wrong and report to me, but I expected him to know iuat the work was
placed in the tool in the correct manner and that the tool was the proper toolp to do

the work required
. 'He stated that it was a very difficult thing to do in the

instruc-
Iron Company manufaotory, that the workme n

d~e and stanâ that the i nnspector'a business
tions or interference by the inspector
was simply to inspect the work after it was completed and turned over to him

. I told

him this was not satisfactory . and I wanted him to to Pv~f~ t~he ~ttin~g a{ xhBMwork
Company that I demanded the right for the inspector
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and its being placed properly in the tool . He stated that there was the same objection
in the Phoenix Iron Company against the interference in that manner of the inspector

for the Phoenix Bridge Company. At a later date, errors still being continued, I told

Mr. Edwards in my office that I would remove him and replace him if it had not been
that the work was so far advanced that ? felt that we had not time to break in a new
inspector.

In reference to the field work I felt that Mr. McLure was doing his duty to the
best of his ability and I had no reason to complain in regard to him .

Q. Were you aware that the lower chords of the anchor arm were fabricated
before the weights of the suspended spans and the cantilever arms were closely com-
puted and that the stress sheet for the anchor arm used in the design was therefore
incorrect4-A. The exact weight of the suspended span and cantilever am were not
computed closely until the late dates mentioned in my previous answers, and I was
not aware that the estimated weights were less than the actual weights until the work
was too far advanced to make any corrections for the new stress sheet .

Q. Why did you not stop the progress of fabrication until reliable sheets were
prepared?-A . For the reasons stated above .

Q. Please furnish references to the records of all full sized column tests of which
you have knowledge?-A . To answer this question properly it would be necessary
for me to refresh myself on all the engineering literature of the last thirty years .
There will be found in the publications of the American Society of Civil Engineers a
great amount of data in regard to column tests made upon full sized rnembers . Further
information will be found in the reports of tests on metals by the United States
govérnment . Some very interesting and important tests will be found in the report
of Mr. Bou.scaren, of the Cincinnati Southern Railroad many years ago of the earlier
tests made on practical sized bridge columns . It would be impossible for me to go
into this matter further ; it would be simply a matter of going through the libraries
and hunting up the literature .

Q. Was the design of any of the compression members tested in accordance w'th
clause 49, Cooper's 1901 specifications and found to be satisfactory4-A . ~o. There
is no machine or method existing by whicli any such tests could be made.

Q. Why were no such tests made-who had the authority to order the making of
such tests and who would have had to bear the expense of them-who bore the expense
of the full size tension testaY-A . The answer to the preceding question applies also to
this. In regard to the expense of such tests the ordinary specification requirements
state that where such tests prove the member or the detail to be satisfactory the
expense is to be borne by the Quebec Bridge Company, but if the tests should prove
unsatisfactory the expense is to be borne by the contractor . The Quebec Bridge Com-
pany bore the expense of all full size tests which were satisfactory with an allowance
for the scrap value of the material . The Quebec Bridge Company were the only
parties who had authority to order such tests and they would have had to bear the
expense and it is even questionable whether for such expensive tests they could compel
the contractor to perform them under the ordinary specification requirements .

Q. Did you ever request that tests in accordance with paragraph 49 should be
made on compression members $-A. No .

Q. Do you consider that the requirements of paragraph 95, Cooper's specifications,
1901, influenced the design of the lower chord members and resulted in the selection of
the section, finally adopted in preference to anything like a box section?-A . I do not
know if this clause of the specification had any influence upon the design for the
lower chord members . The form of the lower chord members in general was deter-
mined by two factors; first, the desirability of a form that would not hold water and
which could be always thoroughly inspected and painted, and secondly, requirements
of the details necessary for the different joints in order to connect the web members
with the chords and to enable spliced plates to be introduced of sufficient value . This
last factor undoubtedly exerted a large influence in the general form of section selected.

Q. State clearly the substance of any communications made to you by representa-'
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tives of the Phoenix Bridge Company concerning the design of the lower chord members
and of any discussions concerning this design P-A . I do not recall the substance of

any discussion in regard to the design of the lower chord members, excepting that at

one of Mr . Szlapka's visits to my office, when they were desirous of having me visit
the Phoenix works to see a chord which had been especially prepared for my inspection,

-after stating to Mr. Szlapka that I did not intend to go over, that that was not my
method of inspection, that I preferred to see work that was not specially prepared
for my inspection and did not intend to waste the time to go over and examine it,=-I
asked him in regard to the same and he spoke of it in high terms, made no criticism
in regard to any part of it, but he said, partly laughing :` Mr. David Reeves thinks

the lattice bars should be heavier' Mr. Szlapka made no criticism of the lattice bars,
left nie under the impression that be was perfectly satisfied with them and . I simply

made a remark to the effect that I supposed Mr. Reeves would be very glad to increage

the tonnage . But no technical man connected with the Phoenix Bridge Company ever
made any criticism to me, nor do I remember any suggestions referring to any

-changes in the form of the chords. •

Q. Have you any statements to make which have not been already covered in

your replies?-A . 1_ would like to make a few observations in correction of the testi-

mony that you have submitted to me as obtained at Phaeniaville . Mr. Norris states

that I wanted yo ing men just out of college for inspectors, without any practical

experience. That is not correct. I never had any such idea ; I distinctly stated to

every one with whom I came in contact that I desired at the shops technically educated

young men with ')ridge experience . Mr. Deans in his testimony implie,e that it was

my business to direct how errors should be remedied
. I did suggest in my letter to

him, as it was reported to me that they could not straighten a curved chord by the use
of a jack, ori account of scarcity of room, that by the use of long bolts the chord could

be pulled into form
. I declined to take the position of saying how errors of this

character should be corrected, but did reserve the right to approve or disapprove the

method proposed by the contractor .
He also states, in reference to the discussion between Ar

. McLsre and Mr.

Milliken, that it was work which demanded prompt attention, and yet they bad

negleoted it for several weeks until I drew Mr
. Szlapka's attention in my office to the

necessity of applying a remedy.
In the testimony of Mr. Scheidl and Mr. Szlapka the claim is made that it was

always their intention to limit the thickness of the eye bars to two inches and that
they endeavoured to keep the slopes down to four inches

. My anawer to this is to

file with you a diagram (Exhibit 116) of the arrangement of the top chord sub-

mitted to me, shown on their sheet 'W,' dated May 20, 1904
. This sheet 'W'

showed slopes approximating seven inches and bars up to 2J inches in thickneas
.

This was the original plan submitted to me for approval for the top chord of the

anchor arm and was rejected by me.
They submitted another sheet or sketch-I am not positive which, it is not on

record in my office-in the early part of July, 1904, which also contained bars 21

inches thick. This plan was also rejected by me.
They finally submitted about July 27, 1904, a sheet which I found approvable

.

It is true that this last design of theirs did not follow the plan sent by me to them

about July 1
. They had done what I had suggested in my letter at that time, taken

advantage of the distribution I had shown, but had improved and bettered it, main-
taining the requirements that I distinctly stated at that time I aimed at, that no bars
over 2 inches thick should be used anywhere except in the first or second panel and
that no slopes over 4 inches should be allowed except in the first two panels and that the
bars of these panels with slopes greater than 4 inches must be bored in the machine
in the same position as they were to be placed in the chord.

Mr
. Szlapka also speaks in condemnation of a suggestion that I made in regard

to taking up the movement of the suspended span under the action of a suddenly

stopped train
. In explanation of this I would state that the Phoenix Bridge Company
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submitted a plan by which the suspendad span was fixed at one cantilever arm and free

to move at the other extremity. This, at a temperature range of 160 degrees, which
is the usual allowance for expansion, would have necessitated an expansion joint at one

point of 24 inches . I rejEeted 'this proposal and stated that this extension should be
so arranged that one-half of it only should occur at each end of the suspended span,
and i felt that this amount of expansion could be provided for by a speci ia device,
but I had grave doubts whether any such expansion as 24 inches could be made safe for

railroad traffic . Mr. Szlapka differed from me and brought up the subjelt of the
swinging of the suspended span under the action of a train. I made a hasty sketch

showing that by a Ieaf friction method, using the guard rails and -a few additional
timbers, this motion could be easily provided for without interfering with the natural
extension of the trusses . This was suggested merely as a method indicative of how this

trouble could be provided for. Later on Mr. Szlapka and I discussed the making of s

similar device in metal to accomplish this purpose . In addition to my objection to
having an expansion joint as great as 24 inches at one point in the track which I
Sonsidered a matter of absolute danger, this amount of motion necessitated the swing-
ing of the suspender through an arc of 24 inches, an amount of motion that could not
have taken place about the suspending pin without producing excessive and dangerous
bendings in the suspending members. I pointed out to Mr. Szlapka that with a special
device in the form of pin hole and pin 12 inches of motion could take place without
sliding frictions or producing undue bending strains in the suspending member .

Q. We would like you to supplement, if you can, your reply to the last question
in your previously given evidence ?--A . You ask me whether I consider that the
engineering data at our disposal are sufficient to enab!e engineers to design members
similar to thos© in the lower chord .with safety and economy . I do. While I do not
mean to deny the desirability of far, greater knowlr.dgo and study experimentally of
our compression members, I feel that thc fnultr• in the existing chords as shown by
the resulte of the disâster; do indicâtë-in whatinânner these cherds can be made, -as I
believe, effective and capable of doing the work they twere intended to do . I believe

that if the webs of the existing chords had had greater strength at the tops and bot-
toms, or, in other words, larger and wider F,ngles, and if a horizontal web et the
middle of these chords had been inserted their full length, over splices and all, this
web would have given these chords abundrmt transverse utiffness in the horizontal
direction, with the present latticing alone, and at the same time would have allowed
access to all parts of said chord for inspection and painting . The introduction of this
intermediate web would also have stiffened and protected, to a far great( ;r extent,
the splices during their critical period . I do not mean to suggest this forrn of chord
at the best or as the only form ; this suggestion is simply indicative of how I believe
these cords could have been made abundantly strong and capable of standing the
expected strains .

I, Berrt Berger, engineer, of the City of New York, in the State of New York,
one of the United States of America, make oath and say :

1 . That I attended before the Board of R.oyrl Commissioners appointed under
the Great Seal of Canada to inquire into the causes of the collapse of the Quebec
bridge, on Wednesday, Thursday, and Friday, the third, fourth and fifth days of
December, 1907.

2 . That the annexed five ?ges contain my testimony and that t#ie answers to
the questions are true.

Sworn before me in the said city of New l
York, this fifth day of December, j
1907, by the said Bernt Berger. )
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Mr. BasNT B$saz3 t's testitnony .

Q. What was rour position during the period of design and construction of the

Quebec Bridgeg--A. Assistant engineer to Mr. Theodore Cooper.

Q. How long have you been associated with Mr . Coopert---A . For twenty-one

years.
Q. Did you assist Mr. Cooper in the examination of the designs submitted with

tenders in 1899, and to what extent B-A. Yee . As Mr. Cooper's assistant I examined
strain sheets and proposed portions of members for the cantilever designs submitted

by the Phoenix Bridge Co. and the Keystone Bridge Co . Also of the floor system for
the Phoenix Bridge Co's suspension bridgo design and made calculations for the
studies of the substructive plans of a ll designs . All sufficiently thoroughly to arrive

at definite results .
Q. Were you familiar with the various amendments made in the original speci-

fication$-A . Yes .
Q . Was the structure designed in accordance with the amended apecifiaationt-A.

Yes, with the exception that the limit of 24,000 lbs per sq . inch on the chords for the

assumed live load increased by 60 per cent was exceeded in a few cases, as follows :

Anchor arm, lower chord, 8-24,400 lbs per square inch
u 7---25,800
u 8--25,460
« 9-26,27

0 it10---25,270

Q. What did you do in connection with the handling of strain sheets and what
strain sheets did you check-please give details in chronological order, and did these

all agree with specifications 8-A. I checked the strain sheet and proportion of inem-

Uers-of-the-suspended span . For the anchor-arm and the cantilever arm I only checked
the sections given for the members to see that they were suffieient for the straina

under the specifications . To my knowledge Mr . Cooper checked these strain sheets

himself .
Q. When the stress sheet for anchor arm was finally approved and construction

on it had begun, were
.the stress sheets for the cantilever arm and suspended span in

your hands, and if not where were t,hey4-A
. The stress sheet of the, suspended span

was approved by Mr
. Cooper on March 29, 1904, also a general plan f the suspended

span, showir.g details in a general way .
The strain sheet of the anchor arm was approved on June 30, 1904 . Details of

the anchor arm were examined and approved from June 1904 to Feb . 1905.

The strain sheet of the cantilever arm was approved on May 25, 1906 .

Q
. Was the data in your hands when the anchor arm was checked, sufficiently

,:ose to allow of the work 1-ing built correctly in accordance with the speeifications4

-A
. I did not check the atrain sheet of the anchor arm, as stated xbove, büt am

aware, as Mr. Cooper's assist )nt, that the data were sufficiently close .

Q . Did the weights of cantilever arm and suspended span overrun the assumed

weight in designing the anchor arm?-A• Yes. This I knew from Mr. Cooper, as I

had not myself tabulated the shipping weights
. It was discovered long after the

checking of the strain sheets.
Q. How did this difference affect unit stress" in the anchor arm and to what

extent?-A
. The unit stresses in the anchor arm would be increased by an increase in

the weight of the cantilever arm and the suspended span, but I hava made no calcula-

tions of the amount of inerease.

Q. Were the unit stresses in anchor arm increased beyond the requirements of the

specifications, and to what extent4-A
. I have made no calculations to enable me to

answer this question.
Q. What checking of details did you rnake4-A• I examined all detail plans of

154-voL .ii-27
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the whole structure, except the preliminary details of a part of the floor system of the
bridge, the latter plans having been received in Mr . Cooper's office when I was away

on a vacation in the fall of 1903 . Also excepting the packing of the eyebar chords,

which Mr. Cooper attended to himself.

Q . Did you find errors in the plans, and if so, what were they and what action

did you take??-A . In a general way some errors were found in the number and
spacing of rivets, in net sections of riveted tension members, in number of rivets for
splices and joints, in mismatching of connections, length of batten plates, and in the
unnecessary use of turned bolts where rivets could be used . But the plans were very
carefully worked out and the number and importance of the errors were much smaller
on this work than I have usually seen in bridge work . I reported all errors I found

to Mr. Cooper for action by him .
Q. Were all errors remedied on drawings before final approval 4-A . Generally,

yes . It did happen that plans were approved with a note that approval was contin-
gent on correction of some draftsman's clerical error .

Q . Did Mr. Cooper discuss with you generally on matters concerning the bridge?

A. Mr . Cooper talked over a great many things with me during the progress of the
work .

Q. Did Mr . Cooper discuss the details of compression members with you, parti-
cularly the lower chords and their latticing, and if so give particulars ?-A . No .

Q. Did you comment in any way on the design of the lower chords at the time,
or did you fully examine their design?-A . I fully examined the details of the
lower chords, but made no comment except as to web splices of the centre ribs .

Q. Did you visit the bridge during the erection?--A. I did, in August, 1906, but
only as a matter of personal interest, in no way sent by Mr . Cooper to look after the

work.
Q. Was the work proceeding to your satisfaction ?-A . As stated under ques-

tion - 1S,- I did not- visit the bridge- to look- after-the work .
Q. Did you inspect the fabrieated material in the yards, and have you any com-

ments to make upon the quality o! the work ?-A . I .visited the Phoenix Bridge Co's .
works during the manufacture of the bridge material, but did not go there to inspect
fabricated material, only as a matter of interest to my :elf .

Q . Would you say that the quality of workmanship was equal to that called for
by the specifications ?-A. I had nothing to do with the inspection of the workman-

ship .

Further evidence was obtained from 'Messrs . Hoare and Rinlocb .

Re-examination of 11r . E. A . fi`oAsE, January 4, 1908 .

Answers to questions asked by ',fr . HOLOATE .

Q. Did the Quebec Bridge Company accept the tender of the Phoenix Bridge
Company of March, 1899 ?-A. The tender was not -accepted specifically, as the com-
pany was not in a position to formally accept any tender, but from Mr. Cooper's
report, the selection of contractors was made, though the Phoenix Bridge Company
were not notified of this in writing, but were given to understand the exact position
of the Quebee .Bridge Company, and also were made aware of the fact that Mr.
Cooper favoured their design .

Q. Why was a price-per-pound contract entered into instead of a lump sum
prioe?-A. It was impossible to execute a lump sum contract for the following
reasons : The time limit of the proposals expired before the company was in a posi-
tion to order any of the work to proceed and it was also neeessary to have the option
of ordering the work ahead in sections nt different periods, and as the labour and
metal markets would be subject to change at these periods and the work would spread
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over a long period the unit price would be affected to the extent of those changes at

the time each section of the work was ordered ahead, there being no complete plane

and the span not being decided . Under the circumstances a lump sum agreement

was impracticable, especially as the change of channel span and the fact that the

drawings were not complete, rendered it impossible to make a sufficiently accurate

estimate for a lump sum contract at that time . ' Although the proposals were on a

lump sum basis this was for comparison only and for selection of general design .

A unit basis in this case also prevented charges for extra quantities which would

certainly have arisen out of R lump sum agreement owing to the complications that

would be sure to arise . The fixed unit prices ar :re applied to the actual weight of

metal erected so there was no room for differena ~s , or for one party to the contract

taking advantage of the other .
Q. Were the prices tendered by any other parties less per pound than those

tendered by the Phoenix Bridge Co. and what were these figures?-A . Yes, but unit

prices were not considered . The Keystone Co's unit prices were lower, but the ten-

ders were eompared on the lump sum basis only. I have not the details of these

figures of unit prices.
Q. In view of the fact that another contractor tendered at lower prices per pound,

why were not new tenders asked for before letting the contract to the Phoenix Bridge

Co ., the weight being an unknown element4-A . Although one of the tenders showed

lower unit prices, when it was compared with the Phoenix Bridge Cos plans and ten-

ders in all essentials it was shown by Mr . Cooper that the latter was the most econo-

mical and satisfactory in eve ry respect. They could not be used again for open com-

patition ; an adjustment of price, as far as it was affxted by the cost of labor and raw

metal in connection with these plans, under the circumstances, was the most satis-

factory and expeditious method to adopt . The time that it would have taken to obtain

new designs would have been too long, and it is doubtful if a second competition

could have been obtained afte x the Phoenix B ridge Co's . plans had been ac cepted .

No bridge construction comp ; -n y would have i ncurred the eapensa of new compet i . ive

desig . • in view of the above facts. New tenders were not as k ed Decause our com-

pany had no plana of their own design to submit for competition, to prepare such

plans would have taken about two years with a large staff of engineers especially

qualified for this particular work, which would have taken some time to organize, and

the result might not in the end have been as satisfacto ry as that obtained from the

well organized and thoroughly trained permanent staff of bridge engineers employed

by the Phoenix Bridge Co . Had the company been in the position of being able to

accept the tender of March 1, 1899, and order the work ahead then, that is, had they

had the money available for that purpose, they could have accepted the Phoenix Bridge

Co's tender and have had the bridg e completed for the lump sum price stated in that

tender. This is technically the position of the two c_)rupanies as at March 1, 1899,

but subsequent events whereby specifications were au,en?ed and span changed would

have upset any contract if it had been made previous to these important changes .

Q. Was there any weight specified which the bridge should not exceed P-A. No.

Q. Were the tenders received on Match 1, 1899, compared as far an cost was con-

cerned on the lump sum total onl,y4-d• Yes .

Q. Were theee tenders all lump sum tenderaQ--A. Yes, the tenders did not all

coincide exactly with eireulars issued. The consulting engineer, however, obtained

all necessary particulars and explanations of each tender and afterwards analysed and

reduced
them all to the rame basis for comparison, finally reporting in favour of the

Phoenix Bridge Company's plans and tender, the plana being the best bridge and the

price the lowest.
Q. Had the lower unit prices of the éeystone Bridge Company been adopted,

would the bridge have cost leea4-A. Had the Keystone figures of unit prices been

applied to the Phoenix design the cost of the bridge would have been very much leea,

but the board was impressed by Mr. Cooper's favourable report of the Phoenix Bridge

154--vol. ii-97i
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CompaLy's design and decided to follow Mr . Cooper's report, especially at that time

as the Phoenix tender was a lump sum . When the contract for the superstructure was
awarded to the Phoenix Company on April 12, 1900, it was on a unit price basis, as
the matter of design was of first consideration, a lump sum agreement being impractic-
able for reasons above given, and a contract had to be concluded at an early . date ;

and though the span was not at that date formally decidod on, yet it was expected

that Mr. Cooper would be favourable to the change from 1600 to 1800 feet, so that the
weights figured on originally by the Phoenix company, as for a 1,600 feet apan, would
not agree with those for the 1,800 feet span, so there was no way except getting
further lump sum tenders or making an agreement on the unit basis, and the latter
course was followed, the board feeling that they were making the best possible arrange-
ment at that time owing to all the existing conditions.

Q. Please let us have copies of the minutes of the Board of Directors, duly
certified by the secretary ~elating to tenders and contracts between April, 1899, and

,',pril, 1' ON--A • I herewith file with you the minutes of the nine meetings at which
these matters were discusEed . (Exhibit No . 117 . )

Re-rxamination of .lir. E . R. Ktt:LOCx.

_ltr. Kinlocû's answer to question asked by Mr. Holgata, January 4, 1908 .

Q. Please read the evidence given by Alexander Beauvais as to the riveting of '

lower chord splices 9-10 R. and L. anchor r,rm, and esta if this agrees with the facts
as you know them, or if it differs, please give details of such points of difference 4-

A. On page 455 Beauvais does not atate clearly what riveting was going on on the
anchor arm at the time of the collapae ; there were two gangs of riveters iworking at

this time, one on 9-10 L, one on 6 -8 R .
On page 456 he is mistaken as to the amount of riveting already done at the

beginning of the season 1907. There had been some rivets driven in the towershell, in
the shoes and on the floor sSstem, but there bad ben no riveting done on the trusses .

On page 460 . In regrrd to the bolting of the Montreal joint I would say there
were quite a few more open holes due to the addition of the repair splice plate, but
the joint was more than 60 per cent bolted . '

On pages 462 and 463 and referring to J bolts. This refers to the two inner
ribs and was en account of the camber opening . As the bridge would take its final
position the holes would become better . The reason the bolts were not changed was
that it would be necessary to remo've the top or bottom plate to do so . I do not agree

with Mr. Beauvais 'as to the number of J bolts ; am positive there were more than

22 to 25 ; also some f bolts, the rest of the holes being filled with f bolts ; we always

used the largest size we could get in on every joint . Mr. MeLure's notes will give
the camber opening at the time of first bolting up.

On page 466. It was not the case that 15 rivets were driven in the side splice
plates inside ribs, but that all but 15 rivets were driven .

On page 479 and 480. Speaking of the level bracing, this zefers to the lower
longitudinal strut in panel 9, and was purposely left loose as per erection instructions .

In regard to Mr . Beauvais' statement about the bolting being loose, I would say
no fitting gang ever pulls the work up tight enough for riveting, and no experienced
riveting gang would trust any previous fitting . It is customary in heavy work of
this kind for the riveters to carry a short piece of pipe which they fit over the handle
of their wrench to get additional leverage .

The riveting on the anchor arm was practically completed . In regard to the
trusses, all of the bottom chord fwas riveted except 5-6-R and L, and 9-10 L and 10-11
R and L. The bottom laterals were all riveted except the lower ends of the lateral

in panel 10. All of the reat of the trusses were completely ri•reteci. The floor system
was about 50 per cent riveted. The top laterals, transveree struts, bottom struts were
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fully riveted . All the longitudinal struts were riveted except the lower strut in panel

9, which was loose at one end . Diagonal T-50-5 had one joint on each still bolted .

The present condition of the joint between 9 and 10 shows the ends of tue ribs of
both chords in good condition and in about the aame distance between the As trans-

verselyas before
. The top cover plate is att_ached to chord 9 and the temporary angle

is in place on the bottom, showing there has been no transverse distortion . The

outside west rib of chord 9 and the outside west rib of chord 10 are about 8 inchee

spart, the side splice plates are attached to chord 10 rib, the bolts having sheared

on chord 9 rib. The west centre rib of chord 9 and the west centre rib of chord 10 are
about 2 inches apart, the splice plate is riveted full and is broken square at the joint .

The east centre rib chord 9 and easY centre rib chord 10 are almost abutting. The

splice plate is riveted full, except about 16 holes
. The plate is not broken at the

joint but bent
. The east rib of chords 9 and 10 are abutting, and the side splice plates

are attached to both chords
. Taken as a whole the condition is exactly what would

have to happen upon the deflection of the centre of chord 9-L towards Quebec . There

is no indication of any initial failure at any place, and the only way in which I can
see that it might have contributed a share to the failure would be from the fact that
it did not close up like the rest of the chords, but was very slow in coming to its

proper position
; this may have caused the top part of the chord to have carried more

than its proportion of the load even though the bottom of the ribs were in perfect

contact
. I have looked the chords carefully over with this idea in mind, but can

find no marks that will show that any one part of the chord ends received more
compression than another, but this condition of unequal bearing migbt have existed
and yet show nomarks on the end sections .

CORRESPONDENCE ORDERED TO BE INCLUDED IN EVIDF
.NCE .

MoNTREAL, January 10, 1908 .

Honourable S. N. PARENT,
Ottawa, Ont.

DEAR Mn
. PARENT,--I would like you to state what you considered to be the

real duties of Mr. Hoare and Mr
. Cooper, and what you as president of the Quebec

Bridge Company expected from each
. whir. the engi

- Mr. Cooper was only the cons 1ng many , duties whi hoa ould bel con g1elo tli~
neer, yet we find Mr. Cooper performe

d chiefengineer . What was the reason for this, and was the board aware of what wa
s

going on V
Had Mr

. Hoare as chief engineer full control of the work, and the carrying out

of the contract with the Phoenix Bridge Company ? to the
Who would be responsible for permitting the contractors to act of th e cotraryontract

contract, keeping in mind that Mr
. Cooper was never given a copy o

and never
saw it nor was he advised of its terms, so it is clear that it was not Mr .

Cooper I
Did, the board at any

time authorize any one to vary the terms of the contract
with the Phoenix Bridge Company, and if so what were these variations, or did the

board at any time vary the contract 4
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Had the Department of Railways and Canals a copy of the Phoenix Bridge
Company's contract 4

Was the contract with the Phoenix Bridge Company of June 19, 1903, intended
to be carried out as signed and whose duty was it to see that this was done 4

Did you consider prior to 1903 and subsequently that Mr. Hoare was competent
to act as chief engineer and carry out the duties and responsibilities that attach to
that position, or did you consider the position of chief engineer merely a nominal
one with the responsibility elsewhere, and if so on whom was this responsibility, and
what was the understanding of the Board of Directors on this question I

I would be glad if you would carefully read the above, and let me have your
reply at the earliest possible date.

Sincerely yours,

H. HOLGATE .

THE CO1I\tISSIONERS OF THE TRANSCONTINENTAL RAILWAY,
OTTAWA.

OFFICE OF THE CHAIRMA?I, January 11, 1908.

DEAR IIR . HOLCATE,-Y our letter of yesterdey's date is received and I readil y
comply with the request it contains that I give a reply to the various questions asked
therein .

While M r . Iloare had the title of chief engineer and Mr . Cooper that merely of
consulting engineer, still we considered the latter as being in fact chief engineer of
the enterpri=e. At the time the services of .lfr . Cooper were secured, he „ould not
undertake i h is NN ork unless given full conn -ol over it not only in the preparation of
the plans . but also during the etecntion of the work . I;vidence of this was given in
190 6 , if I remember correctly, when he telegraphed Mr. Hoare enjoining him not to
accept certain pieces of material fl ,~ rn the Phoenix Bridge Company, as must appear
in the documents now befoce your Commis 3 ion . Further proof of this is gi«:n by the
fact that A ir . Hoare, although bcing chief engineer in name, after conferring with
Mr . Birks over certain matters, did not w 'eh to assume the responsibility of taking
a decision himself and sent Mr. McClure to Mr . Cooper in New York to lay the ques-
tion before b im . What further confirms the view which we were holding on this
point, i .e ., that Mr . Cooper had abcolute ,, ontrol of the work, is the fact that when
M r . McClure w ent to see him on the micxion juct referred to, which was on the day
of the accident, instead of sending advice direct to Mr . Hoare, as would have been
the proper course if the latter had been the one in authority, he .ntr. Cooper des-
patched Mr. McClure to Phaenixville with instructions to the Phoenix Bridge Coai-
pany not to put any more metal on the structure until further advice . Therefore
although beari^g the title of chief engineer because he had sta rted as such with the
Quebec Bridge Company, Mr . Hoare was not really i n authoriy When it came to the
general direction and control of the enterprise, these duties being left to the con .
sulting engineer, Mr. Cooper, fit his own request as already stated . .

For my part, as president of the Quebec Bridge Com panyf and knowing the
arrangements made with Mr. Cooper, I always considered that the latter and not M r .
Hoare ars having full control of the work, rt-hough nominally only consulting engi -
ncer, and the carrying out of the contract with the Phoenix Bridge -Company, for the
structure . Another £act shows M r . Cooper's stand on this point . When the govern,
ment was considering the advisability of appointing Mr. Nichols, who was con i
sidered to be an experien ced bridge engineer, in order to supervise more closely the
execution of the work, Mr . Cooper strongly opposed the proposal on the ground that be
would not leave to any other man the responsibility of the work, and tbat ,if the govi
ernment should persist in that course he would resign, and that he was satigfied to
have Mr. Hoare send him reports from time to time on the state of the work
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With regard to the contracta, I am not prepared to say that Mr. Cooper was

never made acquainted with the terlns of the same, sincr he saw fit to modify the
first contract for the etruciture by changing this length of the span from

1,600 feet

to 1,800, and in the second place as be had the specifications, which formed the
basis and the essential part of the contract, for his guidance ~wh5le the work was

going on.
The documents in your bands will show the few changes wifich may have been

made in the plans, and in the specificaLions
. As far as I can remember, they were

made by Mr. Cooper. The board relied entirely upon Mr . Cooper for the proper

execution of the work
. Ho had stated his own terms as regards salary, which were

_ ^accepted . This appears on record .
To the •best of my memory, the Department of iLailways and' ~ r,•+~~al.ao h Rd a copyn

of the Phnenix Bridge Company's contract .
The contract speaks for itself and should answer the questions you ask regarding

its carrying out .
Coming to your last question, I have answered it to some extent in the first part,

of this letter . While Mr
. $oare was considered a competent man to look after the

work entrussted to him under these conditions, ever
;Abody was aware, at the same

time
. that be dSd not possesg the experience and special qualifications of a specialist

in this branch of engineering which would permit of entrusting to him the respon, •

sibility of an undertaking of this magnitude
. It was for this reason that the govern,

ment, realizing the importance of such expert direction, ~svanted to appoint a ape
l

cialist on bridge engineering with
. the result already mentioned, as Mr . Cooper did

not think that he could relinquish some of the responsibility for this enterpri liki on

any one else. In view of this, as I understood it, Mr . IIoare was there more especially

for the genera'. supervision of the work, and, in particular, to report to Mr
. Cooper,

from time,to time as to the progress of the work and discuss with him any questions

that might Arise offering some difficulty.
Trusting this will cover the scope of yo,ir questions fully enough, I remain,

Y ours sincerely .

S. N. P:1RF.NT ,

Pres . Quebec,Bridg'e and Railu'arl Co .

IIE\Rr HOLC.+TE, C . E . .
Prest . Royal Commission,

Quebec Bridge Inquiry .

Montreal, Que .

I4I0IN7REAL, January 3, 1908.

J711NiSTERL1\l3 DEA-,s, Esq . .

Chief Engineer, Phcenit Bridge Co .,

Ph(pr.ixville, Pa .

DEAR MR. Dk .+NF . «ill you please inform me in what form was your tender

of March 1, 1899, accepted by the Quebec Bridge Company. If verbal, give me the

particulars, and if written let me have copies .of letters.

I urgently require jbijs-information, so please let me hear as quickly as possible .

Sincerely yours,
H. HOLOATÈ,
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THE PH(ENIN BRIDGE COMPANY.

PHILADELPHIA, PHCE\18VILLE, NEW YORK, CHICAGO, BOSTON, LONDON, ENG .

PHO:NIRViLLE, PA., Jan:* 8, 1908 .

Refd. to . . . . .

Reed. Jan . 23, 1908.
Answd . . . . . . . . . . . . . .
File No . . . . . . . . . . . . . .

HENRY IIOr.OATE, Esq.,
Chairman Royal Commission ,

Montreal, Canada .

DEAR MR . IIOLGATE,-In reply to your letter January 3, I hand you herewith

copy of letter of Hon . S. N. Parent, President Quebec Bridge and Railway Company,
dated August 23, 1899, which is the first formal acceptance of our propositiôn o f

March 1, 1899 .
Yours truly,

JNO. STERLING DEANS,
Chief Engineer.

P.S.-I just understand from Mr . David I{eeves that you have a copy of this

letter. -J .S .D.

`IIIE QUF.REC BRIDGE COMPANY .

QUEBEC, August 23, 1899 .
JOHN STERLING DEANS ,

Chief Engineer Phoenix Bridge Co.

DEAR SiR,-Referring to yol.ira of this day, I beg to state that this company is
ready to enter into a contract with your company, for the supentructure of our pro-
posed bridge, subject to tha modifications in the specifications either deereasing or
increasing or any other that may have to be made in size, depths and looatious of the
piers and their caissons ; provided you accept in payment your share of the amount of
$1,600,000 in subsidies or their equivalent and the difFerence in bonds given in trust
as collateral security, face value and interest on same, at their redemption on con-
ditions to be agreed upon, but at any rate the company will decide before the bridge
is open for tratl'ic to redeem the said bonds at face value or surrendvr them to the
contractors ; this company binding themselves to transfer you your proportionate
share of any further subsidies or guarantees of interest that they may receive towards
the construction of the said bridge . We will farnish by an early mail a statement
showing the position of the company, its available subsidies and prospects as to
resources and earning powers . If your company accepts the above conditions, we on
the other hand will accept the conditions stated in your letter of this day, that we
may order the work from you at any time within 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 prieps of metal at that time
and provided also that you give us t,o-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,

Pros . Q. B. Co .
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I, P. L. Szlapka, designing engineer of the Phoenix Bridge Company, Phoenix

ville, Pennsylvania, U.S .A., do hereby solemnly and sincerely declare t4 ais the t
ia portion

ment annexed hereto and marked Exhibit ` A' and numbered pages

of the evidenoe taken by the Royal Commission of Inquiry into the collapse of the
Quebec Bridge and is to the best of my knowledge and belief true, and I make this
solemn declaration conscientiously believing the same to be true and by virtue of the

Statutory Declaration Act, 1885
. (Sgd.) P. L. SZLAPICA .

Declared and subscribed at the British Consulate, }

Philadelphia, this twenty-second day of January,
one thousand nine hundred and eight. )

Before inc
(Sgd.) WILFRID PoWE1.L,

[SEAL .] H. B . M . 's Consul.

This is the exhibit marked `A' and numbered pages one to four referred to in the

affidavit of P . L
. Szlapka, designing engineer of the Phoenix Bridge Company of

Phcenixvillo, Pennsylvania, U .S .A ., sworn before me this twentJ-second day of Janu-

ary, one thousand nine hundred and eight . WIIFRID POWELL,
If . B. M. 's Consul .

British Consulate, Philadelphia .

(SF.AL .]

I:YIIIBIT ` A . '

1
. State your method of computing the latticing in the lower chords and illus-

trato it by making the calculation for chorJ 9 anchor arru
. State clearly the unit

stresses used in each part of the design of that chord, and give the authority for the

use of thoso stresses .

2
. Did you make separate calculations for the latticing in each clwrd, or i'ro4

what did you do ?

3 . Did you apply the sanie method to the lattice
.a of nll compression membersl,

4
. Tfention'what records of tests upon columns were familiar to you at the date

when the general form of the compression members for the Quebec bridge was decided

upon ?
5
. State what dead loacks were used in the calculation of the stresses with which

the'members were finally designed, and how the dead load was divided between the

various panel points .
6 Give your reasons for assuming }-inch dnflection in webs of chord for designing

latticing.
7

. Did you in your calculation of latticing consider the compression in'the lattice

angles due to the general compression in webs of chord ?

8 . Why did you assume 0=-36000, which is the constant for square ended

columns instead of 18000,'ne constant for pin ended colununs-values as given on page

88 Phoenix Iron Company's pocket book of 1906 .

9
. What investigations nvith regard to the design of lattice compreszion members

did you make before deciding upon the adoption of the method given in Johnson'9

Modern Frcmcd Structures .

~i..r.r . SZLAPEA'8 testimony.

1. With a maximum permissible unit stress of 24,000 lbs . aF~ specified by Mr.

Cooper, and with a lateral deflection of i inch all per No. 6 below, the following

method was used in calculating the size of the lattices for the lower chord, this being
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evolved from the discussion in `Johnston's Modern Framed Structures,' the only

authority to my knowledge which deals with this problem .

For anchor arm lower chord section (9) having an area of 780 square inches .
P=24,000 lbs . x 780"=18,720,000 lbs.
S=lateral deflection= i".
Moment M=9,360,000-inch lbs.
W transverse force at centre of chord to produce moment M.

L length of chord (9) 684".

WL--9,36Q000-ineh lbs . and therefore
4

W -==about 27,400 lbs . and
2

L=stress in each of the four lattice.

L s
27,400 x 1•4 about = + 9,600.

4

The Quebec Bridge Company's specifict.tions, as amended by Mr. Cooper, specified

a shearing unit stress on rivets equal to three-quarters of the unit stress on the mem-

ber or in this case equal to I x 24,000, 18,000 lbs ., therefore two j single shear rivets,

having a value of 21,600 lbs . were used to carry the above stress of about 9,600 lbs .

in each lattice ; the strength of the latter was made equal to the two 1 -inch rivets,

only the horizontal leg of the angle being considered as acting .

2 . The calculation of lattices was made only for the heaviest chord sections ;

the : ame size lattices were used for the entire lower rhord, to secure uniformity of
work and to guard against probable errors, if several sizes of lattices were used .

3 . Y es. i
4. Tests on small columns as given in : the United States govornment. ' test oft

material,' and as described and diScussed in tl .e current eng:neering papers, were

known to me at the time of : designing the large compre!seion members of the Quebeo
bridge .

5 . See attached blue : print .
6 . From the t w o equations (derived from the beam and from , the compression

iformulre) .

T=1tD=PS1)
2 21 21

and also :
L==PI,'

el

we obtain :
S l) = L' or S= 2V= 2x684x684 = 0. 38"

2 e cD 36000xf38
which was increased to j-inch to simplify calculationr .

7 . Yes, in a general way .
8. 1[r. Cooper's special specifications for compression members bf the 'Quebeo

bridge required no reduction of unit stresses by any eomprevosion formula for lengthe
less than fifty 'timcs the least radius of gyration, or in other words memberd nob
exceeding that length were to be considered short columns . The chords being con-
tinuous, i.e ., having no pin bearings, were considered fixed between'panel points, anc1
therefore the constant (c) in the compresaSon formula was used equal to 36,000 Ibs .t
as given, on page 88 of Phoenix Iron Company's pocket book of 1906, Johnson's
Modern Framed Structures, 8;e. 1

9 . In the study of the question and for the purpose'of designing the lattice com-
pression members T consulted over one hundred modern standard specifications drawn
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by engineers of railroad companies and by consulting engineers . I examined all the

latest American engineering books, including Johntson's Modern Framed Structures ;

treating the theory of compression members ; two standard German books upon the

same subject, the current American engineering literature, some of the current Ger-
man and English engineering papere, and all other authloritiefs that were available

to me .
The only discussion that I found upon the subject was in Johnson's Modern

Framerl Structures.

TfIE QUEBF.C BRIDGE AND RAILWAY COMPANY,

QDEaEa,, January 31, 1908.

HENRY HOLOATE, EBQ., C .E . ,

c/o . Ross & Holgate, Montreal .

DEAR StR,-In rerly to yours of the 29th instant, addressed to the president, J
am instructed to iralose a sworn statement of the money received from the ehared
holders of the compnny in payment for stock issued, and also the amount of stock

iisued to each shareholder.
Hoping the whole will be found satisfactory, I remain,

Respectfully yours ,

IILRTC BARTHE,
Secretary .

LIST OF SHAREHOLDERS OF THE QUEBEC BRIDGE AND RAILWAY CO .

10 . Holders of first stock subscribed prior to 19th Oatober, 1903 ( as it appears

to date 31st January, 1908, in the stock ledger of the company)--$03,700 .

Number
of Amount

Shares paid up .

Allard, J. B. E . . . . . . . . . . . . . . . . . . . . . . j s 25 00

Amyot, Joseph . . . . . . . . . . . . . . . . . . . . . . . . 2 200 00

Amyot, Q. E . . . . . . . . . . . . . . . . . . . . . . I 50 00

Amyot, G . B . . . . . . . . . . . . . . . . . . . . . . . . 31 375 00

Anctil, J o s e p h . . . .. . . . . . . . . . . . . . . . . . . . 26 00

Asselin, N . II . . . . . . . . . . . . . . . . . . . . . . . . 1 25 00

AudettE, Me Albertine . . . . . . . . . . . . . . . . . . 1 100 00

Audette, Pile Ii . . . . . . . . . . . . . . . . . . . . . . 1 100 00

Audette, Pile I. . . . . . . . . . . . . . . . . . . . . . . 1 100 00

Audette, Plie R. 1\i . . . . . . . . . . . . . . . . . : . . 1 100 00

Audette, L . Gustave . . . . . . . . . . . . . . . . 41 425 00

Audette, Rodolphe . . . . 53 5,300 00

Baillargeon, Mme. G. A . . . . . . . . . . . . . . . . 1 100 00

Beau, Dlle R. J . . . . . . . . . . . . . . . . . . . . . . . . 1 25 00

Bedard, E . . . . . . . . . . . . . . . . . . . . . . . . it 125 00

Bedard, J. B. & Frere . . . . . • • . . • • • • • • • • • • 50 00

Bedard, Jos. E. . . . . . . . . . . . . . . . . . . . . . it 125 00

Bpdard, L. 0. (Suce.) . . . . . . . . . . . . . . . . 1 50 00
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LIST OF SITAHEHOLDERS-Coniinucd.

Becaner, H . J . (by notorial deed

Nvarber
of Amount.

Shares paid up .

transferred to

Senator P. A. Choquett,e) . .
. . . . . . . . . . . . . .Belanger, A . .

Belzil, Ls . G . . . . . . . . . . . . . . .
Berlinguet, F. X . . . . . . . . . . .
Bilodeau, I . . . . . . . . . . . . . . . .
Blais, W ilbro d . . . . . . . . . . . . . . .
Bosnell, V . . . . . . . . . . . . . .
Boulanges, Dame A. A . . . . . . . . .
Breakey, John . . . . . . . . . . . . . .
Burn, Henriette I) . . . . . . . . . . .
Cantin, I . I) . . . . . . . . . . . . . .

Cantin, V . . . . . . . . . . . . . . . . . .
Carrel, Frank . . . . . . . . . . . .
Casgrain, Ed i u . . . . . . . . . . . . .
Chabot, L. G . . . . . . . . . . . . . . .

. . . . . . . . 35

;t
2

3,500 00
26 00
25 00

2,00 0 0

Chateau v ert, Geo . . . . .
Chateauvert, V . . . . .
Cliauveau, Ales. J . ..' . . .

. . .Choquette, Hon. P. A .
Clement, F. X. 1[ . . . . . . . . . . .
Cloutier, F.phrem (Suce .) . . . . . . .
Consigny, N . . . . . . . . . . . . . . .

. . . . . . . . . . . . .Côté, A c h i l l e .
Côté, Edouard . . . . . . . . . . . . . .
Côté, Joseph . . . . . . . . . . . . . .
Côté, J. B . . . . . . . . . . . . . . . .
Côté, P. J . . . . . . . . . . . . . . . .
Crepault, Z. (Suce.) . . . . . . . . . . .
Darvenu, Geo . . . . . . . . . . . . . . .
Delage, Cyrille F . . . . . . . . . . . . .
Demers, L . J . (Suce .) . . . . . . . . . .
Derome, H . . . . . . . . . . . . . . . .
Dery , Arthur . . . . . . . . . . . . . . . . .
De St. Georges, II . Q . . . . . . . . .
Dobell, Mrs . E . F . . . . . . . . . .
Dorval], Eugène . . . . . . . . . . . .
Doyle, Wm . . . . . . . . . . . . . . . . . .

. . . . . . . . . . .Drolet, Arthur . .
Drolet, D . 1 : . . . . . . . . . . . . .
Drouin, Napoléou . . . . . . . . . . .
Duinoulin, P. B. (in trust) . . . . . .
Dupuis, A. B . . . . . . . . . . . . . .
Duquet, Cyrille . . . . . . . . . . . . . .
Dusaault, Nap. (Suce .) . . . . . . . .
Faguy, Lepinay & Frere . . . . . . .
Faguy, Revd. F. N . . . . . . . . . .
Fortier, F. G . . . . . . . . . . . . . .
Fort ier, Nazaire . . . . . . . . . . . .

' Fournier, A u g u s t e . .

it 125 00

it 125 00
47 4,700 00
1 100 00

29 2,900 00
3 300 00

~ "25 00
25 00

1 26 00
2j 260 00

I
I

1

25 00
25 00

100 00

it ]25 0 0
I
~

30 00
25 00

1 ; 125 00
50 co
25 JO
25 00
25 00
25 00

1l 125 00
2>3 250 00
2à 250 00
1} 125 00
1} 125 00

~
3
~

28

I
~

1

75 00
26 00
25 00

2,800 00
25 00
75 00
100 00

1 l 125 00
2à 260 00
6 1 575 00
2+} 250 00

~
~

25 00
2500

21 260 00

~
1

25 00
100 00

21 250 00
21 2,60 00

1908
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LIST OF SHAREHOLDERS-Coniimied .

Number
Of Amount .

Shares paid up .

Garneau, Hon . N . . . . . . . .
Gauthier & Frere (Cie) . • •
Gauvreau, F. E. . . . . . . •

. . 47t
5

Gignac, J. H . . . . . . . . . . . . . . . . . . . . .• • .

Girard, A . . . . . . . . . . . . . . . . . . . . . . . .

(}uay, J . F . . . . . . . . . . . . . . . . . . . . . . . . .•

Guerard, Malvina P . . . . . . . . . . . . . . . . . .

Hamel, Dr. A. C. . . . . . . . . . . . . . . . . . .

Iiuot, Emmanuel (Succ.) . . . . . . . . . . . . • • • •

. . . . . . . . . . . . . . . .Jacot, Emile (Suce .) . . .
Jacques, Oct . . . . .
Kirouac, F . (Succ.) . . . . . . . . . . . . . . . . . .

Lafrance, C . J . L . . . . . . . . . . . . . . . . . . . . .

Laliberte, Edmond . . . . . . . . . . . . . . . . . . . . ,

L aliberte, J . B . .
Langlais, J. A . (Suce .) . • • • • • • • • •
Larochelle, J . H. . . . . . . . . . . . . . . . . . . . .

Lavoie, Napcléon . . . . . . . . . . . . . . . . . . . . .

Leclerc & Roy . . . . . . . . . . . . . . . . . . . . .

Legere, J . B. D. . . . . . . . . . . . . . . . . . .

Lemieux, J . F . . . . . . .• . . . . . . . . . . . . .

Lemieux, Mrs . E. S . . . . . . . . . . . . . . . . . .

Lemioux, N . & Fils . . . . . . . . . . . . . . . . . . .

I.elloine, 0 . . . . . . . . . . . . . . . . . . . . . . . . .

Letellier, A . 1 Suce.) . . . . . . . . . . . . . . . . . . .

Letellier, 11i-e. S . . . . . . . . . . . . . . . . . . .

Levasseur, Nazairo . . . . .• .• . . .• . . • . . .

Madden, C eo . . . . . . . . . . . . . . . . . . . . .

Magnan, G . J . . . . . . . . . . . . . . . . . . . . .

Malouin, Hon . Albert . . . . . . . . . . . . . .

Marcoux., L. C . . . . • . . . . . . . . . . . . • . • .

Marois, F . X. . . . . . . . . . . . . . . . . . . . . ,

Marsh, Wm. A . . . . . . . . . . . . . . . . . . . .

Martineau, J. E . . . . . . . . . . . . . . . . . . . .

Matte, J . S . . . . . . . . . . . . . . . . . . . . . . . . .

McCall, Shehqn & Co • • • • • • • • •
McNVilliam, Wm . • . . . • • . •

Michaud, Ben . , . . . . . . . . . . .

Migner, Thomas . • • . • • . . . .

• • • • • •MoiBan, Jr A . .

Moisan, L. A . . .
Morin, L. D. . • . • . . . . . • .

Morisset, 0. L. A . . • • • • •

Morris®ette, J . B . . . • . . • • •
Myrand & Pouliot . . . . . . . . ,

Noel, J. M. . . . • . • • • • •
Noreau, Charles . . . . . . . . . .

Pampalon, T. (Suce .) • . • • • •
Paquet, Cie Ltée . . . . . . . . . .

Paradie, Etienns . . • . • . • • .

4,776 00
500 0 0
25 00
125 00
M 00
25 00
25 00
100 00
25 00
25 00
125 00
500 00

50 00
126 00

2,600 00
25 00
250 00

3,00 00
50 00
25 00
25 00
2 :, 00

250 00
4,700 00
125 00
100 00
26 00
125 00
25 00
50 00

125 00
25 00

25G 0~)
2 ;;0 u0
';5 00
250 00
50 00
50 00
25 00
25 00
25 00
25 00
26 00

250 00
50 00
50 00
26 00
25 00

3,050 00
2.60 00

44D
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LIST OF

Paradia, V. E . .
Pa re nt, Alexis . .
Pa rent, Cils . A . . . .
Paren", François . .
Parent, Geo . . . . . .
Parent, J. Alberic .
Pa rent, P. I . . . . .

7-8 EDWARD VII ., A . 1908

SI IAl2FHOLDF:RS-Con tin ued.

. . . . . . . . . . . .Parent, Hon . S . N
Pettigrew, Charles . . . . . . . . . . . .
Picard, Joseph . . . . . . . . . . . . . .
Picard, O . (SUCe .) . . . . . . . . . . . .
Picard, S . . . . . . . . . . . . . . . .

Pichette, Elz . (Suce .) . . . . . . . . . .

Powell, C. S . . . . . . . . . . . . . . .
Price, II . Ai
Proulx, Mme . R. A . . . . . . . . . .
Rhodes, Win. (Estate) . . . . . . . . . .
Robitaille, Hon . A . . . . . . . . . . .
Rouleau, Revd. T. G . . . . . . . . . . .
Roumilhac, Edouard . . . . . . . . . . .
Ross, John T . . . . . . . . . . . . . . . .

St. Pierre, E r n e s t . .
Santson, Joseph . . . . . . . . . . . .

Savard, Elzear . . . . . . . . . . . . . .

Savoie, F. T . . . . . . . . . . . . . .

Scott, B. A . . . . . . . . . . . . . . . . .

Scott, J. G . . . . . . . . . . . . . . . . . . . .

Syndicat do Quebec . . . .
Tanguay, Geo . . . . . . . .
Tanguay, G. F. . . . . . . . . .
Turcotte, J . B. O . . . . . . . . . .
Turcotte, Nazairo & Cie . . . . . . . .
Turgeon, P . L. . . . . . . . . . . .
Villeneuve, L. O . . . . . . . . . . . . . .
Voyer, Jean (Suce ) . . . . . . . . . .
Walsh, John E . . . . . . . . . . .

Total . . . . .

1}

Number
of Amount .

Shares paid up .

i
2j

1`1500
50 00
250 00

1} 125 00
8} 625 00
3 300 00
} 50 00

45 4,500 00
} 50 00

} 25 00
1} 125 00
} 25 00
} 25 00
} 25 00

48 4,800 00
1 100 00
1 100 00
1} 125 00
} 25 00
} 25 00
2j 250 00
2à 250 00
11 160 00
2 200 00
~ 50 00

250 00
21 250 00
2j 250 00
1} 125 00
2 200 00
} 25 00

21 260 00
1} 125 00
'• 25 00

25 00
~ 25 00

. . 637 $ 83,700 00

Old grant from government province of Quebec . . . . . . . . $1,681 69
Forfeited payments . . . . . . . . . . . . . . . . . . . . . . . . 204 01

Capital stock account as per ledger . . . . . $ 66,685 70
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LIST OF SHAREHOLDERS OF THE QUEBEC BRIDGE AND RAILWAY rO.

20 . Holders of additional stock subscribed as mentioned in Statute III ., Ed„ard

VII., chapter 64. (As it appears to date, 31st January, 1908, in the stock ledger o f

the company), $200,000.
Number

of Amount .
Shares perid up .

Allan, IIugh A . . . . . . . . . . . . . . . . . . . . . . . . 250 $2b,000 0 0
Audette, R . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 400 00

Boswell, V . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 300 00

Breakey, J . . . . . . . . . . . . . . . . . . . . . . . . 2 200 00

Davis, M. P . . . . . . . . . . . . . . . . . . . . . . . . 949 94,900 00

Fortier, F . G. . . . . . . . . . . . . . . . . . . . . . . . 1 100 00

(larneau, Hon. N . . . . . . . . . . . . . . . . . . 3 300 00

Hays, Chas . M. (in trust) . . . . . . . . . . . . . . . . 250 26,000 00

Laliberts, J . B . . . . . . . . . . . . . . . . . . . . . . . . 2 200 00

Lavoie, N . . . . . . . . . . . . . . . . . . . . . . . . . . 4 400 00

LeMoine, (} . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 300 00

Parent, Hon. S. N . . . . . . . . 25 2,60000

Price, H. M . . . . . . . . . . . . . . . . . . . . . . . . . . 4 400 00

Quebec Central Railway . . . . . . . . . . . . . . . . 174 17,400 00

Sharpies, Hon. J. . . . . . . . . . . . . . . . . . . . . . . . . 2,76 27,600 00

Walsh, J . H . . . . . . . . . . . . . . . . . . . . . . . 50 5,000 00

2,000 $ 200,000 00

I, J. Henri Paquet, Treasurer of the Quebec Bridge and Railway Company, do
solemnly declare that all names appearing on the above list as shareholders of the
company are correct according to the stock ledger ; that all such shareholders have

fully paid up their stock ; that no allotment of stock was allowed to any of the share-

holders ; and that some dir-3ctors have purchased some of the above stock out of the

money voted theji. as attendance fees by the ahareholders at the annual genera l

meetings.

SWORN before me at Quebec, in the Provincol
of Quebec, this 31st day of January, S
1908 . 1

J. A . PARADIB ,
Coin . attp. Court, District of Quebec .

J. II . PAQUET ,
Tri'Q3llre .^.



432 ROYAL COMMISSION ON COLLAPSE OF QUEBEC BRIDGE

7-8 EDWARD VII ., A . 1908

CORRESPONI)ENCE ORDERED TO BE INCLUDED AS EVIDENCE-

FL'RTIIEIt QUESTIONS SUBMITTED TO MR . KINLOCII, AND HIS

WRITTEN ANSWERS THERETO.

Q. Did the field joint of lower chord N-9-I, in panel 9 show any indication of

being butted more tightly on the west side than on the east side, or vice versa, when

ready for riveting up ?-A . Joint of lower chord in left truss panel 9 was riveted

early in June, 1907 . All ribs of 9-L and 8-L butted tight, I can remember no facts

that would lead me to believe any one rib was butted tighter than another.

Q . Were there any difficulties in the way of making this examination ? How

did you make it ?-A . The bottom plate was removed and the examination was made

from the bottom ; first, by trying to insert a very thin piece of steel between the

abutti dg web plates ; second, by looking up between the two inner ribs and making

as close an examination as possible from the top . 1st. By making as close an exami-

nation as possible and trying to enter a thin piece of steel at the top of the vertical
leg of the top flange angle of the chord just above the outside side splice plate of the

outside ribs of chords only . No satisfactory examination could be made of the top
of the centre ribs and if all the other points were butted perfectly we assumed that .

.the two centre ribs must necessarily be butting also at the top .

Q . Give what information you can in this respect in the case of any other field

joint s in lower chords ?--A . When the chords of the anchor a*rn were set on the

camber blocks and for some time after, there was some difference in the distance

between the different ribs . I believe a record will be found of this matter in Mr . ;Sic-

Lure's notes .
Q . At the request of Mr . Hoare, Ur . Birks examined chord 9-L, anchor arm, and

the field splices connecting it to the adjoining chords on August 28th and subsequently

reported some results of his examination to . the Phoenix Bridge Company by letter.

Did you accompany him on this examination ?-A . No, but I met him just after he

had finished making it and at his -equrst I went down on to the eh trd and examined

the field splice between chords 8-L and 9-L, lie remaining at taaek level immediately
above me and conversing with me during my examination.

Q. Did you agree that the deflection of 11 inches at field splice shown on Mr.

Birks' sketch existed and in what way was it measured . Do you consider that this

deflection was present at the joint when it was rive;ted up in June, 1907 ?-A . We
agreed at the time that there was an apparent deflection of ebout one-half inch at the
field splict, and I do not know why .ltr . Birks reported 1 1 inches . Neither lie nor I

had any appliances for measuring +.h deflection, and it was estimated by sighting

along the edge of the outside u pprr angle from about the second point of lattice

attaclunent on chord 9-L . The es;timates at best were of very uncert. : n value. I ain

confident that the joint was stiright to all intents and purpos es when it was riveted

up, and am not prepared to say now that the deflection that seemed to me to exist on
August 28th may not have been caused by the absence of any definite and well-marked
line f rom which to measure . I noted on August 28th particularly that the lines of

rivets in the upper cover plate were straight, that the rivets showed no sign of shear
and that thè edge of the cover plate matched the edge of the flange angles of the out .

side rihs on both sides throughout its length .
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EXHIBITS 0

ORDERED TO BE PRINTE D

AND

CHIZONOLOGICAL INDEX

(PA G E 448 )

TO

PRINTED CORRESPONDENCE RELATING

TO THE BRIDGE
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INDEX OF EXHIBITS.

A . 1908

1 . Statutes and By-laws of Quebec Bridge Company .

2 . Approval by Railway Committee of general plan showing location of piers at

Chaudiere site.

3 . General plan approved in 2 .

4 . Minute of Board of Quebec Bridge Company relating to the calling for tenders .

5 . Approval by Deputy Minister of Specifications on which tenders were called for .

6 . Circular letter calling for tenders .

7. Specification for a suspension bridge .

8. Tende'r received from the Phoenix Bridge Company .

d~ture.
9 . Report of Mr. Theodore Cooper on tenders for substructure and superstructure.

10. Resolution of Board of Quebec Bridge Company to send Mr . Cooper's report,

tenders and plans to the Prime _ltinister.

11 . Report from Air . Theodore Copper on modifications . (P) t1fed .)

12 . Subsidy agreement and specifications.

13-14 . Contracts for the two approach spans between Quebec and Phoenix Companies .

15 . Resolution of Board of Quebec Company approving 13 and 14 .

16 . Contract (19 Jtme, 1903) between the companies for construction of superstruc-

ture .

17 . Order-in-Council (21 July, 1902) authorizing Mr . Cooper to modify plans and

specifications .

18. Order in Council (15 August, 1903) with respect to powers and d(~f~s~~ed )Chief

Engineer.

19 . Copies of all annual reports of Quebec Bridge Company .

20. Resolutions of Board of Directors defining position of Mr . Cooper .

21. Copy of specificationa attached to contract and copy of amendments to specifica-

tions afterwards inserted.

22 . Letter from Mr . Hoare to Mr. Holgate defining duties of inspectors .

23. Corresponcence between Quebec Bridge Company and Mr. Cooper.

24. List of employees Phoenix Bridge Company on south side .

25
. Sketch plan showing position of objects and witnesses with relation to bridge .

436

1d4-vol. ii-281
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26 . White print of Bridge .

27. Sk:tchés made by Mr. Haley to illustrate his evidence .

28 . Reports of tests, submitted by Mr. Hoare .

29. Photograph .

30. Book of plans produced by Mr. Milliken .

31 . Book of plans produced by Mr . Milliken .

32 . Plan showing state of progress on August 29 .

33 . A, B, C, folios of plans of bridge and strain sheets put in by 1[r. ltoare.

33 . D Index to approved plans .

34 . Tw,) books of photographs (Mr . Cudworth .)

35. Photographs (Mr. Kinloch . )

36 . Agreement, province of Quebec and Quebec Bridge Company.

37 . Agreement, City of Quebec and Quebec Bridge Co .

39 . Record of errors found in the field (Mr . lifrLure) small book.

39 Record of unfinished work (Mr. MoLure) (book) .

40 . Sketch of `crimp' (24 inch pin . )

41 . Anchor and Cantilever Arm chord sections .

42. Progress est :uiates and reports (Mr. Hoare) .

43 . Field Engineering Reports .

44 . Blue print, positions top chord panel points before and after the accident.

45 . Sanie as 44 re botto.n chord .

46. Positions pakiel points east truss of anchor arm.

47. .Same as 46 west truss an^hor arm .

4S . _lleasurements for horizontal movement between anchor pier and main pier .

49. Position of pedestals on main pier before and after accident .

50 Elevations of two bench marks on face of main pier .

51 . Telegrams from Air . IIoâre and Mr . Deans and sketch showing bend in chord'

A 9-L.

53 . Mr . Hoare's Diary .

54. Blue print showing location of lower chords in wreck, and description .

55. Memorandum showing deflections under wind stress.

56 Anemometer
.
records .

57 . Sketch by Mr. Kinloch showing spacx blocking at .hord A 4-L .

58 . Letters from Mr . Birks and Mr. Yenser to Mr. Deans.

59 . Letter from Mr. Dsan$ to Mr. Yeneer°-



INDEX OP MIRIBITS

gES8tONAl PAPER No
: 154 ' and blue print

60. Blue print note book entitled :` Notes for ere~ting Quebea Bridge.

notes covering erection of main traveller actually used by Mr
. Birks, erection

engineer .

61 . Statement of condition of riveting on August 29.

62
. Sketch showing method used in measuring betweer, anchor pier and main pier

south anchor arm, September 17th, 1907 ; plan~~ of g~loction o
f tion at close of season

Septem1.~er 27, 1905 ; photograph showing proe

1908.

63. Letter of Mr
. Douglas re suggetted amendments, and otuer documents

.

1903 (3 Edward 7, Cap. 54 . )
g¢ . Copy of Guarantee Agreements, October 19 ,

65. Letter of Mr . Schreiber to _lfr . Fielding, August 12, 1903, re modifications of

specifications.

66 . Copy of Railway Department's instructions to Mr . Tomney, inspe~;tor at Phmnia-

ville, August 4, 1904 .

67 . Notes by Mr
. Douglas on large span bridges and proposed changes in specification .

69
. Copy of Telegram, August • 29th, 1907--Theodore Cooper to Phoenix Bridge

Company .
(Printed .)

70 . Correspondence from Mr . Conpes's_letter b491~s•

s . (Pr+nted .)

71 . Correspondence from M . Cooper's letter-boo

k 72. Correspondence from Mr
. Cooper's letter-books. (Printed.)

1 3 . Correspondence from Mr. Cooper's letter-books
. (Printed.)

74
. Correspondence from Phoenix Bridge Company's lettsr-books . (Printed.)

75
. Correspondance from Phoenix Bridge Company's letter-books . (Printed .)

76
. Correspôndence from Phoenix Bridge Company's letter-books

(Printed.)

77
. Correspondence from Phoenix Bridge Comp I's Ietter-books

. (Printed.)

7s
. Correspondence from Phoenix Bridge Comp ay's letter-books

. (Printed.)

79. Correspondence from Phcenix Bridge Compa -a y's letter-books . (Printed .)

80 . Correspondence from Phoenix Bridge Compa ny's 1ett.ar-looks. (Printed .)

81
. Çorrespondence from Phoenix Bridge Company's letter-books . (Printed.)

82
. Correspondence from Phoenix Bridge Company's letter-books

. (Printed .)

88
. Correspondence from Phoenix Bridge Company's letter-books

. (Printed.)

84. Inspector Edwards' Report, ` Shop Errors .'

85 . Tension tests of built-up members
. (Blue print .)

86 . Eye-bar tests .

87 . Letter from Mr
. Parent to Phoenix Bridge, Company, August 23, 1899, tendering

contract .

88
. General outline plan Phoenix Bridge Company, Novembér 30, 1897

.

8 9
. General outline plan Phoenix Bridge Company, November 30, 1897 .

90. DsilyreCard of TnFpeetion Phoenix Bridge C,ci?nlPany
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9 1 . Record of Field corrections.

92 . Statement weight removed and added Cantilever Arm in 1907 .

93 . Reports, condition of joints November 6, and August 29, 1907 .

94. Preliminary plan No. 1 .

95. Preliminary plan No. 2 .

96 . Plan submitted with 1,600 feet tender in 1899 .

97 . Stress diagrams for 1,600 feet design .

93 and 109 . Strain sheets for detail design .

99 . Copy of Quebec Bridge Company's specification (same as 11 .)

100. Copy of modifications in specificat :ons . (Same as 18. )

101 and 102 . Mr . Cooper's specifications for workmanship.

103 . Dead load concentrations Anchor Arm .

104. Stress sheet showing dead leads from actual shipping weights .

105 . Stress sheet showing stresses immediately before accident .

105 . A diagram showing camber movements .

106 . Mr. Szlapk ::'s p .rsonal diary.

-107 :-SketchcS of travellers .

103 . Erection stresses due to large travellers .

109 . Same as 98.

110 . Mr . Cooper's packing of Anchor Arm top_ ëhord bars .

111 . Stress sheet of Anchor Arm for 6,000 lbs . per lin . ft .

112. Instructions to Mr. Cooper to report on tenders . (Printed .)

113 . Numbered letters giving effect to contract .

114 . Statement of all payments to Mr. Ccoper, Quebec Bridge Company . (Printed.)

115 . Telegrem from Air. Cooper re C .P.I .

116 . Sheet `W,' May 20, 1904, Phoenix Bridge Company, top chord packing.

11 7 . Minutes of Meetings, Quebec Bridge Company Board .

118 . Original of Mr. Szlapka's concluding evidence .

119 . Copy of letters patent, Phoenix Bridge Company.

120 . Original letter of Mr. BarYhe with list of ahareholdCrs Quebec Bridge Company .

121 . Mr. Cooper's Report on change of span, May 1, 1900 .

122 . Mr. Ami's Report on geology of foundations . (Printed.)

123. Balance sheet Quebec Bridge Company, 1907, and list of directors .

124 . Photos of wreck taken by Mr. Francis . (Printed.)

125 . List of plans of bridge with important dates . (Printed.)

126. Photographs of details and erection methods. (Appendix 10 .) (Printed.)

127. Photographs ôf details and érection methods . (Appendix 10.) (P rinted.)

128 . Meteorological Records, Quebec .

129 .-Copies of correspondence relating to bent chords .
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EXHIBIT No . 9 .

TIIxoDORE CooPER ,
CONSULTINO EN6INBSR ,

$g BROADWAY, Nl:w YOBH.

FOR THE

11EPOItT UPON CONSTRUCTION OF THE QU .EBEC BRIDGE .

The following plans ait', the accompanying proposals have been submitted to we
for examination and report as to their relative merits and values, viz

:-

Two plans by the Dominion Bridge Company of Montreal, one for a cantilever
bridge with a channel span of 1,643 fuct, and one for a stiffened suspension bridge

with a channel span of 2,000 feet . - , -- - -- - ---- - -
One plan by the Keystone Bridge Company of Pittsburg, for a cantilever bridge

with a channel span of 1,600 feet (being identicnl with the plan proposed by the

Dominion Bridge Çorlplny .)_-
Two plans by the Phoenix Bridge Cômp^.nÿ-of Phcenixville ; Pa. ; one for a canti-

lever bridge with a channel span of 1,800 _ feet, and,,ione for a stiffened suspension

bridge'with a channel span of 1,800 feet .
One plan by the Union Bridge Company of New York, for a etifEened suspenaion

bridge with a channel span of 1,800 feet .
Making in all three different suspension bridge designs and two different canti-

lever bridge designs.
pENERAL DESCUIPTION OF PLANS .

1st. Suspension Bridges .

000 f eet .-Thia plan, prepared
Dominion Bridge Company's plan, Channel span 2,

by the Pencoyd Bridge Company of Philadelphia, is a suspension bridge with con-

tinuous stiffening trusses extending from tower to tower, this portion of the cable s fee
t only carrying any load

. These stiffening trusse
s2~rfeeive The atAwera are carried on

in depth. The cables dip ~sth of the span, o
r

sixteen cylindricai piers, eight to each tower
. There are four caldes, carried at the

tops of the towers on movable saddles
. Both anchorages are suppoa>d to be in natural

rock, and have 8tun$eb ~~~n drainage
shores and towers are e~nti ely ein

dLre xof~th~e

Inetal. p
a

cables . The plan is accompanied by strain aheetc and detail drawmge~ ared by

Phoenix Bridge Company's plan, Channel span 1,800 f eet•-Thle plan p p

Air. G. Lindentdle spans are load ig so thecablesf
fcarry thetwholenÎo defroml hoBott,ho

forthe end and middle

shore
; all the spans are similarly atiffened

. The stiffening trusses have the blosThe

the upper members and the lower members are rig
:d chords of plates and angles

. All

verti~al members are also rigid, but the diagonals are all adjustable ô~~ wire

connected by means of pins, the cables even being

parts are positively anel points by pins . The whole truss thus formed is

links connected together at the p
supported on -pins at the topa of the towers

. The towers are formed ~~ ~~ ►p~
~ th

e resting on a separate cylindrical pier 30 feel~iâ diameter
buekle plate floo whioh serves an a

at the bottom on a large pin
. The bridge

device at each tower which is intended to
part of the wind truss . There is a toggl~6
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maintain the continuity of the wind truss from shore to shore and still permit
changes of length by contraction or expansion from temperature . The anchorages are
supposed to be in natural rock, and after being placed, to be completely imbedded in
concrete. This plan is accompanied by strain aheets and carefully worked out details,
illustrating the essential features of the design.

Union Bridge Company's plan, Channel span 1,800 feet .-This plan is for a aus4
pension bridge stiffened by trusses hinged at the ends and at the eentre of the middle
span, which is the only part of the structure carried by the cables ; the backstays
carrying no load . There are four cables and two hinged stiffening trusses . Each
tower is carried on four cylindrical piers, 19 feet in diameter at the top. At the level
of the roadways there extend from the towers horizontal outriggers, about the ends
of which the wind cables are stretched . The structure between the shores and the
towers is composed of independent viaduct spans . The plan submitted is merely a
skeleton without other dimensions than the lengths of the spans and the elevations of
the masonry piers . Copies of the plans of the proposed Hudson river bridge are
Fubmitted to indicate the character of the end and central hinges and other details.
The plan is not accompanied by any strain sheets, sizca of parts nor any foundation
plans .

Qnd. Cantilever Bridges.

Keystone Bridge Company's plan, Channel span 1,600 feet .-This plan provides
for two rivers arms each 650 feet long, two anchor arms each 600 feet long and a
suspended centre span of 500 feet, making_the channel_span 1,000_feet,andthetotaL_
length between anchorages 2,600 feet . The trusses are spaced 71 feet apart, centre
to centre . The suspended span is 90 feét in depth and has parallel chords . The canti-
lever arms are 250 feet deep at the towers ; the top chords sloping each way on straight
lines . The floor beams are psrtially carried by suspenders to overhead transverse
girders . The plans are accomtianied by strain sheets and plans of foundations . The
foundation plans are by the Engineering Contract Company of New York .

Dominion Bridge Cornpany's plan .-This plan is identicilly the same as That of
the Keystone Bridge Company . The foundation plans are by W . Davis & Sons of
Canada .

Phoenix Bridge Company's plan, Channel span 1,600 fetet .-This plan has two
river arms each 500 feet long, two anchor arms each 500 feet long and it suspended
centre span of 600 feet, making a channel span of 1,600 feet and a total length be-
tween anchorages of 2,600 feet . The trusses are spaced 67 feet centre to centre . The
suspended span is 84 feet in depth at the ends and 120 feet at the centre, with a
curved top chord, the cantilever arms are 295 1 feet deep at the towers, the top
chords descending in each direction on curved lines . The plans are accompanied
by strain sheets and plans of foundations. The foundation plans are by the Engin-
eering Contract Company of New York and. are similar to those accompanying the
proposal of the Keystone Bridge Company .

CONBIDERe1TIO 2v OF THE PLANS A N D PROPO8SL3.

After a preliminary examination and study of `the several plans I made appoint-
m:mts with the désigners of each plan (except the Pencoyd Bridge Company) and
discussed with each their own design and its special features. On account of the high
lender accompanying the suspension bridge plan prepared by the Pencoyd Bridge
Company and the qualification made by the Dominion Bridge Company in reference
to the construction of the cables, I did not consider it necessary to make any special
examination of this plan .

The plan of the Union Bridge Company is indefinite and iiicomplete in that . it
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does not give the sizes of parts or proper data to determine the relative value of the

design . It is not in accordance with the specifications, as it is proposed to use a
higher grade of wire and of structural steel than is called for by the speoifications and

- to strain these materials 40 to 60 per cent higher than is specified . The saving of

metal by this means does not indicate any merit due to the plan and if it is permis-
sible for one competitor to make such changes in the requi*ements of the specifica,
tions, fairness to the others would require that they be allowed the same privilege .

The use of four cylinders for the foundation of each tower does not appear desirable

in a river like the St . Lawrence, with its heavy and severe ice conditions .

The suspension bridge'plan submitted by the Phoenix Bridge Company has been
worked ôut much more thoroughly than the, other suspension bridge designs . The

lines of the structure are very pleasing, giving a combined effect of grace and strength .

The catenary curves of the cables are not crossed or broken by the stiffening trusaes .

The design appears from an ordinary examination to bé in accordance with the

requirements of the specifications. Actual verification of the strain sheets would be

difficult and require much time
. A stiffening truss of the kind hero proposed could

not be used successfully for bridges formed with continuous wire cables, as the con-
nections of the various members of the truss would have to be made through the
friction,al grip of cable bands, which would not be trustworthy

. The suecess of such

a truss depends therefore upon the use of wire links for the cables and n positive con-

nection of all the members by means of pins
. That such links can be made is

undoubted, but their successful and economic manufacture has yetto'bedeB~lo ~t~• ~ T~é

accessibility of these links for inspection at any time and the poQ ty .

necessary ; of removingandrepla9ing A link, gives this form of c '+ble many adventages

over the solid bound continuous wire cables .

CANTILEVER PLANS .

The preliminary examination of the several plans submitted led me to believe that
the cantilever designs were probably the most favourable ones, in consideration of

their lower tenders
. They were therefore much more critically considered, not only to

determine whether
.they were in compliance with the specifications, but also to obtain

their relative values
. It was then found that the two superstructure plans, viz ., the

Keystone and the Phoenix plans, were not proportionate for the carrying capacity .

Through some misunderstanding of the specifications, the . Keystone plan was propor-

tioned for a live load two thousand pounds more per running foot of bridge than any

of the other plans . In order, therefore, that this plan might be placed on a fair basis
of comparison with the otliers, I requested the Keystone Bridge Company to correct
their strain sheets and to make the corresponding change in their tender . This cor-

rection has been made and filed with the secretary of the Quebec Bridge Company

and a copy has been furnished me
. I have made an independent estimate of this cor-

rection, ck3ely confirming the figures given by the Keystone Bridge Company.

Both the Keystone and the Phoenix plans of cantilever superstructure are in

accordance with the specifications and are acceptable designs
. The greater depth of

the Phoenix design and the curving of the top members of the cantilever arms give this
plan a more pleasing effect than is t~roduced by the lower depth and straight chords of

the Keystone plan
. The method of carrying the floor in the Phoenix design, viz .,

directly, tto the trusses without intermediate supports, is more satisfactory than the one

adopted in the Keystone plan
; it also appears to be more economical, not only in

weight of metal, but in saving four feet in the length of the piers. The Phoenix plan

contains eye-bars of 16-inch widths, a size exceeding any heretofore made . While

'here is no question of the possibility of making bars of this size, it is not certain tha :
There would

such bars
be no difficultyholwever,

; in substituting otherdforms if found desirable .
a
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FOUNDATIONS AND PIERS FOR THE CANTILEVER PLANS .

The Engineering Contract Company furnishes similar plans for the caissons and
piers for both the Keystone and Phoenix designs . The main or channjl piers are alike
in all of their dimensions except in the length of the piers and caissons, which are
four feet longer in the Keystone plan, owing to the greater width between the trusses

of this plan than in the Phoenix plan .
The piers are 24 feet wide under the coping and batter ~'n 12 . The caissons are

49 feet wide for the north pier and 51 feet for the south p:e. ; they are respectively
153 and 155 feet long for the Keystone plan and four feet shorter on the Phoenix plan .

The two Keystone piers and caissons have a total contents of 55,755 cubic yards,

with a bearing area on the bottom of 15,400 square feet and exert upon the bottom an

average pressure of 6 .74 gross tons per square foot if allowance is made for the buoy-

ancy of the water, or 8 .5 tons if the buoyancy is neglected .
The two Phoenix piers and caissons have a total contents of 54,090 cubic yards,

with a bearing area on the bottom of 15,000 square feet and exert upon the bottom an
average pressure of 6 .47 gross tons per square foot if allowance is made for the buoy-
ancy of the water, or 8.22 tons if the buoyancy is neglected .

The anchorage piers and the masonry of the approaches are alike in all manners,
except where necessary differences are required by the lengths of the approach spans
and extra width of the Keystone plan .

In order to make these two plans, namely, the Keystone and the Phoenix, fairly
comparable they should be modified so that the bearing pressures upon the bottom
should be the-same per square foot . Assuming the bearing pressure of 6 .47 tons of the
Phoenix plan as a reference, we must increase the contenta of the Keystone piers about
1,300 cubic yards, making their total contents 57,055 cubic yards . This is due to the
greater weight of the Keystone superstructure, even after the correciion is made in its
weight by changing the assumed live load .

In the above I have taken the plans with wooden caissons, as *,aese have the most
base area and are therefore the best plans .

W. Davi3 & Sons furnish plans for the piers and foundations for the superstruc-
ture of the Dominion Bridge Company.

The channel piers are 25 feet wide under the coping and batters 1 in 12 . The

bottom of the caisson is 57 .5 feet wide by 156 feet long. The piers have a total con-
tents of 58,685 cubic yards, with a bearing area of 17,887 square feet and exert upon
the bottom a pressure of 5 .89 gross tons per square foot if allowance is made for the
buoyancy of the water, or 7.53 tons if the buoyancy is neglected .

The plans for the anchorages and approach piers differ in shape and class of,
masonry from those shown on the plans of the other bidders.

Messrs . Davis & Sons claim that these plans were prepared to meet the views of
the Pencoyd Bridge Company, and that they hastily had to adapt the plans for the
Dominion superstructure upon the Pencoyd Company declining to put in a tender .

They also claim that they provided through courses of granite at the request of the
Pencoyd Company and also carried their granite facing some ten feet lower than the
other bidders . They therefore claim that in reducing their piers to a fair comparison
with the others they should be allowed to reduce their piers to the same loads and
pressures as the other bidders, and also change their unit prices to the same classes
of masonry.

Considering these claims, under the circumstances, to be proper, I requested them
to modify their plans and proposals on the following basis :-

To make their channel piers 24 feet under the coping ; to proportionate the piers
to the same loads and bearing pressures as the Phoenix plan, which I have used as the
reference ; and to omit the extra granite in their first plan, and to modify their tender
accordingly .

They have accordingly furnished modified plans and proposals . The channel piers
have a total contents of 52,400 cubic rards, with a bearing area of 14,500 square feet
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and exert upon the bottom a pressure of 8 .60 groae tons per square foot if the buoyancy

of the water is allowed for, or 8.36 tons if the buoyancy is not considered.
They estimate the quantities of masonry in the abutments much higher than the

other bidders, and also give it a higher unit value on account of the rock excavation
necessary to secure a good foundation . From the information given me as to the

character of the ground, I think Messrs . Davis & Sons are nearer correct than the other

bids.
Omitting the abutment8 from both bids, the total prices for all the other piers and

anchorages upon the basis of the Phmnix superstructure are as follows :-

Engineering Contract Company . . . . . . . . . . . . . . . $1,113,857

Wm. Davis & Sons . . . . . . . . . . . . . . . . . . . . . . . . . . 1,144,090

The unit prices of these two bidders, while differing, are fair competitive prices .

As the plans for the piers and foundations furnished by the above bidders are only
general in character and may, or rather I should say, will need modifications to adapt
them to local conditions, which may affect the relativo values of the two plans, I make
no recommendation in favour of either party .

RELATIVE MERIT AND VALUE OF THE PLANS AND PROPOSALS .

First.-The suspension bridge plan of the Dominion Bridge Company may be
dismissed from further consideration by the relatively high tender, and also from the
incompleteness of the proposal, due to the qualification made in reference to the con-

st~ùction of the cables :

Second.-The suspension bridge plan of the Union Bridge Company is excluded
from further consideration by the indefiniteness and incompleteness of the tender, and
also because the plan is not in accordance with the specifications .

Third.-The suspension bridge plan of the Phoenix Bridge Company is excluded
from the fact that the tender is $600,000 higher than the tender of the same company

for its cantilever plan .

Cantilever Plana.

As each of the companies submitting cantilever plans assume that separate con-
tracts will be made for the substructure and for the superstructure, the Quebec Bridge
Company should have the right to select the most favourable superstructure plan and
the most favourable substructure plan independently . The proposals .for the super-

structure will therefore be considered separately .

Fourth .--Relative value of the proposals of the Dominion and KQytitone Bridge
Companies for the same superstructure plans .

The revised tenders o
:`_ these companies, exclusive of all custom duties, are as

follows :-

Dominion Bridge Company . . . . . . . . $2,690,000

Keystone Bridge Company . . . . . . . . . . . . . . . . 2,402,600

In favour of Keystone Bridge Company . : . . . . . . . . $187,600

The proposal of the Keystone Bridge Company is therefore the most favourable of

these two companies
. Each, however, state in their tenders that they have mutitally

agreed to a division of the work in case either of them obtained the contract .
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Fifth .-Relative values of the proposals of the Keystone and Phoenix Bridge Com-

panies.

The proposal of the Keystone Bridge Com-
pany for their superstructure plan is .- . . . $2,402,500

Extra cost of masonry required by the greater
width of their plan . . . . . . . . . . . . . . . . 6,9'd9

Total . . . . $2,4û9,499 $2,489,499
The proposal of the Phoenix Bridge Company

as originally made was . . . . . . . . . . . . . . 2,414,612

Correction for lighterage, May 8 . . . . . . . . . . 24,000

Total . . . . . . . . . . . . . . . . . . . . . . $2,438,612 $2,438,61 2

Balance in favour of Phoenix Bridge Company . . . . . . .

if we also consider the extra 1,300 cubic yards of masonry
be added to the Keystone piers to equalize the

,earing pressures, we should have additionally in
favour of the Phoenix Bridge Company 1,300 cubic
yards fit $17.40 . . . . . . . . . . . . . . . . . . . . . . . .

Total in -favour of Phoenix plan . . . .

$ 887

22,620

. $ 23,507

DUTIES.

T
I

te superstructure of the Keystone Bridge Company weighs 27,400 gross tons
and they estimate the customs duties to be $639,149, or at the average rate of $23 .33

per ton .
The superstructure of the Phoenix Bridge Company weighs 22,966 gross tons and

they estimate the duty on metal work constructed in the United States at $22 per
ton .

9ssuming the lower of these figures for the duty by the ton or $22, fc,r the pur-
pose of comparison, we find that the excess of duties for the Keystone plan would be
4,444 tons at $22, $97,768 .

CONCLUSION .

From the facts and considerations as stated above I find the cantilever super-
structure plan of the Phoenix Bridge Company an exceedingly creditable plan from
the point of view of its general proportions, outlines and its constructive features .

I also find that it is designed in accordance with your specifications .
The tender accompanying this plan is the lowest in price and is the most favour-

ab1E as to the prospective duties upon the matzrials to be used in its construction .

I therefore hereby conclude and report that the cantilever superstructure plan of
the Phoenix Bridge Company is the `best and cheapest' plan and proposal of tbose
submitted to me for e.xamination and report.

I likewise report that the general plans and proposals for the substructure madc
by the Engineering Contract Company and by Messrs . Dav:s & Sons are both satis-
factory and at favourable terms .

Very respectfully submitted .
THEODORE COOPER,

June 23, 1899 . Consulting Engineer.
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The following table gives the estimated quantities of materials in the several pro-

pose d plans :-

Steel .

Plan. G"e tons.

I

Cables . Timber. MAeonry .

Gross tons. Million. Cublo yards

Union Bridge Co. . . . . . . . . . . . . . . . 14,288

Lindenthal . . . . . . . . . . . . . . . . . . . . . . 18,834

Pencoyd,llominion . . . . . . . . . . . . . . . 21,070

Phoenix Cantilever. . . . . . . . . . . . . . ~ 22056

Keystone . . . . . . . . . . . . 27,•f00

Dominion . . . . . . . . . . . 27,400

3,12 5
1'6 23,700

5,564 0 767
39 •738

7,ll3 1 0 ~ 4001•647

l'18I6 71,834l'b

---
SUPPLEMENTARY REPORT.SUPPLEMEN'PARY REP :

The previous report upon the several plans and proposals for the construction by
the proposed Quebec bridge has been based upon the plans and paper

s each competitor. will undoubtedly
Any plan or proposal accepted by the Quebee Bridge Compan

y

need more or less modification, either in the line of bettering its general appearanoe

or to a
dapt it to any new conditions which may be developed by a more extended study

and examination -of- the- river bottom and other_circumstances .
The approach spans and other comparatively minor features will need careful

;

study and consideration, after the special general plan has been _selected . --

While the data shown upon the rivei profile were sufficient for the purpôs8
of

the fina l
obtaining comparative proposals, they are not sufficient of thel support in 8"
position of the piers or to determine the proper proportion

s

caissons.
Before proceeding with the channel piers, the character of the material of the

river bottom upon which the stability of the piers will depend, should be determined
with greater certainty than can be done by a few isolated borings

.

For any depths exceeding those to which it is proposed toe thes e
It is imperative,

the additional cost, risks, and uncertainties increase very rapidly .

therefore that it be known beforehand that the material upon which the caissons are
to rest and get their support is suitable for the loads to be imposed upon it by such an

important structure .
While it is probable that this material is a post-glacial deposit, well solidified

by

ages and permanent in character, I consider it importart to asoertain this by a fuller

examination by means of boring and trial sbafta sunk~~~l this possible
The expense of such an examination would be ver y

cost of changes made after the work is in progress .
It may also be found desirablcf to investigate the possibilities of further economies

in the construction of both piers and superstructure . rstnicturo contraat.
I would suggest therefore that provision be m®~~e~ the either in ehanging th e

for any modifications that may be made by your the carrying capacity of
length of the spans, within reasonable limita, in modifying

the structure or in increasing or decreasing the an~ e~~ the â~~ ~ reductions, if any ,
also be desirable to ask the suooeasful comPetitO T
could be made in the tender by certain modifications of the specifications

.

In like manner provision should be made for any modifications made by your
engineers in the size, depths or locatipns of the piers and their caissons

.

Very respectfully submitted,
TIiFADORE COOPER,

Oonaulting En9++NSer•
June R8, 1899 .
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EgHIBIT No. 11 .

Txeoroas Coop ER,
CiON8uLTiNO ENQINBfiR,

35 BROADWAY, NEW YORK, May 1, 1900 .

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

Quebec, Canada .

I)EAR SiR,-In compliance with your request, I have taken up the examination of
such modifications in the accepted plan for the Quebec bridge as were suggested by me
in my report of last June.

The most important of these modifications, and the one requiring immediate
attention, relates to the most desirable length to be selected for the channel span. The
law, as well as the conditions of the river channel, require that this span must not be
less than sixteen hundred feet . Would a grcater span than sixteen hundred feet bo
more favourable is the question to be answered .

The piers, as located for the span of this length (1,600 feet), require foundations
from 90 to 95 feet below ordinary high water .

They will stand in water from 30 to 40 feet deep, where they will be subject to
the full ice effects of this river . Piers capable of performing the propér resistance to
the conditions of the location have been designed and their co®t established by com-
petitive bids .

As the river bottom rises rapidly towards the sbore on each side of the river, it is
readily seen that the foundation conditions and also the ice effects are greatly improved
by lengthening the cLannel span . Necessarily, however, the cost of the metal super-
structure will be increased by using a longer span.

While in my report upon the competitive plans I suggested the desirability of in-
vestigating this question of a greater span, it could not be done at that time for want
of time and also because a proper investigation required that one of the competitive
plans, yet unselected, should be used in the consideration .

Now that you have selected the desirable plan a comparison can be made upon
the basis of a greater length of channel span .

After a careful consideration of all the conditions by your chief engineer, Mr. E .
A . Hoare, and myself, it was decided that an 1,800-foot channel span was most desir-
able if the expense was not too great .

! have therefore made an estimate for the change from a 1,600 to ar 1,800-foot
channel span, with the following results :-

The saving in cost of the piers and other masonry will be about $400,000.
The additional cost of the superstructure, upon a liberal estimate, would be about

$600,000 .
But modifications can be made in the plans, which, in my opinion, are desirable

and justifiable, and which in no manner reduce the carrying capacity of the structure
or render it incapable of fully performing all its dut-es satisfactorily, which would
reduce the above increase of cost to about $450,000 .

From either point of view, whether the increased cost of making the change in the
span be $50,000 or $200,000, I consider the change justifiable for the following
reasons :-

Firat. The construction of the larger and deeper piers of the 1,600-foot span will
:equire at least one more year than those for the 1,P90-foot epan.
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Second. The contingencies of the construction of the deeper piers in the deeper

water, 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 fu rther

inshore.
Third. The effect upon any future financing by reducing the time of construction

and minimizing the real and imaginary contingencies .

I would, therefore, ' recommend that a channel span of 1,800 feet be adopted, and

the contractors for the superstructure be directed to prepare plans accordingly.

Very respectfully, your obedient servant,

THEODORE COOPER .

EXHI$IT No . 18 .
Copy No. 1 00816.

the ~6lh August, 1 .gpgvy
Council, approved

EXTRACT /rom a Report ~~ Commite o
f cellency on

the

On a memorandum dated 13th August, 1 903, from the Itilinister of 3:ailways and

Canals, representing that by an Order in Council of the 21st July, 1
903, tuthority was

given, in accordance with a suggestion made by the Chief Engineer of the Depart-
_-ment-of Railways_and_Çanals, for the employment of a competent bridge engineer to

examine from time to time detail draw►ngâ 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 consulting
engineer, he would advise that, provided the efficiency of the structure be fully main-
tained 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 deéen~lgained
the principles governing the best modern practice, and by the exp

e

through actual test
; all plans to be submitted to the chief engineer, and until his

approval has been given, not to be adopted for the work.

The minister recommends that authority be given for following the course so
advised by the chief engineer, the Order in Council of the 21st July last to be modi-

fied accordingly. roval.The committee submit the same for approval.
J . McGEE,

Clerk of the Privy Council .
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INDEX OF EXHIBITS, 70 TO 83 .

Correspondence from 1897 to 1907 .

Date. From . To .
E:hibit
No .

1897, July 7 . . . . . . Deans . .
I
Hoa re . . . . . .

.

Visit to Bridge, kc . . . . . . . . . . . . . . . 75 -A .
1397, Nov. R . . . . . . . Deans . . Hoare . . . .IPlans, kc . . . . . . . . . . . . . . . . . . . . . . 1 75-D.
1h1 7, Nov . 30 . . . . . . Deans . .I Hoare . . . Plans with straight chord . . . . . . . . . . . . . . . . . . . . 7 5 - 0 .

li+9,4; Dec. 12 . ..: . . . . . Barthe . . .-.'DEané . . . . . . j Extension of time for tenders . . : . . . . . . . . . . . 80-Fr
189-, Jan. 29. . . . . . . . 1{oare . . . . . . I)eans . . . . . . ;Prelindnary arrangemente . . . . . . . . . . . . . . . . . . . f+0 E .
189-, llarch 2 . . . . . . Hoare . . . . . . Deans . . 1, tender received . . . . . . . . . . . . . . . . . . . . . . 84-G .
1899, April 14 . . . . . . D a ns . . . . . . Hoare . . . . . . .Conference, re plans . . . . . . . . . . . . . . . . . . . . . . 1 75-D.
18fr9, April 19 . . . . . . Deans . . . . . . Iioa re . . . . . . Conference, re plans . . . . . . . . . . . . . . . . . . . . . . . i75-F .
1899, Sept . 14 . . . . . . . Deans . . . . . Parent. . . . . . I Banking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~^b-G .
1899, Nov . 28. . . . . IDeans . . . . . . Pa rent, . . . . . Banking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ 74-H .
1900, Feb . 2 . . . . . . . . . Dcans . . . . . . lloare . . . . Mr . Burbank's v i sit . . . . . . . . . . . . . . . . . . . . . . . . i75-I .
1900, April 21 . . . . . . .I 13acthe. . . . . . Deane . . . . . . ~proval of areen i ent . . . . . . . . . . . . . . . . . . . . . . j76-J .
1900, Sept. 11 . . . .jHuaro . . Deans . . . .~ a limum uphtt 80 K.
1900, t!) Dec. 7 . IHoa re Deans . . Visit of llr . Barthe to Phamxville. . . . . . . . .~80-L .
1901 Feb t . . . . . Deans . Hoaro . . . . Trial diagrame. . . . . . . . . . . . . . 1 74-A .
1901eb.~5. . . . DéanaHoare . . . . . . $ui s ïdïea . . . . : . : . ;74-B .

1901, March 26 . . . Deane Hoare . approach spans . . . . . . . . . . . . . . . . . . . . 174-C .
1901 May 11 . . . . .- Deans . : Hoare ; , _1Approach spana, dta . . . . . 74 E .

. . . . . . . . N .1901, June 17. . . . . Deans . . . . .,Hoare . . . . 8tarting the work, ;: 8 1 - N .

1901, Aug . 9 . . . . . . . . Deans . . . Hoare . . . . . . Agreement, &o . . . . . . . . . . . . . . . . . . . . . . . . . . . 74-G.
1901, .1ug.23. . . . . . . . I)eans . . . . . . Barthe . . . . . . Estimates, ko . . . . . . . . . . . . . . . . . . . . . . . . . . . . :74-H .
1901, Oct . 29 . . . . . . . . Deans . . . . . . Cooper. . . . . . Eye-ba rs, approach spans . . . . . . . . . . . . . . . :74-K .
1901, Nov . 18. . . . . . . Deans . . . . . . Hoare . . Approach work customs, daties, & c . . . . . . . . . . ~81-0 .
1901, Dec . 2 . . . . . . . . $zlapka . . . . Hoare . . . . . Eeti matzd weigb ta . . . . . . . . . . . . . . . . . . . . . . . . a81-P .
1902, .Ian . 15 . . . . . . . Ba rt he. . . . . . F . T. Davis . Authority to draw on M . P. Davis . . . . . . . . . . . .'80- M .
'J90 2,Jai. 20. . . . . . Deans . . . . . Cooper. . . . . . Information to public . . . . . . . . . . . . . . . . . . . . . . :70-A .
-March 31 . . . . . . Hoare . . . . . . Deans . . . . . Conference in New York . . . . . . . . . . . . . . . . . . . . .~80-J .
'1902, April2 . . . . . . . Hoare . . . . . . Cooper. . . . . .

1

Finances. . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . i7P-B.
'1902, June 5. . . . . . . . Hoare . . . . . Cooper. . . . . . Prolrrese and fi nancea . . . ,70-C.
•1902, 0& 3 . . . . . . . . Hoare . . . . . Cooper. . . . . . Visit to I .

1903, Oct . 22 . . . . . . . . Deans . . . . . Hoare . . . . . . Pierfoundation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :74-P.

1902, Dec. 1 . . . . . . . . . Deans . . . . Hoare . . . . . . Cost eetimate . . . . . . . . . . . . . . . . . . . . . . . . . . 74-9.
1903, May 20 . . _ . . . Rzlapka . . . . Cooper . . . . . Stress specifications . . . . . . . . . . . . . . . . . . . 74-A.
•1903, May 22 . . . . . . Deans . . . . Cooper . . . . Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . !70-G .
190.3, May 22 . . . . . . Deans . . Cooper . . . . . Ottawa vidit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :74--S .

"1903, May 26 . . . . . $zlapka . . . . Cooper . . . . . $pecifications, A.c . . . . . . . . . . . . . . . . . . . . . . . ~70-F .
'1903, May 28 . . . . . Deans . . . Cooper . . . . . Specifi~,atton changes . . . . . . . . . . . . . . . . ~70-E .
1903, May 28 . . . . . Deans . . . CoopeF . . . . Loade and etrains . . . . . . . . . . . . . . . 174 T .
'1903, June 2 . . . . . . . . Cooper . . . . . Hoarcro . . . . . . General letter . . . . . . . . . . . . . . . . . . . .

. . . . . .
. k73-A .

1903, June 4 . . . . . . . Deaeë . . . . . .ICooper . . . . . Revieedre}iocificatione . . . . . . . . . . . . . . . . .
1903 June 12 Hc9re Deans Cooper's amended specifications and attitude of

70-H .

1903, June 15. . . . .
'1903 June 16 . . . . . .
"1903, , .Iune 16 . . . . .
"n, June 29 . . . . . .

-1903, July L .
190- July 3 . . . . . .
•190t3 3nty 2~ : . :-.
1903, July 24 . . . . . .
'1903. July 30 . . . . .
*1968, July . . . . .
•194 July 31 . . . . .
1903, July 81 . . . . . . .
'1903, Aug. 1 . . . . . . .
1903, Aug. 3 . . . . . . . .
190, Aug. 4 . . . . . . . .
190-, Aug . 19 . . . . . . I Hoare . . . . . . I D
•1903, Sept . 5 . . . . . . Deans . . . . . Cooper . . . . .

•From Mr . Cuoper's letter-bookA .

Deans . . . . . .
Cooper . . . .
9zlapka . . . . .
Parent . . . .
Hoare . . . . .
Hoare . .- . . .
Ptitzlxitrick

Subject .

. . . . . . . . . . . . . . . .department . . . . . . . . . . . . .I80-O.
Revised specific .tiona . . . . . . . . . . . . . . . . . . . . . . . . 74-:1.
Weight, itc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73-B.
Charges in apecifications . . . . . . . . . . . . . . . . . . . 78-B2.
Ratificati ons of designs . . . . . . . . . . . . . . . . . . . 70-J .
General letter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76-I .
General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80-G2 .
Order in Council . . : . . : : : . . . . . . . . . . . . . . 73-G7 .

Cooper - . . . . Hoare . . . . . I Trouble over approval plans . . . . . . . . . . . . . . .

Deans . . .IHoare . . . . . ~Fitzpatri ck letter . . . . . . . . . . . . . . . . . . . . . . . . . . 74-V.
Sz1s ka . . . . Cooper . . . . . Floor plan 7 4 - A.

Cooer . . . . IModifioatione apeccations . . . . . . . . . . . . 70-K .9chrniber . . . ,
Ueans . . . . . Cooper . . . . . Orderin Council . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176-L .

Deans . .
.
.
.
. Hoare . . . . . .IOrder in Council, kc . . . . . . . . . . . . . . . . . . . . .

1)eans . . . . Cooper . . . . . Order in Council . . . . . . . . . . . . . . . . . . . . . .

Deans . . . . . . Hoare . . . . . .IRe -I propoaed appointment .. . . . . . . . . . . . . . . . . .

Hoare . . . .
Hoare . . . . .
Hoare . . . . .
Fi tzpatt ick .
Cooper . . . .
Deana . . . .
Parent . . .

u Mr. S.," &C . . . . . . . . . . . . . . . . . . . . .
Visitto Ottawa . . . . . . . . . . . . . . . . . . . . . . . . . . .

74-W.
70-M .

80-P2.
80-R .
70- N .
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No.

+~~~

, sept, 22 . .

21 : : : ~~lanpka : : :'
'1904. Ireb. 19 .

*1~ ~ 1 df
. . . . . Heare . . . .

~r . . . . I 70~-
&
0,1~ s : ne~a . . . . .S . .

•1904 May 5
.

. : . Hoarn . . . . . . CHoo . . . : Bsq~aPpr~+ed blue prints, ~c . . . . . . . . .
ams. . . . . . . . . . . . . . . . . . . . . .

..
•'' . : : ~1a

'18~A4,~Ma y7 : : . . .' I4~,dw'.r e Cooper . . . . . I

*1901, ;~ay 20 . . . . . Heare . . . . . . Cooper . . . . . Se &lwardr . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . 71-<3.

Cooper . . . . . Anober eye ban, U. . . . . 71-A
*1904, May 26 . . . . . Salapka . . . Livn lcad anohor arm piaa . . . . . -*190,}, May 26 . . . . . . Stlapka . . . Cooper .

Bending mome te
I

*1904, June 7. . . . . . Salapka . . . . p~ n . .C a m b e r I . . . . . . . . . . . . . . . . . . . . . 7~

1994, June 11 . . . . . . . SaLPka ., . . Cooper E~~,paol~ing . . . . .
7 AA .

1904, Jane 22. . . . . . Ueane . Cooper .-_ . . . . . . . . . .
' Cooper . . . . . Loaer ohoed . . . . . . . . 74H8.

•1904, Jnly 1 . . . . . Sslapka . . .
Hoaé . . . . . . 9treea eheeta . . . . . . . . . . . . . . . . . . . . .

. . . . . . .

~ariations with loade . . . .. . . . . . . . . . . . . . . . . . 74-CC .
lt'04, July 13 . . . . . . . Szlapka . . . . . , I

n
1904, July 13 . . . . . . . 9alapka . . . . Coopn r . :

at Phanixville . . . . . . . . . . . . . . . . • 7~
•19pg, July 21 . . . . Bo m Hoare. . . . . . Cooper . . .

t~chord . . . . . . . . . . . . . . . . .

1904 July 28 . . Sslspka . . . . Cooper . . . . . on . . . . . . . 70-R.
*1904'

. . . . . . Deane . . . . . . Morrie . . . . . ~a1 care w, inapecLi 73-D .1904 .ug. 1 . .
•190•,, . Aug. 6 . . . . . . . Cooper . . . . . 3rlapka . . . . Teeta

Section of inemben . . . . . . . . . 7~
19O¢, Aug . 9 . . . . . . . . 8xlapka . . . . ~~r . . . . S

Yard, & . . . . . . . . . . . . . : . . . . . . . . . . . . 7i-FF .

1904, Aug. 19 . . . . . . . Deane . . . . . . .
.

1904, Sept. @
. . . . . . . . . . . . . . . . . 7"G.

D~ . . . . . . Mill i4cen . . . Cha iere Ys.d
r . . . 11

74-
__1 g SzLpka-. . .. _ .

. . . . . . Mken . . Liirkr
' Traveler .

.arri .vai J4~J
190~

Sept .
P 7 Deans • . Hoare . . . . 5 fiwtione 7

- - . ___19d9 .~ept . 8 Deans • . . of anchor arm .. •q~ ._
1904, Sept, 12. zlâpka. . . . Hoare . . . . . :

4 LL.1904, Sept, 14 . . . . Hoare . . . . . . Salapka $treea &005 . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . 7

1904, Sept. 19 . . . . . . Deans . . . . . . Hoare . . . . . . Streiwah ~:~12,'anctiorarm . . . . . . . . . . . 8fl-U .

1904. Sept . 19
. . . . . . . Htr re . . . . . . Deans . . . . . : â

t~~rnment app;oval . . . . . . . . . . . . . . . . . . . . . 74 NN.

1gp~}, Oct. 8 . . . . Deans . . . . .
. lateral
Hoare . . . . . . .. . . . . . . . . . . . . . . . . . .

. . . 71-L.
1 Sxlapka . Cooper. . . . . . Top streaeea 71 M.

•1901, Oct. 7 . . . . . . Coo r.. . . . 'SAop errors . : . . . . : . . . . . . . .• . . . . . . . . . . . . . . . -

0 19 04, Dec. 2 . . . . . . . F~dwarde . . Pe 4-00.

1904, L4)" 3 . . . . . . . Deans . . . . . Hoarn . . . . . . Printed apew8eattione . . . . . . . . 71-N.

*1904.17ec.12 . . . . . . . 1~,dwarda . . Cooper. . . . Weighta
, teat s

, anchor arm• • 71r -0.
. . . . . . Eyebar ~o . . . . . .

p
~

*1905, Jan . 19. . . . . . . F~dwaxds . . . ~Co, . . . Eyebrr teeG:• . . . . . . . .
1905, Jan. 26. . . . . . . Cooper. . . . . R nhare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7S-IP.

+18bb, Jan . 28. . . . . . Cool,er. . . . . . Edrrards . . yebar tests . . . . . . . . . . . . . . . . . . . . . . . .
4 &g-

1905, Jan. 28. . . .
.
. Cooper- . . . . . P. B. Co . . . . 6~mdwn Cooper interview . . . . . . . . . . . . .

. . . . . . . . . . . 7190$. Jan. 31 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cool1er. . . . . . E9ebare . . . . . . . . . . . . . 74-8.9.

190r,, Jan . 31. . . . . . Deane . . . . . . Menwrandum Cooper . interview . . . . . . . . . . . . 73 C

1906~, Feb.
eb. lS . . . . . . Coope

. . . . . . E ebara. . . . ' . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . 7¢~

, r. . . . . . Fdwarde . . yebar teAts. •. • .. • . . .
1906. Feb . 22. . . . . . . Deana . . . . . . Norris . . . . . . Ey . . . . . . . . . . . . . . . . . . . 71 P .

•190b, March 8. . . . . Hoare . . . . . . Cooper. . . . . . Ingpection . . . . . . . . . . . . . . . 71-Q.

"1906, March 11 . . . . Edward® . . . Cooper. . . . . . Wei~
hing . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71-R•.
., . Coo Ra h~loLure 71•-8.

'1905, March `lb. . . . . Dwne . p~•. . • • ~ McLure . . . . . . . . . . . . . . . . . . . .
. . . .

7

1906

.18~ ~rch 31. . . . . Hoare . . . . . . Ë ~de . . . fiolhng mater,al . : . . . . . . . . . . . . . . .
:80-Val ahead of tin,n . . . . . 80 ...W.'L906, May 18 . . . . . . Hoare • . . Edwar~a . . . ttolliag of materi .

1906, May 1N. . . . . . . . Co. . . . Catmilataone . . . . . . 71-U..Jund9b. . . . . Hoa

re

. . . r. . . . . . . . . . . . . . . . . . . '. . . . . .Hoare . . .
. ue . . . . . . . . . T,. . . . . . . . . . . . . . . . . . . . . . .

.
. .
.

78
71

-A.
*19(tÏï, July 7 . .

.
.
. m
. . . :' IHa

D Re
a

19W. Jul8

. ohec
i~naged chord -Y.y . . . . Deane . . . . Strese diagra 71-W.

•1906, July 11. . . . . . Sslapka . . . . CuoPer^ . . . eectione 9 . . . . . . . . . . . . .
. . . . . . . . . . . .

•1906, July 12. . . . . . . Dean* . . . . . . Carper.. . . . . Chord
. . . . . . . . . . . . . . . . : . . . . . . . . 81-I .

1906. July 13 . . . . Hoare . . . : . . Deam~ . . . . . . Chord A 9L . .

1906July 14 . . . . . t.. W. Hud• r of chord A 9L . . . . . . . . . . . . . . . . . . . . . 1-J.
ei 71-8•' eon. . . f)o . . . . itep ~

af.bo ell platea, . . . . . . . . . . a1W .peT. . . . . S~ pH ~ anglee otohord 9 . . . . . . : . . . . . . . . . . . .
•19,Vây 7uly 17. . . . . . Hoare . . . . . . 8h

19oG, July Z1. . . . . Ueana . . . . . . Hoare . . . . . :
CbaM~7. 8 and 9, . . . . . . . . . . . . 7 â

1y06, July 21. . . . 'Dean° . . . . .
. Hoa~re

. n
. . : . . SplioEn angl

.
es" .

. . . .
. . . . . . . . . . . . . . . . . . . '

: :
19U6, Jaiy 21 . . . . . ~a. . . . . . . . . . . . . . . . . . . . . . . . .

.f71
$22

9
.. ~

. . . .
. Field

. .
on

.
. . . . . . . . .

.
.

.
: . .

. . . .
.

.
.
. . - :1119°Çrt, JJndly . . . ~Cuoper. . . . . . ~ I j ~

• 906
. . ~ . . . .

U . . . . . . . . . . .

F~ka~ebo
. . .

. . . : . . . . . : :' : . . . : . . . : . . . .
flow . . . . . . . . . . . . . . . . . . . . . . ~F~

f3tte~s . ~u. . . . . . . . . . . . . . . . . . . . . . . ~~~

: . : .IÂubenl : : : : : : : : : : : : : " : : . . . . . :' : : : n

. . . . .
1 y it : . : . . aS

a Dela
oapak.a

. .
. . . . 1 Cooper.. . . . . ~J~+ 7$-H.. . . . . . . . . . . . .

190b,
Aug.

12 . . - 1861606 . . . . Cnoper. . . . . . eavnnge . . . . . . . . . . . . . . . . . .

+prom lM[r. Cooper'g letter ber.kM

Xfi~--~voL ü--99
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l'f05, Aug . 16 . . ;Deana . . . . . .~Cooper . . . . . .lInepection, kc . . . . . . . . . . . . . . . . . . . . . . . . . .• . . . 71-AA .
1905, Aug . 18 . . . . . . . IP. B. Co . . . . Milliken . . . . Connection plates, ko . . . . . . . . . . . . . . . . . . . . . . . . 76-H .
1905, Aug . 19 . . . . . . 'Deans . . . . . . Parent . . . . . . fitorageerd eonnection . . . . . . . . . . . . . . . . . . . . . 7C-I .

•1905, Aug. 21 . . . . . .ÎHoare . . . . . . Coape r . . . . . Re 51r. Scl:ure . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . .1905, Aug . 30. . . . . . . Shoemaker . P. B. Co . . . liirke and :ifcLure on work . . . . . . . . . 81-I..

1906, Oct . 24 . . . . . .! Hoare . . . . . Deana . . . . . . ftivéting . . . . . . . . . . : . . : . . . . . . . . . . . . . . . . . . . 6- I.
1905, Oct . 2b . . . . . . . . ,Deane . . . . . Hoare . . . . . . RivetinR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76-J.
190 5, Oct. 25 . . . . . . . . ,Deann . . . . . .Hoare . . . . Riveting . . . . . . . . . . . . . . . . . . . . . . . . . . 76-K .
1 \lilliken. . . . Deans . . . . Close of -&-n . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78-L.

Nov. 24 . . . . ~Deane . . . . .(Parent . . . . . Nort happrc~ach . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76-N.
90.5, Nov.

1~ ; Dec. 26 . . . . . Deane . . . . . . . Hoare . . . . . . Viaduct, &c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76-P.1
•1906, Feb . 1 . . . . . . . ISzlapka. . . . . l Cooper . . . . . Stntt.s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72-A.
1J06, Feb. 10 . . . . . . ,Ha.re . . . . . )Cooper . . . . . . \Veight, m timate . . . . . . . . . . . . . . . . . . . . . . . . 72-B.
1906, Feb. 10 . . . . . Heare . . . . . .ID. Iteeve+ . . Matenal . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . 76 - i .
'1906, Feb . 17 . . . . . . . .Szlapka . . . . ~Cooper. . . . . . Chord 8 It . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72-C .
1906, Feb . 17- . .-• - .3zlapka . . . . ;Cooper. . . . . . Error in chord . . . . . . . . . . . . . . . . . . . . . . . . . 76-T .
•1906, Feb.19. . . . . . . .Cooper. . . . . . :3zlapka . . . . Chord8lt, &c . . . . . . . . . . . . . . . . . . . . . . . . . . ib-E.
1906 , Feb . 19 . . . . . . . 'Cooper. . . . . . ;Szlapka . . . . Errors in chords. . . . . . . . . . . . . . . . . . . . . . . . . . 80-D.
•1906, Feb. 26 . . . . . . . ±1?dwarda . . . 'Coope r. . . . . Ey•ebare, c\c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72-D .

. . . . . . . . . . . . . . . . . . . . . . . . 76-U .1906, March 25. . . . . Haace . . . . . ,D. ftct•ves . . :Veight of in;-
1906, Apri114 . . . . . ',Deans . . Parent . . . . . A pproval of agreement . . . . . . . . . . . . . . . . . . . . . îty - K .
1f106, A ri128 . . . - . Deans . . . . . . ~Parent . . . . . Viaduct . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 6-
1906, May 9. . . . . . . . . Deane . . . . . Hoare . . . . . . Painting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 6'-Y .
1906, June 1 . . . . . . . Deaus . . . M illiken . . . . # \Vorkiug platfurm . . . . . . . . . . . . . . . . . . . . . . . . . 76-\V .

1906, Juue 2 . . . . . . Edwards . -Co, -~er . . Pnp to Boston . . . . . . . . . . . . . . . . . . . . . . . . . . . 72-E .

, June 8 . . ~ . . .
Deans . . . . . . ~Altl~iken . . . . Rivet; ng, Ac . . . . . . . . . . . . . . . . . . . . . . . . . . . : . .I76-X .

1906, Ueane . . . . . .ibülliken . . . . Drillings, tkc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176-X .
1906 J,uly 3 . . . . . . . Deans . . . . . . jl{aare . . . Painting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .i77 A .
1906, July 9 . . . . . . . *Deans . . . . Hoare : : : .-:-: ProRrc~s and travellers . . . . . . . . . . . . .i77-l 1 -
1906, .July.9 . . . . . . . . . Hoare . . . . . Deana . . . . Future of bridge, termir,alrailwaye, finances, & o.
:906, Aua .'J . . . . . . . . Hoare . . . . Millike.n . . . . Paint . . . . . . . . . . . . . . . . . . . . . . . . . . . . PA-Y .

. . . . .1^O6, Aug. 20 . . . .
. .

. : Dear.e . . . . . . ; \tilliken. . . . Field corrections . . . . . . . . . . . . . . . . . . . . 77-CJ.
1906, Aug. 22 . . . . . . ; Deans . . . . . . !9fillikon . . . . Stcd benta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 77-D .
1906, Aug.23 . . . . . . . ! Deans . . . . Hoare . . . C.P .A . viaduct-rnorthlyc-stimates. . . . . . . . 1 57-i•. .
1906, Aug . 23 . Szlapka . . .',Cooper . . . TrR:ceiler® . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77-F .
1906, Aug. 29 . . . . . . . 'Dckan. . . . . - 'Hoare . . . Ca, .'ougo vituluct . . . . . . . . . . . . . . . . . . . . . . . . . . 77-G .

1906, Sept . 15 . . . . . . i Deana . . . . . . . C'oo -•r . . . . . . Reciu~d stresA aheet . . . . . . . . . . . . . . . . . . . . . . . . . . 72-F .
1906. Sept . 20 . . . .!Ue~ns . ., lfilliken . . . Bs.c c king anchor arot . . . . . . . . . . . . . . . . . 77-H .
190F, Sept . 21 . . . . . . . iDer.ns . . . . . tfilliken . . . . Joint bolting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . "r7-I .
1906, Sept . 29 . . . . . . . Ueans . . . . .' Dfilliken . . . . Blocking falauworl : . . . . . . . . . . . . . . . . . . . . . . 77-.J .
i%, Oct. 3 . - . . . . .'~tilliken . . . . Deana . . . . . . Blocking falsewor~c . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 -
Kltl 1 ~ P.B . Co . . . Camb er platee. . . . . . . . . . . . . . . . . . . . . . . . . . 71-L .Oct 4 . . . . . . Jfilliken . . :, . . . : . .

t,lü6, Oct . 6 . . . . . . . .iDeane . . . . .itiilliken . . . ."U.P.-3"and pa,!:ing . . . . . . . . . . . . . . . . . . . . î7 N .
1tk~1, Oct . 4 . . . . . . . . . P . B. Co . . . . ! Afilliken . . . . ;Camber plates . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77--L.
1905, Oct . S . . . . . . . Dc - ne . . . . lfillil .en. . . . Relat'on® with Mr Mvi .ure . . . . . . . . . . . . . . . . . 77-N .
'1906, Oct . 16 . . . . . ;Szlapka . . . . ; CooIter. . . . . . ;End c, m t. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72-(: .
1906 Oct . 16- . .- . . . . :P . B . Go . . . . :S ;illiken . . . . Faf e aurk . . . .. 77 -0.
1906, Oct . 19 . . . . .

. . .
iYen~er . . . . 'P .B .Co . . . . . ~Relwrt or, { :rogrer.f of w-i . . . . . . . . . . . . . . . 82-A .

1906, Oct -20 . . . . . . . . ~Hoare . . . . . . ~Deana . . . . .aZemoval of f t-lqework without notico . . . . . . . 80-Z .
19^6, Oct 22 . . . . . . . Deans . . . . . . ;T<icLuro . . ., .~Supplying inforïn ,rtion . . . : . . . . . . .' . . . . . . . . . . . 77-P.
1506, Nov . 7 . . . . . . . . I)eans . . . . . . '~Yenser. . . . . . .Progresa . . . . . . . . . . . . . . . . . . . . . . . . . . 77-R.
1906, Nov . 7 . . . . . . . . IDrana . . . . . Yenser. . . . . Faleework . . . . . . . . . . . . . . . . . . . . . . . . . . 77-R .
1 906, Nov. 8 . . . . . . . ~Yenger . . . . . IP. B. Co . . .l Falsew wk . . . . . . . . . . . . . . . . . . o . 77-9.
1906, Nov . 8 . . . . . . . P. B. Co . . . Yen ser . . . . IFaleework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77-3.
19~, Nov . 4 . . . . . . .!lh~ans . . . . . I lioare . . . . . Vieit to I'hrnnixvitle . . . . . . . . . . . . . . . . . . . . . . . 74•-V.
1906 , Nov . 12 . . . . . . . Yeneer . . . . . 'P . B . Cu . . . Wind . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 177-T.
1906, Nov . 14 . . . . . . ~ . . . . . . . . . .

I
. . . . . . . . .

•1906, Nov . If)- ,. . . SzlapkA . . . . Cooper . . . .
•1W, Nov . 26 . . . . Fdwards . . . t,ouper . . . . .
1906, Nov- 2tî . . . . . . .lTiilliken . . . Ueane . . . . . .
1906, Dec. 27. . . . . . ISalapka . . . . Cooper . . . . .
1907, Jan . 18 . . . jDear.a . . . . . . Hoare . . .- .-
'1907, Feb . 13 - . . : . ;3zlapks. . . . . Cooper . . . .
1907, March 6. . . . !Deane . . . Hoare . . . . . .
1907, March 13 . . . Deane . . . . . . Hoare . . . . . .

.1907, March 14 . . . Deane .
. .

. .
. .

. .. Cwlx r . .
.
.

. .1907,~larch 19 . . . . .~Dean3Hoare. . . . .

?•ttatement by Ueane and Milliken, rc mtervtrw
with Hoare. . . . . . . . . . . . . . . . . . . . . . . .

Shop drawingn . . . . . . . . . . r . . . . . . . . .

Error in pin hole . . . . . . . . . . . . . . . . . . . . . .

`aeason'a work . . . . . . . . . . . . . . . . . . . . . . . .

Transmitting drawingw . . . . . . . . . . . . . . . . . . .

Storage cotit . . . . . . . . . . . . . . . . . . . . . . . . . . .
Stress hhcet, enap. span . . . . . . . . . . . . . . . . .
\Ve :ght of bridgb . . . . . . . . . . . . . . . . . . . . . . . .
I.nstdrawing . . . . . . . . . . . . . . . . . . . . . . . . . . .

Last drawing . . . . . . . . . . . . . . . . . . . . . . . . .

Starting work, kc . . . . . . . . . . . . . . . . . . . . . . . . .

77-U .
12-N .

'7-\V .
77-y-
78- A .
79-J .
7 8-B .
78-D .
78-C .
78-F;.
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INDE X OF EXHIBITS, 70 TO 83-Continued.

--------- ---- - - ---- -

Date . Front 3t:$joct.

451

F xhibit
No .

19U7, March 20 . . . . . .
' 1997, March 21 .
~907, Ap ri13 . . . . . . .

1907, April6 . . . . . .
. 1907, April 20. . . . . . .

1907 . Ap-ril30 . . . . . .
1907, May 4 . . . . . . . . .
1907, May 7 . . . . . . .
1907> bfay 9. . . . . . . . .
1907, 2day20 . . . . . . . .
1907,May _Ju . . . . . . .
1907, May 21 . . . . . . . .
'1007 May 21 . . . .
1907,Vay 24 . . . . . . . .

Hoare . . . . . .
Wtight . . . . .
Deaaa . . . . .
FAwaids . . .
Deans

. . . . .
.

Deans . . . : . :
Deans . . . . . .
SLlapka . . . .
Deans . . . . . .
Deana . . . . .

Hoare . . . .
Hoaro . . . .
Deans . . . . .
Deans . . . . . .

1907, May 27 . . . . . . . . Hoare . . . . . .
Hir17, ',%Tay 31 . . . . . . . .IDeAns . . . . . .
1907,3fay 31 . . . . . . . Deann . . . . .
1907, Jnne 14 . . . . . . . ( Hoare. . . . .
1 ;M)7, June 16 . . . . . . . .
19u7, July 3. . . . . . . . .
1!)07, Tuly 6. . . . . . . . .
lfXi7, July 12 . . . . . . .
1907, t•ily 21 . . . . .
1007, July 26 . . . . . . .
1907, .July 26 . . . . . . .
1907, Aug. 6 . . . . . . . .

1)oans . . . . .
Deans . . . . . .
Deans . . . .
1)eans . . . . . .
Dex+ns . . . . . .
Ücana . . . . . .
Yenacr . . . . .
Birks . . . . .

1907, Aug. 8 . . . . . . . . ~Deans . . . . .

1907, Aug . 8 . . . . . . I P . B . Co . . . .
1907, l,ug . 8 . . . . . . . Gooper. . , . .
19MYJ, Aug . 9 . . . . . . . . Deana . . . . . .
1907, Aug . 9 . . . . . . . Denns . . . . . .

'l9K, Aug 9 . . . Cooper. . . . . .

1907, Aug. 10 . . . . . . . IDe.ans . . . . .

1907, Aug. 12 . . . . . . I Deans . . . . . .
' 1907, Aug. 13 . . . . . . C o o p e r . . . .
1907, Aug. 14 . . . . . I)eans . . . . . .

1907, Aug. 14 . . . . . . .l Deana . . . . .
1 :0)7, Aug. 16 . . . . . IDcans . . . . . .
1007, Aug . 16 . . . . . . . liirks . . . . . . .
1!K1i, Aug . '?) . . . . . .IDeans . . . . . .

1907> Aug . 21 . . . .Ccxi1.. r. . . . . .

1907, Aug . 23 . . . . . Deana . . . . . .

I907, Aug. 21 . . . . . ,Yenser . . . . .
1907, Aug. `C1 . . . . . . .
1907, Aug. 2.1 . . . . . .
l'.Kf7, Aug. 24 . . . _ . .

Yer-r . . .
Dia,ii . . . . . .
Yen--,. r . . . . .
Yeneer . . . . .

11.K17, Aug . 26 . . . . . . .IDeana . . . .
'19U7 , Aug . 20 . . . . . Cooper. . . . . .
19U7, Aug . 27 . . . ~ . . ~Dean a
1907, Aug. 27 . . . . . . . Birka . .

1907, Aug. 24 . . . . . IIloare . . . . . .
.1907, Aug. 28 . . . . . (Birks . . . . . .

1907, Aug . 29 . . . . . . . Deans . . . . . .
1907, Aug. 29 . . . : . ICooper. . . . . .
1907, Aug . 29 . . . . . 4Yenser . . . . .
1907, Aug .29 . .. . . . . . Birks . . . . . . .
1907, Aug . 29 . I Yenser . . . . .
1907, Aug . 29 . . . : . ~Yen4er . . . . .
1907, Aug . 29 . . . . . . Yonw~r . . . . .
1907, Aug . 30 . . . . Weitnight. . .
1 1907, Aug. 31 . . . . . Borger . . . . . .
'1907, Sept. 2 . . . . . . . 1000

.19a7, Sept . 14 . . . . . . . P.
190, Sept. 16 . . . . . . CrnBpn

.earC
.d
u
. .

.
.
.

.

.
.

. . . .
1ti~7, Sept. 16 . . . . . . . Deans . . . . . . [Connard . . . . Asking for print of general plan . . . . . . . . . . . . . 79 _CC .

•From Mr . Cooper's tetter books .

154-vol . ii-29i

Deute. . . . . . Completion of office work . . . . . . . . . . . . . . . . . . 1-A.
yzla.pka . . . . Riveta in centre web . . . . . . . . . . . . . . . 72-K .
Norris . . . . . . Injured chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 -
Cooper . . . . . Post,eection,~a . . . . . . . . . . . . . . . . . . . . . . . . . . . 73-I .
Milliken . . . . Starting on work . . . . . . . . . . . . . . . . . . . . . . . . 78-G.

McLure . . . . [~~~~ying to letter April 28 :, : . ï . . . . . . . . . . 78-I.
~Silliken . . . . Field riveting . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78-J .
Cooper . . . . . r.ieturn of drawutgs . . . . . . . . . . . . . . . . . . . . . . . . . 72 -L
Iloare . . . . . . P ri nts for :pproval . . . . . . . . . . . . . . . . . . . . . . 178-1?.
McLure . . Riveting instructions . . . . . . . . . . . . . . . . . . . . 7t3-f, .
Deana . . . . . .Plrne for De pt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78-M .
Dt A ns . . . . . Compleinta of engineers at Otta .sa . . . . . . . . . 81-B .
Cooper . . . . Drawings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72-:4f .
Hoare . . . . . . b.stin:ateA approval of plans, Rc. . . . . . . . . . I78-O
Doans . . . . . . Delay in rorwarding plane for approNal . . . . ;81- ^,
Milliken . . . . Painting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17? Y.
Parent. . . . . North approach . . . . . . . . . . . . . . . . . . . . . . . . . . 78-Q.
Deana . . . . . . Paymenta dnc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .I81-
Yenser . . . . Sagging bottons laterala . . . . . . . . . . . . . . . . . . 1 78- .
Pa rent. . . . . . North approach. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78-V .
Milliken . . . . North approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78-W.
Yrnaer . . . . . Driving ~ing, detlect ., cant. arm, &c . . . . . . . . . . 78-Y .
Yenser . . . . Livo loac~ ands ;xcifications . . . . . . . . . . . . . . . . . . 79-A .

Yenser . . . . . Bad holoa . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 79-13.
P. B . Co. . . . Report on work . . . . . . . . . . . . 82-8.
P. B . Cu. . . . 8plicb i~~twcen chords 7 L and 8 L . . . . . . . . . . . 81-I).
Parent . . . . Storage . . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . 73-C.

Milliken . . . .ISplicing 7 and 8 . . . . . . . . . . . . . . . . . . . . . . . 79--N .

~ C
. ~ 3 licmg 7 and 8 79-F.P. I3.
1 9-G.-Coo xr C~ôrd joint. . . . . . . .

bfil~ikeno Genela letter . 79-IT.
Denns . . . . . . Repaira to chorcl . . . . . . . . . . . . . . . . . . . . . . . . . . 7g-J .

.Cooper . . . . . . 8pli
ccii nngg 77

and 8 . . .
.

.

.
.
.

.
.

.

.
.

.

.
.

. . .
.

. . . .
. . . . ..

. . . . 7
9 79--IJ .Coo {~er . . . . . S ph and 8 . . . . . . . . . . . .

MeLure . . . .IBend in 7-8 L. . . . . . . . . . . . . . . . . . . . . . . . . .3-K .
Yenser. . . . . . S plicmg 7 and 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~7 . -K .
Cooper. . . . . . Splicing 7 and 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 9-L .
Yensor . . . . . .IRiveting die.gonala . . . . . . . . . . . . . . . . . . . . . . . .I79-hi
P . I3 . Co . . . , 3plice 7 I, and 8 I. . . . . . . . . . . . . . . . . . . . . . . . 81 -E .
Cooper . . . . . . 9p1i ce 7 and 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . j79-N.
Deans . . . . . . .t,«'--7-8

L Cooper. . . . . i bspnce 7 and 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79-0 .
P. it . Co . . . Report on work . . . . . . . . . . . . . . . . . . . . . . . . . . 82-D.
P. B . Co . . .!Daily force accourt . . . . . . . . . . . . . . . .. . . . . . . . . . .82-F .
Norria . . . . . . Material for north side . . . . . . . . . . . . . . . . . . . . 179-P .
P. B. Co . . . Report on work. . . . . . . . . . . . . . . . . . . 82-C .
P . B. Co . . . Weight on end cantilever aim, Aug. 24,1907 . .182-E

Yenser . . . . Oflioe and field fig~~rea . . . . . . . . . . . . . . . . . . . . . 79-Q.
Deans . . . . . . Bent ri bs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73-M .
Coo pe r . . . . . ;5 plice 7 and 8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79-11 .
P. 13 . Co . . . l Chords 9 I. anchor atni and 8 and 9 K cant.

arm . . . . . . . . . . . 81-F.

P. B . Co . . . 1•fcLure'a call re chord . . . . ~ . . . . . . . . . . . . .
:

. . 9-
P. B. Co . . . Chord 9 t:A . . . 81-G .

Hoaro . . . Chorde in condition they left Phcenixvilla . . . . . 79-T.

P. B. Co . . . Add no inoreload . . . . . . . . . . . . . . . . . . . . . . . . . . .I79-U.

P . B. Co . . . Report on wotk. . . . . . . . . . . . . . . . . . . . . . . . . . . . . i82-G .

P . B. Co . . . Chord Q AA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81-H .

P . B. Co . . Weight on end cant. arm, Aug . 29 . . . . . . . . . . . . .82-Y .

P. B . Co . . . Daily force aca.-~nt . . . . . . . . . . . . . . . . . . . . . . . . .
.
82-J .

P. B . Co . . .,Report on work. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82-H.

P. B. Co . . . ~Report on collapse . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 Z .

Hoare . .
.
. . . Chord 7-8 L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73-N.

Hoare . . .. .lLetter of sympathX . . . . . . . . . . . . 73-0 .

F. T. Davis . iPreaerving blue pnnte. . . . . . . . . . . . . . . . . . . . . . . . i9-BB.

Deana . . . . . . Original apecificattone, Ato . . . . . . . . . . . . . . . . . . . 79-DD .
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INDEX OF EXHIBITS, 70 TO 83-Conti»ued.

Date. From

1907, Sept. 26 . . . . . . Hoare . . . . . .
1907, Sept. o6 . . . . . . .

I
Hoaro . . . . . .

1907, Sept . 27 . . . . . . 1P. B . Co. . . .
'19(Y;, Oct . -f . . . . . . . . lBerger . . . . . .

To

$alapka . . . .
Salapka . . . .
Hoare . . . . . .
Schneider. . .

Calculations of strains . . . . . . . . . . . . . . . . . . . . .
Revised strain caloulations . . . . . . . . .
Blue prints of calculatious . . . . . . . . . . . . . . . . . . .
Wind strains . . . . . . . . . . . . . . . . . . . . . . . . . . . .

'From Air. Cooper's letter books.

EXHIBIT No . 70a .

(Letterhead of Phoenix Bridge Co.)
PH OE x I xv I LLE, PA ., Jan . 20, 1 9 02 .

THE0. COOPER, Esq .,

Consulting Engineer,
35 Broadway, New York, N.Y.

DRAR MR . COOPER,-I have your letter of January 18 in cônnection with giving out
information concerning Quebec bridge . I discussed this matter with Mr. Iloare soon
af ter our lastinterview on this subject,_and heatated_he thought it would be wise to
defer publishing any matter. We expect some definite and clear action in connection
with the main structure during Afarch or April, and until this is taken and all features
drFnitely fixed and decided upon, I think it might be wise not to give out any infor-
wation to the public, and this appea :s to be Mr. Hoare's feelings in the matter. We
have been so frequently pressed regarding this matter that we have promised to give
n?l of the engineering papers the information at the sanie time . I have not been in
New York since the annual meeting, but shall stop in your office the next time I ain
in the city

. With kind regards,
Y ours truly,

JOHN STERLING DEANS,
Chief Engineer .

EXHIBIT No . 70b .

(Letterhead of Quebec Bridge Co.)
(Private.)

QuEnec, April 12, 1902.

DeAR Mr CoOPER,--I called at your office on Thursday afternoon on my retur n
from Phaenixville . You bai gone hom© about half an üour previously. As I had
nothing in view to fill up another day, I left the same evening for home . Mr. Parent
came to New York, but left again the same day with his family. He hadn't very good
news for future progress, ;>>d I am afraid our intentions will be checked for a while .
There can't be any move ,u connection with new work this year on account of de-
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ferred finances . We have only enough to scratch through this',ear'a work and only
with Davis' help in taking scrip . I have told Davis that he can take reasouable time
about his plan studies as there will be nothing ordered for some time. I said not before
end of year at earliest, all 3epending upon success of terminal scheme . The above is
private . If I had seen you again I could have explained the scheme which has been
deferred . I saw a 15" x 2" bar tested which failed in the body, about 29,000Jbs . elastic
limit and nearly 66 ,000 lbs . ult ., being the fourth satisfactory test. In haste.

Yours truly,

E. A. HOARE .

EXHIBIT No . 700 .

(Letterhead of Quebec Bridge Co.)
(Personal.)

QUEnEC, Juno ü, 1904 .

DEAR MR . Coopfi.R,-I will send a few hasty lines before going up the river to

thank you for yor letter of the 2nd inst . and inclosure . I was at the point of writing

when your letter came, but waa called off for so . .iething else. Tir. Davis' work is pro-

gressing . The second eseic,° i is at site, but not quite lined . We are loading with

concrete and levelling botto at low tide under air pressure. I am afraid there will

be a halt this fall as our programme failed to mature . I hope, however, it may be

revived nexi ; winter in time for some arrangements for the following year. Until then

I am afraid we shall be stranded for money . 32verything has been scratched together

and transferred to Mr. Davis, which will only contribute a portion . Iio has to carry

a portion on his own shoulders . When your account comes in I will try same} source

to procure engineering funds as soon as possible, if you don't mind a little delny in

meantime. The present available funds will be absorbecI locally in a couple of months

or so . When anything of importance occurs you will hear from me .

Yours truly,

t Some. E. A. IiOARE .

Teisgrarn .
EXHIBIT No . 70d .

QUEnEO, QUE ., Oct. 3, 1902.

TIiECDORE COOPER ,

35 Broadway, Iv' ow York .

Could you be here next Thursday to meet 1 ►ir . Schreiber. Preparations for winter

demand decision for final depth not later than then .
E. A. HOARE .
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EXHIBIT No. 70e .

(I. -tterh,~ad Ph c enix Bridge Co .)
PACENIxV1i.LE, PA., May 28, 1903 .

T ► IEO. CooPER, Esq . ,
Consulting Engineer, Quebec Bridge Co .,

35 Broadway, New York, N .Y .

DF:AR &R,-We were very sorry to learn by Mr. Berger's letter of May 25th that
the grip had hold of you, and trust by this time you have been able to knoek it off .

T(r . Szlapka has carefully examined the proposed revised specifications as to loads

vw l str dns Quebec bridge and same is returned herewith, with several notes in red ,
which we believe you will add as agreeing with original understanding .

We would further suggest that the last clause, under the head of `Future increase
or railroad live load,' be added immediately after the livA load clauses and before the

wind clause .
As you will undoubtvdly appreciate, it will be necessary for you to explain to Mr .

Iloare how the live load proposed in these specifications will easily take care of any
possible increase in live load without overatraining the material . I know personally

that i1ir . Iloare and his people fecl that the bridge should be designed to provide for
a considerably heavier load than originally intended .

It has occurred to us t'iat it might be well to add, after the second paragraph in
live load clause, the following :-` This loading being equivalent to Engine E-40 with

train load of 4,000 lbs. per lineal foot on one track and Engine E-40 with train load of
2,000 ll , s . per lineal foot on other track.' We simply make this to you as a suggestion,
that pal ties examining specifications may have it directly before them that ample pro-
vision is made for heavy loading .

We notce you omit to add that the workmanship and material is to be in
accordance with ` Cooper's specifications .' Please add this clause.

Kuowing the people in Canada are very anxious to have the inatter settled, we
understand you will forward to Mr . Hoare at once these revised specificatiwis . Kindly

'end a copy to us .
Yours truly ,

JOHN STERLING DEANS,
Chief Engineer.

EXHIBIT No . 70f .

(Lptterhead Phmnix Bridge Co .)
PIIa:rIxvILLE, PA ., May 20, 1903 .

TI1E0 . COOPER, Esq .,
Consulting Engineer,

New York, N.Y.

DEAR SIR,-Wo return herewith, by r: ;~stered mail, your proposed specifications
for loading and unit stresses, main spac ; Qllz-bec bridge . I wish to make the following
remarks in reference to these specificatior. i :---

lst. I assume that only one engine E-40 will be used on each railroad track .
2nd . I find that the proposed 48,000 lbs. on two axles 10 ft . centre to centre on

trolley stringers produce larger bc : ..diug moment in eèntre than the 40,000 lbs. on two
axles 7 ft, apart centre to centre originally used .
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8rd .' E-88 on each railroad track to be used for chords and main diagonals for the

suspended span ,is equivalent to 4,200 lbs . per lin. ft. on one track and almost 2,000

lbs . per lin. it. on the second track.
4th . I tried formula proposed for main members and find in each casa there will

be a slight saving of material and that the unit dtressea come within the limit of about
,roths of the elastic limit for live and dead load stresses.

5th . On page 2 of your specifications there should be added the same remark as on

page 3, w ritten by you in pencil and marked by me with red asterirek .

gth. I examined the values of the permissible unit stresses for reversed strains,

and i find in some cases there are slight errors, as indicated bÿ-me in red .

After you have these specifications r6-.vritten and printed complete, I would bw

glad once more to have the opportunity of looking over them before they are sent to

Canada for adoption.

P.B.-I have retained a copy of your papers .

Yours respectfully ,

PH(ENIX BRIDGE CO . ,

Per P. L. SZLAPKA .

EXHIBIT No . 70g .

(I.etterhead of Phoenix Bridge Co .)
PII(ENiXVIL1.E, PA., May 22nd, 1903 .

TnP.O . CooPF.R, C .E . ,

3 5 Broadway, New Yort., N.Y.

DeAR I4iR . Coorr.R, I returned from Ottawa yesterday, and you will be pleased to
learn there is every evidenco to believe that the programme as outlined by Mr . Parent

in your office recently will be carried out .
I was requcsted by the Ottawa officials to urge upon you to act as promptly as

possible in the matter of completing the specifications and to forward sanie to 31r
.

lloare without delay. There is urgent neceasity of their taking prompt action . Will

you kindly write Mr . Hoare when he may e.xpect to receiio copy,of the revised specifi-*

cations.
I will stop to see you the next time I am in New York, which will undoubtedly he

within a few days, and give you more details .
•JNO. STERLING DEANS,

Chief Engineer .

EXHIBIT No. 70h .

(Letterhead of Phoenix Bridge Co
.) I,HGWIgVILL$, PA., June 4, 1903 .

TIiEo . COOPER, EsA ., O .E . ,
Consulting Engineer,

35 Broadway, New York, N .Y .

D EAR Mn. CooPSa,-I acknowledge receipt by your letter of June ard copy of
revised specifications QlIebec bridge, which you sent to Mr . Hoare on June 2nd. I
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thank you for the copy and hope we will soon hear that these apecifications have been

atiprôved by the government.
Hoping you are entirely recovered from your recent attack of grip, I remain ,

Yours truly ,

JNO. STERLING DEANS,

EXHIBIT No . 70i ,

(I,c•tterhead of the Quebec Bridge Co.)

Priva (e .
QoEBEO, July 1st, 1903 .

DEAR MR COOPER,--I enclose copy of letter which Mr . Parent approved of and
signed and which I handed to Mr . Fitspatrick (our representative member) yesterday
in Ottawa. We showed it to Mr. Schreiber who approved of it and requested Mr.
Fitzpatrick to obtain the consent of the Minister of Railways and Canals to proposals
therein . I expect that this part of the programme will be closed this week . Regard-
ing your specification, to-day being a holiday, I was unable to get Mr . S . to take it up
with nie, as Douglas was absent for a few days, and Mr. S. wished to see him in regard
to it before committing himself . He said, however, that I may expect a letter in a
day or two , probably putting questions for your explanation . .hir. S. said he would
go to see you if ho wasn't so tied up attending committees . I think the hitch, if any,
will be on the method of loading and straining metal to } of elastic limit, which may
require explanation direct . I do not think that financing will be as easy as aupposed
in these quart,,,re . The government have not yet decided on any guarantee, but, from
what I can gather here and there, it will not cover the whole required by the company .
In such a case we don't want to be loaded with greater outlay than necessary . At the
same time the future usefulness and permanency of the bridge 'for all possible traffic
2nust not be sacrificed on account of temporary financial conditions. Therefore, if
you have satisfied the above by your specifications I would suggest clinging to your.
proposals and overcome criticism by discussion such as we had at your office the other
day. It might also be well for you to satisfy air . S. that when strain diagrams are
being prepared you may find it necessary to increase where special conditions require
it and that the present specification provides for maximum results when properlyt
handled and that you requira plenty of scope to work out satisfactory details and not
be tied down to unreasonable conditions, thereby impairing your usefulness as ~hon-
culting engineer. I spoke to him on these lines, hoping that it may have a little
impression before Douglas returns . I found a message from Phcenixville this morn-
ing urging an agreement as they were at a standstill and could not proceed as Deans
promised the premier when here six weeks ago . Is there anything they can do in the
meantime in preparation of any kind, for I fear we shall take a week longer to arrive
at conclusions . Please excuse a hurried random letter to catch mail .

E. A. HOARE.
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EXHIBIT No . 70j .

(Letterhead of the Quebec Bridge Co .)
QuEeea, 2 9 th June, 1903 .

The Hon . CHARLES FITZPATRICK,

Minister of Justice, Ottawa .

DEAR MR . FITZPATRICK,-Mr. Hoare has been to New York to confer with Mr.

Cooper, the consulting engineer of the Quebec Bridge Company, and the chiel engi-
neer of the Phoenix Bridge Company upon the arrangement of certain matters which
will govern the rate of progress of work on the bridge . in that regard, the prepara-

tion of the general drawings, and those required for the shops at Phornixville, is a very
stupendous affair, requiring expert supervision and a large staff of special draughtsmen
at work for many months before details are ready for the workshops . It is absolutely

imperative that the continuous flow of the working drawings to the shops shall not at
any time be interrupted, as the slightest delay will most assuredly lose a season's erec-

tion . If the usual course of submitting plans to the Department of Railways and
Canals (which may work very well in ordinary cases), is followed, delays will certainly
occur, and in order to avoid anything of the kind, I urgently ask you to have an
arrangement made by which all specifications and designs signal by ,11r. Theodore

Cooper be accepted by the government . -Mr. Schreiber would, I should think, be

pleased to have such an arrangement made whereby work could be compressed and
simplified and responsibility taken by such an experie:iced bridge engineer as Ittr ..

Cooper, who has been specially engaged for that purpose .

Yours truly,

S. N. PARENT,
President .

EXHIBIT No . 70k .

(Letterhe-ad of Dept . of Rys . & Canals, Ottawa .)
OTTAWA, July, 1903 .

DE .+R SiR,-I have received from Mr . E . A. Iioare two memoranda mado by you in

respect of the plans of the superstructure of the Quebec bridge, suggesting certain

modifications which you consirier desirable .
Inasmuch as the contract for this structure contains an express specification

by which I am bound, I ani unable, as matters stand, to sanction any deviation from it .

I am, however, strongly impressed with the expediency, in order not to binder th e

progress of the work of manufacture, of permitting you certain latitude in the pre-
paration of the detail plans, even to the extent oi adopting (with my own concurrence)
such modifications as may appeV proper, and, holding this view, I have as!ced that
authority be given me by order in council which will enable me to act in that direction .

Nothing can, of course, be done until such order is passed, but on receipt of it I will

communicate with you immediately.

Faithfully yours,

COLLINOWOOD SCHREIBER,
Chief Engisrer.

THEODORS COOPER, EBq.,
Consulting Engineer,

36 Broadway, New York City, U .B .A.
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EBHIBIT No . 701 .

(Letterhead of Phoenix Bridge Co.)
P 11Or1V1 :[V iLLEj PA., JUly 81, 1903.

T11EODOnE (~ioOPER, Esq.,

Consulting Engineer ,

36 Broadway, New York, N .Y.

DEAR MR. COOPER,-To say that I was surprised by the contents of your letter of

July 30th is putting it mildly. I am trying to reach Mr . Iioare by'phono. In addition,
I have wired him and have alst written a strong letter expres3ing 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 taken solely to save
time and to have your approval of our details final and binding on the go,* :-nlnent-

it simply being necessary to have Mr. Sschreiber's signature as a matter of form. It
lifts certainl,v 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 efficiency of the

structure .
We, of course, agree with you that we are at a standstill until this matter is

settled, as certainly the matter of n new engineer is an uncertain quantity at present .
I cannot but believe that a trip to Quebec by yourself and myself would tend t o

clear the situation .

(Letterhead of Phoenix Bridge Co .)

Yours truly,

JNO. STERLING DEANS,
Chief Brsgineer.

EXHISIT No. 70m .

P 1 1aTN1Y1'ILLE, PA ., August 1, 1903 .
Air. T1iEO. CooPER, O .E . ,

35 Broadway, Now York, N.Y.

DEAR MR. CoOPF.R,-I talked with Mr . Iloare over the 'phone yesterday (thw ser-
vice was not very satisfactory), and also n• : .ed him two long messages, and have re-
ceived his reply stating that `ho 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 purpese of the order in council was to give you the
final authority to settle all details, the government apprcval being a mere formality,
and in this way save time which was so valuable. T, personally think it would have
been much bettor 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.-
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our portion o e s

com.ection with his part of the work. It was evident that the government were making

final arrangements to bring a Bill before parliament covering guarantee of bonds to

complete the work . I believe this action will Le taken within n short time.

Yours truly ,

JNO. ST ;•:RT,I'.,:G DEANS,
Chief Engineer .

eax
found it possible to take a reat, and trust you will be greatly benefited by the change .

We will follow your directions should anything of importance come up in connection
with Quebec during your absence.

I was called to Quebec and Ottawa by it telegram from Mr. Parent on Tuesday last

to ineet government officials and satisfy them as to the reasonablene5s of the cost of
f th tructure Mr Davis was present to make the same statement i n

Consulting Engineer,
Cooper's Plains, Steuben Co., N.Y .

D Me Cooe .x --2 waa pleased to learn by your letter of Sept . 2nd that you had

EXHIBIT No . 70n.

(Letterhead of Phoenix Bridge Co .)
PMt:xuvu. ►-e, PA., Sept . 6, 1903 .

Timo. CooPax, Esq.

EXHIBIT No . 70o .

QUEBEC, May 5, 1901 .

DF.+e Sua,-Mr. Johnson and a friend of mine, who is inspecting work for nie in

Montreal, have recommended a Mr
. John Ronkin, now engaged as inspector on the

Trent canal, as a competent mill and shop inspector for our work . Both Johnson and

Griffiths state that he has had considerable experie-, ,~e in both kind of works and is
very reliable, and has been educated as an engineer, I l ;elieve, at McGill Colletce . I

have asked Mr
. Rnnkin to write to you direct, stating hie experiences from the start,

in order that you may judge of his capabilities
. If you think him a desirable man,

I can negotiate with him and get him probably within two weeks
. Another man r,amed

W. S
. Walls bas also been recommended to nie by the same gentlemen, they state that

Walls has had a little more experience than Rankin
. He was shop superintendent of

the Elmira Bridge Co ., also the Lackawanna Steel Co . IIe was engaged for some time

by the Pittsburg Testing Laboratory and also by the late George S
. Morrison . Run-

kin is a Canadian-born subject and Walls an American
. I have inquired about others,

but the majority that apply are totally unfit for our work
. Deans says he must have

inspectors at Phaenixville by the 15th instant in order to spend a little Preliminary
time to become acquainted with their works and the shop drawinge, etc

. Would like

to hear from you on this subject at your earliest convenience, also to have the letters
in hand in reference to matters discussed in New York the last time I was there. I

may as well inclose for your perusal a letter from Mr
. Ro1ph, making an application

to the Canadian Inspection Company for a position as inspector metal work
. You

might let me know if you think this man wouid be worth trying as a junior
. I know

I can get him if he is suitable. Yours truly,

E. A. IIOARE.

(Letterhehd of Quebec Bridge Co.)

T![P4. COOPEa, E sq. ,

35 Broadway New York City .

i
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EgHIBIT No . 70p .

(Letterhead of Quebec Bridge Co.) QUEBEC, May 20, 1904.

TIIEOpORE COOPER, Esq . ,
Consulting Engineer ,

45 Broadway, New York.

DE AR SIR,-I have received your letter of the 16th stating that you have engaged
Mr. Edwards as inspector at Phoonixville . I haven't had an opportunity to get con-
firmation by the Board but I am satis fied that it will be all right . I received a letter
from Mr. C. Deans to know if there would be an opportunity to get a part of this
inspection as compensation for lost labour in figuring on the original contract bids
with Phoenix Company. I suppose you have arranged for checking shop drawing
weights in the manner already attended to or in some similar way . Consequently the
only way to fit in Deans ( if at all) would be some distant mill inspection, say a limited
quantity that may be rushed in the future at some distance from Phoenixville, which
might not interfere with the latter organization. I mention this in case of unfore-
seen rush . If you think Rankine efficient for the future, when required, you can let
me know . I imagine, however, that he will require an ans w er in a month, or not much
later .

Yours truly ,

EXHIBIT No. 70q .

(Letterhead of Queber Bridge Co. )

TIiEODORF; COOPER, Esq .,
Consulting Engineer ,

45 Broadway, New York City .

DEAR Sia,--The Department of Railways and Canals are going to send a resident
inspector to Phcenixville to follow our inspector's work and keep track of all metal
out of Canada in such It manner that when paid for, it can be claimed at any time by
this company and the government . At the same time I imagine that the weight of
metal will be checked by the government man in the manner previously mentioned . If
it is arranged that the government man and 11 r. Edwards can satisfactorily do this,
there is no use of troubling you about it, as you probably have all the work you desire
in hand. I will let you know later t he actual arrangements made.

I was sorry to hear that you were called away to attend your brother's funeral .

With best regards ,
Yours truly,

EXHIBIT No . 70r.

Mr. E. T . MonRm ,
Inspector, the Phoenix Bridge Co .,

Phaenixville, Pa .

DEAR SIR,--James River Vinduct, Richmond, Atlantic Coast Line-I have just
karned of carelessness in not following out the full and very explicit instructions given
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on the drawings. These must be cariied out to the letter. . We must insist upon this
and if there is to be any modifications from these inetructions,, it 'must be given from
this office. The proper time to have made the corrections on these girdm was when
they were first sent out of shop and not wait until time arrives for them to be riveted
together. I believe yôu ribw understand exactly what is to be done, and will see that
girders are made in strict accordance with the drawings .

Quebec.-I believe you have been told verbally about the importance of the inspec-
tion of the Quebec bridge material, not alone the material for th9 bridge proper, but
particularly the material for the falsework and traveller. This must have the same
careful inspection as permanent work and particularly as to the material and work-
manship about the joints.

Yours truly,
JOHN STERLING DEANS,

Chief Engineer.

EXHIBIT No . 71a .

T IIEo . C ooPER, Esq .,
Consulting Engineer ,

35 Broadway, New York, N .Y .

DE A R Sut,-We send you in duplicate preliminary floor plan for the St . Lawrence

river bridge at Quebec. This plan shows the floor arranged with a future sidewalk
on the main span and on the ni- irroaeh spans, ns well as the cross section of floor with

sidewalk temporarily omitted.
We made se v eral changes, as compared w ith the Quebec Bridge Company's speci-

fications . We increased the '-inch planking on the roadway to 4 inches ; spaced the

8 x 12 railway ties 14 inches instead of ]" 'iehes, and we omitted the two outsida
railway guard timbers 8 x 9 inches, which ai , t,~ar to be unnecessary having inner steel

guard rails .
The centre posts over the main piers t,eing 5 feet wide over-all and some of the

diagonals packing out also about 5 feet, the future side w alk has to be 5 feet clear ont-

side of these d imensions .
The depth of the roadway stringers and the electric stringers is not yet decided

upon until thi i floor plan is appro x ecl by y ou . We will then figure the exact do .14I weight

of the wooden floor and proceed to the design of the steel floor.

Please return one plan with your approval and oblige .

Yours truly,- -

TIIE PIiQ.NIX BRIDGE CO. ,
Per P, L. SZLAPKA .

EXHIBIT No . 71b.

(Letterhead of Quebec Bridge Co . )

TilEo . COOPER, Esq. ,

Consulting Engineer,
New York. N.Y.

DE Aa Sra,-Under separate inclosure we send you fi,, e blue prints of drawing `A'

showing wooden floor system, main bridge, St . Lawrence river crossing. Ki.ndly return
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THE PH(ENIX BRIDGE CO. ,

four of the sheets with your approval as far as the wooden portion of the cross-section

is concerned .
We also send you two sheets showing general layout of the main bridge and especi-

ally showing the character of the curve of the upper chord of the suspended span .

From this you will notice that this curve produced comes about 2 feet above the second

panel point from the main Pier
. Kindly retain theâe prints for your office use .

Yours truly,

Per P . L. SZLAPRA .

EXHIBIT No . 71c .

POTTSTOWN, May 19, 1004 .

Tt1E0D0aE COOFER, O .E . ,
Consulting Engineer, Quebec Bridge Co .,

New York .

DFAn Sm,-Beg to acknowledge receipt of your favour of the 16th inst ., directing

inc to proceed to Phcenixville and to report to the Phoenix Bridge Company as in-

specter for the Quebec Bridge Company .
I thank you for kindly assigning me to this work, and amure you I will use my

best endeavours to provo your confidence has not been misplaced . I note what you say

regarding salary, and if this is agreeablo to the chief engineor-it will be so to me .

Would report that I called at the office of the Phoenix Bridge Company to-day as
per your reque3t, and was informed by their Mr . Deans that tlhc,v (-pect to order

material for the anchorage shell early next week .
I will be notified when this is done, and also be furnished with the necessary

drawings and bills of inaterial . I will keep track of *the work now from this time on,

and give prompt attention to any inspection which may arise . I remain,

Yours very truly ,

E. L. EDWARDS .

EXHIBIT No. 71d .

(Letterhead of the Phoenix Bridge Company . )

PIiff.TI%VILLF., PA., February 19, 1941 .

TIIEO. Coorr:a, Esq .,
Consulting Engineer ,

New York, N .Y .

DEAR S►a,-Wo send you herewith in duplicate stress diagram and general detail
drawing of the 676-foot suspended span, Quebec bridge, and also our calculations in

detail for same. With the.se calculations in band the checking of our figures will be

very much simplified .
'Nhilo our general plan shows the principal features of the details to be used,



'ZHIBITg 163

SESSIONAL PAPER No. 164

these detaila naturally may be subject to further cbangee when the final shop drawings
for this span are made.

For erection purposes the upper chord sections are splioed in the 'fleld ahead of
the panel points, while 'ilie panel splices will-be shop riveted .

'For the same reason the eyebars at the intersection with the eub-panels are
attached to two separate pins by means of a special link .

Our plnn shows the lower chord stiff throughout, although it may be found later
on more couvenient for erection to make the two centre panals of eyebars.

As noted on our plan, the details of the end portals, of the end floor beams, of the
end stringers and the arrangement for transferring the lateral stress" from the sus-
pended span into the cantilever, will be furnished later .

If you find it neeeesary to diseusa any of our details in person, the writer will be
glad to call at your office any day you may name . Kindly return one print with your'
approval, and oblige,

Yours truly,
THE PHOENIX BRIDGE CO.,

Per P. L. SZLAPHA .

P.S .-Our detailed calculations are for your office use and need not be returned : •

EXHI'BIT No . 71e .

(Telegram.) Re-,eived at
Dated Quebee, Que.,, 27 NEW YoRS, April 27, 1901.

T11t;ODORB COOPER ,

35 Broadway, New York .

Think I can find in a fotv days satisfactory men for all inspection purposes.

E . A. lIOARE .

EXHIBIT No . 71f .

(Letterhead of the Phmnix Bridge Company .)
Piicsx1xvrLLe, May 3, 1904.

TliEo. CoOPER, Esq. ,

Consulting Engineer, .
45 Broadway, New York, N .Y.

DEAR S1H,-We send you to-day six sets each of drawings T, IT and V, being
general détailed drawings of the anchor bent, Quebec bridge . Kindly affix your signa-i

ture to these drawings and return same, so that we may forward them to Mr. Hoar e

for goyernmrent'a approval
. Yours truly,

JNO. STERLING DEANS, C.E.E .,
Chief Engineer.
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EgHIBIT No . 71g.

(Letterhead of the Phoenix Bridge Company .)
I,t[EStxvlLLr, May 26, 1904.

Tt ► eo . Cooesx, Esq.,
Consulting Engineer ,

45 Broadway, New York, N .Y .

DEAR SIR,-We send you herewith in duplicate more complete drawings+ sheets
T, U and V, which may be necessary to you in checking our shop drawings No . 1 and

No. 2, being eyebars, pins and pilots for the anchor benta, which plans we also send

you herewith in duplicate.
The anchor eyebars are made of different lengths, owing to the fact that ley are

differently inclined from the bottom end pin towards the upper end pin, and also
qwing to the fact that the present anchor bars projeëtiug 6 feet above the anchor piers
are at slightly different elevations, as given to us by lfr . Hoare .

We understand, as' already mentioned by you, it will not be necessary for us to0,

bend the eyebars at their heads, owing to the slightly larger amount of slanting than

generally specified .
We expect to send to you the bracing in the anchor bent on Saturday and the. .

legs not later than Wednesday riext .
Kindly return to us the two sheets of eyebars, pins, &c ., at your earliest conven-

ience, as we wish to make a start of rolling rnaterial in the mills, and in this way

satisfy the Dominion governn:ent that the nctual construction of the bridge in thd

shops has begun .
Yours truly ,

THE PII ENIX 13RIDGE CO MPANY,
Per P. L . SzLAPKA .

EXHIBIT No. 71h . '

(Letterhead of the Phoenix Bridge Company .)
P«cEmx%"u .t .e, P .% ., May 26, 1904 .

Tneo . CooPFR, EsQ.,
Con=ulting Engineer ,

15 Broadway, New York, N.Y.

DeAa SIR,-We zend you herewith in duplicate :-

Calculations of pins in anchor bents .

Calculation of anchor tower .
Calculation of -- floor beam over anchor bent .
Complete stress sheet of anchor arm with the exception of end portal, intermediate

away bracing and bracing and trussed floor beams between centre posts.

These calculationa show every poaition of live load used in obta~ning maximum

stresses . They also show the several cases of wind pressures on page 4--so that wit h

all secants, tangents, &c., given, you will be enabled to make very rapid progress in

checkint our calculations.
As soon as you are through with these calculations and you wish any features

of the calculations explained, corrected, or suppleminted, the writer will be glad t o

call at your office.
Your truly ,

THE PH(ENIX Bt2iDG F
'' 1, SzLAPUS.
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EXHIBIT No. 71i .

(Letterhead of the Phoenix Pridge Company .)
PHQ:NIxVILL&, P.+ ., June 7, 190'.

T IIEO CooPER, ]•:SQ y

Consulting Engineer ,
45 Broadway, New York, N .Y .

DEAR SIR,-We send you in duplicate, additional sheets showing bending moments

on pins of anchor arm, Quebec bridge, namely : Sheet 31 to 38, inclusive, and 4 4 to

46, inclusive.
In the course of two or three days we will send you the missing sheets for pins

for post P4 and centre post .
We would be greatly obliged to you, if Mr . Berger could see his way of checking

the lower part of the main tower and `retu rn to us one of our plans approved, not

later than next Friday-as our shops are greatly in need of this material .

Yours truly,
THE PII(ENIX BRIDGE CO .,

Per P. L. SZLAPKA .--

E%HIBIT No . 71j .

(Letterhead of the Phoenix Bridge Company .)
PH MNIIVILLE, PA., July 1, 1904.

TfIEo COOPER, ESQ .,
Consulting Engineer,

45 Broadway, New York, N.Y.

DEAR SIR,-To eliminate the additional compressive stresses on the lower chord

of the anchor arm, due to the bending under its own weight, we propose to move the

centre line of the pins J -inch below the centré of gravity of the chord . Kindly advise

if you agree with us in this matter and oblige ,

Yours truly,

THE PIÎ(ENIX BRIDGE CO . ,
Per P. L. SzLAPKA.

ESHIBIT No . 71k .

(Letterhead of the Phoenix Bridge Company.)
PH ErrUVILLE, PA., July 28, 1904 .

THEo. COOPER, Esq .,
Consulting Engineer,

45 Broadway, New York, N.Y.

DEAR Sm,-We send herewith for your examination and approval in duplicate :--

Drawing No. 1 C. O. 616, 617 .
Drawing No. 10. O. 606, 607 .

I)rawing No. 12 C . O. 616, 617.
164-vol, ii-30
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The end bottom chord plan was previously approved by you and we send you this

plan cwing to the fact that small changes were added and you requested us to sen
d another set of drawings as finally arranged.

Kindly return one of each with your approval, and oblige .

Yours truly,

THE PHOENIX BRIDGE CO . ,
Per P. L. SZi.APBA .

EXHIBIT No . 711 .

(Letterhead of the Phmnix Bridge Company . )

THEO. 00oPER, ESq,,

Consulting Engineer,

45 Broadway, New York, N .Y.

PHOZ Nixvmi.g, PA., October 17, 1904 .

DFAS 131R,--We have your letter of October 14, referring to additional stresses
cansed in the top laterals by their weight, in addition to the wind stresses. We- con-
cidoied this point, but finding that the dead load stresses are_less-t1i6n 10 per cent
of the wind stresses, we did not provide any addit;L : . A - section . Your standard apeci-
fications permit this assumption . The unit stresses-20,000 ]be . per sq . in . being less
than the marimum permissible stress of 24,000 lba . for all combined stresses, would
be an additional reason for not providing any additional section, or any additional
rivets for the dead load stresses . Kindly advise us again on this point, and oblige,

Yours truly,

THE PHOENIX BRIDGE CO . ,
Per P. L. SZLAPKA .

EXHIBIT No . 71m .

PH(ExIzvH.Lr, December 2, 1904 .

List of errors of account made by 'the shop in the ~onstruction of posts and chords
for the anchor arms of Quebec bridge>---

FouR END Borrom Cxonns .-In consequence of the one end of these chords being
faced A" out of square the connection holes for floor beams and which had been drilled
from template were from J" to rAr" (maximum) out of their correct position in relation
to the vertical line shown on drawing? C 0 606-607 .

Remedy .-The connection holes in end angles of end floorbeams were drilled to
correspond with the holes in the chords . This shifting of holes in floor beams from the
position as originally intended left at the top hole at laast }" metal from side of hole
to 'edge of angles and more material proportionately as the holes approached to the
bottom of the floor beam.

No. 2 BorroM CHoxns .---On chords A-2-R and A-2-L (S . anchor arm) end A-2-R
(N. angle arm) 14" pin hole8 were bored A-inch too low .



EXHIBITS

SESSIONAL PAPER No . 164

Re medy . .Bottom sections of post P 1 bored to correspond with pin holes in above

chords .

r o. 3 Boz°rox CHORn S . AxasoR ARx.-Chord A-3-L (S. anchor arm) Ii<+" short

from centre of pin hole to faced end (shoit end, so-called . )

Remedy.-Abutting No . 4 chord lengthened by the amount this chord (A-3-L)

vas short .

UPPER SEOTION OF POST P 1 .-This section mark AUPR (N. anchor arm) was not

set straight in the boring mill and in consequence this section was bored ris" on one

side longer than the other .

Remedy .-Pin hole was re-bored for 12I" pin, and connecting eyebare will be bored

to correspond with this pin hole .

HATOER A T O L, SooTH ArtoHOR ARx .-This hqnRer did not ` true up' on two

ribs in boring the upper 12" pin hole
. Ribs were re-b~red to 121" and after bushing

re-bored for 12" pin . Bushing ~6" thick (finished) a bd secured with four dowels-

:, x 1;" E. L. EDWARDS.

EXHiBIT N o. 71n .

PIIIEN IY1'ILLE, DCCetutier 12 . 1904 .

,I,IIF;OUORE COOPER, C.E .
Colisulting Engineer on Quebec Bridge and Railway Company .

New York .

DeAx Sis;--l beg to send you herewith a memorandum showing the weights of saino
parts shipped within the past few weeks for the south anchor arm of Quebec bridge .

Duplicates of these parts have been stored here for use on the north anchor arm
.

Would repolt that the shop work is progressing steadily
. The boring of 15" eye

bars for panel D is now under way, in fact about 25 bars are completed
. We pinnedn

eight of these (picked out indiscriminately) and results were very satisfactory
.

my inspection of 15" oyebars found two bars 15" x 2"-511-32l+li2" (c to
c) mark A-D-2

which were 36+" too long
. These bars have been put aside for the present

. Chord

A-B-L for south anchor arm we found All short (at short end)
. Abutting No. 7 chord

will be lengthened by this amount. I presume that this will meet lately a drdeoidedly
The forging of 15" eyebara has been improving very muc h

better than some of those which you saw at the eyebar plant on the occasion of your

lnst visit here .
Yours very respectfully,

E. L. EDWARDS .

P.S.-No 15" eyebars will be shipped till Mr . Szlap ôÛ hhesarrek~I belie e .y ou in
refereuce to further full sized tests

. Iie expects to see you

No . 71o .

PH(ENI%VILLE, January 19, 1905 .

THEODORE COOPER. C.E.,Consulting Engineer of the Quebec Bridge and Railway Company,
New York .

DcAR StR,-Ericlosed please find reports of two tests made
..~u one 15"

x 111t" eye-

baar
. You will note that the elastic limit in both tests are rather low and in the case

154-vol. ii--80J
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of No. 20 the ultimate strength is 55000 . I would therefore respectfully refer tliese
tests for your consideration .

I would report the rejection of one pin (in addition to three previous ones)
iptended for anchor arms . This pin had fine seams running throughout its length .

No. 9 chord (A-9-L) for N . anchor arm we found the pin hole A" larger than th e
pin instead of %a" allowed . Chords A-9-L and A-9-R fôr south anchor arm we find i'a"
shortfrorn pin hole to end (long end) . This occurs on one side of these chords only.
the outside dimensions (from e of hole to end) are O . K . in both cases . The chords
rcferred to will not be accepted by us till I have conferred with you later .

Yours very respectfully,
E. L. EDWARDS.

EXHIBIT No . 71p.

(Letterhead of the Quebec Bridge and Railway Company . )

T1lE0DORE COOPER, Esq .,
Consulting Engineer,

New York, N .Y .

QuEBEC, March 8, 1905 .

DEAR Sm, -I received a letter from Mr. Edwards regarding the inspector I men-
tioned to you the other day. I asked Air . Edwards to see you with referenco to this
mau's capacity to assist at Phmnixville, to become acquainted with the mechnnical
features of the work at the shops, and finally to be transferred to the field during the
summer season . It is not easy to judge of a man by correspondence, but if you saw
Mr. Edwards and the applicant you rwould soon decide whether lie was capable, and if
not we can look for others.

I rcceived a letter from Kinloch this morning . He is the man I employed on the
approach spans and whom I found to be very capable mechanically, and he has had
prewious experience in shop as well as field work. Kinloch would make a good
second field inspector, as I don't think lie has technical knowledge to qualify him
for first place. I expect we will require more than one inspector in the field after
getting fairly started .

Yours truly,
E. A. HOARE .

EXHIBIT No, 71q.

TFiEOnoR$ CooPER, C .E .,
Parrs~rowN, March 11, 1905.

Consulting Engineer for the Quebec Bridge Company ,
New York,

Dx.kR SIR,-On . the occasion of Mr. Hoare's recent visit to Pbosnixville he
expressed the wish to have the weighing witnessed of as much material as possible.
As every minute of our time is occupied, he stated that another man could attend
to this and assist with clerical work and other duty .

I told Mr. Hoare that in case neither you nor he had any one in view, I kn.ew of
a man whom I thought rwould be suitable . Mr. fioare writes me that after consulta-
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decided to bave some one .assist at Phoeniaville for a while and
tion with you it was
later take up erection . The man I had in, mind is a spent young foman of about 2

4 ur years with sltipb~ila
age . His experience has been purely practical, having
ing concerns and three years in the inspection of material at mills and bridge shops

.
his experienoe

While such a min could be used to advantage in assisting at the ehope ,

is probably not sufficient for such important work as inspector on erection
.

From a conversation I had with you on the subject last fall you stated that you
would prefer some young man who had experience in figurinig strains

. Just at pre-

sent I do not know of a man who would be entirely suitable, but I would, if you wiab,

inquire and report to you . It is possible that Prof. Marburg, of University of Pa.,

and whom I know quite well, could recommend such a man as you desire .

I am, yours very truly,
E. L. EDWARDS.

EgHIiFIT No . 71r .

(Letterhead of the Phoonixville Bridge Company . )

PII,Exlsvu.LE, PA ., March 25, 1905 .

- - -Mr. TtiéoDOitE COOPER,

Consulting Engineer,

45 Broadway, Now York, N .Y.

DEAR SIR,--This letter twill be handed you by "Mr . N. It . McLure . Sinco I have

talked with Mr. McLure, I feel lie has had just the experience which you desire for

it Innii to be your representative Quebec field insp<
.cYoLlrs truly,

NO. STERLING DEANS ,

E%HIBIT No. 71 9 .

(Letterhead of Quebec Bridge Co.) QuEBEa, March 31, 1904.

TnE0D0RE CoUPER, Esq.,

Consulting Engineer,
45 Broadway, New York, N .Y .

DEAR SiR,-I have your letter of the 28th, stating that you have oentgaPghdae1MXVi11
.

R. McClure, late bridge inspector for the N. Y. O. and Wof e ect{on at Quebec,
as assistant inspector to prepare for the position of inspecto

r

&c ., &c. bee
n On Wednesday I wired Mr. Edwards s in~ vaowf to eé

erre
. ctnf~i'omenres~a nts of

made for an inspector I had some capable men
Montreal, who had previously held positions at a distance and were juet about return-

4
ing home

. The man that you have selected, however, maTya quite as capable
.

E. A. HOARE .
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EX'tTIBIT No . 71t .

(Letterhead of Quebec Bridge Co .)
QUEsrw, May 18, 1905 .

E . L. EDwARne, Esq .,
Inspector,

c%. Phoenix Bridge Co ., Phaenixville, Pa .

DEAR S1R, Anawering your letter of May 5, respecting rolling of material ahead
of plans approved, &c., for cantilever arms and euapended -span, particulars of which
I mentioned to you when in Phaenizville last week, will you please see Mr . Cooper
with Mr. Deans or with Mr . Szlapka, so as to come to an understanding as to the class
and quantity of metal that can be rolled, inspected and accepted for monthly progress
estimates. The understanding with me is that Mr. Deans or Mr. Szlapka is to get
the necessary plana approved by Mr. Cooper before be can sign any more estimates
for work outside of anchor arms, towers and a limited quantity of plate metal agr,-,al
to for cantilever arms, and not to deliver metal for the cantilever arms or suepended
span before the time required to prepare it for delivery in time for erection at the
specified periods . Besides that Mr . Deans is to furnish me with plans ahead of any
material ordered, to be approved by the Chief Engineer of the Department of Rail-
ways and Canals of Canada .

The abo-ie must be complied with before any more material is estimated, outsido
of the anchor arms, towers and floor system .

See Mr . Cooper, that you may get instructions before the end of this month .

Yours truly,

(Unsigned . )

EXHIBIT No . 71u .

(Letterhead of Quebec Bridge Company .)
Queaso, July 7, 1905 .

TfIEODORE COOPER, Esq . ,

ConAultiug Engineer,
ac Broadway, New York City.

DEAR I1fR. CooPER,-Replying to your letter received this morning, I reminded the
accountant a week ago to send your cheque. Upon inquiry this morning, however, I
find that it has not been sent . He will mail it to-day and provide for the draft dis-
counts, which I stated to you would be refunded . In future he will send half ,ysarly,
as requested .

Sorry to hear that yc, are not up to the mark . Hope to see you èoon .

Yours truly,
E . A. HOARE .

P.S.-No permanent n~et .il erected yet .
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EBH .LBIT No . 71v .

471

(Letterhead of Phoenix Bridge Co .) PItENL1vCLLE, July 11, 1906.

Txeo. Coorne, Escl•,
Consulting Engineer,

New York, N .Y .

DEAR SIR,-We send you herewith two additional•copies of stress diagram for can-

tilever arms, St. Lawrence river bridge.
. Kindly notice that, as you requested, we increased the sections of diagonals T-4

and T-40 and vertical post P-4
. We also cor-rected erection wind stresses on eub

posta S.P. 8, S .P . 4 and S .P. 5 .
We send•you also in duplicate page 11a, showing sections re9uired for the several

truss members on the assumption, that the entire wind stresses are used in combina-

tion with live and dead load
. The said wind stresses being calculated for wind blow-

ins either on the suspended span only, or on the cantilever arm only .

Please increase on yohr pages 9 and 10 the sections of diagonals T-4, T-40 and post

forP-4 .
The corrected erection wind stresses, namely, 18,000 lbs . for S. P

. 80e0re0etion
S.P . 4, 469,000 for S .P . 6 are to be used only in combination with positiv e

stresses on the above members for traveller standing in its extreme position .

The negative erection stresses for these three members are obtained, of course, with

the traveller standing in their panels, for which position the wind stresses are insig-

nificent
. co

r satisWfae y t you andew llrbe

cetions ation the stress sheets will be entirel y

Yours truly ,

THE
PHOENIX BRIDGE (1 P034PANY ,

E%HIBIT No . 71w .

(Letterhead of Phoenix Bridge Co .) PIIa,Ntavtc.LE, PA., July 12, 1906'

TIIF:ODeRE CAOPER, Esq.,
Conaulting Engineer,

45 Broadway, New York, N .Y .

DEAat SIR,-We send you herewith in duplicate chord, section 9, for cantilever

~~s,_S~_~~~ river bridge
. This is the first drawing sent for your approval of

the cantilever arm and we expect to send you additional drawings from now on
. Kindly

return one with your approval and oblige .

Yours truly,

JNO. STEitLIN~hD~DEA NS,
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EXHIBIT No. 71x .

(Letterhead of Quebec Bridge Company.)

THEODORE COOPER, Esq.,
Consulting Engineer,

36 Broadway, New York City.

QusaEC, July 17, 1905.

DEAR SIR, In a few days we expect to commence placing the shell plates on the
south anchor pier . I have on the work an experienced bridge inspector, who proved
to be very satisfactory on the other work . McLure will not be needed here just now .
Will advise later.

A chord member marked A-9-L met with an accident which caused the bending of
lattice angles and cracked two legs of flange angles . I have thoroughly examined the
whole piece and found nothing else wrong. Repairs can be made here, and I requested
Phoenix Bridge Company to show you the points on the plan and get your approval
before doing anything.

Your truly,
E. A. IiOARE .

EXHIBIT N . 71y .

(Letterhe :.d of Phgnix Bridge Co . )

Ur. TnFODORE COOPER, PA
., July 24, 1905 .

,

Consulting Engineer,
45 Broadway, New York, N .Y.

DEAR MR . C00PRR,-I have your letter of July 22, in connection with field inspec-
tion . I will certainly stop in to see you the next time I am in New York, and I
expect to be -ver this week.

M r . Mi h iken writes me that Mr. IIoare has beén expecting to make us a visit, and
I trust he may conle down before the first of the month, so that between us we may get
this matter in sa tisfactory shape. If Air. Iloare does not come down, I think it will
be necessary for me to see him on other matters at a very early date, in which case I
will take up the question of inspection with him, bu' only after seeing you .

Yours truly ,

JNO. STERLIN.~ DEANS.

EXHIBIT No. 71z .
(Letterhead of Phoenix Bridge Company .)

PfI CE NiRVILLE, P.1 ., August 11, 1905 .
T H EO . COoPER, Esq . ,

Consulting Engineer,
45 Broadway, New York, N .Y.

DEAR SIR,-Answering your letter of August 4, reforring to bars and shop draw-
ings of cantilever arm, Quebec b ridge, we beg to state that we will be glad to substi-
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tute 12" bars for 15" bars for diagonals T 1 and T 10 if the additional thickness og

these bars permits this change, witL=:ut encroaching on the clear width of the bridge.

We have sent you corrected diagrams of the cantilever arm showing th9 modified
normal lengths and the camber lengths, which no doubt you will find correct .

We thank you for calling our attention to an error in wind strain in upper chord

section F, namely, giving stress as 1,056,000 instead of 456,000, which error was made

by reading wind stress on cantilever arm as 110,000 instead of 710,000, the 7 being

very indistinct in the original .
Yours truly,

PIi FNI% BRIDGE COMPANY,

Per P. L. SztersA .

EXHIBIT No . 71aa .

(Letterhead of Phoenix Bridge Company
.) • PFrENIavrr tE, August 16, 1905 .

TfrEO . CoorER, Esq. ,
Consulting Engineer,

45 Broadway, New York, N.Y .

De.AR MR . CoorER,--As Mr . IIoare has not been down since I last saw you, I have
arranged to go to Quebec to-morrow, and one of the first things I will take up will be
the matter of inspection, and you will hear from me promptly, certainly not later

than early next week .
The last report from Mr . Milliken, which was this morning, he had ten lower

chord sections in place-be placed four chord sections in one day-traveller handled
the sections, as ]i[illikon put it, 'as easily as ordinary rigging handled an oyebar' We
should be raising trusses in about ten days .

Yours truly,

JNO. STERLING DEANS,
Chief Engineer.

EXHIBIT No . 71bb .

(Letterhead of Quebec Bridge Company .)
QUEBEC, August 21, 1905 .

TIIEODORB CooPER, Esq. ,
Consulting Engineer ,

35 Broadway, New York City .

Dan Sm,-The work is about in shape now to need the services of Mr . MeLure

here . The field office for his and Mr. Kinloch's accommodations will be ready by the

time he reaches here. Besidea certain work that he will have to perf :m for this office

and records requi•ed by the Dominion government, &c ., please instsuct Mr. MeLure

what special work you require him to dô on your account. I have told him to come

hero for about three months, and afterwards go to your office or elsewhere to com-

pute the 'weights of metal from shop drawings to check the sanie which_have been

made by he Phoenix Bridge Company. I will send Mr. Kinloeh into the Phoenix

machine shop for the wirter, as, besides having had large experience in b ridge erec-

tion, he is a first clam shop man. Yolurs truly,

E. A. HOARE .
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E%HIBIT No . 72a .

(Letterhead of the Phoenix Bridge Company .)

Pll(ENISVIGLE, PA., February 1, 1906.
TIIEO . CooPER, Esq.,

Consulting Engineer,
New York, N .Y.

DEes Sts,-Answering your letter of January 23rd, referring to our drawing
76-0 .0 . 621-622, showing top strut at post `P-3 ; we i>eg to state that we are not
quite as yet ready to say we have sinned .

The 4 angles 4" x 4" forming the strut are supported by latticing at alternate
points, so that at a section through the centre of a panel only two angles are not
supported, while the other two are out at their panel points .

It is also net necessary to assume for unsupported distance of the 4' x 4" angles
the panel lengths, there being at the latter plates 9" x fi" x 16" long, so that the actual
unsupported distance may be taken between the end rivets, thus shortening the panel
lengths by 12". •

We have also to consider that the seeming overstraining of the struts takes place
only at the 4 truss panel points next to the main pier or about 350 feet from the end
of the cantilever arm .

At this great length of the truss exposed to the high wind pressure it would
appear reasonable to use higher wind stresses for the struts than at the end of the
cantilever arm .

In other words, using a formula : 22500-100 r we find the sections provided for

th,, struts satisfactory .
•Since the corresponding 4 struts in the anchor arm ha--e been made with rrc!ion3

based on the same calculations as the cantilever arm, we think that no just criticism
can be made if the struts are left as at present designed .

We also beg to add that the material for the struts in question is rolled .
Hoping that our explanation of the reasons for the "details of the struts as shown

on our plans will be found satisfactory by you, we remain ,

Yours very truly ,

THE PHOENIX BRIDGE CO . ,
Per P. L. Bzr.sPSA .

EXHIBIT No. 72b .

(Letterhead of the Phoenix Bridge Company.)
Quffi~ao, February 10, 1906.

THEOnoSE COOPER, Esq ., C .E . ,

Consulting Engineer,
35 Broadway, New York, N .Y.

D> .A a Sip,-I have written to Mr. Reeves stating that on account of a possible
reorganization for the completion of the Quebeo - bridge we may be hurriedl~ called
upon for final figures to complete the structure ready for traffic.

Omitting the end span, the figures given me for the larger structure-upon which
we have based all calculations-are for total weight of 29,788 tons, which at the time
I stated looked insufficient. I have already returLed for payment about 29,000 tons
which do not include susperided span and considerable of the cantilever arms, showing
that the total weight has been underestimated .
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Under the eircumstanees will you kindly ebe k tl :.o revised Phaenix figures which

I have asked for .
From current returns of work done to date t do not thipk the total weight wil l

be far short of 85,000 tons . Yours truly,
E . A. HOARE .

EXHIBIT No . 720 .

(Letterhea I Phoenix Bridge Co .)
Pll (FNI wn,l.e, PA ., February 17, 1906 .

TIIEC . CoO PER, EBQ . ,

t ;on3ulting Enpqneer ,
45 Broadway, New York, N .Y .

DEAR SIR,-As reported to you by Mr . Edwerds, chord 811 on cantilever arm was

faced at long end TA4 "
out of square, so that while one rib is of the exact length,

the other three are short-the outer rib being short '" .

There are two methods of correcting this error-
ast . We might refaca the chord, so that the end will be Rquare and the long

section will be 7/6+" short . This method would cause bending on the hanger to the
amount of 7ié4", as the stringers in this panel are fixed at both sides . The end of

the cantilever arm would drop about }", owing to the short pane l

2nd. We might reface the chord, making the section say J" short and replace this

material by a filler eecurely doweled to each rib and to the exact shape of each rib .

This would preservf, the panel of the exact length.
I am inclined to believe that the second mathod is preferable, and if you agree

with m
e advise up las will early as possible as st the shops are lanxiouslto finally complete the chord.

Yours truly,

THE PHffNI:K BRIDGE CO . ,
Per P. L BtLSPrA.

EXHIBIT No . 72d .

(Letterhead-Ph(enix Bridge Co .) pLIMNIEYILLE, PA ., February 26, 1906 .

Tngo. Coupaa, O .E.,
Consulting Engineer oY tt .e Quebec Bridge Co.,

New York .

Da.+a S►R,-Your letter of the 24th instant has been received an-' carefully noted .

I have infomed Mr
. Szlapka of the conditions under which you will accept the ~9

eyebars in question. The understanding being that ten bars (5 for each atrues) will

be applied on the south cantilever arm and nine on the north arm . Tl:ege 19 bars

to have some distinguiRbing mark so they can be easily picked out and cI stribated

as you havt~ directed. I have shown Mr. McLure your letter, so that he understands

the ei'uation .
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Regardi .g shop errors, would say that it is very disheartening to us to come
aGroBs so many lately, and I certainly agree with you that a repetition of errors shoul d
be stopped. This is juet what we are endeavouring to do, but appear to he up against
a pretty tough proposition at present, but believe we will get better results before long .
I am certainly working to this end. Mr. Norris stated some time ago that we ha 4
given closer attention to our work than any job that had ever gone through thei r
shops . We have endeavoured to do this at least, knowing the importance of the work .

In reference to the new estimate of weights, Mr. Szlapka will have this prepared,
and before being submitted to you will be checked over by Mr. McLure. Mr. MoLure
has the weight (actual) of south anchor arm and centre posts and bracing, and wil l
commence figuring from liste and drawings the weight of members on the cantileve r
arm. When this is finished he will compare with Mr. Szlapka, who now has the esti-
mated (from drawings) weights of the members of the cantilever arm from centre post
topost P2 .

I am, yours very respectfully,

E. L. EDWARDS .

P.S.-In regard to weight of suspended span, Mr. McLure says lie will have to got
at this approximately

. EXHIBIT No. 72e .

(Letterhead, Theodore Cooper, Consulting Engineer, 36 Broadway . )

Ti ► EOOORt Coort:R, C .E . ,
Now York .

NEW YORK, Juno 2, 1906.

DEAR SIR,--Mr. Berger informs me you will not be at your office to-day. I blame
mycelf for hot advising you that I would be hero to-day, but as I rave never misscli
you in .the past the possibility of not seeing you to-day did•not occur to me.

With Mr . Iloare's permission, I will be away from Phcenixville next week on a
trip with my family to .Boston . I will stop to see you on my way back . May I ask
you to kindly sign the May estimate and send to Mr. IIoare.

In reference to estimate, would say that under `Total to date' the amotmt
64,261,279 includes all the raw material for anchor and cantilever arms, with the
exception of about 1,000 tons of eyeG, ., ; and plates for cantilever arm .

The amount of manufactLred material under `Trussea and bracing,' and which
is 0 ,708,669, includes all material for north and south anchor arma, excepting two
(2) pedestals, and for the cantilever ami (excepting panel 1) all chords, posta 4 and
two sections of posts (Nos. 3 and 2) . IIangors, all except two now under way. Most
all bracing is included, also about 600 eyebars for the south cantilever arm and 300
for the north cantilever arm .

Regarding floor beams and stringers, there is practically no change since, last
month, viz ., all are completed in the shop for the cantilever arm excepting those for
panel 1 .

Nothing ordered yet for the suspended span .
Mr. Hoare has not asked to have the estimate ai Quebec at any particular time,

so that if sent on the 4th no doubt this will be agreeaLe to him.

I am, yours very respectfully,

E. L. EDWARDS .
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E%HIBIT NO 72f .

(Letterhead, Phoenix Bridge Co .)
PfHENISVII.LF, PA ., September 15, 1000 .

T[[EO. CoorER, Esq . ,
Consulting Engineer,

, 45 Broadway, New York .

DEAR S[R,-Replying to the latter part of your letter of September 13, revised

atress sheet will be sent to you as soon as prints can be made. '

Yours truly ,

JNO. DEANS,
Chief Engineer.

EXHIBIT No . 72g .

(Letterhead, Phoenix Bridge Co.)
Pna:v[x~ l'A., October 113, 1900 .

TnF.o. COUPER, Esq. ,

Consulting Engineer,
46 Broadway, New York, N .Y.

DEAR SIR,_We send you herewith our calculations of the end post of the sus-

pended span, Quebec bridge
. Our drawing for this end post, as sent you, is deficient

in one respect, that is, the latticing on the ~wst below the lower transverse strut is not

distinctly shown, as consisting each of two angles 4" x 3" x 81 lbs
. per foot, thus

securing double shear rivets
: Above the lower transverse strut, where the shear is

considerable less, single angle lattices and single shear rivets are sufficient
. ThQsè

lattices were figured on the assumption that the transverse shear on each post consist-

ing of 128,000 lbs
. is resisted half by the cover plate and half by the lattice system .

The combined unit stress on the extreme fibre of the post due to live load, dead load

and wind is less than 20,000 lbs ., which is certainly a very low value
. The material

for the post is all rolled and delivered at shop
. We hope our design of the post will

be satisfactory to you .
Yours truly,

THE PH(ENI% BRIDGE COMPANY,

(837 .5' ) 1 == 228.000 per post.
No. 700 ( 28.125') 2

(Letterhead Phoenix Bridge Co .)

Pei P. L. SzLAPSA .

E%HIBIT No . 72h.

PgMNL1CVILLE, PA ., November 10, 1908.

Txeo. CoorRR, Esq.,
Consulting Engineer,

New York, N .Y.

DsAS Sra, We send you in duplicate several shop drawinge for your examination

and approval, including more complete plan showir.g adjustmont arrangement during
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connection of euspended pai, . These drawings complete all the shop drawings of the
cantilever arm. Kindly return the print with your approval.

We have already started on the shop drawings of the suepended span, which being
silnplcr than either the anchor or cantilever drnwings will require less time and conse-
quently will reach your office in quicker succession.

THEODORE CooiER, C .F .,

Yours truly,

THE PHCENIX BRIDGE CO.,
Per P. L. SZLAPKA .

EXHIBIT No. 72i .

PHCENISULLE, PA ., November 26, 1906 .

Consulting Engineer for the Quebec Bridge Co .,
New York .

DEAR SIR,-In reference to post EPR (for north side of the suspended span) which
had the 12i'â " pin hole bored on a skew and which I reported to you on my last visit
to your office, w, .uld say this post has now been re-bored to 12j" . Phi holes in chords
1 will also be bored 1.21" when these chords are made.' A special 120" pin has been
ordered. It is my understanding this is done with your approval .

Yours very respectfully,

E. L. EDWARDS .

EXHIBIT No. 72j,

(Letterhead of Phwnix Bridge Co.)
PHENIxvILLF, PA ., February 13, 1 907 .

THEo. COopER, Esq .,
Coasulting Engineer,

New York, N .Y.

DEAR SIR, We send you herewith in duplict .te stress aheet of the suspended span
of Quebec bridge refigured for an increased dead load amounting to 14,500 lbs . per
lin . ft. of bridge . The sizes of some of the truss members were increaeM to correFpond
to this increased dead load .

Yours truly, -

THE PHCF.NIJ. BRIDGE CO.,
Per P. L . SELAPEA. .
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EBHIBIT No. 72k .

(Letterhead of the Phoenix Iron Works.)
PHQ;NIxvILLE, PA ., March 21, 1907.

Mr. P . L. SZLAPKA ,

Phoenix Birdge Co.

DEAR SIR,-In answer to your letter of the 19th, referring to bottom chords, Que-

bec bridge, I have gone into this very thoroughly and find that we cannot drive rivets

in centre web. We have no machine to do this with, it is not possible to design a

machine to drive these rivets satisfactorily . I do not think there is such a machine

in the market .
These holes are drilled to size, and there should be no difficulty in having a turned

bolt made a driving fit, as the bolts can be driven from outside of chord by inserting

a long bar through rivet hole on outside web . Itoping this will be satisfactory .

Yours truly,
R. W. WRIGHT.

EXHIBIT No . 721 .

(Letterhead of the Phoenix Bridge Co.) -
PH ENISV7LI.E, PA ., May 7, 19Q7 .

THEO . CooPER, Esq .,
Consulting Engineer,

New York, N.Y.

DEAR Sm,---We send you herewith seven (7) blue prints of all drawings marked

`II' on our list herewith ; you have in your office seven (7) copies of a ll drawings

marked `I' on our liat .
Kindly return all these drawing `I' and `II' with your signature at your earliest

convenience . These drawings cover the entire cantilever arm, and as many parts of

the suspended span as will be erected by the large traveller.

Respectfi llyy ouur~

Per P. L. SzLAPKA .

EXHIBIT No . 72m .

(Ltterhead of the Phoe-nia Bridge Co
.) PHCErIxV ILLE, PA ., May 21, 1907.

THEOnORE COOPER, ESy . ,

Consulting Engineer,
45 Broadway, New York, N .Y.

DEAR SIR,--Referring to your advice to our New York office that you could not
find drawings 13, 14, 72 of CO-621, 622-we are sending you seven prints of each draw-
ing by mail to-day and would appreciate it greatly if you would sign aud return them

to us promptly . Mr. Hoare for some reason is very anxious to have certified copies

of all drawings.
Yours truly,

JNO. DEANS,
CAiaf 8aqineer.
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June 2, 1903 .

DEAR MR . HoARF. .-I have been laid up two weeks with grippe, and have not been
able to do any work . I am much better, but still quite weak . Szlapka was here yester-
day, and we cleared away some, tnisunderstandings of each others' view as conveyed
by writing. I send you the modifications of the specification as to material and
workmanship, &c . Deans wanted me to specify according to my own specifications,
but I thought this might be misunderstood . I did not understand that this was
important at present.

I hope for the present at least my presence up there will not be required, as I am
not in shape yet to go from home. Only come to the office for a short time even yet .

Iloping I have made my explanations of the s-pecifications etear so that Schreibar
will be satisfied.

I remain, yours very truly,

TIIEODORE COOPER .

P.S.-Of course, if it is thought best to make bridge still stronger, all right, but
I have assumed that it was .not desired to increase cost beyond estimnte already made.

T. C.

EXHIBIT No . 73b .
June 16, 1903 .

MY DEAR MR . HOARE,-I have_answere.d the best I can your telegram of 15th
While it was my object in draftingtLenewapeëifications to getthe best arrange-

ment without materially reducing the weight, and a positive answer as to whether it
will be reduced could only be determined by the actual strain sheets, I am inclined to
think there will be for the 1,800-foot span a less weight than if proportioned under
the old specifications. I know nothing as to the PoPenix contract draft or what they
now propose . If they have given an estimated weight, I wish you would send it to
Inc. Also it-would be a guide if I knew whether the Propôsal is ftii ë lûinp snm pricé
or for a pound price ; also whether 'the powers that be' desire to keep down as close
as possible to the original estimates or are willing to go higher if the bridge can he
bettered . I am only aiming to get all parts harmoniously strong and not have some
parts weaker relatively than others .

Yours very truly,

THEODORE COOPER.

I am picking up strengthl but am not good for much yet .

(LotterheP,d of the Phoenix Bridge Co.)

!Sr . R . A . HOARE,
Chief Engineer, Quebec Bridge Co.,

Quebec, Canada .

PHOZVI:tYILLE, PA., 1903 .

DEAR SIR,-At the request of Mr. Deans, I send you herewith a sheet showing
general comparison of your specifications of September 1, 1898, with specifications as
now proposed by Mr . Cooper.
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I took several actual instances to show what the exact figures would be as deter-
mined by either specifications .

The compression formulfe appear to be almost identical as shown for 1/r equal 60

and for 1/, equal 90 .
As regards the wind pressure the values per lineal foot used by Mr . Cooper are

equivalent to pressures per square foot proposed in your specifications .

With figures given i hope you will be able to see that the difference between the
two specifications is very immaterial.

Where the new specifications give smaller sections than your apecifications, it will
be found during actual final computations, that owing to the magnitude of-the struc-
ture and consequently the very large dead-load as compared with the livé-load, the unit

stresses selected are f41ly justificd. Yours truly,

P. L. SZLAPKA.

EXHIBIT No . 730 .
OTTAWA, July 18, 1903 .

DEAR MR . PARENT,-The order in council was passed this moÿnin giving Cooper

the necessary authority to act as required by Hoare .

Yours sincerely,

. Cl . FITZPATRICK ,

EXHIBIT No. 73d .
August 6, 1904.

PH(ENLYVILLE BRIDGE COAlPANY ,

Phoenixville, Pa .

MY DEAR MR. SZLAPRAp---I have tested the proportions of the members of the
anchor arm under the following maximum loading for my personal satisfaction, viz

. :

Dead plus 1-6 live plus 25 lbe. of wind (i of your wind strain) and find that the

oniy members exceeding 24,000 in tension or 24,000~-1W/, for compression are :

The lower chord which has -}-26,600 and is all right, an d

Towers L which should have 108 ❑

„~ « « « 99 ❑ to come within the above conditions .

This is euph a slight matter, I request, for the sentiment of the thing, that y^u
change those la3t two members to the above sections if it does not inconvenience any-

thing. Yours very truly,

Tl#EODORE LOOPER.
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EXHIBIT No. 73e .
February 19, 1908.

P. L. SZLAPKA, Esq.,

Phaenixville Bridge Company,
Phaenixville, Pa .

DJ:AR Sia,-In reply to yours of 17th inst ., I regret very much these errors .
The only remedy for the chord 8-R seems to be the second method you propose .

The dowels should be of such a character to insure the plates from being loosened or
damaged.

For that 'oentre cap, where all the pin holes have been bored too large, I see no
satisfactory remedy but enlarged pins . The pin plates, to my surprise, have 20 per
cent more pin pressure than the eyebars (should not have been go) and with the large
holes will make this the weakest joint i ;t structure, much to my regret. T-50, also
have reversed strains, and the joints should be tight ones instead of being so free as
now made .

Yours very truly,

TREODORE COOPER .

EXHIBIT No. 73f. -
January 28. 1905 .

Mr. E. L . FaoWARDS,
Inspector for Quebiee Bridge,

Phaenixville, Pa.

DEAR SJR,-You are hereby directed to accept no more eyebars for the Quebec
bridge until further orders.

The present form of heads in use on these eyebars has been shown to be incapable
of sustaining the working loads-to-be-aJsed, and-a radical change in these heads is
demanded. A long series of tests will be needed to solve this question.

As the change in the form and size of the head will affect the length of bars
required, the company should stop further rolling of these bars .

You will please furnish the Bridge Company with a copy of this order.

Yours truly,

THEODORE COOPER,
ConsulEing Engdneer, Quebec Bridge Co.

EBHIBIT No. 73g .
February 15, 1905 .

E. L. EDWARD3, Esq.,

Inspector, Quebec Bridge,
Pho3nixville, Pa .

DEAR SJR,-I have consented to the continuation of making eyebars for the
anchor arms, but desire that the heads, as far as the lengths ordered will permit, be
made at least 34 inches diameter, or with an excess of 47 per cent .

You can take up the inspection of these bars . No bars are to be accepted for
the cantilever e*m till further orders . Please inform the Phoenix Bridge Company of
these orders.

Yours very truly,

THEODORE COOPER,
Consultinij Engineer, Quebec Bridge Co .
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E%HIBIT No . 73h.

(Letterhead Phoenix Bridge Co .)
PHUrNncvILLE, Pa ., August 12, 1905.

THEODORE COOPER, ESQ. ,

Consulting Engineer ,
45 Broadway,-New York, N.Y.

DEAR Sut,-Ve send you to-day in duplicate shop drawing of upper section sub-post

S . P . 5, and also shop drawings of side struts.
Please notice that the section of the sub-post is increased owing to the manuer in

which theseveral truss members will be placed in position during erection.
We find that this sub-post receives its stress during erction of 1,200,000 pounds for

wi,ieh we provided 74'7 sq . in ., using formula p=27-112 '/,,

Hoping you will return with your approval,

Yours truly,

The PHOENIX BRIDGE COMPANY,
Per :. L . SZLAPRA .

E%HIBIT No .. 73i .

PEaxtzvHa.E, April 6, 1907.

THEODORE COOPER, C . E . ,

Consulting Engineer for the Quebec Bridge Co .,
New York.

DEAR Sue .---Beg to acknowledge receipt .of-yQur_ia-v_ou r of April 6, in reference

to post sections C. Pi (R. and L.) C. O . 613.
These post sections I believe are satisfactory in every other respect, but we will

make another inspection of them before shipment, as they have laid around the yard

for quite a long time.

bat by the shop to heat some of the angles slightly at two points where outstandin g

In referenc_e to chord 10 LCO 622 which had been injured here_in handling, woul
d report that - the ribs havé nnw leen straïght-enéd-to our satisfaction: It was deemed- -

legs were bent a little. After all work was done we examined the angles and ribs with
magnifying glass and discovered no cracks . We have therefore accepted the chord as

per your instructions.
Yours truly ,

EXHIBIT No. 73j .

JOHN STERLINa DEAxS, E6q. ,

Chief Engineer, Phoenix Bridge Co .,
Phasnixville, Pa.

E. L. EDWARDS ,

August 9, 1907 .

DEAP .Sue Your telegram 'regarding chord joint at hand . The method proposed

as sketched by Mr. MeLure is not satisfactory as I telegraphed yesterday . These bent

154=-vol, ii .=-31}
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webs can be pulled back by use of about 15 to 20 one inch bolts (in one and one six-
teenth holes) threaded at both ends for nuts, passing from the outer to the inner bent
webs . 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 neces-
eary to permanently rivet in some of these one inch bolts .

Please let me know what method you propose to use.
It is a mystery to me how bôth these webs happened to be bent at one point and

why it was not discovered sooner.

Yours truly,

EXHIBIT No . 73k .

N. R. MeLvRE, Esq., Insp . for
erection Quebec Bridge,

New Liverpool, P . Q., Can.

DEAR S1R,-Mr. Deans writes me that only one rib at joint 7 and 8 L is bent and
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 askèd him to instruct his resident engineer to join with you in making an
exact report, with dimensions, of the condition of this joint ; with amount of bearing
and if it is a square bearing or askew.

In reference to the splicing of T6 and T50 mentioned in your letter of 10th, I do
- .-- not- car"ozntegfer8 with-thé iegülar pr~grâmn:é a~ I hnvé nôt fô]I~wéd thë variou s

actions of the loadings at different stages. Wi•chout going into it carefully, I think
there will be more compression at these points, with more of the suspended span it.
plaoé :__ _ _

Please report promptly respecting joints 7 and 8 L with all the facts,
- - ~Youïs truly,

EXHIBIT No. 731 .

JOHN STERLING DEAA9, ESq .,

Chief Engineer, Phoenix Bridge Co.,
Phaeniaville, Pa .

DEA$ SIR, -I received copy of sketch of joint 7 and 8 L a few days ago .
I wrote Mr. McLure last week telling him none of the theories as to how this bend-

i.ng occurred were logical . That my theory was a blow on this rib after the two sec-
tions were in contact and that it probably was done in moving those suspended beams
used in covering. To examine carefully to see if he could find, any evidence of this .
E(e has not yet reported . He did report a similar bend at L 8 and 9 west truss in same
rib but of lees amount.

I still believe this bend can be partly removed by use of long bolts with threads
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at each end, outer rib being properly stiffened to prevent its bera -:g. if it can be

pulled nearer straight stays or bolts must be provided to hold it against future move•

n:ent.
I cannot consent to let it go without further action, as the rivets in the cover

splices would not satisfy the requirements to my mind .
Yours very truly ,

THEODORE COOPER.

EXHIBIT No . 73m .
August 26, 1901 .

Jn,i>r STSaLira DeAxa, Esq.,
Chief Engineer, Phoenix Bridge Company,

Phoenixville, Pa .

DEAR Six,-Mr . McLure reports he can find no evidence of the bent ribs having

been bit, and does not think they could have been struck
. This only makes the mystery

the deeper, for l do not see how otherwise the ribs could have been bent .

When convenient I would like to discuss with Mr. Szlapka the best means of

getting these ribs into safe condition to do their proper work .

Yours truly ,

THEODORE COOPE11.

EXHIBIT No . 73n .

E. A . HOARE, Esq . ,

Chief Engineer, Quebec Bridge Co .;

Quebec, Canada .

DEAR SIR, -Mr. Cooper has directed me to send to you the enclosed copies of letters
and telégramâ-in regard to condition of ehord joint_7-L and 8-L, South _ cantilever arm,

Quebec bridge, etc ., that all evidence in Mr . Cooper's possession will be in your hândâ,

this in connection with Mr
. McLure's letters, copies of which are in his possession .

Mr. Cooper takes the trouble very seriously, and is not in condition to write .

Yours very truly,
BERNT BERGER ,

Ad8t . to Mr . Cooper.

Sept. 2, 1907 .

My DEe9 Me. HoAaE,-If I were a well man I feel it would be my duty to be

with you, accepting all the responsibility of my position
. But I know I should be of

no use if there, as I could not stand the physical test.
I believe I can be of more use by ataying here and keeping what strength is left

me . There is nothing to be hidden in my position
. Regardless of how it may affect

me or my reputation, you shall have every assistance and any record or knowledge I

EXHIBIT No . 730.

have.
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In my own depression I have not forgotten that sympathy is due to you a11

. Maywe got the truth regardless of whom it may affect
. The cause of mankind is greaterthan any individual.

Yours sincerely,

THEODORE COOPER.
This is the first letter I have been able to write to any one .

EXHIBIT No . 73p .

3Ir. C. SCH NEIDER, Oct. 4, 1907 .

Consulting Engineer,

Pennsylvania Building,
Philadelphia, Pa .

DEAR SIR,-Mr
. Cooper has directed me to inform you that in addition to the in-

structions as to the wind strains laid down in Mr. Cooper's modifications of the load
and strain specification for th,~ Quebec bridge, he ordered, in a lettér to' Mr

. P . L.Szlapka, of the Phoenix Bridge Company, dated June 13th, 1906 , that for the canti-
lever arms the full wind on the suspended span should be considered, as a tornado
might strike over this area .

Also, Mr
. Cooper has made a note on his first copy of the modifications of strain

and load specifications that he had directed that 1,600 lbs . of snow per foot of bridgeshould be used.

Yours very trsly,

BERNT BERGER .

EXHIBIT No . 74a .
E. A. HOARE, Esq,, Feb. 4, 1901 .

Chief Engineer; _Qûébé6 Bridge Cô . ,
Quebec, Canada .

DEAR SIR,--I acknowledge recaipt of your favour of Jan
. 31st, giving us finalelevation of viaduct piers, length of approach spans, etc

., for your bridge, and we willarrange our diagrams and details accordingly
. We hope to get off to you, either to-day

or to-morrow, copies of these trial diagrams and estimates as you request, so that you
can fix final units .

Yours truly ,

JNO. STERLING DEANS,
Chief Engineer.

(Personal,)

EXHIBIT No . 74b .
Feb. 25, 1901 .

DEAR MR
. HOARE,-In checking over the proposed form of formal contract for the

main structute at Quebe.?, we find some little trouble in meeting the wishes of your
people and the requirements thrown around payments of subsidies

. In work of this
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agnitude it is not only usual, but necessary, to have arrangements
form of d~mQ~t+magnitude

monthly estimates, as we have outlined in our proposed whether they are all

substructnre wunder any or all ofWill you kindly advise me the hpres
e avenbeen made forl ~

operative and whether paym were made . Were they made on

them
; and if so, how and when these payment

s materials at quarry or at site, simply delivered or actually in plaeei Information o
f

this kind will assist us. Please write me promptly, and oblige,

Yours,

J NO . STERLING -DFANS .

EXHIBIT No. 740 .

(Personal .)

E. A. Hoexa, Esq .,
Co .,Chief Engineer, Quebec Bridge

Quebec, Canada
. Mh 22

n D~ M& Hh~~ I have yourover lthe raeco da or thi d p1aMn S=1a short the
me that only yesterday, while workin ' the adP;~~ability of making
approach spanq, he was discussing with one of h :~ a~~~•uw

these approach spans in one length as probably the most eatisin
. ;iorY eolution, and we

are therefore very gl~d ~~ive your letter on the same aubject VToach e kpans in

prepare now a eomplete .design and close estimate forinBl~~ ôf courae, take a
one length and will send same to you as soon as possible

.

few days, and you will then have all the figures before you to come to a conclusion
.

EgHIBIT No . 74e .

(Personal.) May 11, 1901.

Mr. E.'A. HoARZ4 Chief Engineer,
Quebec Bridge Company

Quebec, Canada .

Da.+a Ma . Ho~,-Mr. Szlaptka returned home ~~e 1~ of both appraoache~s
receive his report that he had agreed full y s~~ sheets to submit to you for
and has all the necessary information to P~pa

m

~ the government'a approval. This will be doeâ rosmhppla
drawing

s and whe
n a d~ same to Mr.

are returned wd understand that we are to P p
Cooper for approvaL

Mr. 5r•laptka alao reporta that the caisson for thtion. t main nbeliev®

a stage when it will be launched and placed in p o

Yours truly,

JNO. STERLIN(? DEANS,
ineer.
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you will agree with me that the work is of such magnitude and of such importance
as to make it absolutely necessary that all parts of the work should be passed uponby an independent engineer of acknowledged great ability . This should be done with-out questioning the ability and the conscientiousness of the contractor and his engin-eers, which are in this instance crnnceited . We expect therefore that you - will haveall details of const ruction of the foundation work, both the caisson, pier and its finaldepth of foundation, all passed upon by your consulting engineer, Mr. Theo . Cooper,and I would thank you to sen,; me plans of the caisson and pier as soon as they areapproved by him. I do not think it is necessary to indicate to you the great import-ance of this latter, and as the caisson is nearing completion, if it has not already beenattended to, it sL iuld be done at once .

Will you ~. indly let me hear from you on the subject and oblige,

Yours truly,

JNO. STERLING DEANS,
Chief Engineer.

EXHIBIT No. 74g.

(Personal.)

L. A. HonF, Eaq .,~Chief Engineer,
Quebec Bridge Company,

Quebec, Canada .

August 9, 1901 .

Dear Mr . Hoette,-I have your letter of August 6 and a_m now trying to arrange
to be in Quebec next Wednesday or Thursday, August 14th or 15th, and will remain
until Saturday evening or Sunday evening .

I can see you on Thursday and Friday and Mr . Parent on Saturday.
While I do not apeciQll,y care to take up the question of formal articles of agree-

ment with Mr. Parent on this trip, I have prepared a revised copy to agree with the
alterations suggested,at our interview at the Waldorf last January and I beg to inclose
you a copy, thinking you might wish to look it over and discuss same with me during
my present trip. I also enclose extracts from three of our late important contracts,
indicating the manner in which progress estimates are prepared . The case of the
`Brooklyn Bridge' and the contract with the `United States Government at Rock
Island' are particularly in line with present contract .

I am making trip at this time particularly to ascertain in detail how we are to
prepare our estimates and how we are to be paid for the approach spane which we are
just about constructing. If you can secure any information on this line in advance,
it will probably give mP more time to devote to other matters .I àm tqking our Mr

. Schenck with me, who will make the necessary sketches for
preparing a perspective view of the completed bridge. We will wish to go out directly
to the bride site, th, ; day we arrive, to look over the Quebe side of the structure .

I am very sorry to learn of the illness of your daughter and trust she is muchbetter. Hoping to see you soon and in guod health,

I remain ,
Yours truly,

JNO. STERLING DEANS,
CJLtef EADLneEr.
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August 48, 1901.

M r . IILRIO BARTFiE,

Secy. Quebec Bridge Company,
Quebec, Canada.

My DEAR StR,-At my last visit to Quebec and in the limited time which could

be given meby your president, the Hou . S . M. Parent from his usually .crowded time,

I was advised that we should prepare our estimates foi t he sppro-ach OP -ans -we are

constructing, the same as was done in th case of the anchorage metal, and' further

that we would be paid in the same manner through checks of Mr . H. P . Davis . Under
1, for ththis arrangement there will béccme due us on or about Novembe~eh1 span0oannot be

eréction of one approach about $50,000, and as the south ap p

erected du ring the present season, there will be due on or before January 1 6 , 1902,

for the delivery of the metal work of this approach span at site about $32,500
. I send

this understanding to you direct that you may verify same and also w
rite us should

there be
any action to be taken on our part different from thatoutlined above.

Yours truly,

JNO. STERLING DEANS,
Chief Bnç+neer .

EBIïIBIT No . 74p .
October 22, 1902 .

Mr. A. E. HoARE,
Quebec, Canada .

DEAR MR. HoARE,-Hr . Tretter haë returned from -Qq~ ~ment engineer and -

foundation of south river pier has been paesed upon hat~is now being sealed
consulting engineer, and pronounced satisfactory, pier

up and completed . This must be a great relief to you and Mr . Davis ,a well 'a ; all

others interested in this great enterprise
. I have instructed our treasur•>.r, Mr. T'-.►vis,

to send bill for the-north-approaeh span at this time, thinking you woulâ wish to piace

the amount in this month's estimate-then
:b9 dividing the total amount wliih will

b me at youm~nveniencehtsbe due u
rra

n season assthat a,mpeàrs to be thelbetter plan. Pleasewilwr
l

Yours truly,

JNO. STERLING DEANS .

EFHIBIT No . 74q.
December 1, 1902-

E . A. HosRS, Esq., Chief Engineer,
Quebec Bridge Company,

Quebec, Canada.

~gep~ng to your letter of Nov . 6, asking a`reaeonably Close cst►'
D~ Sm

mate for talkir8 finanoee,' of the several items to complete your Quebec BridBe
. t~

prices to be what we `think wiII prevail during the present winter.'
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Growing out of the necessities of construction and particularly of the requirements
in the field work, it will be impossible to divide the work and order same ahead, in as
many items as you suggest, and I have therefore divided the work into three princi-
pal items, and even this division will be disturbed somewhat, as a very considerable
portion of the cantilever arms must be erected at the same time as the anchor arms in
order to make the anchor arms self-supporting. I can, however, discuss this matte r
more in dëtail with you, when you come to New York with Mr . Parent .

Item No. 1-
2 anchor arms .
2 towers on main piers .
2 towers on anchor niera.
Floor for anchor arms .

29,742,000 lbs . Price . . . . . . . . . . . . . . . . . .' .41,476,900
Wooden floor for this item, including railing, screens

bolts, etc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51,732

Total : . . . . . . . . . . . . . . . . . . . . . . . . . . .$1,627,632 '

Item No. 2-
2 cantilever arms .
Floor for same .

22,780,000 lbs . . . . . . . . . .$1,126,400
Wooden floor for this item, including railing, screens ,

bolts,' etc . . . . . . . . . . . . . . . . . . . . . . . . . . 40,500

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . .$1,166,900

Item No . 3.-
Suspended span .
Floor for same .

-- ----- -7,335,000-Ibs . -Pricë.- . . . . .
._ ~

. . . . . . . . $ 359,190
. Wooden floor for this item, including railing, screens ,

bolts, &o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24,300

Total . . . . . . . . . . . . . . . . . . . . . . . . . .$ 383,490

NOTE.

Void : See letter Jan . 20, 1903 .-D.

Décember 1, 1902 .

In item No. 1, under the item of wooden floor, etc ., we have included the wooden
floor, etc., of the approach spans, as it would be necessary to put these floors in at the
same time the anchor arm floors are put in place .

As far as change in price is concerned, there is nothing in sight in our particula±
businass which would indicate that there will be any change in prices within the next
year or eighteen months-this is about as far as one can see ahead ; certainly they will
not be lower ; unless there is sone g: at financial disturbance -which cannot be forè-
.seen. General business, and particularly the railways, are prosperous, as indicated by
their increased earnings, beyond any previous record .

As far as I can learn from those best informed, everyone looks to next year as a
year which will show, if anyÈhing, increased prosperity and business, ana w ;o is my
own opinion .

E. A. Hoexs, Esq.,
Chief Engineer .
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As I have frequently expressed to you, it seems to me there is no t
:a►e so well

suitod to launch a large enterprise as a time of activity, with business on a sound

basis and a prospect of a continuance of it 41 iprIce for metaltapo ssu
c aibhl tYmo~e

company might be called upon to pay slightly increase
d but this would be much more than offset by the ease in making your financial arrange-

ments .On the present basis, this increase in price of metal is only some $150,000 above

the original figures
. The remaining portion of increase in total price is due to the

fact that we are now providing two sidewalke over the entire bridge at your request,

and this appears to us to be a wise conclusion
; and further, we are using the increased

loads you mentioned in arriving at the sections of the floor system
. These items of

sidewalks and specifications increase the original estimate about 10 per cent . part
y One hesitates necessarily to discuss the future

way, an b t Î not l~heve that nothingf
mislead you or the people you represent in an

y but a financial crash, which no one can foresec, and c
. which we have no evidence

whatever at present, can affect the great prosperity now existing for at least eighteen

months. Yours truly,
JNO. STERLING DEANS,

Chief Engineer.

p.S
.--Please advise me early whether you will'wish to discuss this matter wit

h

me in New York or in Philadelphia and time when you expect to reach either place
.

I am often away, as you know, and should have this information as long in advance

as possible . I trust we will see you soon. J. S.D.

EgBIBIT No . 74r .
May 20, 1903 .

THEO . CoOPE&, Esq .,
Consulting . Engineer ,

. New York, N.Y
. DEAx SHt,-We return herewith, by registered mail, your Propose(' specification

s

for loading and unit stresses, main span Quebec bridge
.

I wish to make the following remarks in reference to these specifications
.

1st
. I assume that only one engine E--40 will be used on each railway'track

.

2nd . I find that the proposed 48,000 lbs
. on two axles 10 ft. centre to centre on

trolley stringers produce larger bending moment in centre than the 40,000 lbe• on two

axles 7 ft. apart centre to centre originally used .

3rd
. E-33 on each railroad track to be used for chords and main diagonals for

the suspended span, is equivalent to 4,200 lbs
. per lin . ft. on one track and almost

2,000 lbs . per lin. ft. on the second track.

4th
. I tried formules proposed for main members and find in each case there will

be a slight saving of material and that the unit stresses come within the limit of about

s6 of the elastic limit for live and dead load stresses .

gth
. On page two of your apecifications there should be added the same remark as

on page 8 written by you in pencil and marked by me with red asta+'+ak'

6th. I examined the values of the pérmissible unit stresses for reversed strains

and I find in some cases there are slight errors, as indicated by me in red
.
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EXHIBIT No . 73a .
June 2, 1903 .

DE.+n MR . IIo.%Re .-I have been laid up two weeks With grippe, and have not been

able to do any work . I am much betteT, but still quite weak . Szlap'.ca was here yester-

dny, and we cleared away some mis,;nderstandings of each others' view as conveyed

by writing. I send you the modifications of the specification as to material and

workmanship, &e . Dcnns wanted me to specify according to iny own specifications,

but I thought this might be misunderstood . I (lid not understand that this was

important at present .
I hope for the present at least Iny presence up there will not be required, as I ani

not in shape yet to go from honie . Only come to the office for a short time even yet .

Iloping I ha v e made my explanations of the specifications clear so that Schreibe r

will be satisfied .
I rc•main, yours very truly,

TIII:ODORE COOPElt .

1) .S .-Of cour .c, if it is thought lest to niake l,ri d t;c still stron~~~er, all ri ght, but

I ha N c n s sumed that it not desire~l to incrra~e (,st I wy-oud es tiwate already ma de .

T. C .

EXHIBIT No . 73b .
June 7G, 1 903 .

My Dr-%11 llli . Ilo .~tti .,-I have aus«-ered the best I can your telegram of 15th
While it was iuy object in drafting the new specitications to get the hwst arrange-

nient without materially reducing the «-eight, and a positive answer as to whether it
will be reduced could only be determined by the actual strain shcets, T ann inclined to

think there will be for the 1,S00-foot span n lc,s weight than if proportioned under

tho old spccification> . I know nothing as to the Pmenix contrac.t draft or what they

,,,,,4• propose. If they have given an estimated weight, I«-ish You would send it to

n :e . Also it would be a guide if I knew whether the proposnl is Lr a 1111111) s u in prico

or for a pound price ; also whether `the powers that be ' desire to keep lon' :, close

as possible to the original estimates or are willing to go higher if the bridge be

bettered . I am only aiming to get all parts harmoniously strong and not have som e

parts wcaker relatively than other s .
Yours vers truly,

TIIF.ODOI2E COOPER .

I an picking up strength, but am not good for much yet .

(Letterhead of the Phoenix Bridge Co.)
PItaESI\VILLE, PA ., 1 9 03 .

Mr . E . A . Il,OARE,

Chief Engineer, Quebec Bridge Co .,
Quebec, Canada .

DEAR Sui,-At the request of Mr. Deans, I send you herewith à sheet showing

general ei .enparison of your specifications of September 1, 18 98, with specifications as

now proposed by Mr. Cooper .
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I took several actual instances to show what the exact figures would be as deter-
mined by either specifications .

The compression fornuhe appear to be almost identical as shown for 1/r equal 60
and for 1/r equal 90 .

As regards the wind pressure the values per lineal foot used by Mr . Cooper are
equivalent to pressures per square foot proposed in your specifications .

With figures given I hope you will be able to see that the difference between the
two specifications is very immaterial .

Where the new specifications give smaller sections than your speaifications, it will
be found during actual final computations, that owing to the magnitude of the struc-
ture and consequently the very large (lead-load as compared with the live-load, the unit
stresses seleated are fully justified .

Your ;i truly ,

P. L. S7.LAPIiA .

EXHIBIT No . 73c .

OTTAWA, July 18, 1903 .

DEAR MR . PARENT,--The order in council was passed this morning giving Cooper
the necrssary authority to act as required by IIoare .

Yours sincerely,

C. FIT7.PATRICIC .

EXHIBIT No, 73d .

Piiasixvn. ► .e BRIDGE COMPANY,
Phmnixville, Pa .

August 6, 1901 ,

Mv DEAR ~1fR . Szr.A1'RA,-I hnve 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 lbs . of wind ( I of your wind strain) and find that the
only members exceeding 24,000 in tension or 24,000-1001/, for compression nre :

The lower chord which has ={-26,5!10 and is all right, an d
Towers L which should have 108 ❑

99 ❑ to come within the above conditions .
This is such a slight matter, I request, for the sentiment of the thing, that yo u

change those last two members to the above sections if it does not inconvenience any-
thing .

Yours very ' -uly,

THEODORE COOPER .

154-vol . ii .--31
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EXHIBIT No . 73e .
February 19, 1906-

P. L . SZLAPHA , Esq. ,

Phmnixville Bridge Company,
Phoenixville, Pa .

DeAR Sne,--In replv to S•oura of 17th inst
., I regret very much these errors .

The only remedy for the chord 8-11 seems to be the second method you propose
.

The dowels sliould be of such a character to insure the plates from being loosened or

damaged .For that centre cap, where all the pin hole3 have been bored too large, I see no

satisfactor` remedy but enlarged pins
. The pin plates, to ms surprise, have 20 per

cent more pin pressure than the evebars (should not have been so) and with the large
holes will make this the weakest joint in structure, much to my regret

. T-50, also

have reversed strains, and the joints should be tight ones instead of being so free as

now made. Yours vr•ry truly,

THF.ODORE COOPER .

EXHIBIT No. 73f .
January 28, 1905 .

~1~r . E. L . Jj[)WARD9 ,

Inspector for Quet►ec Bridge,
Phcenixville, Pa .

I)EAR Stn,--You are hereby directed to accept no more e~ebara for the Quebec

bridge until further orders . on these eyebars has been sho«n to be incapable
The pre~ent form of heads in use

of sustaining the working loads to be used, and a radical change in these heads is

demanded
. A lonR seriea of tests will be needed to solve this question

.

As the change in the form and size of the head Nt•ill affect the length of bars

required, the companY should stop further rolling of thesn bars .
this order .

You will please furnish the Bridge Company with a copy o
f

Yours truly,

THEODORE COOPER,

C,onsulting Engineer, Quebec Bridge Co .

EXHIBIT No, 73g.
February 15, 1905 .

L. L . EDWARDS, I:sq .,

Inspector, Quebec Bridge,

Phmnixville, Pa .
1)EAR SIR,-I have consented to the continuation of making e3ebara for the

anchor arms, but desire that the heads, as far as the lengths ordered will permit, b
e

made at least 34 inches diameter, or with an exzess of 47 per cent
.-

You can take up the inspection of these bars
. No bars are to be acceptedfor

of
the cantilever arm till further orders

. Please inform the Phaenix Bridge Company

these orders. Yours very truly,

TIiEODORE COOPER,

Consultin?g Engineer, Quebec Bridge Co.




