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REPORT OF THE JOINT COMMITTEE.

On the 12th of January, 1877, the Legislature of Ohio adopted the
following joint resolution:

¢ le‘;«l by the General Assembly of the State of Ohio, That a joint committee be ap-
pointed, consisting of five on the part of the House and three on "he part of the Senate,
to investigate the cause or causes of the recent accident by the giving away of a bridge
on the Lake Shore road, at or near Ashtabula, on the evening of Friday, December %9
1876, and which was so dirzastrous to human life and property, and to inquire whethe
any additional legislation is necessary to render travel by rail more secure; and in ordey
that the investigation may be made thorough and comiplete, it be empowered to employ
a short-hand reporter.”

The joint committee appointed in pursuance of said resolution beg
leave to report:

The bridge was located on the Lake Shore Railroad, near the town of
Ashtabula, and over Ashtabula Creek. The chasm spanned by it is
about one hundred and fifty feet wide by seventy deep.

Your committee arrived at the scene of the accident January 16th. .
The purpose of the visit was to procure testimony in relation to the
cause or causes producing such fearful consequences, and to enable them
the better to understand the testimony which might be brought before
the committee. ‘

The bridge went down on the night of the 29th of December, 1876.
When your committee arrived, the railroad company had just begun to
remove the bridge pieces, and, on consultation, it was thought. best, and
your committce employed three engineers to take measurements and
observations of the work, in company with and under the direction of a
sub-committee of their own number. The engineers—Messrs. Benjamin
F. Bowen, John Graham, and Thomas H. Johnson—selected by the com-
mittee are not connected with any railroad, reside at Columbus, Ohio,
away from the line of the railroad on which the accident oecurred, and
are gentlemen of high standing in their profession.

For a full and accurate description of the structure and its several
parts, your committee beg leave to refer to the report, statements, and
calculations of said engineers herewith submitted. All of the reports of
engineers made to your committee were made under oath. Your com-
mittee also took the testimony of Mr. Stone, the President of the Lake
Shore Railroad Company at the time of the construction of the bridge,
and who was the projector of the bridge; also, of Charles Collins, the
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engineer in charge of the railroad on that division during the Iast ten or
eleven years, and who took his own life within a few hours after his tes-
timony was taken; Mr. Condon, the master mechanic who constructed,
and Mr. Rogers who erected, the structure; and also G. D. Folsom, the
Jocomotive engineer who went down with his engine in the wreck. The
coroner’s jury, with great courtesy, permitted your committee toexamine
a part of the testimony taken before it, and we submit of that evidence
the statemrents of engineers A. Gottleib, of the Keystone Bridge Company,
and John D. Crebore, of Cleveland, Ohio, and Joseph Tomlinson, who
made the original drawings for the bridge. All of the testimony and
statements made to the committee are herewith submitted.

From personal observations and caleulations, and a patient and eareful
eonsideration of all the evidenee within reach, your committee arrive at
and report the following conclusions:

1. There were from eighty to one hundred lives lost by the failure of
the bridge.

2. The bridge went down under an ordinary load by reason of defects:
in its original construction.

3. The defects in the original construction of the bridge could have
been diseovered at any time after its erection by careful and analytical
inspection, such as the importance of the structure demanded, and thus
the sacrifice of life and property prevented.

Among theseveral defects in theoriginal construction, your committee
would mention the following :

The members composing each main brace were so constructed as to act-
separately, instead of acting as one member, thus reducing the carrying
ezpacity of the metal greatly below what it could bave carried 1n safety
if it had been differently disposed. There should have been diagonals
riveted to each member of the brace, or other suitable arrangement to
unite the members of each braee so that the brace would have formed a
truss, and have acted as one member instead of several. No provision
was made to prevent lateral buckling or bending of the braces. The
longer members were used in compression, and the shorter in tension..
If the main braces and counters had been: permanently fastened together
at their intersection, which thcy were not, that would have added greatly
to the strength of the main brace.

There was the same want of wnity in the members composing the upper
chord as in the main braces. No sufficient provision was made to prevent.
it from lateral buckling. In fact, at that peint in the bridge which first:
gave way, both the braces and the top chord did buckle laterally. Only
a part of the members comp sing the upper chord received the straim
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from the braces at each angle block or panel point,and the lugs on the
top of tne angle blocks, through which the strain was transmitted to the
upper chord, it is believed were insufficient for that purpose.

The lateral system between the lower chords was defective in this:
the struts were placed at every other panel point, and the tie-rods ¢x-
tended across two panels, and, instead of being fastened at the ends of the
struts, were fastened at alternate panel points, crossing each other at the
middle of the strut. The sway braces were too small and too infrequent.

The lateral system between the upper chords had the same defects as
that between the lower chords, with this exception; the floor-beams had
small lugs united to them, and they acted as struts.

No provision was made for holding the members comprising the braces

in their places on the angle blocks, and your committee find that many
of them were out of place before and at the time the bridge went down.
The braces were greatly weakened by imperfect bearings and having
their ends chipped off.
A careful calculation showed that the bridge laid down under a load
not greater than was liable to be thrown upon it at any time in the ordi-
nary and usual traffic over it. The south truss at the time of the acci-
dent supported only 95 per cent. of the weight of the one train on the
bridge. The bridge carried a double track. It was su designed, and
trains did frequently meet on the bridge. There being but two trusses
when trains met, each truss must carry the entire weight of one train;
and yet, with only 95 per cent. of the weight of the train on the south
truss at the time of the accident, it gave way. A careful and patient
calculation of the strength of the brace at the point of failure (third
panel point from the west end of the south truss), and of the strain upon
it under that load, shows that it had a factor of safety of only one and
six-tentls (1.6.), when ordinary prudence and foresight required it to
have a factor of safety of five; and the upper chord from the third panel
point to the centre of the bridge, numbering from west end, had a factor
of safety at the several panel points ranging from two (2) to one and two-
tenths (1.2), instead of five.

There was one weight upon the bridge which has been overlooked, and
did not enter into the calculation of the engineers, as an inspection of
their statements will show, namely, the snow on the bridge at the time
of the accident. The proof shows twenty inches of snow on the ground.
It is probable that much of the snow had blown off the bridge; but what-
ever weight of snow or ice there was on the bridge would still further
diminish the factor of safety in both the braces and upper chord.

In these calculations no allowance has been made for oscillation, jar, or
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vibration under a rolling load, but the calculations are made, and the
factor of safety arrived at, as if the load was quiescent. The truth is, the
bridge was liable to go down at any time during the last ten or eleven
years under the loads that might at any time be brought upon it in the
ordinary course of the company’s business, and it is most remarkable
that it did not sooner occur.

It would be needless to say that any engineer would be derelict in his
duty who did not provide in the construction of a bridge against wind,
snow, ice, and the vibration of a rolling load. They are as much to be
anticipated and provided against as the law of gravity.

Your committe: are of the opinion that a third or centre truss in
bridges carrying two tracks would greatly promote safety and security.
The material of the bridge was good, and likewise the workmanship, with
the exceptions before stated. There was material enough in the bridge-
and a different disposition of it would have secured five times the
strength, and small and comparatively inexpensive additions in the way
of diagonalson the braces and upper chord, and a securing of the braces
to the brace blocks, would have rendered the bridge secure.

It has been suggested that applying the air-brakes while on the bridge,
or applying the air-brakes by the second engine while the first engine was
using steam, produced such sirains upon the bridge as to destroy it.
Your committee are of opinion that in the second case the strain would
be upon the deck of the bridge, and would not effect the bridge itgelf. In
the first case, while the tendency would be to push the bridge to the west
yet the force would chiefly affect the deck; that which would reach the.
bridge structure would be small; and there was no evidence found at the
wreck tending to support such a theory.

The Legislature has no power to punish; it can only, if possible, pro-
vide laws which shall render less frequent such frightful calamities as
that at Ashtabula, Ohio, and others that might be enumerated. The
lesson taught by the failure of a highway bridge at Dixon, Illinois, re-
sulting in the loss of sixty lives, should not go unheeded in Ohio.

In this view of the subject, and as instructed by the resolution, your
committee has prepared a bill to regulate the construction and.inspection
of bridges in Ohio, hereto attached, and made a part of this report. The
subject is new in legislation and new to your committee, and we doubt
not the bill, though as perfect as we could make it, has still many imper-
fections, and we invite the scrutiny of the Legislature with a view to its
improvement.

There are many and serious difficulties in the way of legislation on
the subject. It is impossible to construct a specification in a law that
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will meet all cases that may arise; and then there are some worthy men
who expect to remedy the evil of improperly constructed bridges by a
higher general education and public sentiment, which shall promulgate,
with sufficient force, a correct standard for bridges, rather than by com-
pulsion through legislative action. There is a clashing of interest be-
tween bridge companies, between the owners of bridge patents, between
engineers as to the best kind and form of structure, and between those
who desire to put up permanent and durable work, and a class who can
make more money by the erection of cheap and insufficient structures.
In the bill your committee have tried to avoid this clashing by provid-
ing only for required results, leaving parties in interest to work that out
by any design which ingenuity might suggest.

Interested parties will claim that the legislation is in the interest of
engineers; but the object sought being to save the lives and property of
the people themselves, it is believed this legislation will be sustained by
public opinion, notwithstanding the friction that its enforcement may
produce.

All the testimony taken before the committee is herewith submitted.

In addition to what has been said of other engineers, in this report,
we desire to mention Albert K. Howland, of Boston; W. S. Williams, of
Canton, Ohio; Col. Becker, of Pittsburgh; D. W. Caldwell and J. E.
Wright, Esqrs., of Columbus, as rendering us efficient and valuable as-
sistance and advice in this investigation.

All of which is respectfully submitted,

A. M. BURNS, Chairman,
T. P. BROWN,
Senate Commiites.
L. A. BRUNNER,
W. P. WILSTEE,
GEO. L. CONVERSE,
E. A. 8STONE,
I. M. BARRETT,

House Committee.

A BILL
To secure greater safety for Public Travel over Bridges.

S8ECTION 1. Beit enacled by the General Assembly of the State of Ohio, That all railroad
bridges hereafter erected and designed or used for public travel, except those provided
for in section seventeen of this act, shall be built to carry, for usual loads, not less than
the following, in addition to their own weight, namely: Bridges having aspan of seven
and a half feet, and under, nine thousand pounds per lineal foot for each track; those
having a span of from seven and a half to ten feet, seven thousand and five hundred

?

-



8

pounds per lineal foot for each track; those having a span from ten to twelve and a half
feet, six thousand and seven hundred pounds per lineal foot for each track ; those having
aspan from twelve and a half to fifteen feet, six thousand pounds per lineal foot for
each track ; those having a span from fifteen to twenty feet, five thousand pounds per
lineal foot for each track; those having a spau from twenty to thirty feet, four thousand
and three hundred pounds per lineal foot for each track; those having a span from
thirty to forty feet, three thonsand and seven hundred pounds per lineal foot for each
track ; those having a span from forty to fifty feet, three thousand and three hundred
pounds per lineal foot for each track; those having a span from fifty to seventy-five feet,
thirty-two hundred pounds per lineal foot for each track; those having a span from
seventy-five to one hundred feet, thirty-one hundred pounds per lineal foot for each
track ; those having a span from one hnndred to one hundred and fifty feet, three thou-
sand pounds per lineal foot for each track; those having a span from one hundred and
fifty to two hundred feet, twenty nine hundred pounds per lineal foot for each track:
those having a span from two hnndred to three hundred feet, twenty-eight hundred
pounds per lineal foot for each track; those having a span from three hundred to four
hundred feet, twenty-seven hundred pouunds per lineal foot for each track ; those having
a span from four hundred to five hundred feet, twenty-five hundred pounds per lineal
foot for each track; and in all bridge trusses of whatever length, the several members
iu each panel shall be so proportioned as to sustain, in addition to its share of the uni-
forin load as above stated, such concentrated panel load as is herein provided for a
bridge of a length equal to the length of the panel.

Skc. 2. Every railroad bridge shall be so coustructed as to be capable of carrying on
each track, in addition to its own weight, two locomotives coupled togother, each weigh-
ing ninety-one thousand and two hundred pounds, on drivers, in a space of twelve and
a half feet for each locomotive, and said locomotives to be followed by cars weighing
twenty-two hundred and fifty pounds per lineal foot, covering the remainder of the span ;
and all railroad bridges shall be so projected that the loads above mentioned in section
one, shall not strain any part of the material in such structure beyond one-fifth its
ultimate strength.

Skc. 3. All bridges hereafter erected, and designed or nsed for public travel, on any
highway or wagon road, shall be constructed to carry, besides their own weight, not
less than the following standard loads, namely: City and suburban bridges, and those
over large rivers, where great concentration of weight is possible, and on highways in
manufacturing districts, spans of thirty feet and under, one hundred and ten pounds per
square foot : spans from thirty to fifty feet, one hundred pounds per square foot; spauns
from fifty to seventy-five feet, ninety pounds per square foot; spans from seventy-five
v one hundred feet, eighty pounds per square fuot ; spans from one hundred to two hun-
dred feet, seventy-five pounds per square foot.; spans from two hundred to four hundred
feet, sixty-five pounds per square foot; on all other highway or road bridges, the stan-
dard load shall be not less than one hundred pounds per square foot, in spans of thirty
feet and under; ninety pounds per square foot, in spans from thirty to fifty feet; eighty
pounds per square foot, in spans from fifty to seventy-five feet ; seventy-five pounds per
square foot, in spans from seventy-five to one hundred feet; sixty pounds per square
foot, in spans from one hundred to two hnndred feet; fifty pounds per square foot, in
spans from two hundred to four hundred feet. The floor-beam strength for each floor-
beam for each wagon-way of city bridges, and those near large manufactories, shall be
not less than thirteen thousand and five hundred pounds; for other bridges, not less
than eleven thousand, two hundred and fifty pounds.
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Sec. 4. In the constraction of all bridges for public travel, either for railroads or
common wagon ways, the stress on any material used in the construction of the bridge,
in carrying the maximum load for which such bridge is designed, shall not exceed the
following, namely: For the best quality of wrought iron, in tension, long bars or rods,
ten thousand pounds per square inch; for short lengths, eight thousand pounds per
square inch, and against shearing force, seven thousand and five hundred pounds per
square inch ; and for the best quality of wrought iron, #p beams either square or cylind-
rical in section, in compression, the following, namely :TBen.ms having a length of ten
diameters, eight thousand one hundred pounds per square inch, with square ends, and
seven thousand four hundred pounds with round ends; beams having a length of from
ten to fifteen diawmeters, seven thousand eight hundred pounds.per square inch, for
square ends, and six thousand and five hundred pounds for round ends; beams from
fifteen to twenty diameters, seven thousand four hundred pounds per square inch, for
square ends, and five thousand five hundred pounds for round ends; beamns from twenty
to twenty-five diameters, seven thousand pounds per square inch, for square ends, and
four thousand and five hundred pounds for ronnd ends; beams from twenty-five to thirty
diameters, six thousand and five hundred pounds per square inch, for square ends, and
three thousand eight hundred pounds for round ends; beams from thirty to thirty-five
diameters, six thousand pounds per square inch, for square ends, and three thousand
two hundred pounds for round ends; beams from thirty-five to forty diameters, five
thousand five hundred pounds per square inch, for square ends, and two thousand and
seven hundred pounds for round ends; beams from forty to fifty diameters, four thou-
sand and six hundred pounds per square inch, for square ends, and twenty hundred
pounds for round ends; beams having a length from fifty to sixty diameters, three
thousand eight hundred pounds per square inch, for square ends, and one thousand four
pounds for round ends; beams having a length from®sixty to seventy diameters, three
thousand two hundred pounds per square inch, for square ends, and one thousand one
hundred pounds for round ends; and for beams from seventy to eighty diameters, two .
thousand seven hundred pounds per square inch, for sqnare ends, and nine hundred
pounds for ronnd ends. If iron inferior to the best quality be used, either in tension or
compression, the stress on the same shall be proportionately less than the foregoing stan-
dard for wrought iron of the best quality.

Skc. 5. Cast iron may be used in the construotion of bridges, in compression only,
and in lengths not exceeding twenty diameters, at the same stresses as those prescribed
for wrought iron by this act, and in shapes other than square or cylindrical, whether
wrought or cast iron be used, the stresses shall vary accordingly.

SEC. 6. Where wood is used in the construction of any snch bridge, as aforesaid, the
greatest allowable strains shall not exceed the following, namely: For oak in tension,
twelve hundred pounds per square inch ; for pine, one thousand pounds per square inch;
and in compression, for oak beams of ten diameters, one thousand pounds per square
inch; and for pine, nine hundred pounds per squnare inch; for oak beams, from ten to
twenty diameters, eight hundred pounds per square inch, and seven hundred pounds for
pine; for oak beams, from twenty to thirty diameters, six hundred pounds per square

‘inch, and five hundred pounds for pine; and in oak beams of from thirty to forty diame-

ters, four hundred pounds per square inch, and three hundred pounds for pine.

8ec. 7. It shall be the duty of all railroad companies or other corporations erecting
a bridge for public travel, whether by contract or otherwise, to keep on the spot a com-
petent engineer to superintend the work, who shall have power to reject any piece of
material which may have been injured or which may be imperfect from any cause.
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8mc. 8. All railroad bridges in this state used for public travel and having over &
fifteen foot span, or having a truss, shall be inspected once every month by some compe-
tent person appointed by and in the employment of the corporation owning or using the
bridge, for the purposo of seeing that all iron posts are in order, and all nuts screwed
home, that there are no loose rivets, that iron rails are in line and without wide joints,
that the abutments and piers are in good condition, that the track rails are smooth, and
that all wooden parts of the structure are sonnd and in proper condition, and that the
bridge is safe and sound in every respect. The person so inspecting railroad bridges
shall, as often as once in two months, make report, under oath, giving a detailed state-
ment of the condition of each bridge to the general manager or superintendent of the
railroad company employing him, who shall forthwith forward the same to the commis-
sioner of railroads and telegraphs, and such inspection, in whole or in part, shall be
made and reported as aforesaid oftener than once in two months, if required by said
commissioner, and it shall be the duty of said commissioner to prescribe the form of
blanks to be used by such inspectors of railroad bridges, embracing such information as
said commissioner may desire.

Sec. 9. All highway i)ri(lgee for public travel of more than twenty foot space, in or
near any city, shall be carefully inspected as often as once in three months, and all
other of such bridges having more than twenty foot span as often as once in six months,
by some competent and suitable person. For city bridges, the mayor shall appoint the
inspector, and the reports shall be made to him, and filed and preserved in his office for
public inspection. For county bridges, the county commissioners shall appoint the in-
spector, and such reports shall be made to the county commissioners and filed and pre-
served in the auditor's office for the use of the public. For all turnpike bridges, such
inspection shall be made by an inspector appointed by the company using the bridge,
and report shall be made to the county commissioners of the proper county, and filed
and kept as reports on county bridges. All reports shall be made under oath, and the
mayor or county commissioners, as the case may be, shall allow the inspector such sum.
for his services as may be just, which shall be paid in the same manner as claims against
the city or county are paid. .

SEC. 10. All corporations operating lines of railroad in this state shall, within sixty
days from the taking effect of this act, report to the commissioner of railroads and tele-
graphs, to be preserved in his office, a detailed description of all bridges in this state of
more than fifteen foot span, or having a truss, on their respective lines, and used for
public travel. Said report shall be under oath, and made by some competent -person in
the employment of such company, and shall include the name of the stream or obstacle
spanned, its location in miles from the nearest prominent point on the road, with the
number or other designation of each bridge, the number and length of spans, their
strength, the dimensions of all its important members, abutments, and piers, with the
kind of material used in the same, and the foundation, and the age of the bridge, and
the date when any important changes or repairs were made in the bridge.

8EC. 11. The governor shall, on the nomination of the commissioner of railroads and
telegraphs, with the advice and consent of the senate, arpoint some competent expert,
at a salary not exceeding three thousand dollars a year, who shall have cognizance of
the construction and maintenance of every bridge intended for public travel in this
state, and who shall hold his office for the period of five years, unless sooner dismissed
by order of the governor for reasons affecting his efficiency, in which case such reasons
shall be given in writing by the governor, and shall be entered in full upon the public
records in his office.
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Such expert, before he shall enter upon the discharge of the duties of his office, shall
pass a successful examination as to his mathematical and mechanical competency before
s committee of three members of the American society of civil engineers, and receive
their endorsement in that behalf; and he shall, moreover, take and subscribe the fol-

owing oath, to be administered by some officer authorized to administer oaths in this
state: ‘I, ———— do solemnly swear that I am not directly or indirectly interested
in any railroad or turnpike cempany, or in any bridge company, or bridge patent, or in
the manufacture or sale any bridge materials, and that during my continunance in the
office of inspector I will not become so interested, and that I will honestly and faithfully
perform, with my best skill and ability, every duty in said office, without fear, favor, or
affection, so help me God.” Said oath shall be filed and recorded in the office of the gov-
ernor.

Skc. 12. 8aid expert shall be subject to the direction of the commissioner of railroads
and telegraphs, and all papers, calculations, reports, eto., pertaining to bridges, shall be
filed and preserved 1n the office of said commissioner. It shall be the duty of said com-
missioner, whenever he is notified, or shall receive information, whether official or oth-
erwise, or shall have reason to suspect that any railroad bridge, or any other important
bridge is defective, to immediately cause the same to be inspected by said expert, and
if found unsafe, he shall prohibit its use till put in safe condition, and so pronounced by
said expert.

SEc. 13. All railroad or turnpike officials having in charge the letting or construction
of any bridge of more than fifteen foot span, or having & truss, and all county and state
officials having in charge the letting or construction of any highway bridge or bridges
of more than thirty-five foot span, shall submit to said expert a strain sheet and draw-
ings of the proposed stracture before work has commenced thereon, who shall examine
and certify its correctness if correct, and make such alterations as may be necessary, if
it be faulty in design, or scanty in materials, according to the standard prescribed ix
this act; and on the completion of such bridge, said expert shall critically examine the
work in all its details, comparing and verifying the sections on the strain sheet with
those of the actual structure, and if these last are insumcielit, to forbid the use of the
work till the bridge is made sufficiently safe and strong. A copy of all plans and strain
sheets submitted to said expert, shall be preserved in the office of the commissioner of
railroads and telegraphs, and changes made, from time to time, shall be noted on the
records or files of said office.

SEc. 14. If said Lridge, examined as mentioned in the last section, is up to the stand-
ard in all its parts, said expert shall give triplicate certificates to that effect: one to the
builder, one to be filed in the office of the commissioner of railroads and telegraphs, and,
if a railroad bridge, the third certificate shall be given to the railroad company; if a
highway bridge, then a tablet shall be placed on a conspicuous part thereof, containing
the third certiticate, and also the names of the builders, the name of the officer or officers

- who accepted the work, the strength of the bridge as designed, and the year of its erec-

tion. Any person who shall wﬂlfully injure or fraudulently destroy such tablet shall be
deemed guilty of a misdemeanor, and, on conviction thereof, shall be imprisoned in the
county jail not more than six nor less than three months.

SEC. 15. In all cases there may be an appeal from the decision of said expert to the
commissioner of railroads and telegraphs, who shall carefully inquire into the matter in
dispute; and any modifications of the orders or decisions of said expert, or changes
ordered or made by said commissioner, shall be in writing, and spread upon the records
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in his office; and if said expert, from press of official business or other cause, shall
require assistance, said commissioner may, from time to time, employ such assistance as
he may deem proper, and pay for the same out of his contingent fund.

SEc. 16. It shall be the duty of the commissioner of railroads and telegraphs to stop
the running of trains on all railroads in this state, where the company or companies
operating the same either neglect or refuse to comply with the provisions of this act;
and in case of injury to person or property, by reason of defect in any bridge in this
state, this act shall not be construed or have the effect to diminish the liability of any
corporation or authority, at the time of such injnry, using the same. Any person willfully
taking a false-affidavit, under any of the provisions or requirements of this act, shall, on
conviction thereof, be imprisoned in the peunitentiary, at hard labor, not more than ten
nor less than one year: and any person stealing, concealing" or suppressing, or fraud-
ulently destroying any paper, calculation, vlan, or other thing, required to be kept in
the office of the commissioner of railroads and telegraphs, shall, on conviction thereof, be
imprisoned in the penitentiary, at hard labor, not more than three years nor less than
one year.

SEc. 17. The standard loads on bridges of narrow gauge railways shall be thirty per
cent. less than those provided in the preceding sections of this act. The word ‘‘bridge,”
in this act, shall be held to iuclude trestle-work, each span of trestle being accounted as
a separate bridge.

Sec. 18. This act shall take effect and be in force from and after the 10th day of May,
1877.
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ENGINEERS' REPORT.

To the Honorable, the Committee of the General Assembly of the State of Ohin:

GENTLEMEN: Pursuant to your order, we proceeded to the scene of the
Ashtabula bridge wreck, arriving there on the morning of the 18th of
January, 1877, twenty days after the accident. Although considerable
time had elupsed between the falling of the bridge and our arrival at the
place, yet, in all probability, we could not have been there at a more
favorable time to procure the information we sought, to-wit: To take
measurements of and note, in detail, the method of construction of the
bridge, and the condition and position of the wreck. The debris of the
wrecked train had been removed, and workmen were engaged in removing
the bridge, some few pieces having been taken out, and large portions
raised up in a way quite favorable for examination.

CONSTRUCTION OF THE BRIDGE.

The bridge consisted of two trusses of the Howe-Truss type, executed
in iron, and carrying two tracks on the upper chords or deck, and was of
the following general dimensions: °

Length of span between abutments ........c.... temcssctacaans 160 feet.
6 “ o« ¢ centers of half blockS cc.eveeneunn.n.. 154 ¢
¢ “eachpamel.....oce it nmiiier i ctiiceeeeene.. 11 ¢
No. of panels.........coiiiinnimciititeancncecncoascaensn- 14 «
Height from center to center of chords .....ccc.eeeaeaaiiii i, 19 “ 8 in,
¢ LAY 11 U728 774 11 A R 20 ¢« 0 «
‘Width in clear between trusses...........ccocecacaiiceaanan.. 14 ¢ Q0 «
¢ from out to out of trusses..ccee-cevectcccacraceconaan- 19 ¢« ¢ &

The floor-beams were spaced 3 feet 8 inches, center to center, and con-
sisted of rolled iron I beams, 4 inches x 6 inches, [d, plate 1], and were
25 feet 3 inches long, projecting 2 feet 104 inches over each truss.

The bridge carried two tracks, 4 feet 8% inch gauge, the outer rails of
which were directly over the center of each truss.

The track stringers under the outer rails, consisted of two pieces, 6
inches x 14 inches, and, under the inner rails, three pieces, 6 inches x 14
inches, besides which there were bearing stringers on the outer ends of
the floor-beams, each one piece 6 inches x 14 inches, all of white pine.

The deck was 3 inches thick and 26 feet wide, and was laid close,
covering the entire surface.
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Along each side of the floor, was a pine-guard rail, 10 inches x 10
inches, bolted through the deck and bearing-girder to the floor-beams.

Each truss rested on expansion-rollers at the east end, and was con-
structed as follows :

TrE LOWER CHORD.

The lower chord consisted of five members. The outer members of each
chord were composed of two pieces, wrought iron bar,5 inches x 1§ inches,
extending throughout the length of the chord. The middle member was
one piece, 5 inches x 1§ inches, for a length of three panels from each
end, and two pieces for the remainder of its length. The intermediate
members were one piece each for four panels from each end, and two
pieces for the remainder, all 5 inches x 1§ inches. The resisting material
in each panel was, therefore—

First panel, seven pieces, 5x1§ inches.

Second panel, seven pieces, 5x1§ inches.

Third panel, seven pieces, 5x1# inches.

Fourth panel, eight pieces, 5x1§ inches.

Fifth panel, ten pieces, 5x1§ inches.

Sixth panel, ten pieces, 5x1# inches.

Seventh panel, ten pieces, 5x1§ inches.

Each piece wasg, in general, of the length of four panels, and they
were connected after the manner of the splice in a wooden bridge. [See
Fig. 1, P1. 2] These members were laid flat, with intermediate spaces
of 2 inches, making the total width of chord 33 inches. They were
secured to the half-blocks in the manner shown in Fig. 2, PL 2.

THE UPPER CHORD.

The upper chord was composed of five lines of four by six inches I
beams, of varying thickness of web. These beams were of the length of
two panels, two and three beams breaking joint alternately, and abutting
against lugs cast on the top of the upper angle-blocks (figure 2, plate 3).
There was no connection between the angle-blocks and those pieces
which passed over continuously, so that the strains transmitted by the
braces in each panel would be borne only by those members of the chord
which abutted against the lugs on the angle-block. Because of this
arrangement, the middle and outer beams of the chord, or, if numbered
consecutively, the first, third, and fifth beams sustained all the thrust of
of the first, third, fifth, and seventh braces, and the second and fourth
beams sustained the thrust of the second, fourth and sixth braces. The
second and fourth beams were continuous from the abutments to the
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second angle-block. The first, third, and fifth beams began at the first
angle-block. The thickness of the web was as follows:

. First, Third, and Fifth Beams.

From first to third angle-block, § inch (f plate 1).
From third to fifth angle-block, 3 inch (e plate 1).
From fifth to seventh angle-block, 1 inch (a plate 1).

Second and Fourth Beams.

From abutment to second anglé-block, § inch (d plate 1).
From second to fourth angle-block, % inch (e plate 1).
From fourth to center, § inch (b plate 1).

The beams were spaced laterally three and three-fourth inches apart,
between flanges, making the total width of the chord thirty-three inches.
At the quarters of each panel there was a five-eighths inch packing bolt
passing through the webs, and through cast-iron thimbles, or distance
pieces, between the beams.

THE BRACBHS.

The braces were also of four by six inch I beams of the patterns ¢, d,
¢, and f. How these different sizes were distributed through the truss we
could not determine, as most of them had been displaced in the fall of
the bridge, and were among the first parts of the bridge removed from
the wreck. It is in evidence before your committee that the braces were
not marked in the shop to designate their position in the truss,and that
they were placed in position without any regard to the difference in their
cross-sections. Their distribution was. therefore, simply a matter of haz-
ard, and the several sizes were intermingled promiscuously.

The number of braces in each panel, as determined from the im-
pressions on the angle-blocks, were :

In first panel, six main braces, five counter braces.
In second panel, six main braces, one counter brace.
In third panel, four main braces, one counter brace.
In fourth panel, four main braces, one counter brace.
In fifth panel, three main braces, two counter braces.
In sixth panel, three main braces, two counter braces.

" In seventh panel, two main braces, two counter braces.

They were cut square at the ends, and simply abutted against the faces
of the angle-blocks. Most of them had the flanges chipped off at one or
more corners where there was interference with the rods. They were
placed with the webin the direction of the truss. The faces of the blocks
showed that small lugs had originally been cast thereon, to retain the
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braces in position on the blocks. These lugs were made to fit the brace
when placed with its web transversely to the line of the truss, and ad-
mitted only four braces on the first and second panels, and to allow the
braces to be turned with the web longitudinally, the lugs were all clip-
ped off.

Each angle block showed that a strip two inches wide had been planed
off, across the whole length of the block at the middle of each face. Why
this was done is not clearly apparent, but its effect was to prevent any
bearing on the middle of the web of the braces, and to concentrate all
the bearings on the flanges. The number and position of braces pro-
vided for in the angle blocks was the same as shown in the original
drawing of the bridge, found by your committee in the possession of the
coroner at Ashtabula, and a copy of which is herewith presented. - This
original drawing bears date 1863, and has the signature of J. Tomlinson.

The five counter-braces in each end panel extended from the first lower
angle block to the middle of the main braces; and consisted each of a
hollow cast-iron strut, 3§ inch external and 24 inch internal diameter;
through which passed a round rod, 1} inch diameter, tapped into the
angle block below, and with a nut on the upper end. The rods passed
between the braces, and through cast-iron beveled bearing plates, both
above and below the braces, the lower bearing plates receiving the ends
of the hollow struts. All other counter-braces were as already described
for main braces.

At the intersections of the main and counter-braces there was a rec.
tangular yoke, enclosing all the braces. It consisted of two rods of one
inch diameter, passing through end plates, 3x# inch, and with cast-iron
distance pieces in the spaces between flanges of braces, retained in place
by their projecting ends, through which the rods passed. These yokes
were not secured to the braces in any way to prevent them from sliding
up or down the braces with any change of position of the intersection,
and could not, thercfore, so act as to confine the intersection to any one
position. (See figure 3, plate 2.)

VERTICAL T1E RODS.

The vertical tie rods were eight in number at each panel point, ar-
ranged in four pairs, each pair being six inches apart longitudinally, and
passing through the angle blocks and the spaces between the chord
members. Each rod had a hexagonal head on top, and hexagonal nut
at the bottom, and was “upset” at both ends. The heads and nuts bore
against strap-washers, five inches by one inch, extending across the
chords transversely, each washer receiving four rods. The sizes of rods
were as follows:
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First panel, eight rods, two and one-eighth inches diameter.

8econd panel, eight rods, two inches diameter.

Third panel, eight rods, one and seven-eighth inches diameter.

Fourth panel, four rods, one and seven-eighth inches diameter, and
four rods, one and three-fourth inches diameter.

Fifth panel, four rods, one and three-fourth inches diameter, and four
rods, one and five eighth inches diameter.

Sixth panel, eight rods, one and five-eighth inches diameter.

Seventh center, eight rods, one and one-half inches diameter.

ANGLE BLOCKS.

The angle blocks were of cast iron, and were thirteen inches wide at
the base, four inches wide on top, one inch thick at the edge, and three
and one-half inches thick at center, with six inch sloping faces. The
lower blocks had each a channel three inches wide and one inch deep
along the lower surface, which fitted over lugs welded on the upper sur-
face of the chord members. The upper blocks had alternatcly three and
two upright ribs or lugs on the upper surface, against which the top
chord members abutted as heretofore explained.

LATERAL AND SWAY BRACING.

The lower system of lateral bracing consisted of diagonal ties, two and
one-half inches by one-half inch flat bars, and horizontal struts of ordi-
nary railroad bars. The diagonal ties extended for one panel length at
each end, and for two panel lengths throughout the remainder. They
were secured by lugs welded on the flat side, fitting into recesses in the
under side of the angle blocks, and held in place by the chords.

The struts rested on the projecting ends of the strap-washers, which,
in the alternate panels, were four inches longer than the width of chord.
There were no means of adjustment, except by making the struts of full
length, and forcing them home between the chords. By a singular blun-
der in the erection of the bridge, the struts, except the first at the west
end, were all placed one panel farther west than their true positions, thus
placing them at the intermediate panel-points, between the points of at-
tachment of the diagonals.

The upper system was the same as the lower, except that it began and
terminated at the first panel-points at each end, and that the floor-beams
were made to take the place of the struts by means of lugs riveted to
their under surface and abutting against the inner flanges of the upper
chords.

Vertical “sway-bracing” was provided at alternate panels (being the
same at which the lateral systems were attached). It consisted of one and

2AD
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a quarter round rods, with turn-buckles near the middle of their length.
The ends of these rods were flattened to two and a half inches by one-half
inch, with square lugs at the extreme ends. They passed between the
vertical rods of the trusses, and the lugs were fitted into recesses in the
outer ends of the angle-blocks, and held in place by a three-quarter-inch
screw-bolt tapped through the sway-rod into the casting.

CONDITION OF THE WRECK.

The first feature which becomes apparent in an examination of the
wreck is the fact that the bridge in falling swung to the northward, while
the entire deck with the train upon it fell to the southward, and did not
_fall upon the wreck of the bridge. This indicates that the failure was in
the south truss.

The next important feature is the fact that the bridge in falling was
drawn to the eastward, about one panel length of the lower chords being
turned up against the face of the east abutment. This would indicate
that the break occurred at or near the west end, and that the west end
reached the ground before the east end had left its seat on the abutment.

This conclusion is further strengthened by a consideration of the man-
ner in which the train was distributed at the bottom of the chasm.

Atthe time when the break occurred, allowing that the forward engine
had passed off the bridge, there could only have been on the bridge, one
engine and two express cars, while one baggage-car, one smoking-car,
four coaches, and three sleeping-cars, had not yet reached it. Yet, as all
but the last two sleeping-cars reached the brink of the chasm, they were
deflected to the southward from their forward course, and landed succes-
sively nearer and nearer to the east abutment. The last two sleeping-
cars, however, were not so deflected, but plunged straight forward into
the chasm, and fell upon the wreck of the bridge at the east end.

The inferances from these facts are that the track was not separated at
the top of the east abutment until those seven cars had passed that point,
but formed an inclined plane, of successively increasing steepness, and
which was turned to the southward by the entire deck of the bridge
sliding off after the failure of the south truss; and that such separation
of the track had taken place when the next to the last sleeping-car reached
the brink.

The foregoing considerations point very clearly to the approximate
location of the break.

A careful examination of the wreck throughout its entire length, es-
pecially with reference to the condition and relative positions of the sev-
eral parts, developed the following facts [in the following paragraph,
where the words “top chords” are used, they must be understood as

A
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meaning the “ place of the top chord,” as indicated by the tops of the
rods. The members composing the chords had been generally displaced

‘by the fall, and were removed before our arrival]:

The lower chords were lying straight and nearly parallel throughout
their length. The top chords, at the east end. laid to the south of the
lower chords, and ran obliquely, crossing the lower chords about four
panels from the east abutment; and thence westward to the third panel
from the west abutment, they were upon the north side of the bottom
chords, maintaining their parallelism throughout this distance. Here
their parallelism ceased. The upper chord of the north truss continued
to the west end, in the same oblique direction, while that of the south
truss was bent sharply around the lugs of the angle-blocks, and at the sec-
ond panel point was entirely to the south of the lower chord—those pieces
which broke joint on these angle blocks, being drawn uff the blocks, and
those which passed through, being bent around the lugs. From the
second to the first panel point, this chord returned northward to the line
of the lower chord, and the two shore members were bent around the
lugs of the first block. This condition of the wreck is shown by the
diagram. [Fig. 3, PL. 3.]

The first set of braces in the south truss were not bent, but had escaped
from their places, and were lying nearly parallel to the face of the abut-
ment, with the lower chord of the north trues resting on them at their
upper ends; and the top angle-block, which they had supported, had
slipped on the rods to the lower block. The second angle-block had also
slipped down the rods to the bottom, and the braces of that panel were
bent laterally to the north, until their upper ends nearly approached
the lower block, and they were lying in the wreck with their ends but
slightly removed from the blocks on which they had abutted, and with.
the intersection-yoke still around them, though broken. They are also
shown in their relative position in the diagram. [Pl. 3, Fig. 3.]

The braces of the third panel were not found by us, but the top block
had slipped down the rods to within about four feet of the bottom. The
fourth braces were not bent and the top block was not displaced.

These facts show conclusively that the failure occurred in the second
and third panels of the south truss; but whether it is to be attributed to
the braces or the top chord, or both, requires further consideration, and
will be discussed after presenting the calculations of relative strength.

CALCULATIONS.

As a preliminary step in the investigations of strength, we first made
a careful estimate of the dead weight of the structure itself. In doing so,
we have used the bill of material furnished as part of the testimony of
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Amasa Stone, Esq., first comparing the items with our own measure-
ments, and where differences existed, we have followed our measurements
and not the bill. The most important disagreement was as to the
weights of the rolled I beams, as shown in the statement following :

DiMENSION8 AND WEIGHT OF ROLLED I BEAMS.

. Av’g depth | Thickness | Area. Weight per foot, | Wt. pr. foot
Depth. | Width. of head. of web. Sq. In. calculated. ’ as pr. bill.

6inches.| 4 inches. | § inch. 1 ine¢h. 11.25 375 posnds. | 42 pounds.

6« |4 .« P o« FaL 1073 33« 39 «
6 « |4 « 3¢ Fa 10187 | 3393 « 37 o«
6 « |4 « P o« g o« 966 | 320 3§«
6 « |4 w 3 o“ 3« 9125 | 3042 32«
6 « |4 « P o“ 3« 8594 | 2866 * 2§ «

TIn estimating the weight of the floor-beams and deck, we have taken
the length of deck actually resting on the trusses, at 144 feet.

Table ¥ contzins the general dimensions of one truss; table II. con-
tains, in detail, the estimate of the dead-load, and table IIIL. the strains
resulting therefrom in the several members of the truss.

Our first ealculation of strains resulting from the rolling-load, is based
on an assumed uniformx load of one ton per foot lineal on each track,
which is the load usually assumed by enginéers in designing a bridge
of this eharacter. This load is what would be produced, in this instance,
by a train of three locomotives on each track. This is a load which,
ordinarily, will not probably be brought upon a bridge, but which, at the
same time, may posstbly come upon it, and is not largely in excess of the
load which would occur with two engines and one loaded express car. It
is usually adopted by engineers as the maximum load for which a bridge
should be designed, though the more recent practice tends to establish
a still higher standard.

The results of this calculation are given below in Table IV.; and the
combined strains from dead load and live load, together with the ultimate
resisting capacity of the several members, and the “factor of safety,” or
ratio of ultimate resistance to actual strain, are given in Table V.

In computing the ultimate resistance of the compression members, we

“have used Rankine’s Formula; and in applying this formula it is neces-
gary to study carefully the condition of the several members with refer~
ence to the efficiency of their end bearings, and their effective length as
struts.
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The top chord members, as heretofore explained, extended over two
panels, and abutted against upright lugs on the angle blocks. At the
middle of the length, each member would be free to deflect laterally until
it came in contact with the adjoining lug. Its farther deflection would
depend entirely on the lateral rigidity of the angle block itself. At the
points of attachment of the lateral bracing, the angle blocks may be con-
sidered as sufficiently fixed in position; but at the intermediate point
the block is perfectly free to accompany any lateral deflection which
might occur in the chords. We are therefore of the opinion that the
top chord members must be considered as of the full length of twenty-one
feet and ten inches.

The ende were sawed square, as such beams usually come from the
mill. Between the end of each beam and the lug, there was a shim plate
of one-fourth inch wrought iron. This plate was inserted to correct an
error in the length of the top chord. Its effect on the bearing would be
beneficial rather than otherwise, as it would aid to some extent in dis-
tributing the pressure more evenly over the surface. Whether these
bearings were fully equal to perfectly squared and true bearings, as con-
templated in the formula, may be a matter of some doubt; but they would
approximate very nearly to such bearings, and in computing the strength
of these members, we have so treated them.

The braces were twenty-one feet seven inches long, with a yoke at their
intersections, as heretofore described, and as shown more fully at fig. 3,
pl. 2. Whether or not this yoke was effective to prevent deflection in the
plane of the truss, is immaterial, as the braces were weakest in the lateral
direction. That the yoke could have no effect in preventing the entire
group of braces from deflecting laterally is clearly apparent; and, aside
from all theoretical considerations, there remains the fact that they actu-
ally did fail by bending laterally as an entire group, and at the middle of
the length of twenty-one feet seven inches.

These bearings were much more imperfect than those of the top chord,
owing to the corners of the flanges having been chipped off where they
interfered with the rods (see plate 4), and to the uneven surface of the
castings against which they abutted; besides which, many of them had
slipped on the angle blocks, so that from one-half to the whole of one flange
had no bearing at all; and in a few instances, a8 much as two inches, and
even three inches, of the depth of the beam projected over the edge of the
blocks.

We are of the opinion that these bearings were somewhat better than
rounded ends, but by no means equal to square ends, and we have assumed
& mean value between the two.
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If the experiments upon the strength of these braces, which were con-
templated by your committee, had been carried out, the value to be as-
signed to the bearings would have become a matter of certainty instead
of opinion, and we regret that they were not made, so that the results
could have been embodied in this report.

In addition to these calculations, showing the strength of the bridge
with reference to the load which it should have been able to sustain, we
have also made a calculation of the strains as actually occurring at the
time of the failure, and which are also hereto attached.

In this we bave assumed that at the time when failure began the for-
ward engine, weighing 32 tons, covered the second and third panels at
the west end, the drivers resting equally each side of the third panel
point, and was fodowed successively by its tender, weighing twenty tons
and covering 22 feet of track ; the second engine, weighing 35 tons, on 32
feet length; its tender, welghmg 20 tons, on 22 feet length, and a loaded
express car, weighing 23 tons, on 37 feet length. The distance between
axles, and the weight on each pair of wheels, was assumed as follows:

AssUMED DISTRIBUTION OF ROLLING LnaADp ON SOUTE TRACK AT THE TIME FAILURR

BEGAN.
Distance | Lead on

AxLE. from preced-| each pair

ingaxle. |of wheels.

First axle of tmck ﬁrst engme... 0 feet. 11,000
8econd ‘¢ ces 6 « 11,000
First driving axle “ “ ... J 8 « 21,000
Second ‘¢ “ ¢ e iecececnecceascencenncanan 8 ¢ 21,000
First axle of tender, g H receescccecrcacccnccccsccsssnonn 8 ¢« 10 000
second ¢ “ € ececvecmsrcmaccacacccanacc s 5 « 10,000
Third ¢ “ ¢ i ieeeiieceacececcsecanaaccenens 6 ¢« 10,000
Fourth ¢ * ¢ b eeeiicecciccmccinceceanancans 5 ¢ 10,000
First ¢ tmck 8000Rd eDNZINe . cccer ceeeiermmecicncnancannn. 10 12,000
Sucond 6 X3 ‘e 6 [ 12’000
First driving axle, o« 8 « 23,000
Second ¢ «“ o« 8 ¢ 23,000
First nxle of tender, “ “ 8 ¢« 10,000
Second v 5 10,000
Thll‘d 113 [ ““ s 5 4 lo,om
Fourth [13 13 3 [ 5 113 lo,ow
First ¢ first track, express car 9 « 11,500
Second ‘¢ ¢ “ ¢ 5 « 11,500
First ¢ second * «“ 16 ¢« 11,500
Becond ' [ 43 6 5 14 ll,sm

The track stringers were placed four feet ten inches from center to
center, which placed the center of gravity of the load one foot and a half
inch from the point of support of the floor beam ; and the clear width
between supports being fourteen feet, it follows that 93 per cent. of the
load on the south track was borne by the south truss.
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In addition to this, according to the records of the United States Signal
Service at Cleveland and Erie, at the time of the accident a wind from
the north was blowing with a force of about five pounds per square foot.

The surface of an engine exposed to this wind measures about eight
feet in height, and its center of gravity is about five feet above the rails.
The effect of such a wind against this surface would be to increase the
vertical pressure on the south rail about two per cent. of the entire load.
The whole load, then, borne by the south truss was about 95 per cent. of
the weight of the train, and as such we have computed the sfrains.

We would add, by way of explanation, that the center lines of braces
and counters did not intersect at the center lines of the chords. The
horizontal “run” of the braces was ten feet eight inches for a “rise”
bf nineteen feet eight inches. —

Owing to the uncertainty as to the manner in which the different
sizes of braces were distributed in the truss, and the certainty that they
were used promiscuously, we have used the average value of the ultimate
strength of the several sizes. We have reason to believe that the lighter
sizes occurred most frequently near the ends, and the heavier sizes
near the center. If this was the case, then we have overestimated the
strength of the braces near the ends, and underestimated those near the
center.

The numbers of the panels in the following tables begin at the west
end and number toward the east. [Fig. 1, pl. 3.] Tables I, IIL, IV,
and V. extend only to the center of the truss, the remaining half being
symmetrical therewith, with reference to corresponding parts.

TABLE IL—DIMENSIONS OF EACH TRuUSS.

COUNTER
BoTTOM CHORD. Top CHORD. Robs. MAIN BRACES. BRACES
| ® g @ @
& | A . B . (=5 . B . B .
Al I . 3 N g X g . ¢
slg| & (2] & |5 & || & |5] &
- TInches. 4261 beam. Ins. Inches. | | Inches. Inches
1] 7|5x1§| 2| 2pes.§web. | 8|2 round. | 6 |Ibeamdx6| 5 [.ceueen....
< “ ‘"
2l 7| «| 5 { 2 g « | 8le o« 6| « « | 1|Ibeam4x6
[{3 € 3 “ * “
3 7 5 2 « * « 8 l* [{ 4 6" [ 1 [ 113
4 8 3 “ 5 g :: 1 :: : }g :: 4 {3 143 l [ €«
5 10 13 [ 5 g :: g :: : :g :: 3 {3 [3 2 [ 'y
6 lo (43 “ 5 % :: l" :: 8 l* “ 3 l’ 13 2 113 [
7110 ¢« 13 3 g :: 1* :: 8 1* {3 2 [{3 ‘“ ] « [
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1S ] 1)« U AP RPIRPRR 17 & (-1 A

Height of truss, center to center .......c..coceececcircaeacnccccanns 19 8 inches.
Horizontal run of braces. ... .c...ccceicontcicciececnccaaacecnccean 10 “
Length of oblique ...... ..ot iioaiiain e iacaceccceicccaacanns 22.37 feet.
Ratio of oblique to vertical....... .couceemiririntiiieiiiaeaiiaanen.. 1.138
“ horizontal ¢ L ... .iciiiciiiciccciccccccncnaocncanannn 0.543
TABLE II.—ESTIMATED DEAD-WEIGHT.
Bottom Chord.
Ibs. 1ba.
2,768 feet b inches x 13 inches . cccuuviivnaneacan i iieneaauaa.. 64,433
16244 5 ¢ x1 ¥ i iieiee iceeeecaans peeeeeaeens 2,700
07 43 ¢ X § it iecmeccscccceccnenaaes 2,423
_— 68,5566
Top Chord.
12 I beams 4 inches x 6 inches, web 1inch, 21 feet 10 inches long ... 9,825 *
12 I 13 4 [13 x 6 [ 14 i [13 13 [ 3 e 9’357
20 I g 4 ' X 6 [{j “ i “ [ €’ [ - 13,279
12 I " 4 3 X 6 (13 3 ﬁ ' [ “ 113 ee 7,503
8 I €« 4 ' x6 (g 13 ‘ 13 25 feet ‘" [13 e a 6’657
4B PACKINGS «ooe e et e _l,ffg 48,061
Braoces and Counters.
16 I beams 4 inches x 6 inches, web 4 inch x 21 feet 7 inches long... 11,720
32 I 1 4 143 16 “ [ } 113 X “ [ [13 oo 21’007
. 861 [13 4 {3 16 43 1] * [ x (g «“ [y cee 53’170
10 I [3 4 43 X 6 43 “ { “* x " (13 [ . 6’946
20 round tubes 10 feet 3 inches “ ... 4,337
20 rods 13 « 12 ¢« 1 « o« 0 1,957
24 intersection Stirrups...c. .ccececeniiiiiiicieiannnnn.. femeeenee 1,392
Fastenings, et€ .ccoee coee o e iirar e 101,199
Main Rods.
32 round 2% inches x 22 4-10 feet long ......covemiiocceneannanan. 8,563
2 ¢ 2 ¢ x2410 S 7,505
48 ¢ 13 ¢ x224-10 e ieeericcaicenenaaanae 9,895
32 ¢ 18 ¢ x224-10  eeiciceecciccecteceeaes 5,745
48 ¢ 1§ ¢ x224-10 B i iteecsicecaccececaanan 7,433
16 ¢ 13 ¢« x224-10 R, 2,110
—_— 41,251
Angle-Blocks. ‘
26 pairs angle-blocks ..ceeeceniiii i iiiiiicrii e ceican canaas 15,704
76 washers, 2 feet 9 inches x 5inchesx 1linch....c.cvaanea.ion.. 3,116
8 ¢ 3feet 0 “ x5 ¢ x1 “ iiieeiieiacconn. 1,260
—_— 20,080
Lateral and Sway Bracing.
28 sway rods 15 feet long 1} inches round .....ccccavevenuanannn.. 1,718
12laterals 28 ¢ 7incheslong, 2} x { inches round.............. 1,429
12 ¢ 28 ¢ 7 “ o 2xi € eeieceaens 1,429
8 ¢ N« 0 “  2x3 L L 700

5,276
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Floor and Upper Structures.
Ibs.
39 I beams, 4 inches x 6 inches, web § inch x 25 feet 3 incheslong.. 28,927

L7 3390y 1 AR P 672
12 wood-stringers, 6 inches x 14 inches x 144 feet 0 inches long. .... 28,224
Floor, 3 inches x 26 feet 0 inches x 144 feet 0 inches long .... 26,208
2 guard-rails, 10 inches x 10 inches x 144 feet 0 inches lon 5,600
4 track-rails, 144 feet ... ... .ccceiiaeiiiiiiiinan.. 11,520
Fish-plates and 8pikes .....coemenicanriiacennnnn .- 648
Packing-bolts and washers .........ccceeeineeiencncecccnceacenn- 1,316

Total weight of Dridge..cceeceacarncaaomacariaceciaiccaaaoceans

Weight per lineal foOt .o cet cnoe i ie e e aeeaee s

1bs.

TABLE III.—STRAINS RESULTING FROM DEAD-LOAD ONLY. WEIGHT PER PANEL, ONE

Truss, 13,838 POUNDS.

UprPER CHORD.
No. Rods. Vertical load| Strain in Lower
panel. on braces. braces. chord. 3 members. | 2 members.
Lbs. Lbs. Lbs. Lbs. Lbs. Lbs.
1 76,109 89,947 102,362 48841 [.occer ceccni)iomens cannnn
2 62,271 76,109 86,614 90,168 48,841 [..ceen cennen
3 48,433 62,271 70,866 123,981 |..ccen oo.ae. 41,327
4 34,597 48,433 55,118 150,280 82,654 |..ceae vene-n
5 20,757 34,595 39,370 169,065 [.c..ce eao--. 67,626
6 6,919 20,757 93,622 180,336 101,439 |eeeeee venne.
7 Jeeeenn veenen 6,919 - 7,874 184,093 |.ccee. oee... 78,897

TABLE 1V.—STRAINS RESULTING FROM A UNIFORM LIVE LoaADp OF Two THOUSAND

PounDs PER FoOT ON EACH TRUSS.

- Upper chord.
No. panel, Rods. Ygﬁ (:)ax.} Sm&in 2‘;:;;31: e
braces. Three Two

members. | members.
) . 121,000 143,000 | 162,734 77,649 |iceceneeni]iacenenans
2 99,000 121,000 | 137,693 | 143,352 70,649 |eeeeen....
. 77,000 99,000 | 112,662 | 197,109 |.......... 65,703
eeeiiaieet e 55,000 77,000 87,626 | 238,920 | 131,406 |........ .
Beeecieeeet ceeaa | 33,000 55,000 62,590 | 268,785 |.......... 107,514
L 11,000 33,000 39,554 | 286,704 | 161,271 |..........
) 11,000 12,618 | 292,677 |[.......... 125,433
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TABLE IV.—Continued.—MAXIMUM STRAINS FROM PARTIAL LI1VE LoOADS.

Main Counter

Number panel. Rods. b b '
Lo iceceiecccecenacecennscaanaaccconncscnanns 121,000 162,734 |iceeaeennnnn
B eece et tcccarccaccnscacaenameacanaaene - 103,1Q0 138,660 692
Beeecaeacice e icccceccansececiacenaenennean 86,632 116,513 3,851
B ieccitettaicecntcacccnncactac e s 71,697 96,292 8,666
B iceececccacecaaccs semmaccncecscmesonascnscnsnan 57,993 77,996 15,406
Buceeececceacaccctsccceacascscancsssanacn sanans 45,822 61,626 24,073
7 e cecccccciccecnsenccaaaceancaa- ceeeans 35,083 47,183 34,665

N. B. The chords receive their maximum strains from full load only.

TABLE V.—MAXIMUM STRAINS FROM COMBINED LIVE AND DEAD LOADS, AND THE
RESISTING CAPACITY OF THE SEVERAL MEMBERS.

A.—Tension Members.
LowgR CHORD. Rops.

NUMBER OF PANEL. ] E:g % j g:g %
AERI I B IE
@ @ g ° @ i @ g °
Lbs. |8q.In. Lbs. g Lbs. |Sq.In. Lbs. §
1oceicrcecaeancaanaeenae-.| 126,490 | 48,13 | 2,628 | 21.3 | 197,100 | 28.37 | 6,948 | 8.1
2 233,520 | 48.13 | 4,852 | 11.5 | 165,371 | 25.13 | 6,580 | 8.6
E R 321,090 | 48.13 | 6,671 | 8.4 | 135,065 | 22.08 | 6,117 | 9.1
SRS 389,200 | 55.00 | 7,077 | 7.9 | 106,292 | 20.66 | 5,145 | 10.9
- 437,850 | 68.75 | 6,370 | 8.8 | 78,750 | 17.92 | 4,394 | 12.7
[ JP eeeeeaeaeanad \..| 467,040 | 68.75 | 6,793 | 8.2 | 52,741 | 16.60 ?,177 176
SO 476,770 | 68.75 | 6,935 | 8.1 | 35,083 | 14.14 | 2,481 | 22.6
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B.—Compression Members.

UprPER CHORD. BRACES.

84 B 84 | B
NUMBER OF PANELS. | g 5 §§> -g g g éE’ '§
g [ § |38 |2 | ¢ |B|28 |2
2 % | B% S 2 % | Ba ¢
Gt [ 7] o 17
Lbs. | o | Lbe. % Lb ¢ | Los §

S 8. 5 o
= o = [
............................... 2 |eceeeei)aeen.| 265,006 | 6 | 445,704 | 17
....................... 126,490 316,665 | 25 | 205,274 | 6 | 445,704 | 20
....................... 107,030 [ 2 | 216,690 | 2.0 |187,379 | 4 |207,136| 16
....................... 914,060 | 3 | 326035 | 1.5 |151,410| 4 |297,136 | 1.9
....................... 175,140 | 2 | 233,400 | 1.3 [117,366| 3 |222,852| 1.9
....................... 262,710 358,380 | 1.4 | 85,248 | 3 |22,852| 2.6
....................... 204,330 | 2 | 233,400 | 1.1 | 55057 | 2 |148,565 | 27

COUNTER BRACES.

Seventh panel—strain, 26,791 pounds; ultimate strength, 148,568 pounds.

six‘h ¢ ' 451 [y «

13

148,568

The remaining counter-braces are without strain.

[



28

TABLE VI.—STRAINS IN SoUTH TRUSS, FROM 95 PER CENT. OF LOAD, CONSISTING OF
TWO ENGINES, ONE EXPRESS CAR, AND A WIND FROM THE NORTH HAVING A FORCE
OF F1ve PouNDS PER SQUARE FOOT, AS PREVIOUSLY ASSUMED FOR THE INSTANT or

FAILURE.
(Panels numbered from west to east.)

X e Ubpper chord.
ggg Lo
NUMBER OF PANEL. | £ $ & | Rods. | Braces. Ch;:i'
-] g'a * Three Two
geg members.| members.
-
R 6,000 | 119,568 | 142,655 | 68,0187 .o.....o.f coeuuenns
® e e eeeaes 25,000 | 95,818 | 136,164 | 132,941 | 68,018 | .........
8 et e eeenanaeeeeeenas| 24,000 | 73,018 | 109,041 | 184,968 | ... ...... 64,923
€ s 24,000 | 50,218 | 83,095 | 224,615 | 120,045 | .........
B oo e e eeen s 20,000 | 31,218 | 57,148 | 251,881 | ......... 104,570
B et e eeeee e anas 17,000 | 15,068 | 35,527 | 268,830 | 147,311 | .........
R 28,000 | ........ 17,148 | 217,009 | ......... 121,519
SRR 30,000 | 11,532 | 13,123 | 277,009 | «.......| 118,349
O 20,000 | 40,032 | 45,557 | 270,745 | 152,396 | .........
. ]
10 e e e 20,000 | 50,032 | 67,179 | 249,007 | ......... 96,611
) R 23,000 | 78,032 | ©8,801 | 216,950 | 120,340 | .........
b b vemmee]|acneaaas 99,882 | 113,666 | 174,677 | ......... 54,238
T S 23,000 | 99,882 | 113,666 | 120,340 | 66,102 | .........
T4 oot eeeeeeee vemees|eeenecen] s 138,531 | 66,102 | ooceces| comeeenee

The loads on panel points, as given in the second column, are deduced

from the distribution of the loads given on page 22.
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TABLE VIL—STRAINS FROM LIVE LoAD (TABLE V1) AND DEAD LoaD (TasLE IIL),
WITH THE RESISTING CAPACITY OF THR MEMBERS; BHOWING THE ACTUAL CONDITION
OF THE TRUS8 AT THE APPROXIMATE TIME OF FAILURE.

A.—Tension Members.

LowER CHORD. Rops.

No.

Pt | Strmin. | Avon. |Siinger) Foctor | strain, | ren, [Srolnpor| Factor
1 116,859 | 48,13 2,428 231 195,677 | .37 6,897 81
2 223,109 | 4813 4,635 121 158,089 | 25.13 6,290 8.9
3 308,949 | 48.13 | 6,419 87 | 121,451 22.08| 5,500 102
[ 374,894 | 55.00 6,816 8.2 84,813 | 20.66 4,105 136
5 420,945 | 6875 | 6,123 9.1 51,975 | 17.92 | 2,900 19.3
6 449,165 | 6875 | 6,533 8.6 21,987 | 1660 | 1,324 423
7 461,102 | 68.75 6,706 83 |ieeeen.... 1414 |......... N
8 461,102 | 63.75 6,706 8.3 18,451 | 16.60 1,112 50.4
9 451,080 | 6875 | 6,560 8.5 60,789 | 1792 | 3,392 16.5
10 418,070 | 68.75 6,081 9.2 93,627 | 20.66 4,631 124
1 367,230 | 55.00 | 6,617 84 | 126,465 | 2208 5,727 9.8
12 298,558 | 48.13 | 6,203 9.0 | 162,153 | 2513 | 6,452 8.7
13 210,507 | 48.13 4,373 12.8 175,991 | 28.37 6,203 9.0
14 114,943 | 4813 | 2,388 D 3 S T IR




30

TaBLE VII.—Continued

B.—Compression Members.

UPPER CHORD. BRACES.

No.

¢ P o, | Noo, | Ullimate| Foelor | strun, | o | Ulimate| Facter
) W O D [ I, 244,917 6 445,704 1.9
2 116,860 3 316,665 7 222,778 6 445,704 2.0
3 106,250 2 216,690 2.0 179,907 4 297,136 1.6
4 202,699 3 325,035 1.6 138,113 4 297,136 2.1
5 172,196 2 233,400 14 96,518 3 222,852 2.3
6 | 8750 3 358,380 14 59,148 | 3 299,852 3.8
7 200,415 2 233,400 12 25,022 ] 148,568 8.9
8 197,250 2 233,400 12 20,997 2 148,568 7.1
9 253,835 3 358,380 1.4 69,178 3 222,852 3.2
10 164,237 2 233,400 14 106,548 3 222,852 20
11 202,994 3 325,035 1.6 143,918 4 297,136 2.0
12 95,565 2 216,690 2.3 184,632 4 207,136 1.6
13 114,943 3 316,665 2.7 200,280 6 445,704 2.2
} VI IO DI (S I 240,893 6 445,704 18

TABLE VIII.—COMPRESSION STRAINS OF TABLE V. CONSIDERED WITH REFERENCE TO
CRUSHING STRENGTH ONLY.

A.—Top Chord.

. ) . ;. |Strain per sq.| Factor
No. panel. Strain—Ibs. No. pieces. | Area—sq. in. inch—1lbs.  |of safety.
1 | ceeeeiieee.. 2 R ..

2 126,490 3 25.78 4,907 73

3 107,030 2 18.25 5,865 6.1

4 214,060 3 27.38 7,818 4.6

5 175,140 2 21.44 8,169 44

6 262,710 3 33.75 7,784 4.6

7 204,330 2 21.44 9,630 3.8
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B.—Braces.
A . . Strain per 8q. | Factor of
No. panel. Strain—Ibs. No. pieces. | Area—sq.in. [~ W safoty.
1 265,096 6 56.35 4,704 7.6
2 295,274 6 56.35 3,998 9.0
3 187,379 4 37.56 4,990 7.2
4 151,410 4 37.56 4,031 9.0
b 117,366 3 28.17 4,166 8.6
6 85,248 3 28.17 3,026 11.9
7 65,057 2 18.78 2,932 12.3

The factor of safety as given in the foregoing tables is the ratio of the
working or actual strain to the ultimate strength of the members sus-
taining the strain. There is some difference in the practice of different
engineers as to the value which should be assigned to this factor. The
most common practice in bridge building is to require that this factor of
safety shall be five, that is to say that the ultimate capacity or breaking
limit of strength of each member shall be five times the greatest strain
that can possibly come on that member.

CONCLUSIONS,

In the result of these calculations it will be observed—

First. That the factors of safety are extremely irregular, and vary
through a wide range.

Second. That all the tension members have very large factors of
safety, and were abundantly able to sustain all the strains that could
possibly come upon them in this bridge.

Third. That all compression members, except the counter braces, are
deficient in capacity, having very small factors of safety.

Fourth. Table VIII shows the factors of safety based on the ultimate
crushing strength of the metal, without taking into account the tendency
to flexure in a long column. Upon this hypothesis the factors of safety
are shown to be reasonably large, and correspond more nearly with the
factors for the tension members; and it may be that the original calcu-
lations were made on this fallacious assumption.

Fifth. Considered with reference to the location of the break, it ap-
pears that the weakest point, as to the braces, was in the third panel,
and that the weakest point in the top chord was at the center, though the
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top chord, at the point of failure, does not show a state of security much
greater than that of the braces.

The probability is that the braces failed first, and thereby involved the
failure of the top chord also. But inasmuch as both members were weak,
and both were involved in the break, it is of little importance which
member took precedence in the failure. The factorsof safety throughout
the compression members were so low that failure must have followed
sooner or later.

If the several groups of beams composing the braces and top chord
had each been combined into a single member, by riveting on to their
flanges a system of diagonal plates—say three and a half by half inch—
running alternately from right to left and from left to right across the
entire group, the bridge would have been abundantly safe. This arrange-
ment would have made each group strongest in the lateral direction and
weakest in the direction of the webs of the beams; but in this direction
the beams. offer about five times the resistance that they do laterally.
The top chord members could then only deflect in single panel lengths,
and on that account their strength would have been still further in-
creased—twofold. The result would have been that the factors of safety
given in the tables would have been increased five times for'the braces and
ten times for the chord. They would have been so excessively strong that
much of the material might have been omitted.

There were several other defects in this bridge, some of which have
been already incidentally alluded to, but which we do not regard as causes
of this disaster.

Prominent among these is the error in placing the lateral struts of the
lower system at the wrong panel points. The effect of this error was to
make both the sway rods and lower laterals almost, if not wholly, inop-
erative.

Another defect was the absence of any provision for retaining the
braces in their places on the angle-blocks. Such provision had been
originally made by means of raised lugs on the faces of the blocks at the
corners of the flanges of the braces. But in changing the positions of
the braces these lugs were removed, and no substitute therefor was pro-
vided. This allowed the braces to slip from their places, and make the
already imperfect bearings still more defective.

Again, all of the bearings on the angle-blocks should have been
planed off to true and even surfaces. .

Had the lugs on the upper angle-blocks formed a continuous rib and
all the members of the chord been made in single panel lengths, abut-
ting against these ribs, the strains would have been distributed equally
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to the five members, and the ultimate strength would have been a little
more than doubled, because of the shorter length.

We would further add that the material in this bridge, so far as we
were able to judge, appeared to be of excellent character, and, excepting
the brace bearings, the workmanship was very superior.

Besides the breaks already described there were others of lesser im-
portance, which were evidently the 1esult of the general crash, and not
in any way the cause. Among these we may note that many of the
sway rods werg broken square off in the screw-thread at the turn buckle.
This must of necessity have been the case. After the failure of the
gsouth truss, the entire weight of that truss would be thrown, with a
severe shock, on the sway rods running from the lower south chord to the
upper north chord. These rods were seven in number and one and a
quarter inches in diameter. It requires no calculation to be able to say
that they would snap like pipe stems, and the break would naturally
occur at the screw-threads where the rod was weakest.

As to the adaptability of the Howe. truss type of bridge for execution
in iron, we would ray, speaking generally, that any ordinary type of
bridge can be made abundantly secure, in either iron or wood, if the re-
sisting material is properly proportioned to meet the several strains, and
the workmanship is properly executed ; and that a failure to provide suf-
ficient materials in any one or more members would be equally fatal in
any case. The relative merits of the several types of trusses depend
chiefly on questions of economy of construction. The Howe truss type
would not be as economical in iron as some others; but if built of proper
strength in all its members, would be a good and serviceable bridge.

In conclusion, we would say that we find nothing in this case to jus-
tify the popular apprehension that there may be some inherent defect in
iron @8 a material for bridges. The failure was not due to any defective
quality in the iron. It was not owing to the sudden effect of intense
cold, for failure occurred by bending, and not by breaking. It was not
the result of a weakness gradually developed after the erection of the
bridge. It was due simply to the fact that it was not constructed in ac-
cordance with certain well established engineering principles. We find
no evidence of any weakness which could nct have been discovered in
the plan and avoided in the tonstruction.

Respectfully submitted. B. F. Bowen,
’ Tros. H. JorNsoN,
JoHN GRAHAM,
January 30, 1877. Qwil Engineers,
3AD
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. CLEVELAND, OH10, February 12, 1877.
GEORGE L. CONVERSE, E8Q., Member General Assembly, Columbus, Ohio :

In reply to your favor of the 7th inst., I would say that prior to 1852 we had on the
Erie Division (between Erie and Cleveland) no engines weighing more than twenty-six
tons. We have now eight weighing less than twenty-four tons, and 106 weighing from
twenty-four to thirty-six tons, the increase from twenty-six tons being as follows: In
1852, one 27-ton and three 28-ton engines; in 1855, four 30-ton engines; in 1857, two 30-
ton engines; 1867, two 30-ton engines; 1869, one 31-ton engine; 1870, three 32-ton en-
gines; 1871, fifteen from 32 to 35 tons; in 1872, thirteen from 34 to 35 tons; in 1873,
nine from 35 to 36 tons ; in 1874, five 36-ton engines were put upon the road.

Very respectfully yours,
JAMES SEDGLEY,
Gen’l Master Mechanio.
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REPORT OF ALBERT 8. HOWLAND.

To the Joint Committee of the Senate and House of Represeniatives of the State of Ohio :

In the following statement, containing the results of my examinations,
which occupied about a fortnight, I give: 1st,a description of the bridge;
2d, my calculations of the strain3due to the load at the time of the failure,
and the metal to meet them; 3d, my opinion of the defects and cause of
failure.

FIRST—DESCRIPTION OF THE BRIDGE.

The point where the bridge spanned the stream is about one thousand
feet east of Ashtabula station. On either side of the stream the approach
is by a high embankment. From the end of the embankment a viaduct
arch reaches to the abutment with a span of about fifty feet.

The abutments appear to be very substantial.. The bridge seats are
four by seventeen feet, and the back walls twenty-one feet six inches
high and seventeen feet wide, corbeled out three feet on each side near the
top. From the water level to the bridge seat is forty-three feet, and to
grade, when the bridge was standing, about sixty-six feet. From the
bridge seat down, the batter is about two feet. At water level the abut-
ment is twenty-three feet long.

Just south of the abutments and on a line with them are old piers, the
east one about forty feet high and the west one about fifteen feet. The
intervening space of fifteen feet is occupied by walls about ten feet high
catching the foot of the dumps.

There appears to have been no grade in the vicinity of the bridge. To
the east the track curves to the right with a radius of about eight thou-
sand feet, the tangent point being at the east abutment. To the west
the line is straight. The only original plan of the bridge that I have
seen, and the only one in existence, to my knowledge, is that made by
Mr. J. Tomlinson. It does not give dimensions, and is on too small a
scale to show details well. In several important particulars the plan
and structure do not correspond.

The bridge carried two tracks, and consisted of two Howe trusses en-
tirely of wrought iron (except the angle-blocks and some minor details),
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supporting iron floor beams on which rested wooden track stringers, with
a deck of oak plank.

Cloar BPAN.cuceecaccaececeaceacanccncaceccoseesacanescancsaannnas 150 ft.
Span, out to out of bottom chord.......ccoc oo, 156 ft.
Span between back Wall8.ccaee cocaneieomeiimiai i i, 158 ft.
Distance between trusses, center to center .......cccccceeeaaan... 17 ft. 2 in.
Depth of truss, out to out of angle-blocks....ceues ceeaaeaaae.... 19 ft. 44 in.
Depth of truss, center to center of chords ..........cccoooaoo.... 19 ft. 9 in.
Panel length ..o oo e i e ciiiceeeee e 11 ft.
Gauge of track, center to center of rails........co.. ool 5 ft.
Distance between inner rails, center to center............... P 7 ft. 2 in.

The panel between the east abutment and the first set of vertical rods
I designate as panel 1; the next as 2, and so on.

The angle block at the bottom of the first set of vertical rods I call bot-
tom angle block 1; the next to the west 2, and so on.

The angle block at the top of the first set of vertical rods I call top an-
gle block 1; the next 2, and so on.

The braces are distinguished by the number of the panel in which they
belong, and also as mains and counters.

The top chord was composed of five lines of 6-inch I beams, spaced
about 7} inches, centre to centre, each beam reaching two panels. Three
feet from each panel point the I beams were connected by a §-inch belt,
with cast spools or distance blocks 1} inches in diameter at shank, and 23
inches at ends, and 6 inches long. The ends of the beams are planed.

The top angle blocks were cast with lugs projecting from the top; the
lugs are 1§ or 1§ inches thick, 6 inches high, 5 inches wide crosswise of
the chord at the top, and 5§ to 5§ inches wide at bottom. They have
planed faces Top angle blocks one and thirteen had lugs 2 inches thick,
backed by ribs 2 inches thick. The odd numbered top angle blocks had
three lugs, one at each end, and one at center. The even numbered blocks
had two lugs. The spaces left between the lugs for the alternate I beams
were 8% inches. These lugs gave bearings to the different lengths of chord
beams, and served to transfer the horizontal thrust of the braces to the
chords. )

The second and fourth lines of I beams passed through the end angle
blocks to recesses 2 or 3 feet wide in the back walls of the abutments,
and there took bearing on rollers 20 inches long and 3} inches in diameter.

The bottom chord consisted of five lines of bars, each 5x1# inches thick,
some being slightly thicker, laid flat, side by side, with spaces for the ver-
tical rods. Each line consisted of two bars, except that the third line
dropped the bottom bar in two panels and part of the next panel at each
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end, and the second and fourth lines dropped the bottom bars in three
panels and part of the next at each end. At each panel point a lug
5x3x1 inch was welded to the upper surface of the bars. These lugs
fitted a corresponding groove in the bottom angle block. The bars
were made in lengths reaching three or four panels. They were spliced
by hooks 23 inches long, the shanks being 13x5x1§ inches, and the
heads 5x5x2¢ inches. The ends of the bars were earefully shaped to cor-
respond, having heads5x5x2§ inches, the remaining 3 inchesof the 13-inch
shank being left for a lug welded to the unspliced bar. Over each end of
the hook, which was slightly beveled, a band of bar iron 34x3§ inches
was driven, clamping the hook and the spliced and unspliced bars firmly
together. In those panels where the bottom bar of a pair was dropped, a
similar device was employed, the end of the bar being forged to a hook
shape, and clamped against a lug on the other. At the ends of the truss
the bars were shaped as for a splice, the hook being on the upper side,
the bottom bars projecting beyond and receiving the upper ones, and these
in turn receiving the skew back or half angle block. At the west end
the bottom chord rested on several pieces of railroad iron placed trans-
versely ; between these rails and the masonry was a piece of §-inch boiler
plate. At the east end the bottom chord rested on rollers 34 inches long
and 4} inches in diameter. There are said to have been five to a truss.

The angle blocks are 333 inches long and 15 inches wide at base where
they bear against the chord,  inches thick at the edges, and have inclined
faces 6} inches wide, the apex is truncated, leaving a horizontal surface
4} inches wide. The holes for the rods are in two lines of four each; thee
lines are 5% inches apart, centre to centre; the spaces between the holes
‘in one line are about 7% inches, centre to centre; the bearing face of the
block is thus diminished by nearly the area of the holes.

The only projections on the face are lugs (generally in the form of an
angle to receive the corner of the braces), one-half inch- thick, one-half
inch deep, ard one and one-half inch long, each way; a large part of
them have been entirely, and others partly chipped off. The location of
the remaining is suited to receive the end of a brace measuring six
inches horizontal, and five inches on the incline. The width of two
inehes along between the lugs was planed; the rest of the bearing was
apparently chipped.

The vertical tie rods are in sets of eight at each panel point; they are
round and are upset. Their washers are thirty-three and three quarters
inches by five inches by one inch, and take bearing on the I beams of
top chord and flat bars of bottom chord.

The braces are six inch I beams, twenty-one feet six inches long, with
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planed ends, and placed with web in plane of truss. The mains and
counters are clasped at their intersection by a yoke composed of two one
inch bolts and two washers, two and one-half inches by seven-eighths
of an inch ; the yokes have cast-iron packing pieces, one-half inch thick,
with holes at the ends for the bolts, and projections one inch thick be-
tween and near the holes to bear against the flanges of the I beams.
Each of the end braces is connected at its centre to the first bottom angle
block by three rods, one and three-quarter inch diameter, each rod in a
cast-iron tube, two and one-eighth inch and three and five-eighth inch
in diameter, the ends of the rods being tapped into the block. In addi-
tion, there is a rod on each side of the three, running to a stirrup just
under the bottom chord beyond the same angle block. The rods have
washers and nuts to clamp the brace.

The track was spiked to a floor or deck of two and three-quarter inch
by five inch oak plank, twenty-five and one-half feet long, spaced one
and one-half inches; the rails were connected by fish-plates, with two bolts
at a joint. The outer rail, directly over the axis of the truss, was car-
ried by a stringer composed of one stick seven by twelve inches, and one
stick six by twelve inches; the inner rail by a stringer of one stick seven
by twelve inches, and two sticks six by twelve inches. Between and near
the rails of each track there were iron guard rails. Along under the ends of
the floor plank was a stringer, six by twelve inches, and bolted down to
this and the floor beams under it was an oak guard rail, eight and one-
haif by eight inches, on the plank flooring. There was a pair of these bolts
at each end of each floor beam, having a washer seven by two inches by
one-half inch, clasping the floor beams; sometimes there was a block of
wood between the floor beam and washer. These bolts, so far as I could
find out, were the only fastenings between the wooden floor and the iron
floor beams. The stringers all rested on iron floor beams of I section,
eix ‘n>hes high; the floor beams rested directly on the top chord, and were
located at points one foot ten inches and five feet six inches from each
panel point; thus there were three floor beams to a panel. There were
riveted to the bottom flange of the floor beams along the inner edge of
the top chord, pieces of bar iron, four inches by three inches by one-half
inch, to hold the trusses apart. Stirrups, passing over the floor beams
and down between the outer lines of the top chord I beams, held the
floor beams down to the top chord ; the stirrups were of bar iron, one and
three-quarter inches by three-eighths inch ; each took bearing against the
bottom of the top chord by two cast-iron washers, five by two and one-
fourth inches, having a thickness of one inch, but reduced to five-eighths
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of an inch at each end, to form shoulders that received the flanges of top
chord I beams.

The rolled beams used in the structure for compression members and
‘floor beams are six inches high ; the webs from three-eighths to one inch
thick ; the flanges from four to four and one-fourth inches wide, with a
thickness of about one-half inch at the edges, and one and one-eighth to
one and three-eighths inches at the intersection of their inclined faces
with the axis of the beam.

The area of cross section I make to be eight square inches for three-
eighths inch web, and eleven and two-tenth square inches for one inch
web.

The floor beams, I find, have a five-eighths inch web.

How the beams of the top chord were arranged with reference to their
thickness, I have no means of ascertaining, nearly all having been re-
moved from their position when I first saw the wreck ; probably it would
have required great pains to determine this at any time since the bridge
fell. With the aid, however, of the bill of iron and measurements of a
few whose positions I knew, I have made out the probable arrangement,
which I give in a table.

In case of the braces the bill of iron gives the thickness of web of the
beams and their respective numbers, which correspond with the lugs on
the angle blocks. These indications point to the following as the arrange-
ment originally designed. It doesnot include the beams added when those
already in were turned to bring their webs instead of their flanges into
the plane of the truss.

MAIN BRACES. COUNTERS.
Panel.
Number. | Web. | Number.| Web.
1 et ccceecccaaaans 4 t N R RO,
R e e e e e 4 . 1 :
. 4 3 1 ]
s 4 ¢ 1 4
B iieiiiicceieeiieccieeciceiicen e 3 $ 2 4
B et ireeeiiccicccetcenaeaes 3 4 2 $
T et et eeeemeeeneeeaeenea. 3 $ 2 | $

The cross sections of the beams as they were when the bridge was last
painted, are in many cases pretty accurately shown by the angle blocks



40

against which the braces bore. I took many measurements of these,
noting their location in the trusses. These indications, together with
measurements that I was able to take of a few braces whose location in
the truss could be inferred from their position, or other circumstances,
point to the following conclusions:

1. That but little attention was paid to the thickness of the web in
selecting beams for particular panels.

2. That so far as thickness of web was regarded, the heavier beams,
with some exceptions, were selected for the central point of the truss.

3. That the beams in the panels each side of the centre, were mostly
of about £ inch web.

4. That the first or end braces had about % inch web.

5. That the 86 beams said to be of § inch web in bill of iron, were mostly
used in bracing the remaining panels, and that their web was rather
thicker than § inch.

Accordingly, I have assumed for the brace beams, the thickness shown
in the table, as the best approximation to the actual arrangement now
ascertainable. :

The floor beams served for struts in the system of top lateral bracing.
The diagonals were 1} inches round iron flattened to 2} inches x 4 inch at
the end, where a head was formed 2% inches x 2 inches x 1 inch. Theend
of the rod fitted a recess in the top of the top angle block, giving a flush
surface for the bearing of the top chord on the top angle block. The inter-
section of the directions of the diagonal rods, is at the outer end of the angle

block.

"~ They had turn-buckles for their adjustment, and were not upset. They
had a reach of two panels, and had their attachment to the chords at
panel points one, three, five, etc., to thirteen ; thus there were six pairs
of rods.

In the system of bottom lateral bracing, the diagonals were flat bars
23x% inches, with heads 24x1x1§ inches, or 1§ inches. They were attached
to the chord in the same manner as the top laterals, and &t the corres-
ponding panel points. There were also diagonals of the same size for the
end panels, reaching to the half-angle-blocks at the abutments. The
pair at the west end appear to have been cut for the purpose of length-
ening them about  inch, and to have been spliced, each, with a short
bar of the same section, fastened by a § inch bolt at each end of it.
None of them were adjustable, so far as I observed. The struts of the
system were railroad iron, 4} inches high, and with a 4 inch base. At
certain panel points, the washers at the lower ends of the vertical truss
rods projected inward about an inch from the bottom chord; the ends of
the struts rested on these projections; holes through the washers and
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base of the rail received a stirrup, passing over the head of the rail and
fastened with nuts under the washers. These struts were located at the
following panel points, viz: Twpo, four, six, eight, ten, twelve and thir-
teen. Each, therefore, crossed a pair of the diagonals at their intersection
between the chords, except in case of the strut at thirteen.

The vertical sway-braces were 1} inches round iron, adjustable by turn-
buckles and not upset. The ends, for a length of about 5 inches, were
flattened to 24x% inches, and this part bent to the vertical. At the tip,
8 hook was formed, 23x1x} inches. This hook, with a part of the shank,
was received by a corresponding recess on the outer end of the angle-
block, and held in place by a £ inch tap-bolt through the shank. When
in place, the flat end of the rod was flush with the end of the angle-
block.

SECOND—STRAINS AND METAL TO MEET THEM.

By an approximate estimate, sufficiently close for the calculation of
the strains, I make the weight of the structure to be 3,200 pounds per
lineal foot of bridge, including the flooring

The average weight of the engines, Socrates and Columbia, which
drew the train at the time the bridge fell, is said to have been 110,000
pounds each, including tender, etc., 44,000 of which was on a wheel base
of 8 feet. The length I take to have been 52 feet, in accordance with my
measurement of an express passenger locomotive in use on the road.

To ascertain with exactness in what ratio the weight of the engine
would be distributed, by means of the stringers, floor-beams, and top
chords, to the different panel-points beneath it, is, of course, out of the
question. I make the assumption, which I think is a close approxima-
tion, that the effect of an engine and tender upon the two trusses, was
equivalent to a moving load, uniformly distributed, of 1,600 pounds per
lineal foot of one track, accompanied by a concentrated load of 27,000
pounds in addition. The express car, with its load, following the engine,
would have weighed less per lineal foot than the distributed load assumed
for the engines; but, half of its weight being on the forward truck, its
effect would have been about the same. With a train on the south
track alone, the south truss would have carried about six-gsevenths of the
train’s weight. So I assume that, for the south truss, a train moving on
the south track alone, the loads under which the bridge failed were as

follows, viz:
Fixed..coaevoieomeniceiiiecanetiecceaceccannns 1,600 pounds per lineal foot.
Moving ¢ Uniformly distributed........cco.u.e 1,400 ¢ e« “
 Concentrated, two loads of 23,000 pounds each, five panels apart.
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NoTe.—In the table below, I designate the different lines of beams in the top chord by
the letters a, b, ¢, d, 6, from south to north, and any one of the successive beams in either
of those lines, by the number of the panel point at the centre of that beam.

|

T 598 | AMOUNT OF STRAIN b |4 H § 4
o (=]
52 z w25 CARRIED BY THE Mz:;x, S'l'.r(:x Ang.n'r 22 E g2lz é‘_e
ag g © A2 | BEAMS IN THE LINES, ) =“e.E&E;ag?
Yt o = gar— pey
°'g & el w880 % |2k
g3 I | 2as LV T
2 A l a9 delband 4. | B8 [523 g SEgE~aEd
Ex| 8§ | BEE |woendeidandd | g 05| E2" BELSslagA
2 £ E S8 Bea|g g |Bdie2(gal
13 | 136,550 | 136,550 |..coeeueer]ocmeceanncfieennsfienofoninnt|oeeei e,
12 | 251,120 | 114,570 | 136,650 |.......... 3| ¢ | 240 | 5700 | 3,000
11 | 343,720 | 92,600 |.......... 114570 | 2 | 3 | 172 6,700 | 3,000
10 414,340 70,620 | 229,150 |.......... 3 3 31.8 7,200 3,000
9 | 462,930 | 48,640 |.......... 185,190 | 2 | ¢+ | 172 | 10,800 | 3,000
8 | 489,650 26,670 | 277,790 |.......... 3 1 33.6 8,300 | 3,000
2 PO IO I, 211,860 | 2 | 3 | 17.2 | 12,300 | 3,000
BotToM CHORD.
NET SECTION OF METAL.
No. of . Strain—lbs. |Safestrain
Strain—pounds. er 8q. inch, | —ibs- per
panel. Number of | Dimensions— | Area—sq.| P°F 84 * | 8q.inch.
ars. inches. inches. :
14 136,550 7 5bylg 48 2,800 10,000
13 251,120 7 5byl1$ 48 5,200 10,000
12 343,720 7 5bylg 48 7,200 10,000
11 414,340 8 5by 1§ 55 7,500 10,000
10 462,980 10 5by 13 69 6,700 10,000
9 489,650 10 5by 1% 69 7,100 10,000
8 506,940 10 5byls 69 7,300 10,000

*1 do not think I have seen any top chord I beam ro thin as § inch, given in the bill

of iron.

5,300, instead of 5,700, as given in the table.

The thinnest were about 4 inch; with this thickness, the unit strain would be
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! VERTICAL TIES.
NET SECTION OF METAL.
g T Safe strain
o] siinte. e
B Number of | Diameter— | Area—sq. | P€F 84 * | 8q. inch.
rods. inches. inches.
13 207,240 8 2% 28.4 7,300 10,000
12 173,160 8s 2 25.1 6,900 10,000
11 140,170 85 2 25.1 5,600 10,000
4 2 .
10 108,290 4 13 23.6 4,600, 10,000
4c 13
9 77,500 4 14 17.9 4,300 10,000
8 47,800 8 13 16.6 2,900 10,000
7 20,870 8 13 14.1 . 1,600 10,000
s, 8rods 1} inch in one case.
4 rods 1} inchQ .
h { 4 rods 13 inch } in one cace.
4 rods 1} inch } .
“ { 4 rods 1% inch } In one case.
MAIN BRACES.
SECTION OF METAL
No. of Strain—1bs. Strain—lbs. sﬁi‘: :’ter:i;:l_
panel. — Number [Thickness r sq. inch. s *
of of web— Areah—sq por &4 inch.
beams. inches. nches.
14 277,060 6 3 51.6 5,400 1,000 to 3,000
13 236,850 6 3 651.6 4,600 1,000 to 3,000
12 197,900 4 3 34.4 5,700 1,000 to 3,000
11 169,200 4 % 34.4 4,700 1,000 to 3,000
10 123,760 3 % 26.8 4,800 1,000 to 3,000
9 88,570 3 3 25.8 3,400 1,000 to 3,000
8 54,630 3 £ 0.9 2,000 1,000 to 3,000
Counter : .
7 23,850 2 3 19.8 1,200 1,000 to 3,000

NorE.—Panels 8, 9, and 10, have two counters each, and 11, 12, and 13, have one counter

each.
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LATERAL AND SWAY BRACES.

The strains to which these systems of bracing might be subjected by
the oscillations of a train or other cause are, of course, uncertain. But
some idea of the strength that should be provided can be formed by a con-
sideration of the effect of wind pressure. Taking this at 30 pounds per
square foot, and the area liable to be exposed to it as 10 feet by 140 feet, we
have 21,000 pounds at each end of the bridge to provide for, acting trans-
versely and borizontally. This alone, without including the sway of the
train, would require at each end of the bridge about three square inches

of metal in each of the three systems of bracing.

¢ THIRD—DEFECTS.

The most striking defect, and a very serious one, is the style of strut
adopted for compression members. The effect of this is seen in the tables
above, which show, that while the amount of metal in the compression
members was probably in excess of what would have been required if it
had been disposed in the most advantageous forms, disposed as it actually
was, it was in almost every case strained above the safe limit, and in
very many cases to many times that limit.

The members of the top chord are plain I beams, connected twice in
an eleven foot panel by bolts and spools which offer no appreciable re-
sistance to the beams bending sideways, parallel to each other; they
only require that the beams shall not bend in opposite directions. It
may be thought that the floor beams give lateral support to the chord,
but the floor beams themselves are about as likely to need support in
that direction as the chord is, It is by means of the floor beams that the
potential force of the swaying train seeks a resisting point, namely, the
abutment; and between the train and the abutment the connections to
resist such force should be complete.

The members of the braces also are plain I beams, without a hole for
a bolt or rivet, fastened to nothing; not connected to each other except
at the intersection of the mains and counters by a yoke that could hardly
fail to wear loose; depending upon each other for lateral support that
neither should be required to give; with nothing to prevent them from
bending sidewise parallel to each other. Very slight inequalities in
length, such as are indicated by the angle blocks, would give one of the
beams a tendency to bend in one direction or the other by the uneven
distribution of the strains which would result. The game effect would
be produced by the unevenness of the bearin~ faces of the angle blocks,
which were partly chipped instead of planed, a defect in itself. Proba-
ably half of the braces had their bearing area reduced by chipping the
corners of the flanges where the vertical rods interfered; in many the
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half of one flange was cut away; I noticed one whose bearing area was
reduced to one flange and half the web. Among all the beams of the top
chord and braces that I have seen, there has seldom been one that was
broken or showed the least sign of a reversed curve.

Another defect is one that appears in many parts of the structure,
namely, the dependence of every member for its efficient action upon
the probability that all or nearly all the others will retain their posi-
tions and do the duty for which they were designed, instead of giving to
each member a positive connection with the rest, which nothing but di-
rect rupture will sever. Instead of being made to kang together, the
members of the structure rested upon one another. This appears in the
bearing of the braces on the plane surfaces of angle blocks with nothing
but friction to keep them there; in the bearing of members of the top
chord against the plane faces of the lugs on the angle blocks with noth-
ing but friction to keep them in their exact places (there was a limit to
their possible displacement without rupture by this position between
the vertical rods, except in case of the outside line of beams which was
held by the clamp bolts passing through the spools); it appears again in
the connection of the laterals with the angle blocks, which depends up-
on the angle blocks and chords always remaining in contact. The bear-
ings of the braces on the angle blocks show displacement in the plane
of the truss, varying in amount from half an inch to one and one-half
inches in twenty or thirty cases; one beam was half off the angle block.
In some cases there was lateral displacement of about one inch.

Another defect is the use of the top chord as a beam to carry the load
from the floor beams to the panel points. In a short panel it might not
be objectionable to use the chord as a beam, if the chords were deep and
the size of the section made, such as to provide for both the direct com-
pression and the compression that results from bending; but these pan-
els were long and the beams were shallow, and had no surplus metal.
It would be imposible to tell with any exactness what strain would come
upon any member of the chord from this cause, for there is no way of
ascertaining how the stringers and floor beams would distribute this
weight ; but from the results of several calculations, I judge that in this
way a single engine would produce more than half the safe strain at the
center of a panel, and two-thirds the safe strain at the panel point, and
that, too, without making any allowance for the concentration of the
weight on the beams at the inner side of the chord, which would obvi-
ously increase the strain very much.

Another reason why the use of the top chord to carry the floor beams
is objectionable, especially where the lateral braces skip every other panel
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point, is that the chord is thus made to do duty, again, as a beam in re-
sisting the bending action of the lateral force exerted by the swaying of
the train and the wind. pressure upon it. In this way alone a violent
wind might strain the chord to about the safe limit.

The whole system of lateral bracing would have been very weak, es-
pecially for a deck bridge in an exposed situation, even if it had been
constructed as designed. The figures already given show that for wind
pressure alone, it should have been two or three times as heavy as it was.
But the efficiency of the bottom laterals on which the whole system de-
pends was almost destroyed by the splice with a five-eighth inch bolt
at the point where they should have been strongest, namely, in the
panel next the abutment; and furthermore, what little virtue there was
in the five-eighth inch bolt was rendered almost nil by the peculiar ar-
rangement of the struts between the bottom chords already described.
It may be said that the wooden floor assisted by the top chord I beams,
that reach from the first angle block to the masonry, had sufficient rigid-
ity to give lateral support to the bridge. To this I would say, that the
elasticity of wood and iron are so vastly different that they are not
suited to resist conjointly the same force acting upon them in the same
manner; the one being very elastic would be likely to yield a good deal
before resisting its share of the force, and thus throw the burden upon
the other. The top chords, with their laterals and the floor beams, form
a rigid rectangle about twenty feet by one hundred and thirty feet; this
it might be expected to stay laterally by the wooden stringers with their
planking and the top chord I beams mentioned. The stringers, sup-
posing them to be solid sticks, without keys or joints, would be equiv-
valent to a beam about four feet wide (vertical) by one foot six inches
deep (in the direction of the lateral force), and of one hundred and fifty-
eight feet span. The connections between the rigid rectangle and the
floor beams, and between the floor beams and the flexible wooden floor
have been already described. How this combination of wood and iron
would act in transferring a lateral force to the abutments, would be en-
tirely a matter of conjecture; but, that little should be risked on the
chance of its acting harmoniously and efficiently, seems plain. Besides,
the connection between the stringers and the abutments is not likely to
have been such as should be relied upon to resist much lateral force, ap--
plied suddenly, perhaps, and attended with vibrations. In this connec-
tion, it is worth noting that if the bridge depended on the wooden floor
and the projecting top chord I beams for lateral support, the yielding of
the wood may have caused the I beams to act as a lever on the chord,
tending to throw it out of line at the angle block next to the end.
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Respecting the quality of the metal, little need be said at present,
pending the tests that are proposed, but it seems to have been good.
Only a few of the tension members gave way, and some of the compres-
sion members came out bent nearly double to a sharp curve, without sign
of fracture at the edge of the flanges, the paint being still on.

Before giving my opinion of the cause of the failure, I will describe
briefly the location and appearance of some portions of the ruins, and
some marks on the masonry. When I arrived at the scene of the wreck,
the debris and most of the compression members had been removed.
Some of the trestles used in erecting the new bridge were still in place.
When these were removed and the ice cut away, the south bottom chord,
I observed, was lying nearly along the axis of the bridge, slightly con-
vex to the south, but otherwise quite straight. The north bottom chord
was in just about its normal position relative to the south chord. Both
had moved about eight feet east and eight feet north in the fall. At
the first panel point they were crowded down close to the abutment, the
ends mostly sticking up. Just west of panel point twelve, south truss,
two of the inner bars of the bottom chord were broken. At the ends the
bottom chords were generally straight, except that at the east end of the
south truss they were bent, say 10° or 20°, convex up, at three or four
feet from the end.

The beams of the south west end brace fell together, the upper ends
being under the end of the north bottom chord. They were nearly
straight except as bent by the chord. The sets of vertical ties were gen-
erally held together by the angle-blocks and washers, and fell as follows,
viz: thirteen of south truss were spread out fan-shaped toward the west
with their heads against the abutment, and the angle-block crushed down
to the bottom chord; twelve south fell to the south, its angle-block down ;
eleven south fell to the north, and under the north bottom chord. The
rest fell north, except a few sets of each truss at the east end.

The south corners of the west abutment received a severe blow three or
four feet below grade, breaking off a cubic yard or 8o of masonry. The west
end of the south bottom chord broke off the face of the stone beneath it.
One or more of the southeast end braces struck against the back wall
about one foot above the bridge seat, and two feet six inches north of the
center line of the truss. The faces of the abutments show but few
scratches. The lower ends of the first set of vertical rods of the south
truss scraped the masonry for a few feet near the bottom.

The second engine, the Columbia, is said to have fallen, bottom up,
head east, on the west end of the first express car, south of the bridge
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and near the west abutment, and nearly all the rest of the train to have
fallen on the south side of the bridge. *

I think that the failure began in the top chord of the south truss at
the twelfth angle-block, that is, at the second set of vertical rods count-
ing from west to east; that it probably resulted from the buckling out-
ward of the three I beams which are continuous at that point, under the
combination of these forces, viz: first, the thrust due to their position in
the truss; second, the vertical bending action of the load from the floor
beams when the drivers were perhaps astride the panel point, this bend-
ing action being most severe upon the inner of the three top chord I
beams, on account of the deflection of the floor beams; and third, the
horizontal bending action due to the swaying of the train (the effect of
which would be most severe at the west abutment), to the pressure of the
wind, perhaps, and to the deflection of the loaded truss,an influence that
always operates in the same direction.

The movement of the bridge to the north and east, as it fell, seems to
me very natural from a consideration of the motions that might result if
a heavy weight were dropped on a smooth wedge pointed toward the
south and west. The traction of the engine when the air brake was
applied doubtless produced part of the effect.

The position of the southwest end braces, and the eleventh set of ver-
tical ties under the north bottom chord, shows that the failure began in
this immediate vicinity; the relative position of train, bridge, and abut-
ment after the fall, and other circumstances, are in harmony with this
view. If the failure had been started by the breaking of a lateral or
vertical sway brace, the end brace and the vertical ties at twelve and
eleven, would not have been likely to fall alternately north, south, and
north. If aset of braces had been the first to fail by buckling or dis-
placement, the washers at the top of the eleventh or twelfth set of verti-
cal rods would have been bent or distorted, but they were in almost
perfect condition when removed from the wreck, being only a slight
bend at the end.

In case of derailment of an engine, the forty-four hundred pounds on
the four drivers, falling all at once from the top of the rail to the oak
planking, would be able to perform about sixteen thousand pounds of me-
chanical work in deflecting one truss. If the truss had been accurately
proportioned in all its members and connections for a total load of four
thousand pounds per lineal foot, and a unit strain of eight thousand
pounds for parts in tension and corresponding unit strains for those in
compression, the deflection due to this load would have been about eight
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one-hundredths of a foot, and the work done in producing it, by a load
acting at the center of the span, would have been about eleven thousand
foot-pounds.

From this I conclude that the fall of the four drivers at the same time
from the top of the rail to the floor at the center of the span, while the
bridge was supporting the rest of its load also, would not have strained
the structure to more than about one-third or one-half its ultimate
strength, if all parts had been proportioned in accordance with the unit
strain of eight thousand pounds for parts in tension, and the unit strain
for parts in compression had been so adjusted to their particular shapes
as to give them the same strength as the parts in tension.

In view of the appalling nature of this disaster, it seems fitting to
state here that I think there is urgent need of thorough and complete
experiments on the forms and qualities of iron now used in important
structures, especially for members subject to compression, such experi-
ments as have already been inaugurated with the encouragement, to some
extent, of the National government.

All of whioh is respectfully submitted. '

ALBertT H. HowLAND,

BosTON, Mass., Feb. 12, 1877. - Civil Engineer.

4 AD



REPORT OF W. 8. WILLIAMS.

" % % * The iron in the bridge seems to have been of the best qual-
ity, and apparently not deteriorated any by use. It shows very little
crystalline, or, more properiy speaking, no granular structure. The I
beams are laminated, showing that when the iron was placed in the pile
to be rolled there was a layer of cold, short iron to give stiffness and re-
sist compression ; and & layer of red, short iron to give the fibrous duc-
tile quality, and so on taroughout the entire beam.

Very few frost brakes were psrceptible in the entire wreck, and in fact
very few fractures of any kind were seen. All of the forging throughout
the entire bridge was well done, and showed excellent workmanship.

Upon an analytical examination of the general pean of the bridge, it
does not show an economical distribution of the iron. In each panel,
the lower chord as base, the truss vertical rods as perpendicular, then the
braces would form the hypothenuse of a right angled triangle. Then as
iron stands a much greater strain in tension than it does in compression,
or, in other words, to increase the length of a member in tension does
not weaken it; but just the reverse is true of a member in compression.
Therefore, we have in this case the braces as the hypothenuse, which is
the largest side. But at the same time it must be recollected that at the
time of the construction of this bridge there was comparatively little .
known about pin couplings, and there have been great improvements
made within the last eleven years in the construction and in the general
plan and details of iron bridges.

As to the amount of material in this bridge, the lower chords and the
vertical rods show a large excess. The upper chords show somewhat of
a deficiency; while the weakest point as to the amount of material, seems
to be in the braces in the third and fourth panels from the abutments,
the fourth set of braces showing a factor of safety of two and one-half.

The lateral bracing in this bridge was very deficient, for the following
reasons: The vibratory and bottom laterals were attached to the trusses
at points where there were no streets, the streets being at points where
the lateral rods crossed each other, with the exception of one at the west
abutment that was in its proper position.
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As to the appearance of the wreck, the whole bridge seems to have
been thrown to the north-east, with the lower chord, of about one panel
length, doubled up against the east abutment.

It appeared that the third and fourth set of braces in the south truss,
near the west abutment, was bent laterally, and was thrown about pro-
miscuously. The second set from the west abutment was buckled as a set
complete, with the yoke about them entire and unbroken. The first set
. at the west abutment had fallen under the lower chord of the north truss,
and no bind in them except where this chord had fallen upon them. As
to the vertical truss rods in the south truss, near the west abutment, the
first, second, and third cast-iron tap block had fallen down on the rods,
and were resting against the lower cast-iron brace blocks. The rods above
these brace blocks were twisted and bent. Two sets of these rods had
fallen under the lower chord of the north truss.

As to the probable cause of this bridge giving away, it would seem that
from the length of time it has been in use, and by referring to the strain-
sheet, hereto attached, it would appear that there must have been some
unusual and extraordinary cause, or combination of causes, that would
have produced this result.

From the manner this bridge was braced laterally, in case a vibration
was produced from any cause whatever, it would not be taken up by the
streets and rods and neutralized, but would be carried along the entire
truss, increasing in force until the abutment was reached.

This bridge was over a ravine about two miles from the lake. At the
lake this valley is about one-balf mile in width, and at the bridge about
the length of the bridge. Hence, it is funnel-shaped, not unlike 4 hori-
zontal section of an inverted hollow cone, with its base toward the lake.

Gen. Meyer, Chief Signal Officer of the United States Army, says that
between eight and nine o’clock P.M. the velocity of the wind between
Erie, Pa., and Cleveland, Ohio, was from twenty-four to fifty-four miles
miles per hour ; and that it was probable that at the bridge there was a
concentrated force of wind exerting an upward pressure against the
closely laid floor of the bridge, and a direct pressure against the train
all acting as a lever tending to crush the south truss.

On that evening, the train came on to the bridge on the south track,
over the south trues, laboring through the deep snow. It is immaterial
whether the forward engine suddenly put on all of its steam, and the
second one the air-brakes, or whether the wind was twenty-four or fifty-
four miles per hour, or whether it was one or all of there forces combined,
or from any other cause, if there was a sufficient amount of oscillation
produced, the lateral wave would increase in violence toward the west
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butment, and the strains would naturaily accumulate in the braces
toward the west abutment in the south truss. Then, as each brace acts
separately, and, to a certain extent, independent of all others, and at
these points where the resultant force had so accumulated, the braces
would bend laterally, one by one, in detail, and yet the whole set almost
simultaneously, and allow the top brace-blocks to fall down against the
lower brace-blocks on the vertical rods. And thus the traln would be
thrown to the south, and the bridge go down.

Now, had this been a single track bridge, the lower chords would have
received equal strains in tension, and there would have been very little
oscillation, and very little lateral bracing required between the lower
chords. Or, on that double track deck bridge, had there been two trains,
one on the north track and one on the south, both of the lower chords
would have been in tension, and the rectangular position of the trusses
to each other would have been maintained, very little vibration would
have taken place, and, in all probability, the bridge would have been
standing to-day.

If the braces of this bridge had been latticed, they would have given
different results. As it was, they acted separately and independent of
each other, and if the number had been increased at the points shown to
be weak, it would not have made the bridge secure.

Although the top chord shows no lateral bending of the I beams
between panel points, yet at the same time they should also have been
latticed.

For the information of your committee, a strain-sheet of the wrecked
bridge is hereto attached.
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Maximum strains assuming live load to be 4,000 pounds per lineal foot
and dead-weight being 393,122 pounds. Panel load, live and dead, 18.02
tons,
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BRrACES.
. Strain in | Factor
No. of panel. To;:l:(f::“' T:%r:f;‘ comprersion of
* | per 8q. inch. | safety.
................................... 134.70 66.6 in. 2.022 3.7 tons.
................................... 114.90 57.6 2. 3.7
................................... 95.97 36.9 2.6 29
................................... 77.96 26.55 2.93 2.5
................................... 60.85 26.55 229 33
................................... 44.64 26.55 170 ° |44
................................... 20.34 26.55 1.10 6.8
Topr CHORD.
Total strai® Area of Strain in | Factor
No. of panel. : ’ compression of
in tons. beam. per 8q.inch. | safety.
0 SRR 66.06 45.76 in. 1.44 9.1 tons.
- R 121.96 45.76 2.66 5.
................................... 167.69 49.50 3.38 3.9
................................... 203.26 54.10 375 35
s 228.67 60.90 375 35
2 243.91 62.30 3.91 33
BorroM CmORD.
. Strain in | Factor
No. of panel. To::l;t:mn, ‘b‘::l:f compression|  of
ne. persq. inch. | safety.
S 66.06 48} in. 1.378 22. tons.
Ricecancmeccasecacccnacescsceccanans 121.96 483 253 11.8
. 2 Y 167.69 48 3.49 8.6
B eeeeeee e ceeaan e .| 20326 55. 370 | 81
D eeceictciccnecaccacecnes cnnans 228.67 68.75 3.32 9.
SRS 243.91 68.75 3.55 8.4
S 248.99 68.75 3.60 8.33
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Truss RoDs.

No. of panel. Sise. | Area | Strainpor | Inchesin :‘é{‘;’
) 2% round. 28.68 3.48 8 8.6 tons.
R ceeiiiceiiicnaaireaan, 2. 25.39 3.24 8 9.2
- 13 22.32 3.00 8 10.
L . 1% 19.44 272 8 11.
5 1% 16.76 231 9 13.
[ J R T ¢ 16.76 . 1.52 11 19.

There is a large excess of material in the lower chord.
FoR BREAKING LOAD.

30 tons were taken as the tensile strength of iron per inch.
DEFLECTING LOAD.
7.56 tons were taken for I beams 21.5 feet x .5 in compression iron per inch.
13_2 [ [ [ ll [ x 5 {3 [ “
Respectfully submitted,
W. S. WiLLiAMs.
CaNTON, OH10, February 14, 1877.



TESTIMONY OF M. J. BECKER.

M. J. Becker testified as follows: )

Q. ByMr. Converse: Please state your name, age, residence, and profession.

A. Name. M. J. Becker; age, 49 years; civil engineer by profession; residence, Pitts-
burg. '

Q. What experience have you had in engineering ¥

A. I have been practicing the profession with, perhaps, the intermission of two or
three years, for the last thirty years consecutively.

Q. Where have you practiced it, and how are you now engaged ?

A. I commenced the practice of engineering in Europe, and after coming to this
country, at the age of swenty-one, I became engaged, in a very short time after my
arrival, on the old Steubenrville-and Indiana road, which is now a part of the present
Pittsburg, Cincinnati and 8t. Louis road. I was thea employed as a draftsman for a
short time, and afierwards as assistant engineer in charge of construction and upon
location of lines; and from that time to the present I have been almost uninterruptedly
engaged on that line of railroad. For the last ten years I have been its chief engineer.

Q. What do you mean by that line ?

A. I mean the line of railroad commonly known as the Pan-Handle.

Q. You may state whether you have made the subject of engineering a, study, em-
bracing not only the practical part of it, but the scientific principles upon which it
resta ! _ '

A. I was educated for that purpose. I have devoted almost my entire time and at-
tention to the acquirements of the theoretical knowledge, and in the employment of my
profession I have had opportunities fer practical experience.

Q. If you have a span of 154 feet for the construction of an iron bridge, panels of

_eleven feet, vertical depth of twenty feet, width about twenty feet, two trusses, and you
find the braces in such a bridge as that composed of iron beams known as I beams
twenty-one feet long, oblique, six inches by four, and suppose that the braces were com-
posed of a number of such I beams, fastened only with a stirrap in the center around
the counters and main braces, the stirrup to be composed of inch iron round bar, how
would you calculate the strength of such a beam? I mean, how would you calculate it,
a8 a beam twenty-one feet long or as a beam one-half that length ¥

A. Taking the situation as presented, I would, in calculating the necessary dimen-
sions of such braces, treat the columuns as twenty-one feet long, and compute the neces-
sary sections from that assumption. ' I wouldn’t consider the mere strap, winding aronnd
and fastening in the center at the point of intersection of the main braces with the
counters, alone as a sufficient safeguard against flexure in the middle. There is nothing
to prevent the entire system, strapped together as it is, from yielding, at least in a lat-
cral direction, from right to left, or vice versa, whenever a strain becomes sufficient to
« «nse that lateral yielding. The straps might possibly prevent a tendency of movement
i « the direction of the bridge, but it wouldn’t prevent any lateral movement bodily. It
might also prevent a separation of the parts composing the struts by the yielding of the
members outwardly. What I mean is this: Supposing, for instance, that the pressure
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applied on the top of the colnmn would act in a direct line, and perfectly parallel to the
members composing the column, and that the pressure would be sufficient to spread the
members by bulging in ‘the middle of their length, one-half of them bending to the right
and the other half to the left; in such a case, the strapping around the point of intersec-
tion might act as a preventive; but if the pressure on top was any way oblique, tending
to force the entire column bodily out of line, such strapping would, in my opinion, not
be sufficient to prevent it. At any rate, 1 do not think it safe to take the effectiveness
of these straps into account in calculating the resisting power of the column, and I
would treat these braces as being of twenty-one feet length, and unprovided in the mid-
dle with means to prevent lateral flexure.

Q. S8hall we understand you to say then, that while snch an arrangement around the
centre braces might tend somewhat to strengthen them, yet a prudent engineer wounld
not rely on such an arrangement to prevent deflection, and would not calculate upon it?

A. I donot wish tobe understood as saying that these straps were wholly and entirely
useless, for if I were asked the question whether they would resist a tendency to sepa-
rate the members and prevent their bulging and spreading vutwardly, I would be com-
pelled to answer that they would resist such a tendency, provided the line of pressure
was perfectly parallel and coincident with the members of the brace; but it would not,
in my opinion, be safe nor prudent to presume upon the chances of such a contingency.
If the pressure would act in an oblique direction with sufficient force to deflect the brace
to one side or another, the entire system wouli be pushed out of plice together, braces,
straps, and all. A prudent engineer should provide in his calculations for the extremest
cases that might arise, and not presume upon any doubtful chances in favor of security.

Q. What would you say as to the propriety of building a bridge for railroad travel,
and over such a chasm as I have mentioned, to use oblique braces of wrought iron? Is
that in accordance with the highest skill of engineers ¥ :

A. Well, I have never seen braces of wrought iron used in that form, at least not
without such a connection of all the parts, between each other, as to act as one united
strut or beam. Whenever wrought iron is used in the form of channel bars or I beams,
they are always, in well-constructed bridges, bound together, generally with diagonally
arranged lattice-work, forming a triangular system of bracing, so as to act unitedly and
to bring the entire surface into play.

Q. That would make each brace u truss of itself ¢

A. Yes.

Q. What is your recognized formula for calculating the strength of a beam such as I
have mentioned—an I beam six inches by four ?

A. Well, there is & formula used in this connection that provides for the resistance to
crushing, in connection with the tendency to lateral flexure. It is an old formula, that
answers in most cases, called Gordon’s, which takes into aceount both of these elements,
but there are other formuls, that have been developed from experiments made with
the different forms of iron, and each form has a factor of its own, so that there is no one
particular formula that applies to all cases. If a strut is made of hollow cast iron, cir-
cular in form, one formula might apply; another would apply to a square, and solid.
There is no one particular form that would apply to all the cases, but in every particular
instance this item of flexure must be taken into consideration, in such lengths of beams
as these. .

Q. What is the dimension and strength as compared with the length of beam ?

A. That depends, to a considerable extent, upon the form of the beam.

Q. Suppose you take an I beam form, cam you give us any authority, or formula, or
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definite statement as to the manner in which this calculation can be made as to the
strength of the braces, considering its length and size ¥

A. I couldn’t give you any positive furmula that would apply to this case, without
referring to some books and see just what formula to apply; but the effective strength
diminishes as the length increases. If you take a piece of plank two inches by twelve
inches, and twelve feet long, and apply a weight on top, you will find that that board
will soon begin to bulge out sideways; you take that board and rip it into four pieces,
each piece three inches wide, and nail those pieces together, one on top of the other, or
in the form of a square box, and you put that weight on top again, you will find the
pile or box won’t bulge in any direction, although there is no more material in it than'
in the plank originally, and the sectional areas are exactly the same. This is merely an
illustration, to show that the resisting power is largely modified by the shape of the
column.

Q. I will ask you whether the fact of a beam iesting upon a solid surface has any-
thing to do with the strength of it? I mean if it should rest upon a smooth and solid
surface, whether its strength is increased or diminished than what it would be if it rests
on an uneven surface ?

A. Its strength is greater when resting upon & smooth and even surface.

Q. Is there any rule on that subject ?

A. The rule that is generally adopted is, that when the ends of the beams rest upon
smooth and planed abutting surfaces their strength is about three times as great as
when both ends of the beams are rounded off. That is the general formula.

Q. Suppose, in a bridge such as I have mentioned, you have beams of the shape I
have mentioned, and suppose that the base blocks above and below that ‘they rest upon
or brace against, have a strip two inches or two and one-half planed down lengthwise
through the centre, so that the flanges of the I beams rest above and below this planed
surface, the planed surface being sunk or cut down the thirty-second or sixty-fourth
part of an inch, how would you account a be:m so resting as that ?

A. It couldn’t be classified as coming under either head. It certainly would not bear
uniformly on all its parts, yet it could hardly be considered as a rounded end surface. I
should eay it would be something between the two, but just how much, it would be
very difficult to say, unless I could see the actual condition of the blocks.

Q. When you speak of a smooth plane for an end beam to rest upon, would simply
a casting that had been chipped off with a cold chisel, would you regard it as smooth ?

A. No; I would consider a casting coming from the foundry and rubbed off, such as
they usually do—taking one part of a casting and rubbing it against the other one—as
perhaps filling the requirements of a smooth plane, although it might not be planed, but
from what I know of attempts to chip off the roughness of castings, I should say that
a nice, smooth plane would not likely be made by chipping. I have never seen a neat
job made in that way.

Q. It is stated, in this Ashtabula bridge, that the braces of the upper chord were
composed of beams twenty-two feet long, and that a portion of the beawms rested against
the laug on the top brace blocks, while the other beams passed over the top of the brace
blocks, and were only held down to it by clamps, while the beams might have a lateral
motion of two and one-half inches. How would you calculate the strength of such a
member as that, with such a play as that between the lugs on top of the brace blocks?

A. Well, I think I would be willing to allow the full cross sections of the abutting
surfaces, as far a8 the crushing of them is concerned. As to their rfesistance against
flexure, what I have said in regard to the braces would also be apphcable in this case.
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Q. Itissaid that these members of the upper chord were I beams, six by four, and that
they were fastened together every five feet by three-quarter iron round rods, with a
thimble to keep them sufficiently apart, and then alternately two and three bars passed
over the brace blocks having this play, which I have mentioned, what provision ought
to be made for fastening members in an upper chord, in such a case as that?

A. Well, it would be better to divide the chords in lengths of one panel, and provide
for the abutting surface there so as to shorten the length of the column and at the same
time provide an effective system of lateral bracing, which ought not to ran more than
one panel length; in this way a tendency of flexure would be almost entirely counter-
acted, and where you permit ther to run, say two panel lengths, without any stiffening,
I mean external stiffening, it would require something in the shape of lateral bracing to
give them lateral stiffness, to guard against bulging outward or inwardly, and that
could be most effectually done by close lateral bracing. Of course when you calculate
the strength against flexure of the top chord, if it runs over two panel lengths without
being secured, you must consider it as a strut of two pauel lengths, and treat it so in
your calculation. I say also that the tying together of those five members of the top
chord, between each other, would not counteract any flexure of the whole body, either
to the right or left; of course, tendency to bulge upward or downward is not likely to
occur, and the only tendency would be horizontally right and left, and against that the
counter braces would have to be introduced as a preventive.

Q. I will ask youa then, how near ought these counter braces to be introduced to pre-
vent that sort of lateral flexure in the upper ehord, and what nawme do you call this
counter brace

A. Wae generally call them lateral braces, or call the horizontal ones generally lateral
braces, and those that run diagonally downward, connecting the bottom chord on one
side with the top chord on the opposite side, we generally call sway braces. ‘

Q. Hew near ought those sway braces to be, in such a bridge as I have described ?

A. T think I wouldn’t place them farther apart than s panel length, though I will
admit it has been the practice, especially in wooden Howe truss bridges so run them
some times to an angle of forty-five degrees, regardless as to what particular part of the
truss they would strike. At an angle of forty-five degrees, the clear space between the
chords of a deck bridge would be about equal to the usual length of a single panel. In
single track iron bridges the lateral brace system is generally introduced in every
pauel.

Q. I will ask you what the rule is for determining the size of these sway braces, if
there is any ?

A. That is a matter depending somewhat on the action of the wind; in wooden cov-
ered bridges that is a chief element that you want to guard against, but it doesn’t
amount to a very great deal in an open iron bridge. There is also a tendency, where the
bridge stands on a curve, to push out in the direction of the tangent, and that has to
be guarded against by lateral braces, so that on a curve the lateral braces should be
more effective and stronger than on & straight line; and in any event I wouldn’t like to
adopt, for a bridge of that kind, reds in the middle of a bridge of less than one and one-
fourth inch in diameter; and I would have them at every panel, and in no event would
I place my braces at an angle more than forty-five degrees.

Q. I want to ask you this question: How do you calculate the strength of & pleoe of
iron, in compression, suppose it is where it is subjected to vibration; do you calculate it
" the same as if it was resting upon a solid surface above and below?

A. No; I don't think there are any calculations made to ascertain the effect of vibra-
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tion, except that where a bridge is greatly subjected to such vibration I would take the
precaution to allow a greater factor of safety, than for ordinary contingencies, but I don’t
think it is possible to ascertain with accuracy the exact effect of such vibration over
and above the strain that arises from the loads and weight of the structure.

Q. If you were to take a beam twenty-one feet long, suppose it was subjected to
vibration, would it be strained to a greater extent when subjected to vibration than if it
rested upon a permanent base, and had permanent dead pressure above ?

A. There is no doubt the dead immovable load upon it would be easier on the strut
than a movable vibratory load of equal amount.

Q. On a long brace like that, I will ask you, whether the vibration, as of & moving
train rolling over a bridge, doesn’t tend to throw the line of pressure outside of the axis
of the strut and thereby weaken its strength ?

A. It would certainly subject it to a far greater shock, there is no question about
that; but there is no fixed rule by which you could provide for its vibration, unless you
take a larger factor of safety, and introduce measures to increase its stiffness by bracing
or tieing.

Q. Would it be the duty of a prudent engineer to take that ]arger factor of safety ?

A. Yes, sir; I should say so. 1 think it is but proper that every engineer should do so.

Q. In putting my supposed case awhile ago, of the braces resting upon brace blocks,
that had been chipped by the cold chisel, and a strip planed off from two to two and
one-half inches wide, on which the beams didn’t rest at all, I included the motion, and
put the supposed case; I will ask you to state how it would effect the strength of the
beams, supposing the corners were chipped off, in addition to these other facts.

A. If it was irregularly chipped off I think I would disregard the chipped-off part en-
tirely in the calculation, and make a deduction in the cross sectional area, correspond-
ing to the chipped-off piece.

Q. What effect wonld that have in calculating a beam, as to a round end, or flat end
beam, with the outer edges of the flanges chipped off ?

A. It all depends upon the amount of the injured- base, and the roughness in which
it is left. That is a thing that would have to be taken into account, to the best judgment
of the engineer, having the calculation in hand; it is very difficult to say just to what
extent it would effect it, it certainly would have a tendency to weaken the effective
strength of the strut.

Q. Buppose in the examination of a bridge of this kind, you were to find that these
braces had slipped down and up, on the brace-block, in some case as much as three
inches, and in others two inches, and others one and oue-half inches andjsome perhaps not
more than half an inch, what would you say was the cause of that slipping? Ought it
to be guarded against? How ought the beam to be calculated that had slipped out of its
place in that way ¢

A. The slipping may be caused by insufficient bearing, probably on account of
loosness in the tension rods, which may not be sufficiently tightened up, to maintain
the braces in place, and it might be owing to the fact that they were of unequal length,
two or three of them filling the exact space, and one being a little shorter, would nec-
esearily have to remain loose, and that thing ought to be immediately looked after and
guarded. against. In the absence of a more effective remedy it would, in some cases, be
sufficient to interpose a sheet of lead or metal of some kind which wonld be impressed
by the force, and aftord an even bearing to all the members. Thislooseness of the braces
ig a very serious defect and ought to be remedied as soon as discovered.

Q. Supposing you were called upon to calculate the strength of a beam of that kind,
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how would you arrive at it? How wounld you, as an engineer, calculate the strength of
the beam ?

A. Having slipped out of place ?

Q. Partly slipped out.

A. It might not bear a pound; there might be, as I said, three out of five bearing
the whole load, and the others a quarter of an inch short not bear any thing.

Q. In calcnlating, then, the strength of beams, such as I have supposed, length, shape,
and location, would you calculate them as round end beams or not in calcunlating ¥

A. I think I would, perhaps, be willing to give a little larger allowance than round
end beams. Rouand end beams rest, really, on a theoretical point, and I think it would be
getting the thing down to a low base of calenlation on that presumption, and there
ought to be some thing between a rourid point and a square end ; but what proportion,
can only be detemined by the roughness of the surface and the damage of the ends of
the struts. 1 wouldn’t like to say without seving the particular pieces.

Q. What is the margin of safety in ail calcnlations on iron bridges ¥

A. Waell, opinions differ considerably on that subject ; some of them, feeling confident
in their own work, are satisfied by allowing a factor of safety of four. More careful
men make it five, and I think six wonld be nearer to perfect safety.

Q. Do you make any difference between members in compression and in tension {

A. Not generally ; I would make perhaps a difference in the more important members
of the structures, and increase their factor, while I might diminish that of members of
not such vital importance.

Q. Would you make the factor of safety alike as to members of compression and in-
tension ¥

A. Iwould for members of equal importance.

Q. Inother words, your metal wonldu’t support 8o much in compression as in tension §

A. The capacity of resisting is greater in wro ght iron when under a strain of exten-
slon than when under compression ; but that does not affect the allowance for safety.

Q. You said, a moment ago, that these sway braces ought to be at every panel in an
important s'ructure such as I have described, and that the rods ought to be an inch and
a quarter in diameter. Suppose they are set at every other panel, then what ought to
be the size of the rods?

A. Well, the size wouldn’t help the matter a great deal; the tendency to flexure
ought to be counteracted by more frequent introduction, rather than compensated by a
larger amouut of material. I think a lighter rod, more frequently introduced, would be
much more effective than a large rod running over a longer range. There ought to be
some little increase, in proportion to the run they are placed in. You asked me whether
the crosssectional are a of metal shonld be made heavier in compression than in tension,
I believe I said it was alike. I didn’t mean to say that; wronght iron will resist a tensile
strain much easier than a crushing strain, even on short columns.

Q. Buppose this sway bracing is fixed at the point where there is no strat or counter-
braces, what have you to say then as to effectiveness

A. Tt simply has no effect at all; the strut, placed away from the tension of the lat-
eral rods, would be of no account; neither would the rods be of any account without an
interposing strut; the two can only act together.

Q. And they are only effective when the rod is fastened at the head of the strut ?

A. Yes, sir.

Q. I will ask you whether that would be so no matter where it occurred.

A. Any where ; the tension rods could not be effective without an interposing atrut ;
he two systems must go together.
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Q. What is the value of iron, in its power to resist in compression, and what is it in
tension, to the square inch?

A. In tension, good iron ought to sustain a pull from fifty to sixty thousand pounds
to the square inch.

Q. How much in compression ?

A. They pretend to say that in short pieces it will stand from seventy-five to eighty
thousand, but I have never seen such a test verified.

Q. How ought that now to be diminished? In what ratio does that sustain to the
length of the beam ?

A. Whenever a beam or a strut reaches a length which exceeds say from eight to ten
times the diameter or the square of that strut, then it is weakened by means of lateral
bulging ; flexure begins, and increases with the increase of the length.

Q. Can you give me some idea as to the value of brace beams 21 feet long, I in shape,
and 6x4 inches?

A. Well, I wouldn’t like to guess at a thing of that kind; it is a matter of calcula
tion. The form of the beams, the size of its web, the size of its flanges, and all that,
would have to be taken into account; and, without some closer calculation, I wouldn’t
like to venture upon a hap-hazard expression.

Q. Well, you say the power to resist compression in iron may be seventy-five or eighty
thousand pounds to the inch; what is its power to resist—I had better say buckling, or
flexure ?

A. That depends entirely npon the length, form, and the cross section.

* Q. Length and shape?

A. Yes; by giving a fixed form, and fixed length, we can tell you by very little cal-
culation just about what the thing is able to do.

Q. What remedy is there, if any, in your jndgment that might be applied by the law-
making power of the State to diminish the number of accidents like this Ashtabula bridge
disaster? . ’

A. Well, I don’t like to venture nupon an opinion in regard to that; but since you ask
the question, I would like to refer you to a report which was made some three or
four years ago, after the breaking down of the bridge at Dixon, Illinois, by a commmittee
composed, I think, of eight members of the American Society of Civil Engineers, which
is a society numbering now, I think, some six hundred members. The members of the
profession are only admitted on ballot, after recommendation by a committee of the
society. Those gentlemen investigated that question fully at the time—spent nearly a
year at it; and then the eight members, being somewhat at varignce in their views, sub-
mitted, I think, five separate reports. They classified the canses of accidents into three
groups. The first one embraced accidents arising from faulty construction, either badly
drawn plans, or imperfect workmanship, or insnfficient material ; in other words, causes -
arising from faulty construction generally. The second class embraced failures through
neglect of structures that were originally put up in good shape, and were permitted to
go to ruin from the want of proper attention by their owners. Then there was a third
class of accidents against which the committee proposed a remedy—snch as were caused by
violence, tornadoes, destruction by fire, collisions, or derailuent of railroad trains.
Then the gentlemen went on to touch on legislation to prevent repetition of such
a disaster as they had investigated. They were nearly unanimous on the general reme-
dies, althongh they differed conmsiderably on the details. They proposed, in the first
place, that there should be in each State an expert appointed by the Governor, who
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shonld have general supervision over the constrnction of bridges, and the plans of all
structures to be erected, either by railroad companies, or county, township, or city an-
thorities, should be snbmitted for his approval, and not he erected without his consent ;
and if the structure be of such importance as to warrant it, he should superintend it, or
send’'some one there competent to do so; and, in case of an accident, he should report
and hold the parties responsible. And they further proposed, at the same time, a sort of
standard by which these experts should be guided in their determinations. They would,
for instance, say, for highway structures in a city of large traffic and large manufactar-
ing, the floor should not be loaded with more than one hnndred pounds to the square
foot, and the calculation based upon that presumption; in more remote parts of the
country they would reduce it correspondingly. And then they prescribed the amount of
material to be put in to risist certain strains, prescribing them in detail ; in other words,
they advised a certain standard that should be considered the governing schedule from
which to work. Now, as far as my own views aresconcerned in regard to this matter, I
think that a proper supervisory officer in each State could do considerable good. He
conld not, of course, do away with all the bad bridges we have on hand, but
certainly he could prevent any new ones from being put up hereafter. And, as far as
the State of Ohio is concerned, if the present Board of Canal Commissioners, with their
attendant engineers and supervisors, and the present office of Railroad Commissioner,
with his attendant bridge inspector, could be merged into one competent. board of three
experts, that would either divide the State geographically, or would take general saper-
vision over the whole of the State, in the manner as the Society of Engineers suggested,
I think there would be some good arising from that. Now, such a bridge as that at Ash-
tabula should never have been built, and I am confident if that plan had been submitted
to a competent board of engineers, before its erection, that bridge never would have
been built.

Q. What information did you have as to the size of the braces in that bridge ¢

A. 1have seen the plan in Mr. Johunsou’s office, and have looked at it careful.y.

Q. By Wiltsee: How many miles of railroad have you now in charge?

A. About twelve hundred.

Q. How many bridges, and what is their combined leugth ?

A. There are about five hundred and fifty in all; what their combined length is I
can’t exactly say.

Q. Their average !

A. Well, I couldu’t say; they average, I suppose, about one hundred feet in length.
We have a good many of greater span, and, perhaps, a larger number less.

Q. On your road, are there any built like the Ashtabula bridge ?

A. Nothing like-it ; no, sir.

Q. Do you know of any, or did you ever know of any, except that, built in that way?

A. I oaly know of one irou bridge that has been built in imitation of the principles
of the old wooden Howe truss, and that it is locate:l at Bridgeport, opposite Wheeling,
on the Cleveland and Pittsburg Railroad. My recollection of that bridge is that its
compressive members are composed of cast iron, but the combination, and the manner
of putting the parts together, I think, is very good; at least, it impressed me so at the
time I last saw it, but it is entirely different from the Ashtabula bridge in its execution,
or combination, of its parts. With that exception, I don’t know of any other iron bridge
in which that system has been carried out. The reason for it, I think, is because it is
not an economical form of structure. In your question about the compressive strength
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of iron, you didn’t specify whether you meant wrought or cast iron. Mr. Johnson thinks
you had reference to wrounght iron.

Mr. Converse—I did.

A. Inasmuch as cast iron has greater compressive strength than wrought iron, I took
it for granted you wanted the metal that had the greatest resisting power, and therefore
I mentioned the figures when I said 75,000 or 80,000 pounds. Compressive strength of
wroaght iron is not as great as that of extension.

Q. I will ask you to state whether cast iron, except for blocks, rests, or something of
that sort, is suitable material to put in bridges, in your judgment?

A. In the earlier period of iron bridge construction, cast iron has been almost exclu-
sively used for all compresgive meinbers, but more recently it has been generally aban-
doned, and wrought iron has been substituted in its place. I always feel more safe on &
wrought iron bridge that hasn’t any important cast iron parts in it, although we have
on our road, and on almost every ro#d in the country, very excellent iron bridges built
at an early day which h ave cast iron braces in them, and show no signs of trouble of
any kind. '

Q. I will ask you if you saw the plan of this Ashtabula bridge, and the mode of con-
necting the braces with the chords, and, if you will be kind enough, to state whether
you consideredl it a safe and proper way of connecting ?

A. If I understand the plan correctly, or recollect it right, there is no connection be-
tween the braces and the chords—they merely rest against the angle-blocks, above and
below. There should be certainly some provision made to secure them in place.

Q. How ought that connection to be made ?

A. Waell, its manner of construction is so singular in its whole arrangement that I
don’t know how it could have been effected with this plan, but the nsual mode of con-
necting the oblique members is either by screw bolts or by rivets or by pin connections
and eye bolts. I always considered the link and pin connection as the safest and best.

Q. I will ask you whether it would be possible for braces in snch a bridge as the
Ashtabula bridge to deflect from the line of their axis and still do duty for any consid-
erable length of time. . .

A. No, sir. They are only effective when they stand in their proper direction, and
whenever they deflect they cease to be effective.

Q. Where they are out of line would it be considered a great negligence not to
straighten them up or to cease to use the bridge ?

A. I would certainly consider it my duty, whenever I found a brace out of place, to
replace it and secure it thoroughly, to prevent it slipping out again.

A. In calculating the strength of these five or six I beams entering into a single
brace, as at this Ashtabula bridge, should they be calcnlated as separate braces, or
should they be calculated as one solid brace for the calculation of the area of the several
braces? .

A. Without any more perfect connection of the parts between themselves, I should
be disposed to calculate these struts and top chord pieces singly-—each piece for its own
effective resisting force, and I should simply multiply that by the number of pieces. If
they were rigidly connected between each other, then they might with propriety be
considered as one column.

Q. Would that be the only safe way to calculate ?

A. Yes.




REPORT OF A. GOTTLIEB.

* * * * In reviewing the details of the construction, I would like
to state beforehand that the Howe-truss pattern is not very well adapt-
able for heavy iron bridges, as they are necessary for all railroad traffic,
for the simple reason that it contains too many compressive members,
which, if properly comstructed, requires much material, increasing
thereby the dead-weight of the bridge considerably. The bridge is less
fit to sustain a live-load, if she has in the first place to hold up & heavy
dead-weight. When the wrecked bridge was constructed, the building
of iron truss-bridges was in its childhood, compared with the progress
made since that time. A stronger and uniformly well constructed bridge,
even of the Howe-truss pattern, of the span of the Ashtabula bridge,
with double track, should, nowadays, not have a larger dead-weight
than 1,800 pounds to 2,200 pounds per foot, including track and all.

The first objectional point in the old bridge, therefore, was the unneces-
sarily great dead-weight.

The second is shown by the figures to be in the top chord.

The weakness of the top chord was etill more increased by the following
circumstances: The connection, laterally, of the single beams forming
the top chord, was effected by bolting them together every five feet with
a bolt five-eighths inch in diameter. This connection could not have been
expected to transmit any strains from one line of beams to another
parallel to it, and so each string was depending on its own strength to
resist the strains received from the brace-blocks. ‘The floor beams were
resting directly upon the upper chords, withouf a bed-plate to distribute
the weight uniformly over all the chord-beams ; consequently some beams
had probably to carry the main share of the total weight on the floor
beams. The next weak point was in the bearings of the main and
counter-braces on the cast-iron blocks. The bottom blocks were, during
the examination, 8o covered with snow and ice and under water, and,
being still connected with the iron work, unaccessible. But go many of
them as could be examined, and the top blocks out of the water, showed
clear marks on the face of the blocks where the bracesrested on, the surface
of the blocks covered by the shape of the beams remaining free of paint,
while the surrounding surface was painted.

65AD
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By these marks it is.to be seen that some of the braces had a bearing
with orly flange and about one-half of the web, while the other flange
and half-web was unsupported. Others had about four or five inches of
their depths on the block, the balance of their height, unsupported ; very
few had a full bearing on the blocks. In some places considerable chip-
ping had to be done during the erection of the bridge, in order to get the
braces on the blocks at all, because the flanges and webs of the beams
interfered with the truss-rods, which came nearly in the same place
through the blocks where the beams were intended to rest. These
imperfect bearings of the braces on the blocks, may have brought the
strains edgewise through the beams, in place of parallel to the center
axis, vertical to the ends, and may have weakened the resistance of said
braces to such an extent as to make the excesses of sectional areas shown
for the braces to disappear partly or entirely.

The next objectional point was the arrangement of having lateral
brace-panels of double the length of truss-panels, leaving, every time,
one panel point without lateral support. This was undoubtedly done by
assuming the top chord sufficiently rigid, laterally, for the length of
twenty-two feet, which it probably was; but considering that the lateral
rods were not adjustable in their length, and that by slackening of any
of them from any cause, a considerable portion of the trusses would have
to rely on the stiffness of the chord, the inserting of lateral struts and
rods in each truss-panel would seem to have been advisable.

The same as here stated of the lateral rods, is in still greater a measure
to be applied to the vertical diagomal rods, or vibration rods. These were
adjustable, having a turn-buckle at their center. But the fastening of
the ends of these rods to the cast iron brace-blocks, was, according to my
mind, the weakest point in the whole bridge. The leg-screws connecting
the ends of vibration rods with the blocks, were of three-fourths inch
iron only, and between threads of the screw about five-eighths of an inch.

The only top block that had the vibration rod still connected with it in
the wreck, that I could see, was near the east end of the bridge. A man
trying to get the screws out with a monkey-wrench, broke the leg-screw
off in a few minutes, leaving the balance in the block. I have the
broken piece in my possession. Judging from the position of the bridge
wreck, and that of the train at the bottom of the river, one lying entirely
on one side, the other on the opposite side of the longitudinal axis of the
bridge, the chances are in favor of the assumption that the vibration
braces failed from some cause, and, letting the train slide down from the
bridge on the side where the loaded track was, brought the bridge to the
other, the movement probably starting near the center of the span.

et ——  ADWRER. . ASwS—— —
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The prime cause may have been an engine eor car off the track, or any
other sudden jar.

Another possible cause of rupture was the circumstance that the top
lateral rods were held in the hutch of the top blocks by the weights of
the upper chord-beams resting on them. By examination of the plan, it
will be found that the heads of the two top lateral rods, meeting at the
top block in center of the trusses, were held in their position by two I
beams, that were spliced at that point, bearing against the lug of the
block. If the top chord deflected under the engine load, it pressed the
part of the lateral rod directly under it, downward, and, as the spliced
outside I beamps of the chord deflected also, the space then, and the lug
on the block, may have been so increased as to permit the headsof lateral
rods to slip out of their hold, that was only one-half of an inch, destroying
in this way the top lateral bracing.




REPORT OF JOHN D. CREHORE.

I have made a partial examination of the ruins of the Lake Shore
railroad bridge at Ashtabula, a complete examination having been im-
practicable up to the present time, for the reason that a large portion of
the structure lies under the ice. I shall therefore not attempt a thorough
and complete presentation of the condition of every part of this bridge,
but shall confine myself to certain conditions of the structure, which
should not be repeated in any future bridge building, even if it shall be
proved that an excess of material in the ill-conditioned parts of this
bridge neutralized their destructive tendency ; for excess of materials is
excess of dead weight.

The supporting frames, or girders, of the fallen bridge, were two wrought-
iron Howe trusses, with a space of fourteen feet and five inches between
them. These trusses supported two tracks seven feet apart.

The principal members of the Howe truss are, the chord to resist com-
pression, the bottom chord resisting tension, the verticals also in tension,
and the diagonal braces under compression. The space in the plane of
the truss between the centers of any two consecutive vertical members
18 called & panel, or a panel-length of the truss.

Of the two braces intersecting at the center of any panel, that one is
called the main brace which slopes or points downwards toward the nearer
abutment ; the other is called the counter brace. The main braces only
are called into action when the bridge weight and the added load are °
uniformly distributed along the entire truss. The office of the counter
braces is to preserve the rectangular form of the panel under a partial
load, or, in other words, to transmit a fraction of the partial load toward
the remoter abutment without distortion of the panel. At the panel
points, both top and bottom, are cast-iron brace-blocks, through which the
vertical tie rods pass, and against the sloping faces of which the braces
abut. These sloping faces of two opposite brace-blocks should be at right
angles to the abutting brace; and for the greatest efficiency of a brace,
its extremities should have a bearing upon the blocks and be secured in
position. The blocks must also be fixed.

In the Ashtabula trusses each diagonal brace consisted, so far as I ob-
served, of heavy six-inch I beams, varying in number from two to six,
according to the place of the brace. The brace-beams, main and counter,
were tied or strapped together at their intersection in the center of each
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panel, to prevent deflection in the plane of the truss. This tying of
theircenters would not prevent their possible simultaneous deflection in
the same direction, out of the plane of the truss.

The I beams composing these braces had their webs parallel to the
plane of the truss, as the impressions upon the brace-blocks indicate.

There were projections, or lugs, cast upon the upper edge of the brace-
bearing face of the upper brace-block, to prevent aslipping of the endsof the
brace-beams from the block towards the top chord, and some of the upper
blocks have the lowerledge of the brace-bearing face raised a little as if
to prevent the slipping of the brace downward between the vertical rods.
But these projections or lugs were manifestly cast for a different brace, or
for a different position of the brace used, for the lugs were fitted to brace-
beams six inches wide in the direction at right angles to the plane of the
truss, while the I beams actually employed have a width of only four
and a half inches in that direction.

If these brace-beams should be turned so as to bring their flanges par-
allel to the plane of the truss, they would conform to the position of the
lugs on the blocks, thus indicating that the braces were finally placed in
a pogition different from that originally designed for them. This turn-
ing of the brace-beam through a quarter of the circle would not increase
nor diminish the strength of the beam as a strut, but would give room
for more beamsi to abut upon the same block.

But the want of conformity to the projections designed to hold them
in place, rendered many of the braces dependent for their permanence in
position solely upon the continuance of a sufficient end pressure on each
individual beam, and whether this constancy of end pressure could be
depended upon in a bridge doing the duty expected of this one, is now
the subject of inquiry.

The designer of the bridge evidently supposed the lugs Decessary, or
he would not have placed them on the blocks. The virtual abandonment
of their protection, by changing the position of the brace, or rather by
omitting to supply some substitute, was at least an imprudent venture.
Some of the upper brace-blocks show that brace-beams were out of their
proper places previous to the fall of the bridge. Whether they were im-
properly placed at first I know not. :

For instance, in the north truss, which was not directly under the
fatal train, the upper block at what seems to be the fifth joint from the
end of the bridge, shows the impression of one brace-beam that was
bearing upon but three and one-eighth inches the full depth of the beam.

Other upper blocks of both trusses have impressions showing half
flanges and whole flanges off the blocks, some upward and some down-
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ward, though I observed no other so great displacement as the one men-
tioned. The lower blocks I have not examined, nor indeed the upper
ones fully, as they are partly under ice.

Among trusses with rectangular panels the characteristic feature of the
Howe truss is, its having diagonal braces and vertical tie rods, instead
of vertical struts or posts and diagonal ties. Now the diagonals are
longer than the verticals, that is, the braces must be longer than the
ties. But wrought iron resists tension better than its resists compres-
sion. Also its tensile strength is practically independent of the length
of the bar; while & limit of length is soon reached beyond which a strut
of given thickness will yield to compression by bending. Again,a given
vertical pressure develops the least compression in a strut when the strut
is also vertical.

For these reasons the Howe truss is not economical if executed in
wrought iron, though it need not therefore be unsafe. The long wrought-
iron braces require especial care in their construction and adjustment.

The braces we are considering were twenty-one and one-half feet long
between their bearings. Calling the width of flange of each brace-beam
four and one-bhalf inches, which is a greater width than some of them
had, we have the ratio of length to least side of rectangle about fifty-
seven. .

Using this ratio in the well-known approximate formula applicable
to long struts, with the constants as given by Rankine, there results for
beams bearing fully upon their ends cross sections, a breaking weight of
17,178 pounds to the square inch. But for struts with ‘“rounded or
hinged ”’ ends, that is, with imperfect bearings, the breakage weight is
6,688 pounds to the square inch, or a little more than one-third of the
former number.

Now, although the brace-beams have too much of their material in
their webs, yet their total cross section is so great that an approximate
estimate of the strain upon them indicates their sufficiency notwith- -
standing their faulty bearings; but the margin of safety is- very small.

It remains to inquire whether the ends of the braces were really mov-
ing along their blocks up to the 29th of December. Upon first observing
them I was inclined to think that they were gradually working oft their
blocks, very slowly indeed, as their eleven yed.rs of service proves. But
upon learning that the bridge was last painted two years ago, I réexam-
ined the brace impressions, and found none that positively indicated any
movement of the brace since the last painting. And if they had not
moved in the last two years, they were probably stable in the position
they bad assumed. I would not, of course, state positively that no braces
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were further displaced at the instant the fatal train struck the bridge
but such an unusual displacement seems improbable.

I will call attention to one other defect in the construction of this
bridge, which should not be copied in a structure of this kind. It is the
placing of the floor beams upon the top chords between the panel points.
The top chords resist compression alone, and the deflection in them from
this incumbent weight detracts largely from their efficiency, and may
bring destruction to the bridge.

A careful examination and measurement of all the parts of this bridge
will form the basis of the only complete calculation that can be made of
the improper distribution of material in these trusses,and show how much
the proper margin of safety was trespassed upon in their construction.

JANUARY 11, 1877,



TESTIMONY OF GUSTAVUS D. FOLSOM.

Q. What is your name, age, residence, and occupation ?

A. My name is G. D. Folsom ; I reside at 346 Lake street, Cleveland, Ohio, and am an
engineer on the Lake S8hore Railroad ; my age is forty years.

Q. S8tate whether you were on the engine at the wrecking of the Ashtabula bridge,
and what was the first you noticed wrong at the bridge ?

A. I wason the Columbis, the second engine drawing the train. As near as I could
judge I was about two-thirds of the way across the bridge. The bridge began gradually
to sink and to ewing to the south, and then it recoiled and went to the north. It
seemed that when the chord on the south side gave way the north chord recoiled and
drew the bridge to the north. It was very sudden—the recoil was at the moment. The
first sensation I experienced was the track giving b.way. I was applying the air brake
very lightly. My engine struck the west abutment and seemed to Le held a moment by
the forward engine until the tender of my engine swung down against the side of the
abutment. The iron express car shot under my tender while my engine seemed to be
held. My engine fell on top of it. When my engine dropped down, striking the bottom,
she turned over to the east endwise. The first I observed was both a settling down
and a swiuging to the south. It was storming very bad. I could not tell precisely
when I was on the bridge. I shut off steam about four or six rods east of the bridge.
&? were running at the rate of from twelve to fifteen miles per hour. My fireman oiled

valves after I shut off steam, and had finished oiling before I neticed the sinking
of the bridge. It would take not to exceed thirty seconds to do the oiling of the valves.
My engine, at the moment of the break, seemed to plunge forward as if to go down in
that direction, and struck the west abutment. I felt the jar when she struck, and then
the back end of the engine and the tender swung down. I seized the throttle ratchel
with my right hand and the air brake cock and pipe with my left, and was hanging by
my arms with my feet downward till my engine dropped perpendicular and struck the
bottom. I did not hear any noige as of breaking before I felt the settling and observed
the swinging to the south, but while my engine was swinging down against the abut-
ment, or while she was hanging for the moment there I heard two distinct and heavy
crashes, and I thought then, at the moment when I heard it, that the train and bridge
behind me were going down ahead of me—that is, before I dropped down the face of
the abutment. My engine may have made one revolution from the time I noticed the
sinking and swinging to the south before I felt her strike the abutment. The wind was
blowing terribly strong. I think it was the worst storm I ever experinced on the Lake
8hore. I could not give any opinion of the strength of the wind. It came rather from
the northeast. I think such a wind would produce a good deal of effect on a moving
train. The train was of ordinary heft for that road. My engine was the Columbia,
The Socrates was ahead of me. The Socrates was a thirty-two ton engine, and the Co-
lumbia a thirty-five ton engine, exclusive of the tender. I had burnt, before reaching
the bride, three-fourths of my tank of coal. I carried nine buckets to ten of coal, each
weighing 1,250 pounds—that is, when full loaded. 1 operated over the road about nine
years. I don’t know that I ever heard the safety of the bridge questioned. I never
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really liked the bridge. I can’t say I considered it unsafe, or I never would have run
over it ; but I did not like the bridge. I noticed in passing over it at times a snapping
as if the joints were settling together. I heard that snapping, so to speak, but did not
feel it. It was not a rattle or continuation of sound, but it was a snap, and when heard
it was over with. I never, before that night, noticed any lateral motion to the bridge
in passing over it. The pop on the engine was self-acting, and would relieve the boiler
of any undue pressure. Soon a8 my engine turned over I dragged myself out. I was
sensible all the time. When I undertook to step I discovered my right leg to be
broken. I dragged myself out to near the south corner of the old abutment. Every
thing was quiet except the moaning of the wind, and it was dark. When I got half way
from my engine to the abutment I called my fireman. At the second call he answered,
and said ‘‘for God’s sake take this off me so I can get up.” I told him I could not aid
him, but would halloo. I hallood four times, and received no answer. Every thing
was still and quiet. I then pulled myself up to the abutment. The next thing I noticed
was the fire breaking out near the east abutment on the north side. Up to that time I
had neither seen or head any one except the fireman. In one or two minutes three fel-
lows came down by the abutment on the side where the stairs were. I sent them to
relieve the fireman. They got him out. There were screams and cries for help shortly
after I saw the fire. I remained about fifteen or twenty minuteés near the abutment,
and was then taken to the pump house. Before I was taken away the whole wreck was
on fire and the noises had all ceased.

Q. What have you to say about your engine being off the track ?

A. Nothing more than to give it an emphatic denial.

Q. Did you ever notice that snapping sound on any other of the bridges on the Lake
8hore road ? ’

A. Noj; I never did.



TESTIMONY OF AMASA STONE.

Amass Stone, being duly sworn, testified as follows:

Q. By Mr. Converse: What is your full name ?

A. Amasa Stone.

Q. What relation do you sustain or have sustained to the Lake Shore Railroad Com-
pany, and for what length of time?

A. In the building of it, first as superintendent, for about two yehrs.  Became its
president, I think, about 1856 or 7, and remained until 1867—that is of the Cleveland
and Erie Division. S8ince that time have been director.

Q. What year did you become president of the company ?

I can’t state definitely. I think it was 1855 or 1856, perhaps.

‘When was this so-called Ashtabula bridge erected ?

I think it was erected [examines paper] in the autumn of 1863.

‘Who was the designer of the bridge ?

I designed the bridge.

. State whether you superintended personally in detail the work; and if not, to
whom it was intrusted ?

A. I only superintended in making its plans. The detail of the iron work was done
by Albert Congdon. It was supervised generally by Mr. Tomlinson.

Q. Have you the original plan of the structure

A. I have not.

Q. Whereisit?

A. I don’t know, but suppose at the office of the chief engineer, Charles Collins.

Q. Were there full written specifications prepared at the time, and if so, where are
they ?

A. There were all the specifications that are usually given for the construction of a
bridge. I have a copy here of the bill of materials that was given for the bridge.

Q. Were there or not any full written specifications made at the time ?

There were full specifications.

By whom were they prepared ?

By myself, except in some minor details.

Where is that paper or specification?

Well, that paper, I have in my hand, is all that I would want.

. That is not my question. Where are the specifications that were originally pre-
pared by yourself?

A. Toan’t tell you, sir. That is & copy (referring to paper in his hgnd) of all the ma-
terial part of the specification.

Q. When did you see it last, the written specification, made in connection with the
plan of the bridge ?

A. I have seen nothing of it since the bridge was built, until within a fortnight that
paper (referring to same paper) was handed to me.

Q. By whom was this paper prepared and handed to you?
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A. It was taken from the order book of the Cleveland Rolling Mill Company, and

handed to me by my brother.

Do you desire to make this a part of your answer (referring to same paper) ?

Just a8 you please.

Did you make out a strain sheet, in connection with the plan and specifications ¥

I made up the figures at the time.

Where is that paper?

I am not aware, sir. Not preserved, as I am aware of,

Was it preserved until the bridge was completed !

I am not aware that it was—no longer than that (pointing to paper), until that
was made ont—the bill of materials was made out. ' '

Q. What was the span of the bridge?

A. One hundred and fifty-four feet between bearings.

Q. What was the width of the bridge, including the chords from outside to outaide !

A. Nineteen feet six inches—that is my recollection. It may have been twenty feet.

Q. What is the width of the bridge between the chords, lateral

A. Either fourteen feet, six, or fourteen feet.

Q. What was the width of each truss?

A. It was two feet nine inches in thickness, and twenty feet in height.

Q. Do you mean from outside to outside ?

A. Yes.

Q. From the lower edge of the truss to the upper edge !

A. Yes.

Q. What was the width or length of the panel, and how many were there f

A. Fourteen panels, of eleven feet each.

Q. Will you state to the committee whether there was any change of plans after the
work was projected by you?

A. There was none.

Q. In the construction, was there any departure from the original design, in the size,
or strength, or any of the parts?

A. There was no departare. As the bridge was finally erected, an error was made by
the parties who were raising it, and it gave them a good deal of trouble; and when
remedied, the bridge was put up as designed. .

‘What was that error t

They put in the braces flat-wise, horizontal instead of vertical.

State whether there were lugs cast to receive the end of the braces?

My impressions are that there were.

How were those lugs cast to receive the braces, flat-wise or vertical, as you state ?
Vertically, I designed it. I wasn’t aware that there was an error in that in the
detail.

Q. Were they not, in fact, cast 80 as to receive the braces as first put up ¥

A. I think not, sir.

Q. And were not the lugs chipped off with the cold chisel when the change was made ?

A. They might have been. That is a matter I have forgotten about. It was an error
in the detail of the work which I wasn’t aware of, until I went down to the work, and
found that the braces were wrong. If you will analyze that bill (pointing to paper), you
will see that it is impossible to put the brace in flat-wise. It could n’t be got in as they
are put in there. They juss fill the entire structure from end to end, and putting it in
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flat-wise would not have filled it. They werr designed to be put in as these (referring
to paper).

Q. Was not the original design of those braces to be six inches in width?

A. No, sir.

Q. What was the original design ?

A. Tt was four by seven ; that is my recollection. There was but one bill given, and
that is correct.

Q. Can you state whether the lugs upon the brace blocks didn’t show that they were
to be six inches !

A. Tcan’t. )

Q. When, and how, did you first discover that the braces had been put in wrong?

A. I wasadvised that the bridge was going on very slowly, and having some trouble in
raising it—didn’t come together right; and I went down myself to see what the trouble
was, and there discovered it.

Q. Was not that after the bridge had been raised, and, when let down on its own
weight, it was found to be unable to sustain itself?

A. They had been to work at it for some time. It was not raised ; they had been to
work at it, and found trouble in raising it. When they were changed, I heard of no
farther trouble.

Q. You are not sure, then, that the change was made before the strncture was raised
finally ¢

A. Yes, I know it was.

Q. Who was intrusted with the supervision of putting the bridge in place?

A. My impressions are that Mr. Tomlinson started it. Buat he was so inefficient that
I discharged him, and the work was then put into the hands of Mr. Rogers.

‘What experience had Mr. Rogers in that kind of work ?

How many years, I don’t know. . He had experience in raising constructiona
Had he ever put together an iron bridge before !

1 don’t know as he had. :

Or since?

I don’t know. No, sir.

When you made the inspection yourself, did you not discover, also, that some of
the main braces had been used for counter braces and some of the counter braces been
used for main braces by Mr. Rogers in erecting the construction t
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A. I don’t recollect that. Some of the counter braces and the main braces are .

nearly alike, and might possibly bave done so. That is the only error where that could
be made. It would be impossible to bridge it any other way.

Q. If the lugs had been clipped off, and changes made, what was there to hold the
braces in position ¥

A. The weight and pressure of the bridge coming together, bound by the vertical
truss-rods, would hold in place.

Q. Would not the least ehange of the trnss-rods allow the braces to slip out of posi-
tion, if there were no other fastening than their merely raising on & plain surface in the
brace blocks above and below ?

A. The unscrewing of a rod from its bearing would loosen them.

Q. In twenty feet of brace, set in a panel of eleven feet, how much would the rods
have to be lengthened to allow it to drop out, if the brace blocks were plain?

Q. By Mr. Burns: With the lugs chipped off ¢
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A. An eighth of an inch would allow a counter brace to move ; letting down an inch
wouldn’t move it at all. The bridge would graduslly come down to the edge.

Q. By Mr.Converse: Would the dropping out of one or two counters effect the struc-
ture of the bridge ?

" A, It would not.

Q. How many counter braces could be dropped out of that bridge without its crushing ¥

A. My impressions are, if half of the counter braces were out of place, it would not
effect it.

Q. What, then, was the necessity of putting in counters at all ?

A. It enables the bringing of the bridge to a perfect bearing, and to receive a shock
of a train at the highest speed.

Q. Do not the counters serve the purpose of carrying a large lead to the further abut-
ment from the load; and for that reason are they not absolutely necessary to the bridge t

A. As you go to the centre of the bridge, the counter becomes a main brace. Near
each end of the bridge they have but little service to perform, otherwise than to receive
& shock, as a train may strike it.

Q. If these counters were to drop out near the center of the bridge, would it not
effect the stracture of the bridge ?

A. If they should drop out to a large extent—if several of them dropped out of
place, it might.

Q. Would it not, in your judgment, if the bridge should carry a weight of three
hundred tons above dead weight, result in the destruction of the bridge?

A. No, eir; you may examine any old bridge that has been up for a ‘series of years,
and that has never been screwed up, you will find two-thirds of the counter braces
loose in that bridge. These matters, however, I speak of. I suppose you don’t take
note of this. This is not my testimony.

Mr. Converse: I think he is taking everything. (The reporter.)

Witness: I give you that, having been an old bridge-builder. I give you the infor-
mation.

By Mr. Converse: Itis important.  _

Witness: It can be proved, by finding yourself the facts, in any old wooden bridge.

Q. Why was not some other means designed and provided for to hold both the main
and counter braces in their old places, after the lugs had been chipped off, in changing
the bridge ? -

A. The lugs were put on more for convenience in raising ; the supposition being that
the strain put on the braces, with she use of the screws, would bring so heavy a friction
upon them that there would be no occasion for any lugs.

Q. I will ask you, sir, whether it is not the universal practice to provide some means
for the holding of these braces in place?

A. Not that I am aware of.

Q. I will ask you, sir, if the anthorities, without exception, don’t require some means
to be provided for holding theee braces in place

A. They were held by clamp bolts, at intersections. I suppose that would be suffi-
cient to keep them in place. ’

Question repeated by Mr. Converse.

A. I am not aware of such.

Q. Can you name a single authority who states that it is not necessary to provide
other means than the mere pressure, such as lugs, eto.?

A. I never noticed an allusion to it.
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Q By any of the writers?
A. No, sir.

Q

If one-eighth of an inch in the lengthening of the tie rod allowed the counter to

drop out, wouldn’t it require some provision to be made to hold them in place?

A.

The tie rod would not elongate an eighth of an inch unless it was too weak for

this purpose, as they are tightened up five or six feet with a wrench, and intended to
put upon the rod a much greater strain than the load itself.

Q.
A,

Q
A
Q
A
Q.
A

What was the lateral bracing between the lateral chords of the bridge?
[Examines paper.] Two and one-half by one-half inch.

Flat bar?

Yes.

How near together were they placed f

I don’t recollect the number.

‘Were they not at every other panel ¥

The panels might have been twice as long as the other panels, and they came to-

gether directly through the entire length of the bridge; they intersected each other; I
mean, in other words, there was no place but where there were lateral braces.

Q. The question which I put was, were they not simply at every other panel

A. No, sir.

Q. Of the truss? .

- A. They were not at every panel; but the panel might have been longer than the
vertical panels.

Q. Were they not twenty-two feet from these lateral braces !

A. In other words, you ask whether the panels were not twenty-two feet longer?

Q. No, sir; the brace in the lower chords?

A. No, sir.

Q. What distance were they !

A. They came together.

Q. How do you mean come together ?

A. I will make a diagram. [Diagram made and shown to committee.]

Q. How far apart were the struts, between the lower chords of the bridge ¥

A. The struts where the diagonal braces were attached, do you mean ?

Q. Any of them. :

A. I don’t recollect that; they might have been twenty-two feet.

Q. Now these rods, that you speak of as braces, two and one-half by one-Hlf, were
they not simply ties, instead of braces? Was it not tension employed, instead of com-
pression !

A. Yes.

Q. Will you explain what effect such & compression and tieing would have apon the
lower chords of a bridge; is it not an element of weakness which would give it no
strength whatever?

A. No, sir; on the contrary, it was on the principle of a perfect truss as applied

would act, for the purpose designed.

Q.

Let me ask you this question; whether these ties, that you speak of, didn’t cross

each other in the center of each of these lateral strats through the lower chord ¢

A.

Q.
A,
Q.

It is possible ; but there were struts where the braces intersect at the chords.
Are you sure on that point ?
Yes.

Have you a photograph of the bridge taken by the company ?
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A. Yes.

Q. Isit here?

A. Yes.

Q. Will you examine it and see whether you are not mistaken ¥

A. T don’t think it will show that feature ; those bottom laterals had but very little
service to perform ; the bridge would be very safe, even without any laterals there, it
was 8o very thick.

Q. Would not the tie bars, bearing tensile strains, as you have stated, draw the lower
chord nearer together 1 [Photograph of bridge referred to.]

A. No, sir; the whole weight of the bridge draws the trusses; there is great strain
upon the chords, and makes them very stiff.

Q. Would it not have been much stronger if the tie-rods had been fastened to each
of the brace blocks, so that the panel in the lower ends would have been of the same
size as the panel in the chord ?

A. That wouldn’t have made material difference, nnless the bar was larger.

Q. What was the size of the bridge?

A. 1have known bridges to be erected:

Q. What was the size of the strut between the lower chords ?

A. That I don’t recollect. My impressions are, T rails.

Q. Will you explain to the committee how the track and ties were supported on the
bridge

A. There were three seven-inch beams to each panel; under each rail there were
three stringers, bolted together, lapping each other, six by thirteen inches or six by
fourteen, I am not certain which. In addition to that there were two other stringers, I
think the same size, near the outside of the bridge, upon which there were, when the
bridge was constructed originally, three-by-four cross-ties spiked on to those stringers,
on which the rails were.

Q. How were these iron cross-ties fastened to the upper éhords of the bridge, if fast-
ened at all !

A. My impressions are that they were fastemed by loop bolts passing over the beams
and then fastened underneath the top chords, the nuts resting upon the washer.

Q. How many of those beams were there to a panel, did you say ?

A. Three.

Q. Please state whether or not the resting of those iron rails upon the top chord in
the centre of the panel would not weaken the upper chord 1

A. I don’t think they would.

Q. Was it usual to have those beams resting on the top chord between the panels in
the strongest bridges ¥

A. It has always been done; yes, sir.

Q. What is the purpose of the upper chord ! and what is the strain put upon it?
‘What is the nature of the strain put upon it ?

A. The nature of the strain of the upper chord is that truss (referring to photograph).

Q. In the carrying of live weight on the girder in the centre panel here, and strain-
ing in a different direction, don’t it tend to weaken the upper chord t

A. It has always been regarded to be so minutely as to have no account taken of it.

Q. Ien’t it usual to place these cross-beams to strengthen the panel ¢

A. The top chords are designed to be strong enough to do the duty.

Q. What was the size of the top chord ?

A. Four-by-seven inch beams—five of them—parallel.
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‘What shape ?

T.

What was the size of the flange ?

One-half inch thick, I think, by four.

What was the size of the web !

One-half inch.

Will you be kind enongh to take your pencil and give us the surface of t.ho iron

on that chord, and tell us how much strain it will bear ?

A.

I wish to correct the size of the webs. The top chord varied from one-half inch

up to vne inch in thickness, being thicker in the middle and lighter at the ends.
Question repeated.
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Three hundred and seventy-five tons.

How much do you calculate to the square inch 1n that ?

Thirty-five thousand pounds.

How many inches of surface do you make each of the stringers !

Top chords ?

Yes.

Two hundred and ten inches.

Not in each stringer ?

Yes, sir—I beg your pardon—no, sir. I am mistaken about that. Fifty-two

inches and a fraction over.

Q.

How much, then, would that be? What would be the resistance—fifty-two

inches, divided into five bars—which youn had in the upper chord to resist ?

A.
Q
A.

Q
A.

Possibly the pressure of nine hundred tons.

‘Was not the dead weight of this bridge near five hundred tons ¢

No, sir.

What was the dead weight of the bridge, as you remember it?

My jmpression was, something over one hundred tons. I don’t recellect just ex-

actly, but you must bear in mind there were two trusses.

Q
A.
Q.
A.
Q.
A.
Q

A.

Do you remember what the dead weight was per lineal foot ¥

Of the bridge itself

Yes; including cross-ties and tracks.

It wouldn’t be far from a ton to the foot run. That may not be accurate.

Could it be as much as three thousand two hundred pounds to the foot ¥

That bridge ¢

Dead weight.

I think it could not. One thousand six hundred pounds to the truss, you mean. I

think it was not as much as that.

oCropPoOro

A.

How far apart were the two tracks that went over the bridge ¢

Seven feet.

How near perpendicular above the truss would that bring ?

It would bring one rail upon each truss.

By Mr. Burns. The outside !

The outside rail of each track would be over each truss.

By Mr. Converse. The outer edge or inner edge?

It would bring the centre of each rail near the centre of each truss—the outside

rail near the centre of each truss.

Q.

Would not the bridge have to be nearly twice as strong to carry two tracks in

that way than what would be required to carry one track in the centre t
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A. Yes, sir; twice as strong.

Q. With the strain of nine hundred tons on the upper chords, a dead weight, and the
added weight of a loaded train and two locomotives, you may state to the committee
whether that wouldn’t produce the strain nearly to the capacity of the iron in the upper
chords ?

A, I think we are mixed in that a little. Did you understand me to say that the
bridge had a strain of nine hundred tons?

Q. Was capable of bearing nine hundred tons. I will change the question. If you
allow a dead weight of three thousand two hundred pounds to the foot, wouldn’t then a
loaded train going on one chord on one side of the bridge strain the chord nearly to its
capacity ¥

A. 1 have carefully considered the matter. With its dead weight, which alone
wouldn’t strain any portion of that iron, even with two trains upon it, to exceed from
eight to nine thousand pounds to the square inch, while it was ca.pable of resisting
thirty thousand pounds to the square inch.

Q. Would not that ane train on one side of the bridge strain it as much as two trains,
or nearly so ¥

A. It would strain the truss passing over about eighty-five per cent., or as much as it
would were two trains passing over at the same time.

Q. It is stated that when the bridge broke the bridge swung to the north, while the
load was pitched off to the south. Can you 'give us any explanation upon that point—
why it wasso ?

A. It is very conclusive evidence, to my mind, that the bridge was carried down by
the second locomotive in some way leaving the track. The bridge was not strong
enough to take a locomotive across off the rails. Had the bridge broken through weak-
ness it would have pulled in the other direction. I understand you to say that the
bridge swung to the north ¥

Q. Yes.

A. Had the bridge broken from its own weakness, it is conclusive to my mind it
would have swung to the south. I am convinced, a model test, to the extent of breaking a
truss, would show conclusively that that truss would fall to the south and pull the bridge
to the south. An engine dropping on the cross floor beams would tend to deflect them and
pull the truss inward—that is, the truss to the north, that the train was passing over on,
and when pulled to the north from a vertical line to a small extent it would go down.

Q. You stated a while ago, that the braces were fastened together in the centre—will
you explain how they were fastened, and the effect of it upon the bridge ?

A. They were fastened by loop-bolts through the yokes, which done, would keep them
all in place.

Q. What was the size of the loop-bolts ?

A. Iam not certain whether it is three-fourth or seven-eight of an inch—I have no
means of knowing.

Q. Would either be sufficient to strengthen to any considerable extent the braces?

A. Tt adds to the security of the braces in keeping them in line. A brace twenty-one
feet, without intermediate support, would hold a floor less than with the support at the
middle brace—in other words, it is like a column twenty-one feet long, compared with one
half that length.

Q. Would not this bridge have been stronger if your tie rods had been oblique and
the braces perpendicular ?

A, Not as strong.
6AD
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Q. Does not the strength of the brace decrease in proportion to its length ?

A. TUnsupported it does.

Q. Whether supported or not, does it not ?

A. The tensile to the rod, is diminished in strength in its carrying capacity, just in
proportion as the distance is longer on its angle then it would be vertical. This system
makes the compressive members ten feet, nine inch long—while on the system that you
suggest they would be nineteen and one-half feet long, therefore, they are made stronger
by being arranged in this wise.

Q. Is not the only support imparted to it, the strength which the counter brgce, bear-
ing laterally in the middle ?

A. Each one have to support the other—all bind together. It would be impossible
to crowd them out of line, therefore, every one of the counters and braces tend to sup-
port each other. I have constructed from ten to fifteen miles in length of Howe bridges.

Q. Have you constructed other bridges on the Howe plan with wrought iron braces,
a8 in this bridge?

I have not. *

Do you know of another bridge?

I do not.

Any where !

No. .

‘When you found that Mr. Rogers had put a brace in wrong on the first putting up
the budge, do you think it was negligence in again trusting him with erection of the
structure 1

A. No, sir; Ithink it was not. He couldn’t put the work together different than
what I designed it.

ororor

There were twenty-eight used—that would be right at fourteen panels.
How were they fastened to the chords above and below—how were they drawn
together?
A. 1 don’t recolleet exactly.
Q. Would it be bad workmanship if in cutting of the threads upon these iron the
size was rednced to three-quarters of an inch where the size was an inch and a quarter?
A. Yes, sir. From an inch and a quarter to three-quarters.

Q. Have you examined these rods to see whether they were materially reduced at the
there ends !

A. No, sir.
.. Q. How would it be to reduce to five-eighths at the thread ends ?
BA. From an inch and a quarter?
Q. Whatever size they were.
A. It wouldn’t be a good job, as I will state in this connection. My directions there

was carried out. The vertical rods were enlarged so that the inside thread was the same
diameter as the nut iteelf.

Q. Do you think it was wise to entrust him with the erection of the bridge after that ?
A. Ido.

Q. What was the size of the ties reaching from on chord to the other—the sway rods ?
A. One and a quarter inches in diameter.

Q. How far a part were they !

A. Each panel eleven feet a part.

Q. Were there not twice that?

A,

Q

.
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Q. I am speaking only of the sway roads.

Q. By Mr. Burns: That was your direction !

A. All the vertical rods were made in that way so as to give the bolt the same
strength.

Q. By Mr. Converse: Did you make a statement how they were fastened ?

A. I don’t rezollect.

Q. What was the size of the braces originally projected to be put in the bridge and
the counters.
Seven inches T beams.
The flanges four inch ¢
Yes.
And the web seven !
Yes.
What is the thickness of the flange and web ?
The counters were three-fourth and the main brace three-four web.
How was the flange ?
I can’t give the exact thickness—the usnal thickness of T beams.
Can you give us some idea, so as to make our calculation upon that subject?
My impressions are, about one-half of an inch.
How many of these beams were designed to be?! And state whether they were
vaned in number, as originally planed, as you approach the centre of the bridge.

A. The first portion was supported by six abreast.

Q. As originally planed t

A. Yes; and they diminished to three abreast from the middle panel, the other two be-
ing counters. There was used at the bridge five braces in each panel, and at the ends,
8ix main braces.

Q. How much less in size were these beams finally made ?

A. Idon’t know.

Q. Are any of those beams seven inches now by four?

A. I understand them to be; they may be a fraction less. I understood it to be the
way I have given.

Q. If there were six at the end of the bridge, was it not after the bridge was re-built
when five were put in at the end of the bridge, diminishing to the centre ¥

A. My impressions are there was six put in. The bill shows that there were pat in
six at the end panels, full length, and five at all the other panels. There is five at every
panel. In some panels there are four main and one counter. And others, in the middle,
there are three main and two counters. And at the end there are six main braces, and
near the end, four main braces and one counter.

Q. Was there not some trouble in finding rolls as originally projected ?

A. Not that I know of.

Q. Had you any interest in the rolling-mill where they were designed ?

A. At that time, not a dollar.

Q. How long before, or after, did you have, and who were the owners at that time ¥

A, 1 was not an owner until I left the charge of the road. The heavy stockholders
were Chisholms, Jones, and my brother. I don’t know who the other one was.

Q. What is your brother’s name ?

A. A, B.S8tone. The firm name was Stone, Chisholms & Jonee.

Q. I will ask you who was the superintendent of that part of the road last year?

LOPOPOPOPOPOP
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A. The general superintendent, Charles Payne; the division superintendent was Mr.
Couch.

Q. Whose duty would it be to see to the bridge, and to examine it from time to
time ?

A. The duty of Charles Collins, the chief engineer, generally; who he relies upon to
do that duty, I don’t know.

Q. Ought not such a structure as that to be examined every fow duys, while in use as
such a company as the ‘‘ Lake Shore ?”

A. The bridge had stood a dozen years without showing any defect or weakness;
they would not be likely to examine it as often.

Q. I am onlyspeaking what prudence would require.

A. That would be extraordinary caution, more than is given to structures.

Q. How often would, with ordinary care, with the amount of travel on it, ought it to
be examined ¥ .

A. If done by bridge men, experienced men, as often as three months, thoroughly,
and then, by the track men, quite frequently.

Q. Would there be any necessity, from time to time, to tighten up the nuts and again
loosen, on account of the temperature of the weather?

A. Would not; the nuts are practically as tight in warm weather as in cold.

Q. This examination, then, ought to be made for the purpose of observing whether
any thing has given away in any part of the structure —whether any nuts are loosened,

.and things of that kind.

A. Yes, sir.

Q. Why was it that the cars, and the people in them, were burnt up after this acci-
dent? What was the cause of it ?

A. No goubt it might have been done from the locomotive, or from the stoves in each
oar.

Q. The locomotive, as I understand, was down in the bottom of the stream.

A. That might have been; itis probable, then, that the fire took place from the stoves.

Q. Why didn’t your company comply with the statute of the State, requiring stoves
to be put in that would not do that in case of an accident?

A. I examined those stoves, and it was said they would not cause fire ; my conclusion
was that they were more dangerous than the ones we used—that there was no safety
about them any more than any other stoves.

Q. Why didn’t you heat the cars by steam from the locomotive ¢

A. It isn’t practicable; no engine can furnish enough steam for its regular work and
to heat the cars also. The work of breaking with steam comes when the train is slack-
ing up, and the steam for running the train is not in use.

Q. Your opinion is, then, that no stoves could be provided that could extinguish a
fire in case of an accident.

A. No, sir.

Q. And that is the reason that your company made no effort or made no change in the
stoves?

A. Yes.

Q. It has been atated that since this bridge fell that when the bridge was first com-
pleted that it couldn’t bear its own weight. Do you know any thing about that ?

A. I never knew anything about that. I knew there was some trouble in raising.
When I tound out of their being delayed in consequence of that, I went down and found
the only thing wrong about it was putting the braces flatwise instead of vertical; and
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since that was remedied I never heard any other thing not put in right as originally de-
signed. I never heard any difficulty about it. That did cause trouble. They were not
designed to go that way, and it would cause trouble in raisitg the bridge. Assoon as
that was remedied there was no trouble.

Q. Then you didn’t have to change the original plan after that was arranged !

A. No, sir.

Q. Mr. Burns: Mr. Stone, what, if any, examination or practical test of the self-
extinguishing stoves have you seen made

A. 1 was called upon to see a self-extinguishing stove at one time, when I was presi-
dent of the road, and in my judgment it was of no importance—it was of no advantage
with fires carried upon cars. It is impossible.

Q. What stove was that ?

A. Idon’t recollect the patentee’s name. I have forgotten the patent. I have seen
two or three designs. I have only a general impression, because it didn’t strike me
favorably at all of being any advantage as a practical stove.

Q. Mr. Brunner: Did you ever see the Winslow stove {

A. I think that is the one that I saw. (Circular shown to witness.)

Q. Mr. Converse: One is for wood and the other is for coal ?

A. I never saw the coal, I saw the wood. This, in a certain way, will put out the
fire, but I don’t think it is a practical stove. '

Q. Mr. Burns: Have you any recollection, Mr. Stone, of having said to any one, or
more than one, when the Ashtabula bridge was referred to, ‘that wasn’t a good brige;
it wasn't built as you would indorse; you didn’t indorse the bridge fully after the bridge
was built?” And did you make an expression like this, ‘* that is not my bridge 1”

A. Inever said it, and I never thought it. I never shirk responsibility. At the time
we erected the bridge we was making the road very perfect, and put up what we
thought there a very perfect bridge. A better bridge would have been, probably, a
stone bridge, or arch. At that time we had determined what funds we had to expend,
a8 we were short. We designed this to be a first class bridge.

Q. Mr. Converse: When the braces were taken out and put in as ‘‘I” braces, were
the corners not clipped off and the section surface of the braces very much diminished?

A. The corners were clipped off in some cases, but in no case, in my judgment, to
weaken the structure one particle. There was still left a much greater strength at the
ends than there would be in the middle; and very often you will find iron reduced one-
third at the ends from their sectional size in the middle, and still have more strength in
the ends than at the middle. They would cripple before they would crush.

Q. Isn’t it, on many of those flanges, clipped away for an inch and a half?

A. No, sir.

Q. I don’t mean square inch, I mean flange?

A. No, sir; if one-fourth of the entire area was reduced it wouldn’t weaken the
bridge.

Q. Well, when the bridge was going up, did you give your personal attention to it ?

A. No, sir.

Q. Did you employ any skilled engineer, or instruct the man to make an experiment
with the bridge, or examine it, or superintend it ?

A. The iron work was done by as thorough a master machinist as I know of. And
when he worked at the plans that was all there was of it. And when the bridge was
tested I was present, with a very heavy load.
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Q. How often were you there while it was being erected—put up ?

A. I was at the shops frequently and examined the parts as the machinists were
making them. Bat during the erection of the bridge I don’t think I was there but once.

Q. Did you go there at all until yon were sent for by Mr. Rogers, stating that the
bridge had settled nearly six inches, taking the camber off at the time?

A. I never heard of any such report as that. I heard there was some difficulty about
the braces. I think I was present at the bridge soon after commencing to raise it, and
then when it was reported to me about its not coming together I went down to see what
the trouble was. '

Q. Did Mr. Collins bring you the word, when you went down ¢

A. My impression is that he did, but I am not certain, however.

Q. You were there, then, only the once?

A. 1 think I was there twice. I think I was there three different times. I was there
when they commenced raising it, and when the trouble was reported to me, and then
when it was tested—there at least three times; and my impression is four times. When -
the test was made it was stiffer than I supposed.

Q. Mr. Wilstee: If a train be passing over the bridge at the rate of ten or fifteen
miles per hour, and the air breaks be applied, what effect would it have ?

A. It would throw a strain upon it, but very small.

Q. Mr. Brown: What, in your opinion, was the probable cost of building that
bridge, with stone archers ?

A. We had it figuered at the time, but I have forgotten what they were—not to ex-
ceed $15,000 at the time.

Q¢ This present bridge is estimated to have cost $75,000 or §80,000 ¥

A. That is a mistake. The iron bridge cost—I don’t know what it cost—my im-
pression is that it cost $15,000. The iron bridge and masonry cost, possibly, what you
said.

Q. We got the impression that it was the iron bridge itself ?

A. That is & mistake. I think it cost not far from $100 per foot. It might possibly
be more. Iron was very high then. I can’t state positively, but not less than $100 per
foot. '

Q. The building had stone arches, that’s what brought i$ up t

A. Yes. My impressions are that estimate was in the neighborhood of $100 or
$115 per foot. Mr. Collins may have the data that he had before us at the time.

Q. Mr. Converse: What would be the effect upon this bridge if a loaded train, with
two locomotives, running on it on the south side, and the wind blowing from the north,
if one or all of those sway rods were to break—how would you expect it to act under
such circumstances.

A. With sixteen lines of timber from end to end, as they were, and fastened as they
were, covered from end to end with ties, fastened from side to side to the bridge, my
judgment would be that, together with the great thickness of the truss, which is twice
a8 much as any other bridge, aas you would find, that it would be an extraordinary wind
that would affect it at all. If there wasn’t lateral bracing—

Q. Sway rods?

A. Swayrods. That, take two in between them abutments, the way it was fastened,
would present a very strong lateral strength.

Q. Would or would not a wind blowing from the north put a strain upon these sway
rods?
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A. A certain strain upon them, but the trusses themselves have double the lateral
stiffness of any #russ upon an iron bridge that I know of.

Q. The upper chord was bolted every five feet ¥

A, I think so.

Q. Will you state to the committee whether that mode of fastening the beam and
the upper chord together was noi an element of weakness ¥
. I will state that it is an element of strength.

. Didn’t weaken the chord in fastening them in that way?

The upper chofl?

Yes.

No, sir.

. These bolts that went in these five feet, they were not turned bolts, neither were
they put in hot, to fill the holes. 8o far as the resistance of compression was concerned,
wouldn’t it have been the same as if the hole might have been empty ? .

A. These hole were made—the surplus strength was more than four times, according
to my calculation, what would be required in rods. Clampe were used on the bottom
chords to prevent tension.

Q. Can you get for us the original plans and specifications

A. Well, Mr. Newell or Mr. Collins; they can be got in that way from Mr. Newell or
Mr. Collins, if they have it. I don’t know. I havn’t seen it. If you should not sncceed
in getting it I will be willing to do anything that I can. You are right near the office.
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EXHIBIT.
BrLL OF IRON FOR ASHTABULA BRIDGE. .

C P. 4 A. R. R.—July 20, 1863— Ashtabula Bridge.
12 I beams for top chord, 21 feet 10 inches, with 1 inch neck.
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50 feet Biron,5 by 1. .

116 pieces 34 by &, 2 feet 2inches. :
32bars “ 240, 21 feet.
32 « ¢ 2 in, 0, 21 feet.

48 ¢« 3 li 0’ 113
32 {4 (x4 l* o, 3
48 ¢ 3 l* 0’ [
16 @ 13 1* o’ 113

12 « ¢ 2in, 0, 11 feet 6 inches.
C. P. 4 A. R. B. Co., additional bill of iron for Ashiabula Bridge.
28 diagonal braces, 15 feet, 1.

% [ [ 12 [{3 l*.
12 top and bottom lateral, 28 feet 7 inches, 2§ by 3.
10 end “ “ 9 « 2% by §.

28 washers, 4 feet 1 inch, 5 by 1.
76 ¢ 3 ¢ 9 “ Hbyl.
August 5, 1863.
Above copied from Cleveland Rolling Mill book marked ‘ Back Orders;” also, the fol-
lowing:
C. P. § A. R. R., for Ashtabula Bridge.
8 bars, 5 by 1§ iron, 26 feet each.
Mareh 17, 1864.
. C. P. 4 A. R. R. Co.—Congden.
8 bars, 5 by 1¢ iron, 25 feet.
July 8, 1864.




TESTIMONY OF CHARLES COLLINS.

Charles Collins, being duly sworn, testified as follows:

Q. By Mr. Converse: What is your full name ?

A. Charles Coilins.

Q. Where is your place of residence !

A. Cleveland.

Q. How long have you resided in Cleveland !

A. Most of the time since 1850, with the exception of about two yem I bhave been
away, but constantly since 1859.

Q. What relations do you sustain to the Lake Shore Railroad Company ?

A. Iam the engineer and purchasing-agent in my department.

Q. What section of the road have you charge of as engineer?

A. The entire line.

Q. You may state what points ?

A. From Buffalo to Chicago, with the branches.

Q. How long have you held that position ?

A. Bince 1859, but not on the entire line. I have held the office on some part of the
line. )

Q. What relation did you sustain to the company at the time of the so-called Ashta-
bula bridge was built ?
The same as I do now.
Q. What year was that erected in?
A. It was commenced in 1863, and finished in 1865, to the best of my recollection.
Q
A

I

Did you reside any portion of that time at Ashtabula ?
. I was there a portion of the time, but my home was here.

Q How long had the bridge been built that was used before this one—before the one
that was wrecked on the 29th of December?

A. It was built in 1852, and was used up to the time we commenced to use the iron
bridge in 1865. I believe it was 1865, I am speaking to the best of my recollection.

Q. Where are the'plans and specifications to that bridge ?

A. Idon’t know, sir.

Q. Do you know where either of them are ?

A. No, sir. Nothing more than the plan that was before the jury at Ashtabula. I
suppose it is the same.

Q. Was that the original plan?

A, It is the only one that I ever saw, sir. From the date on it, 1 should judge it was
an original plan—a general plan.

Q. Were there any specifications accompanying the plan !

A. This plan? No, sir, not to my knowledge.

Q. Isn’t this plan that you speak of a full plan of what is known as the working-
plan?

A. No, sir.
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‘Were there not working plans made ¥
I suppose there were.
What became of them ?
I don’t know.
Did you ever see them ?
No, sir; I have no recollection of seeing them.
‘Why are not such things preserved by the company ?
They are generally, sir; but this seems to be an exceptional case in every par-
ular.
When did you first discover that these papers were absent from your office
They never were at my office.
Did n’t they belong at your office
They should have belonged there.
Why were they not, then, at your office, if they belonged there?
The reason is this: About the time this bridge was commenced, or hefore, the
Cleveland, Painesville, and Ashtabula Railroad Company sought to get a line from James-
town to Franklinton. They imposed that duty on me. When they done that, the presi-
dent of the road says: * You have so much to do with the Ashtabula bridge, I will get a
bridge-man for the Ashtabula bridge, and we will relieve you entirely.” That is the
reason, Sir. '
Q. When did you make search for the plans and specifications, if you ever made any?
A. I never saw the plans or specifications—that is the working plans. The plans
were inquired for in my office, and the clerk searched for them and could n’t find them.
Q. When was that ? :
A. That was since this calamity.
Q. 8o far as you know, the plans and specifications remained with the president of the
company !
A. Yes, sir. I think, sir, they were up at the shop where the bridge was constructed —
where the work was done. They would naturally want the working plans there.
Q. Would n’t they naturally want the working plans and specifications where the
bridge was to be set up afterward ¥
A. Yes, gir, I suppose they would.
Q. State whether the examination of this bridge came under you as an officer of the
company.
A. The examination of the bridge? Yes, to parties under me. They were working
under my direction.
Q. Why should it belong to them, instead of yourself, to see if it were done, it you
were engineer 7
A. 1 couldn’t inspect all the bridges myself. I have got to trust somewhat to men.
My instruction to men is, if there was any point they were in doubt, to consulf me.
You did authorize them ¥
Yes.
When did you authorize and direct to make the examination of them, and when !
G. M. Reed is the head of the department.
When was he directed to make an examination ? ,
He has no specified time to make examinations. Whenever at such times as he
thinks it is necessary.
Q. I understood you a moment ago that you directed the examination to be made
whenever you thought it was proper?
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A. They have a general order. I would like to explain a little further about the or-
ganization of the bridge men and carpenters before the consolidation. For instance,
from Baffalo to Erie, from Erie to Cleveland, Cleveland to Toledo, each of those divis-
ions had a bridge gang and a carpenter, who took care of the bridges. After the con-
solidation, that organization remained the same, and to it was added this general bridge
man or superintendent of bridges.

Q. When did this Reed, who is charged with this duty, make a report to you in rela-
tion to this bridge ?

In S8eptember, I think.

‘What report did he make then ¥

It was right.

It was in good condition ?

Yes.

‘Was that report made in writing, or verbal ¢

Verbal.

Is it the habit of your company to direct its officers to make examinations, and
snmply make verbal reports, or are they required to be in wnt.mg, 80 a8 to be placed on
record ?

A. They are not required to be in writing, the ordinary daily business of the road.

Q. How often did you direct that bridge to be examined ?

A. Never had any specified time ; he was directed to keep up the inspection properly.

Q. Did he not have instructions from his superiors, in the line of his duties, as to
* when and how the examination should be made !

A. There was no time specified.

Q. My question was, ‘‘ How often ;”’ not as to specified time.

A. That was in his judgment.

Q. What business, or duties, had you to perform, then, as chief superintendent, or
engineer, which ever it was, if you could simply appoint your subordinates and rely
upon their judgment as to what was to be done without any written report, or anything
else ?

A. My instructions to him was, if he found anything that he was not satisfied with,
or wished counsel, to call upon me.

Q. Does it not strike you that that is a very loose way to do business, with such vast
interests, and property, and men’s lives involved ?

A. No, sir; I thought everything was well taken care of.

Q. By Mr. Collins: I will ask you whether you ever made a statement to various
persons, in relation to this Ashtabula bridge that was wrecked, ¢ that you were not re-
sponsible for it ; that you didn’t want the public or anybody else to understand that you
were responsible for it; that it was Stone’s bridge, and that you never had, or would
have anything to do with it ?

A. It is a mistake.

Q. Did you make any statement in that direction?

A. No, sir,

Q. I will ask you, if Mr. Rogers called upon you when the bridge was settling down,
and asked advise of you, and whether you declined to give it, as officer of the road !

A. 1 was staying at Ashtabula over Sunday, and he came to my house on Sunday and
wanted me to go down to the bridge with him : I never had been there to see the work,
and didn’t wish to interfere with it, and declined. He asked me a8 a personal matter to
go, and I went. '

‘ocpopoOProP



92

Q. Did he ask you what should be done in the matter, or what he should do, and did
you decline to give him any information ?

A. T said to him, sir, that the braces were in wrong; they got them in flat, instead
of on the edge, in my opinion ; but I have no directions to give in regard to it, as I had
nothing to do with it; I may have said that the president, or Mr. Stone, should attend
to this bridge matter—that is, the bridge matter.

Q. Did you say to Mr. Rogers that you would notify Mr. S8tone, and have him come
down and see about it ?

A. He requested me to ask him.

Q. Did youdoso?

A. Idid.

Q. How soon after that?

A.” This was Sunday, and this was on the following Monday morning, I think.

Q. Were you there when Mr. Stone was there !

A. Mr. Stone invited me to go, and I did.

Q. What did you discover as to the condition of the bridge, when you went with
Mr. Stone?

A. Mr. Stone remarked that the braces were wrong; he was very much surprised to
find the braces in that position, and it was wrong, and not as he designed.

Q. I didn’t ask you what Mr. Stone remarked ; I asked you what you discovered ;
that is what I want to know.

I discovered nothing more than that the braces were not in a proper position.
‘Was the structure then up, and resting upon the trestle work ?

I think it was, sir.

Had the wedges been pushed out from under it, to see if it would settle a little f
Standing in that condition, at that time, I couldn’t tell you, sir.

How much had it settled at the time you went back to look at it with Mr. Stone ?
I don’t know.

‘Was there any counter brace in that bridge at that time?

I don’t know.

‘Was it still resting upon the trestle

I think it was; that is my recollection.

Well, you may state whether any directions were given to Mr. Rogers that day in
relatlon to that bridge ?

A. I don’t know what directions were given.

Q. Will you be kind enough to state whether Mr. Stone didn’t return to Cleveland,
stating he would think the matter over, and would give him directions in a day or two ?
He went to Cleveland that day, to the best of my recollection.

Do you know how soon he went back again ?

I don’t know.

How long after the first visit ?

I couldn’t fix the time.

About how long ?

My recollection is very poor upon that; I don’t know.

‘What was the progress of the bridge in the erection at the time you went back
the second time, from what it was when you were there in the first place ?

A. I think it was completed. I think I wasn’$ there again until it was.

Q. Was that at the time it was tested ?

A. Yes. :
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Q. Do I understand you to say that you never mentioned to any one that this bridge
was not yours, and you didn’t desire to have the responsibility of it in any manner?

A. No, sir; as I stated before when asked about it, I declined to have anything to do
with it, from the fact that they had appointed some other man to build that bridge and
take care of it; and therefore I declined to have anything to say about it, and might
have remarked that it was Mr. Stone’s or the President’s bridge, and I didn’t wish to in-
terfere.

Question repeated.

A. Ihave no recollection of using that language, or anything of the kind.

Q. Do you know what changes were made in the bridge after you found it on the
braces when you visited it with Mr. Stone !

A. I know of one change that was made then. What others were made, I don’t
know.

Q. BState what they were.

A. That was in turning the braces, and putting in an additional number.

Q. How many were put in, in addition to what there were there when you visited it
with Mr. Stone?

I don’t know, only in the first set of braces.

How much was the increase in the first set ?

Two in each set, I believe.

Clear through the whole bridge ?

No, sir; that isin the first set of braces after that.

Two on each side, is it ?

In each additional brace there was an additional two, making eight; that is to
the best of my recollection.

Q. How soon after the structure was erected was it that it came under your care as
engineer ?

A. . I don’t know; I can’t recollect. It was the time of the building of the second
track was in progress; at the same time in making the fill from the old fill to the new;
it was some time in 1866; I will not be positive as to the date.

Q. Did you ever make an inspecztion of that bridge yeurself?

A. Yes, sir.

Q. When was the first ?

A. Soon afterwards I was in it when the train went over it, and passed through it.

Q. Did you make any further inspection of it than simply in it when the trains were
passing over it ?

A. 1looked over it at that time.

Q. Did you look at it as an engineer, to see whether there was any weakness, or any-
thing wrong about it?

A. I noticed it. .

Q. In the examination, what did you find in the bridge to hold the braces in position
on the brace blocks !

A. There was the yoke around the center and the easing on the side of the angle
blocks.

Q. Were they not all chipped off ¢

A. Not all.

Q. When the additional number was put in?

A. No, sir, not all. -
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Q. Well, the lugs, were they not nearly all chipped off when the change was made in
the bridge ?

A. I think not, sir.

Q. How many of them ¢

A. I couldn’t say, sir.

Q. If you examined the bridge, why did you not examine that point to see whether
those lugs had been clipped, and to see how many remained.

A. 1 didn’t see any trouble in the braces when the bridge was fixed.

Q. You knew that some of those lugs had been chipped off when you made the in-
spection. The question which I put is, why didn’t you make the examination, and know
Jjust how many there were, and just what there were to hold these braces ?

A. I didn’t notice there, was anything to effect in any way material. I didn’t sup-
pose the braces would get out of position.

Q. Was there anything to hold it except this little support in the center—five-
eighths——

A. That is the main thing, I suappose. .

Q. Would you regard that as any material strength in the construction of a bridge to
hold large braces in position—seven-eighths olasps around the center ?

A. Yes, sir, I should, sir.

Q. Was it sufficient, then ?

A. Inever knew anything to the contrary.

Q. I will ask you as an educated engineer, who is supposed to know all about this
subject. I want to know if in your judgment if that was sufficient to fasten all those
braces in their place ?

A. I consider it was, with the block and the yoke.

Q. In the absence of the yoke, would it be sufficient?

A. I think not.

Q. In the absence of the lugs, in the place of blocks, would the yoke be sufficient to
hold the braces in their place?

A. I think it would.

Q. In the inspection which you made of the bridge at that time and every time after-
ward did you notice, that those braces had been clipped off at the ends, when the change
was made !

A. Cutting the corners off !

Yes.

Cutting the corners off. Yeas.

Did that tend to weaken the braces !

I think not, sir.

Would it not tend to throw the line of compression away from the centre ?

I don’t consider it would effect it materially.

. If the centre line of compression is thrown out of centre of the strut, would it not
weaken it very much?

A. Not without it was cut to some great extent.

Q. Suppose it was only one-half an inch?

A. It wouldn’t effect it materially.

Q. You think then, that the strut eleven feet long, the line of compression being one-
half inch out of the line of the centre iron, would make no difference in its strength as &
strat?
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A. No, sir; I don’t think it would effect it materially.
Q. Did you notice at the time whether the sway rods connected the brace blocks, each
brace block at the end of each panel, crossing each other?
A. My impression is now, it was at every other panel.
Q. Would it have been better if they had been at every panel !
A. It would have been better, sir.
Q. Can you state to the committee, how near to each other the struts are from one
lower chord to the other chord !
A. I don’t recollect positively; but I think they were in every other chord.
Q. Twenty-two feet?
A. Every other panel, I think, sir.
Q. The tension rods, how were they connected, between the lower chords, at what
point on the lower chords were the tension rods connected running from one lower chord
to the other. How large was the panel, in the lower plan of the bridge?
The strut running from chord to chord ?
I am speaking of ties drawing against the strat. How far apart they were?
They run every other panel.
They would be twenty-two feet apart ¥
That is my impression about it.
I will ask you, if you can state, whether they are attached at the odd panel, dif-
g from those, where the strut is, so that those chords cross each other?

I don’t know.

If they did that, wouldn’t that destroy the efficiency of the strut, and the tie bar ?

They wouldn’t be as serviceable.

‘Would they be of any practical value at all

Yes, I think they would. .

‘What would be the effect of drawing up these chords, we are speaking of noew, on
the lower chords of the bridge ?

A. I don’t think it would draw them out of line.

Q. Have you at any time made any calculation of the weight of the bridge and the
strength of the metal in it?

A. I have not, sir.

Q. Can you state to the committee, whether the original plan which you speak of,
has ever been sent before the coroner’s jury, with notations of the size of those beams, or
braces or the brace blocks ?

I don’t recollect, sir.

Can you tell me what is the size of the braces, or main braces.

They are six inches, that is my recollection, and about four-inch flanges.

‘Were any of them seven inches?

I don’t recollect that they were, sir.

Did you ever understand, that they were to have been seven inches 1

No, sir.

Can you gives us the thickness of the flanges, and the width?

I can’t, sir.

If there should be marked upon the original plan that the brace-blocks, lugs, were
six mchee apart, leaving a space of six inches between them, what would that indicate ?

A. That the braces were laid flatways.

Q. Suppose there was a lug, also, below where the brace was fit in, farther down the
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angle of the brace-block—I speak of the lug on the brace-block on each side, six inches,
now I speak of one lower down, nearer the edge of the brace-block.

A. I think there was, sir.

Q. You say that it was marked in that shape, six inches square, that it would in-
dicate that the braces were to go in flatwise !

A. Yes.

Q. When you went with Mr. Stone, I will ask you if the brace-blocks didn’t indicate
that thing.

A. I think it did.

Q. Were the braces put in that way by the mistake of Mr. Roger or mistake of the
original plan? ’

A. Idon’t know.

Q. I will ask you, as an engincer, whether these braces ought not to have been fas-
tened together, so they would all have acted together as one beam ?

A. Idon't know: I have no experience in building that kind of bridges.

Q. Without experience in that particular kind of a bridge, what would you say from
your knowledge on the subject of braces ?

A. 1 should say it would be better to have them fastened together.

Q. If they were not so fastened, then wouldn’t that be one defect in the plan of the
bridge?! Would it be a defect in the plan of the bridge?

A. Idon’t think it would be one that would produce any material disarrangement.

Q. Your opinion, then, would be that it would not be material whether this brace was
composed of one piece of iron or a half dozen, there being the same surface for pressure?

A. If proportioned right I think it would answer the purpose, and enough of them.

Q. I am speaking of the same quantity and the shape.

A. I think it would be better to fasten together.

Q. I understood that a moment ago, and I understood you also to state that it would
make no material difference. '

A. Idon't think it would.

Q. Would it affect materially the strength, braces of the same quantity of iron and
same surface for pressure, whether it was divided into & half dozen pieces or whether but
one?

A. It might if there was a surplus of material.

Q. I mean the same quantity of material in a brace.

A. The same amount of material would be better.

Q. Would it make material difference whether it was one beam or six beams, it being
the same quantity for the brace ?

A. If they were held by the clamp, not if there wasn’t any clamp to bind them, if
they were not locked.

Q. Suppose they are locked firmly, that would leave your braces eleven feet, wouldn’t
it?

’

>

Yes, sir.

Wouldn’t it be materially weaker ?

It would be some.

Have you ever known another bridge to be built of wrought-iron on this plan?
No, sir.

State to the committee whether this bridge was an experiment or not.

I should think it was, rather, so far as I was concerned.
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Q. I will ask you whether the upper chords in each truss of this bridge was not the
same size from end to end ?

A. I think not, sir.

Q. If there is any difference, will you be kind enough to state it ?

A. My recollection now is that they run from five-eighths to an inch or an inch and
one-eighth; I won’t be positive of it; that is my recollection, sir, now.

Q. Do you know whether the ties, or panel-ties, are the same size throughout the
bridge, or whether they vary ?

A. I couldn’t tell you, sir.

Q. Isn’t that what you have in your mind, when you think that there is a difference
between the end and the centre of the bridge?! Isn’t it ties that you are thinking of
rather than the upper chord t

A. No, sir; the upper cbord.

Q. State what the difference was in the width of the chords.

A. From the end of the panel, my recollection of it now is, to the masonry not as
wide, with that exception it was the same width thoughout, sir.

Q. In speaking of the thickness of the material for the upper chord, will you give us
some idea how it progressed from thin to thick ?

A. I couldn’t tell you, sir. In the erection of the bridge I had nothing to do with it,
and have never made any thorough examination of it myself; it is being done now.

Q. Who is doing it?

A. Mr.J. C. Williams and Mayor Hef)bnrn are making the drawings; they are mak-
ing up the plans—planning the parts as they are in the bridge.

Q. If it should turn out, in this bridge, that the upper chord was the same size
throughout the bridge, would that be an error in judgment in its completion?

A. I think it would, sir.

Q. Have you seen a statement from any engineer, who has been examining the wreck,
showing that the panels on either side of the centre of the bridge were too weak, by an
actual measurement of the metal?

A. No, sir, I have not read the testimony in the case, and have not seen that state-
ment.

Q. Did you ever see or examine the strain sheets of this bridge?

A. No,sir. There is one beihg made now, sir.

Q. How do you get the 1des, and from what source, thag the upper chord is thicker as
you approach the center of the bridge ?

A. One of the bridge men told me that, and am now making as examination to see
how it is.

Q. You didn’t speak of it from your own observation?

A. Ihaven’t taken measurement of it myself.

Question repeated.

A. I have not yet, sir.

Q. Never, at any time, on that point?

A. No, sir,

Q. Did you éver, at any time, make an examination with a view to determine, your-
self, the exact strength of the bridge?

A. Nothing more than being in it and upon it, and see the action of the train upon it.

Q. Never made any mathematical calculation or measurement? N

A. Nothing more than the bottom chord.

Q. What was the glze of the bottom chord?

7AD
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A. It is double bars—five double bars of five inches in width by an inch and three-
eighths or an inch and a half.

Q. What, in your judgment, was the cause of this accident ?

A. I don’t know, sir. It looks very much, sir, that something came off the track ;
that a car couldn’t run off the track—that is only theory—without some tampering with
the bridge; that something of that kind—in fact, I don’t know; I had better answer the
question ‘“I don’t know.”

Q. I ask for your judgment.

A. Icouldn’t fix any thing upon it that would do; I might theorize apon it. Isay I
don’t know.

Q. Have you any opinion upon that subject ¥

A. No, sir.

Q. State whether there was gunide rails across the bridge.

Yes, on both sides, and extending a short distance both ways.

Would it not prevent any car or locomotive from jumping the track?

I expect it would, sir, unless there had been some tampering between the rails.

What was the strength of the cross-ties?

I believe three by five.

How close together?

I think about two inches or an inch and a half.

Broad?

Yes.

State whether a locomotive and train of cars couldn’t run across that, on that
king, without breaking.

It could, if it was running parallel with the rail or stringers.

If it kept near the guard rail it could run from end to end !

Yes.

What was there below this flooring upon which it rested?

Stringers.

‘What was the size of those? h

I think they were six by fourteen.

‘What did they rest upon?

On the iron floor beams.

How many iron floor beams were there

There was three panels—forty-two or forty-three in the whole length of the bridge,
I believe, sir. :

Q. State whether there was any thing placed on the floor on the top chord to dis-
tribute the weight—in other words, to strengthen the chords in the panel. '

A. Putting the floor beams on the upper chord.

Q. Isn’t that an unusual way?

A. Idon’t know; it is done, sir.

Q. Ought there not to be something else there to assist in carrying the weight to the
end of the panel?

A. I don’t see why it should be; it don’t ooccur to me now.

Q. I will ask you whether this chord—whether its particular office isn’t simply to re-
sist the compression? If, then, in addition to that force of compression, it is obliged to
carry the whole load of a train passing over it, doesn’t that double the strain upon it?
In addition to the compressive strain, isn’t there this lateral strain upon each panel?

A. With additional weight upon it?
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Q. Additional strain?

A. It makes an additional strain when the weight comes upon it, if there is enough
comes upon it.

Q. I know. Isn’t there a direct strain upon the chord, the weight of the train pass-
ing over it in the way in which this was fixed, throwing the weight on the panels instead
-of throwing it at the end of the panel—instead of throwing it on the brass blocks and
communicate it to the chord there?

A. The arrangement, I believe, first. The angle block was very near it; I will not be
sure; some where about eighteen inches. Then the stringer, sixteen by fourteen, would
carry it from panel to panel. It would be a very slight spring back. Three pieces, six
by fourteen, would carry without much deflection.

Q. Well, three of those stringers, six by fourteen, would carry a locomotive that
would weigh forty tons, would it?

A. It is entirely sufficient, sir.

Q. If there was any weakness in the upper chord, I will ask whether it wouldn’t add
to its weakness in that place—that is, the floor beams directly on the chord, without any
thing else to distribute the weight to the end of the panel, except the wooden chord that
rests on the floor beams?

A. Yes, it would, if it had a weakness.

Q. Can you state whether it is usual to put these floor-beams directly on the upper
chord, or whether it is usual to put something else there, to strengthen the upper chord at
that particular place 1

A. Ithinkit{s generally put upon the end.

Direct ? :

Yes.

Was this bridge intended for a double track bridge?

It was built for a double track bridge.

. State to the committee whether, with a double track upon it, one-half of the trains
wouldn’t rest directly over the chord, or perhaps project out over it on one side.

A. Allowing a car to be ten feet, which I believe they are, it would be five feet from
the centre of the rail to the outside of the car; that would be two feet and one-half car
outside of the rails; then the chord is two feet nine inches entire width ;, half of that
would be a foot and four and a half inches; that would give the projection beyond the
floor.

Q. Wouldn't it be more than that?! Wouldn't the outside rail extend directly over
the chord on this bridge ?

Yes.

The centre chord ?

I think it is the centre chord.

What is the width of the track ?

It is about five feet from outward to outward rail.

Then it would extend two and a half feet beyond ?

If the car was ten feet, the car would be two and a half feet outside of the rail.
It would be outeide of the centre chord, then, two and & half feet ¥

The car—yes, allowing it to be ten feet.

Would a bridge of this kind be stronger if it had been wider and the chords further
?
A. 1den’t know why it should, sir, if the materials were prepared right.
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Q. State whether the bridge would have to be twice as strong, or more than that, if

used for a double track, than if it was used for a single track.

Yes, sir.

Have you been up to the wreck since it occurred ?

Yes, sir.

Have you examined any of the brace blocks there ? .

I have, sir.

Did you notice, from the paint marks upon it, that these braces had slipped out of
posxtlon ?

I noticed that some of them had at right angles from the blocks.

How far had any of them been removed ?

I didn’t measaure it, sir.

Some of them as much as two or three inches ?

I think not; no more than one-half of that.

Did you notice any of these brace blocks broken in two?

No.

I will ask you whether you noticed any of these sway rods there ?

I didn’t; I would like to make a statement.

Certamly

When this accident occurred I had to put up a tempomry bridge; therefore it took
my time to get materials and men, and didn’t have time to make an examination of the
materials as I would like to have done, and it is almost impossible to dg it satisfactorily
until our trestle work was done and a diagram made of it, which is now being done; and
I wish to state, too, I don’t think the gentlemen that are making the figures upon that
can agree until that matter is settled. As tothe firm position, and at least the materials
iu the bridge, I have not had time, sir, and didn’t make an examination there, as I
would like to have made.

Q. I was going to call your attention to this subject, whether you had noticed any of
those sway rods—say one and one-fourth inch sway rods—that had been cut down to
five-eighths.

No, sir.

In the cutting of the threads?

No, sir; I have not made any examination.

Did you notice any of the beaws of the apper chord ¥

Wo, sir.

Whn.t would ‘be the eﬂ‘eot ona btldge such as this was, and a train running on

- OLroFOoPr

 POPOPOPOFrOP

oeroPoOPF

: north at the time, and if one or more of these sway rods were to break ?

A. The result would be bad.

Q. How would you expect the bridge to act? What position would it fallt How
“'would it behave?

A. I hardly know; I don’t know what effect the flooring would have on the train in
the going down of the bridge; it is difficult for me to form any opinion. The floor runs
across the bridge, and spiked to all the stringers; anything striking that floor, if it was
on the south chord, the floor would be so stiff that it would throw it off—~throw the cars
or train in one direction, and the bridge would go the other; whatever would strike
that tloor, and together with the T rails, with the-chord on one side to give way where
the train was, I should expect to see the floor going in one direction and the cars in the
other, on account of the floor; that is what I should expeoct.
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Q. What wonld be the effect on a bridge like that with a train ranning on it at the
rate of ten or twelve miles an hour, and in running on it, would apply the air-brakes for
the purpose of stopping the train?

A. 1dorn’t know how much it would affect it. If the brakes were applied to a train
80 as to slacken up the train gradually, and if it would come together with a compres-
gion, it might raise a wheel of the car from the track.

Q. What would be the effect on the bridge itselft State whether it would be & mate-
rial matter, in your judgment.

A. I don’t think it would be a material matter.

Q. What direction would the force be applied to the bridge in that case ?

A. Sudden checking might produce a vibration of the bridge.

Q. Suppose, at the other end of the train, you applied steam to the air-brakes, and
applied steam, for forward motion, on the other?

A. Idon’t think it would affect the bridge materially.

Q. Where would this strain come? Where would the force expend itself—that is,
the two forces—where would they expend themselves !

A. The one pulling back and the other pulling forward, breaking a train, I don’t
think it would affect the bridge.

Q. Wouldn'’t it compress the bridge—the two ends—drawing it together ¥ -

A. I don’t think it would materially. It might have some force, but not materially.

Q. You think it wouldn’t materially affect a bridge of this kind ?

A. I think so, sir.

Q. I will ask you whether it is part of your duty, as engineer, to look after the gen-
eral safety of the rolling stock !

A. No, sir; I have nothing to do with it.

Q. I will ask you, why were not these cars supplied with some sort of stove that
wouldn’t burn up in case of accident?

A. Idon’t know, sir. I have nothing to do with the rolling stock of the road.

Q. Do you know of any such stoves !

A. I have heard, sir, with water underneath ; for instance, if it was capsized, the
water would put it out.

What stove was it ?

This was the Winslow stove, I think, sir.

‘What was the probable cost of this iron structure ?

I really don’t know, sir.

Can you tell me what it was intended to support per lineal foot, dead weight, and,
alno live weight ?

A. I can't tell you, sir.

Q. Can you tell us how much more expensive it would have been to build a stone
stracture than an iron one ?"

A. There was estimates made, but I don’t recollect now.

Q. Can you give us some idea, for our own direction, on that point?

A. Iwouldlike to give an idea; but that might mislead, and sometimegmakes tronble,
because there’s a difference in opinion. I don’t know what the bridge cost. To begin
with, I can give you my opinion—§25,000 difference.

Q. By Mr. Burns: Suppose it should turn out that the sway rods were an inch and a
quarter in diameter, and the thread at the bottom was five-eighths of an inch—cut down
to that—would you call that good workmanship in that bridge, taking every thing into
consideration 1
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A. I don’t really understand it.

Q. Suppose it should turn out that the diameter of the sway rods at the bottom
thread was five-eighths of an inch, while the balance of the rod run through at an ineh
and a quarter, would you call it good workmanship ?

A. No, sir. .

Q. By Mr. 8tone: Did you yourself, as engineer of the road, ever make a thorough
inspection of that bridge ?

A. So far as looking at it for the safety of the trains.

Q. Did you consider that you had made a thorough inspection ! That is the question.

A. To make an analysis of the bridge, I didn’t.

Q. I mean, by making a thorough inspection of the road, such an one as would satisfy
you in your own mind that that bridge was perfectly safe.

A. Yes; that it was perfecty safe.

Q. I understand you that you made such an inspection.

A. Yes.

Q. How long since did you make such an examination ?

A. I don’t know. It has been some time. I have been on the bridge often and
made an examination.

Q. You say you don’t know how long it is ?

A. No, sir.

Q. About the length of time?

A. That, properly, belongs to the bridge inspector.

Q. By Mr. Converse: I will ask you one question more: Did the company, or any of
its officers, give any orders not to throw water on that wreck ?

Not to my knowlede, sir.

What preparations did the company make for protection in case of fire there?

At the bridge ?

Yes.

There were two barrels, sunk into the ground, at either end of the bridge, with
brine ; they were there.

Q. 1will ask you whether there was a hydrant connected with the water-power there
near the bridge ? .

A. It was not a regular hydrant. There was a pipe, 8o as to attach a hose.

Q. Did the company ever provide a hose ?

A. There has never been a hose put there. .

Q. Whynot ?

A. Tt was put there more for having a fountain, or for any purpose that we might
want to use the water-works.

By Mr. Brunner. Is there a regular watch at that bridge ?

There was not, but there is now.

By Mr. Wiltsee. No preparation for putting out a fire?

There is now.

By Mr. Burns. There is a pump-house at the bottom of the hill?

Yes.

That is the engine ¥

Yes.

For the purpose of throwing water out of the creek up to your reservoir on the
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Yes, sir.
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Q. What is the height of that reservoir above the creek ?

A, It is about 105 feet.

Q. You have an engine-house with the capaoxty of throwing water up from the creek
up into that reservoir f

A. Yes. We only commenced doing it, though.

Q. The engine-house was there at the time of the break ?

A. Yes.

Q. State whether you had an apparatus, or way of attaching a hose at the engine-
house ! )

A. There was connection with a pipe.

At the engine-house ?

Yes.

Did you have a hose at the engine-house on that occasion ¥

No, sir.

Never had 1

No, sir. That was made there thinking, perhaps, we might want that water for
some purpose, and the men put in the water-works thinking we might want a fountain
there at some time ; but since this destruction there has been a hose ordered {

Q. I wish you would explain to the committee what, if any, facility you had there
under your control, or the company’s, by which you could put water on that fire as the
oars were burning.

A. We hadn’t any.

Q. Notlnng more than bnokets 1

A. No, sir

Q. Then I understand you to say that outside of the assistance that you might have
had from the village, the company had no facility for throwing water through a hose or
otherwise except by buckets on that fire ¥

A. No, sir.

Q. It is true of your own personal knowledge !

A. Idon’t know any thing to the contrary, sir.

Q. I mean at that day—at that point—there was no facility for throwing water
through a hose ?

A. We had none there.

Q. State to the committee whether the village hose, or the hose of the village fire
department, fitted the fire plug at the abutment of your bridge, if you know.

A. 1don’t know—I couldn’t tell you.

Q. State to the committee, then, if you know, what hose and what fire-plug that
rumor refers to about the employés of the company not being able to fit the hose on te
the plng?

A. The person at the pump-house told me that he tried it and it wouldn’t fit. It
didn’t go on easy, and he supposed it wouldn’t fit at all. He afterward found out, by
wrenching hard, it could be got on.

What wouldn’t go on ?

The cupping.

The hose cupping ?

That is what I understood.

‘What hose cupping 1

The village. He told me had tried it.
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He is your employer ?

Yes.

At the pump-house ?

Yes.

When was it? Did he tell you that he had tried to put it on during the fire

No, sir. He didn’t state any time ?

When did you understand him that he had been making that experiment ?

He didn't mention any time—I couldn’t really say.

State whether, from any source that you know, that any expenment of that kind
was mde with the village hose on the fire-plug during the time of the fire

A. I don’t, sir.

Q. What is the name of the gentleman that told you ?

A. James Manning.

Q. Is he the manager of the pump-house ?

A. He runs the pump.

Q. By Mr. Converse. How were those floor beams attached to the upper chord, or
fastened to it ?

A. There was lugs riveted on the floor beams, resting on the inside of the chord, and
then the stirrups.

Q. What is the size of the stirrup ?

A. I couldn’t tell you—five inches or eight. I couldn’t tell you.

Q. Now, right in that connection, what would be the effect of applying air brakes on
that bridge, upon these floor beams, as to whether it wouldu’t shove them right along?

A. I think net, sir.

Q. What would there be to prevent that, except this little stirrup, if there was one?

A. The railing having fish-bolts to it, the rail couldn’t move. I don’t see how it
could transfer this motion to the beam, sir.

Q. Is it unusual for these rails to break in the case of an accident of any kind ?

A. Well, we have sometimes a broken rail, sir.

Q. Why couldn’t the whole bridge be shoved right along—break off clear—say down
this chord; it isn’t very far, of course it couldn’t go but a few feet before it would
strike the panel. Why couldn’t the whole of it be shoved right along?

A. You would have to take the rail with it. I don’t see how you could take the
rails, spikes, and fish-plates on it.

Q. Suppose you move the whole rail ¢

A. I don’t see how that could be done. The fish-plate on the rail, and the rail fast-
ened, sloped, and spiked.

Q. How were those lugs put on the floor ?

A. Riveted it on the beams.

Q. By Mr. 8tone. Is it not the habit with engineers on the road to run under a full
head of steam just as long as they can, in order to have time to check up when they
stop at different stations ?

A. 8o as to make a shorter time at the station.

Q. That being the fact, and this bridge being near the station, and running, as you
8ay, a8 fast as they can, in order to make the check at the station, and that being done
every day, and then go out under a full head of steam, would not that in time have an
effect, or damage the strength of that bridge ?

A. If the train was euddenly slacked, and the train coming together suddenly, it
might raise the wheel off of the track.
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Q. That thing kept up every day there, so close to the station, would it not in time
have a material effect upon the bridge t

A. It would be a very long time that it would have any effect.

Q. By Mr. Brown. Would there be any necessity of the company’s keeping a hose
there at that engine-house, considering that to be an iron bridge? I understand it is
only at wooden bridges. . .

A. We would have a hose there, probably, if there was no bridge there, for the pur-
pose of wetting the ground and keeping the grass bright—we often do—and if there
should be a fire about the building or coal-house, or about the vicinity, it could be used
for fire purposes.

Q. It wouldn’t be a necessity as far as the bridge was concerned ?

A. No, sir; I don’t think it would.



TESTIMONY OF ALBERT CONGDON.

Albert Congdon, being duly sworn, testified as follows:

Q. By Mr. Converse: What is your full name ?

A. Albert Congdon.

Q. Where do you reside t

A. At Elyria, Ohio.

Q. Btate whether you were at any time in the employ of the Lake Shore Railroad
Company. :

A. I was in the employ of the Cleveland, Painsville and Ashtabula, finally the Lake
8hore Railroad Company as you call it, for about six‘een years, perhaps.

Q. Just state between what period in answer to the same inquiry.

A. From april 1, 1855, I think, to April 1, 1871 or 1872. I declare I don’t know which,
1871 or 1872.

Q. State whether you had any thing to do with the erection of the so called Ashtabula
railroad bridge. "

A. Ihad to do with the manufacturing. That is, fitting up the different parts of the
bridge.

Q. In what capacity were you employed ?

A. A master machanist.

Q. Who furnished the plan for the Ashtabula bridge, that you worked by ?

A. The plans were handed to me by Mr. Tomlinson, I think a man by the name of
Tomlinson drafted the plans.

Q. State whether you had any thing else to do in connection with the bridge, except
the manufacturing of the parts of it, at the machine shops ? . '

A. Well,1had. Iordered some portion of the materials. I made some little sketches
for articles that we applied to the bridge to strengthen certain parts.

Q. Just state what parts—give us the items.

A. If I had the plan of the bridge, it would help me considerably I think I can give
it 8o you can understand it ; the plan of the bridge would help a gnod deal.

(At this point the plan of the bridge was sent for.)

Q. You can proceed now, so state what parts, as well as you can.

A. Well, the end braces, for instance, the braces in the end panel, I made a strap or
stay, to stay those braces.

Q. By Mr. Haynes: I would like to know, at whose instance that was done, under
whose direction.

A. Well, it was done after I had pointed out to Mr. S8tone, and made my suggestion
to him; he told me to go on and do as I had suggested. Mr. Stone was the President of
the road.

Q. By Mr. Converse: What provision did you make to strengthen those braces ?

A. I put a heavy strap of iron on the top braces, and passed the Lolts down through;
that, with a heavy strong strap under the bottom chord, connected the center bracing
firmly with the bottom chords.

1
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State whether that was of wrought iron.

Yes, sir. ’

By Mr. Haynes: Attached at each end ?

No, sir.

By Mr. Converse: Where did it attach to the lower chord from the upper brace
bloek ?

A. At the end of the bridge, where the first panel commences—that is, the braces
from the top angle block. The first angle block in the bridge went back. There wase an
angle block on the bottom chords that the suspension bolts passed down through the
upper angle blocks; and the upper angle blocks, large bolts, with large heavy nuts on
them ; those nuts were turned square, so that the bar of iron I had under the chord, you
know, would back right up against those four nats. For instance: the bolts might be,
well, about 1§-inch bolts, a8 I can recollect; I haven’t had any time to refresh my mem-
ory in reference to the bridge since it was erected, dabout eleven years now. The under
bottom chord backed right up against these bolts’ heads; then between the bars there
was a space for bolts to come up, so that I put another strap right on the top chord, right
.over the strap that I had on the bottom side of the chord, and put two bolts through
that—through the two straps, so as to hold the straps together, so it wonldn’t spring in
the center. If I had these bolts attached to the straps at the end, the tendency would
have been to have sprung together these atraps under the center, so I put a strap above
the bars, so it kept perfectly stiff, you see. It made a short leverage on the strap.

Q. That was only on the lower chord t

A. Yes.

Q. Did you make any other changes outside of that?

A. Ican give you & description. (Illustrates.) This strap went through here ; then
from this bottom strap, he had two rods attached to that, one on each side of the chord,
close to the ehord, to the bottom chord that passed the bi'aces; theu there was a hoop
strap put across that these bolts ran through, and there I screwed them down until
they became solid, and put a nut on the end side, you see; and there were three
bolts, two-inch bolts, I think, there, that passed through this top strap, you know,
back of the main brace there, passing through between them, and were screwed in the
angle block. The first' angle block they had, and very light, held in the casting; and
from my practical knowledge of such matters ¥ was satisfied that in a very few days, by
the passing of engines or trains over the bridge, these threads in the cast-iron would
crumble right out, because they had only about an inch hold, about the number of six
threads to the inch perhaps, gnd I thought it was very inefficient and very dangerous,
and that was the resson of my making this additional security. These bolts passed
through this strip you see into the casting—passed between these bars, with a good
strong thimble, and then they were screwed. A nut was sorewed on to the end. These
three or four bolts, I forget which now, on the top of this atrap there, held the thing
stiff—very stiff.

Q. Was that thimble cast ?

A. That thimble that went over the bolt merely acted as a stirrup, and the brace was
only screwed up. I would n’t screw the braces down in the centre.

How many of them were put in the end braces t

‘What do you mean ?

These rods with the thimble running up and meeting the braces half way.
I am not positive; there were three or four of them.

At each end of the panel ?
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A. Yes; three or four of them ; and they were as large as two-inch bolts, you know,
of good iron.

Q. What other changes did you make ?

A. Well, I put in larger bolts where the braces cross each other in each psnel. For
instance, there were § or £ bolts put in there originally, according to the plan, and I put
in an inch in there. I think in the first place they were five inches to the rule. They
clamped or clustered the bars together.

Q. You refer now to stirrups and rods that pass around the braces in the middle

A. Yes.

Q. Did you make any other changes?

A. The braces were put in originally in the bridge so that the web was in a horizontal
position. The braces were six inches deep this way (showing), and had a flange on each
end, about three or four inches. They were put in flat-wise like (showing). I saw them
pointed like that (showing). I suggested to Mr. Stone the matter. I told him if they
were tarned edge-wise like that (showing), they would support more than twice the
weight. I proved that idea; and, in fact, he told me to go on, and do as I suggested.

Q. When did you make the suggestion to Mr. Stone to change the beams from ‘H” to
“I” beams?

A. The ‘“H” beam is this way (showing) and the ‘‘I” beam is this way (showing). It
was after the bridge, that is, the trusses had been tested, and were found not to hold the
camber in the bridge. I can’t say the day.

Q. It was after the bridge, in fact, had been set up ?

A. The trusses had been set up and screwed up, and rested on the trestle weight.

Q. And then you let it down upon its own weight, and it would n’t hold its own
weight t
Yes. o
Do you know whether Mr. Stone was sent for at that time to see the bridge?

I don’t know whether he was sent for or not.

By Mr. Haynes: Did he come? ’

He saw the bridge in that condition. I was with him.

By Mr. Converse: Do you remember whether Mr. Collins was there ¢

He was not to my recollection. I am positive he was not.

I will ask you to state now whether the braces were changed so as to make ‘“I”
beams at your suggestion ?

A. They were.

Q. What other changes were made at that time, if any?

A. At the time the braces were c]nngod from horizontal to vertical, an additional
number of braces were put in.

How many additional ¥

Waell, there were two additional braces put in—put at each end of the panel.
How many were in the end panels before

I think there were four.

That made six ?

Yes.

How many were added to the second panelt

That I can’t recollect.

Were there any additional t

I can’t say.
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Q. If it should be found that there was five in the second panel, eould you say from
that that there had been an additional number put in?

A. Yes, I ghould say that there was; that is my impression.

Q. Were you there when the bridge was put up—set up in place ?

A. It was through the braces ; setting it up do you mean?

Q. Yes.

A. I visited it there, but only stayed a few minutes, and be off again. It wasn’t
every day or every week.

I will ask you whether you superintended the casting of the brace blocks ?

I didn’t.

‘Who made the patterns?

My pattern-maker.

What is his name ?

O. Hayward.

State whether the lugs on the brace blocks were afterwards chipped off?

In changing the braces from horizontal to vertical, there was a portion of the Ings
chipped off. I will explain why it was. On each side of the brace blocks or plane that
set in the angle to the bridge, there was a strip from some two and a half inches wide,
planed lengthwise. Mr. Tomlinson made the drawings or working drawings for the
angle blocks. Well, for instance, I told Mr. Hayward to be very careful to make those
patents exactly to the drawings, and before the castings were put into the sand to have
Mr. Tomlinson’s approval that they were correct, and he did so. I knew that Mr. Tom-
linson approved of the blocks before they were moulded. After they were cast, instesd
of their being perfectly plain parallel, the blocks were sprung in cooling, as metal will,
so that they were crowning—that is, on the bearing side.

Q. Well, that plane surface was not large enough for a set of braces?

A. That is all that I got planed, without planing the lugs off, so it gave me a guage
to go by.

Q. What was the purpose or use that thase lugs had ¢

A. I dor’t wish to be examined as an expert; I can give you my judgment in the
matter.

Q. You are a master-mechanic, and therefore ought to know what those parts were
for. :

A. Well, it was after, although I didn’t ask what they were for, but it was after, that
it was intended to keep the braces in position.

Q. I will ask you, when it became necessary to change these braces from *“H” to ¢“1”
braces, wasn't you obliged to chip those lugs?

A. A portion of them were chipped off. I didn’t see that they were entirely chipped
off, But as to being any benefit to the braces after they were turned from ¢ H?” to “L”
I didn’t think they were.

Q. Onught there not to have been some thing to hold those braces in place ?

A. Iwill answer you according to my mechanical ability. I have thought it was
necessary to keep the end braces in position.

Q. Have you manufactured other brace blocks besides those ?

A. Yes, sir.

Q. You may state to the committee whether it is customary always to make some
provisin for holding the foot of the braces.

A. In all the angle blocks I have made and fitted for bridges, and have fitted a good
many, I have always drilled in the holes in that position, for instance a five-eights, and
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put a jowell into the end of the timber in a proper position to go into that hole in the
casting. That, in a wooden bridge, is merely for the convenience of raising; there is
more surface to a wooden brace, a great deal, and very often they get out of position.

Q. Doesn’t the jowell pin hold them in position ?

A. It does. You may take a five-eighths pin and drive it into a pine stick, and it
would take no great power to move it.

Q. Let me ask you, in your judgment if it wouldn’t have been wise to have had some
such provision made for these braces

A. By my judgment it would have been well to have had those braces held firmly in
position.

Q. Above and below ? -

A. More especially above.

Q. Do yeu know anything about an upper chord being too short at any time?

A. Yes, sir.

Q. State what you know about it ?

A. Mr. Rogers, the man that was erecting the bridge; he notified me that he wanted
to see me at Ashtabula, while he was erecting the bridge. I went to Ashtabula and met
him, and he said that he couldn’t get in the top chord, that it was too long, something
over three inches. Well, I knew it wasn’t too long. I made it accurately, according to
the drawings, and every thing according to the drawings, both top and bottem chord,
and there wasn’t a possibility of its being too long. I knew it. Well, he went on to
explain. He said, ‘‘Now you draw a base line,”—the bridge was one hundred and fifty
feet long, and it was intended to be about four inches camber—* you draw a base line,”
he says, ¢ then you go to the center and erect a perpendicular of four inches, then,” he
8ays, ‘‘ you draw a line from that perpendicular to the base line, seventy-five feet, and
then measure the perpendicular from the parallel line to the center, and then measure
the distance from the angular line to the perpendicular—that is four inches raise; and
there is no doubt one-sixth of an inch difference between the two lines—hardly that.”
I saw that he didn’t understand the principle of structure. I listened to him, and was
satisfied that he didn’t understand, and I told him. 8ays I, ¢ Mr. Rogers, you don’t ap-
parently understand the principle of structure ; there is no straight line about this; it’s
segment circle,” using terms to explain it to him.

Q. Just tell us the result.

A. Well, he reported to Mr. Stone. Mr. Stone sent for me to come to his office. I
went there. He told me that Mr. Rogers had reported to him that the top chord was
too long, and told me to shorten it.

Q. By Mr. Burns: That is, Mr. Stone ?

A. Yes. I1didso; I shortened it.

Q. By Mr. Converse: Well, how much ?

A. I think, three inches and a quarter. Then they put the top chord in, screwed up
the bolts, and when taking the blocks down from under the chords the bridge settled
right down ; it came down until it was about two and one-half inches concave; and
then they didn’t take out any more; they stopped. And then Mr. 8tone became ac-
quainted with the state of things, and he asked me to go down to Ashtabula with him;
we went down and looked at the thing, and then he said that the top chord wus too
short, and it must be lengthened again to its original length. I lengthened it.

Q. How did you lengthen it ?

A. I putin wrought iron plates between the ends, and bars under the lugs. Fer in-




111

stance, the top angle blocks for the purpose of bars, butting against the lug there, I put
in plate.

Q. Are those plates called shins ?

A. Some call them so.

Q. How thick were they ?

A. Some of the plates were one-fourth of an inch, and some, I think, one-eighth;
that is according to the best of my recollection.

Q. What was the length of the bar in the upper chord t

A. It was a little short of twenty-two feet; I can’t tell you exactly.

Q. That would make seven spaces, wouldn’t it ?

A. The panels were what was called eleven feet panel on the bottom chord, and then
the crown of the bridge made a little difference; and then one bar went over two
panels, and then there were three lugs, which would reduce the thickness of the lug.

Q. Didn’t you put in two of those shins, one on each side of the lug, on the brace
block ?

A, Idid.
Q. If they were one-fourth of an inch, they would make a half-inch stretch ?
A. If they were that.
Q. There would be six of them?
A. Isuppose you have figured it.
Q. Yes.
A. I suppose 80; if they were one-fourth of an inch, and if there were six lugs on
the brace block, that would make three inches for the lengthening of the upper chord.
You don’t count the end of the angle block, where the braces stop, do-you?

No, sir.

There was a shin put in; that would make the seven.

By Mr. Burns: That would be three-fourths of an inch?

Yes.

By Mr. Converse: And then you lengthened it three-fourths of an inch by shins?
Yes.

State whether any other changes were made at that time,
At the time of lengthening it ?

Yes.

No, sir; not at that time.

. By Mr. Haynes: If those shins being put in there, would it strengthen it, or
weaken the bridge?t

A. Neither.
Q. By Mr. Burns: Did that resting of the counter differ from what it was originally
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" intended ?

A. When those were put in, and the bolts were screwed up solid, then the wedges
were reduced ander the chords; this is before they were turned up edgewise; the bridge
settled right down again to its original convex shape, and when it got down two inches
and a half, or near that, we didn’t take out any more blocks.

Q. By Mr. Converse: That was the second time it had settled ¥
A. Yes.

Q. State what occurred then t

A. Well, then, Mr. Stone, two weeks, I think, after that, he called me to his office ;
he turned and spoke to me and says, ‘‘ Mr. Congdon, that bridge doesn’t quite suit me
yet;” and then he stopped; he didn’t say anything further; and then I spoke; I says:
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‘If you will allow me, I will express my opinion and give you my views in reference to
the bridge ;” or words to that effect. Well, he didn’t object to it, so 1 went on. I told
him, says I, ¢ You will recollect when you were down to the bridge and having cause to
examine it, when we stood in the center ”—that was down in the bridge, on the plank
to walk upon—¢¢ you perceived when we stood in the center of the bridge, the braces at
the center panel stood about—that is, they wasn’t straight—you couldn’t perceive that
they were bent; but you go to the next panel from the center and you discovered they
were a little bent, and more and more, and increased until we got to the end of the
panel.”

Q. What did he say ?

A. I kept right on; I says: ‘If those braces were turned up edgewise,” says I,
“ they would be more than stiff again, and add no more weight to your bridge; you
would have more than twice the carrying weight without adding any extra weight to
the bridge ;” and then I spoke to him about the fastening of the end panel, and gave my
description how it could be fastened.

Q. By Mr. Burns: In each end panel?

A. Yes.

Q. By Mr. Converse: State whether you did at the same time, strengthen the last
panel, the bottom chord of the last panel ¥

A. No, sir.

Q. What fastening did you make for this small strut, extending under the bridge?

A. 1 gave a description of that. I put a strap of iron right under the bottom chord,
the second brace block, between the sscond and third brace blocks, clear up to the nuts
in the second brace block, so that this strap backed right up solid against those nuts,
and then I put a strap right on there on the top, right over the strap. I had under the
bottom chord a bolt, the bottom strapped firmly to the top strap above the bottom
chord. Under the bottom chord was forward an arm to it; it projected up on the angle
of the bolt or short strut that held the brace in the first panel at the centre. This arm
was connected by an inch and three-fourths rod that passed through a heavy strap on
the top of the end brace, and held fast to that by two nuts.

Q. The point I was asking about, how did you fasten the end of the emall strut to
the bolt that you placed at the bottom of the lower chord in the second panel ¥

A. A thimble. .

Q. How was that fastened to this strat ?

A. It wasn’t necessary. This was forwarded there, with an arm, and it was here it
was connected.

Q. I want to know how that connection was made. Was that cast in one piece?
Was the end of the brace extending through the length of the second panel on the
lower chord, were they fastened at the second brace block ?

A. At the second brace block they were fastened, that covered the strap that was
underneath the bottom chord.

Q. I don’t think you got my question. The question which I put was, I want to
know how this short strut was fastened to the plate, if at all.

A. It wasn't fastened at all.

Q. How ought that plate, then, in the lower chord in the second panel, sustain the
short strut ¢

A. It went right around it.

Q. Whether this short strut didn’t go through the lower end and fasten at the nut at
the bottom ?




113

A. No, sir.

Q. Was there any other fastening to the end of this short strut except its connection
with the casting ¥

A. At the casting only.

Q. How were the splices made in the upper chord ¢

A. There were no splices in the upper chord. They broke joint.

Q. Were there any of those bars in the upper chord that passed over the brace block ?

A. One bar.

Q. Was there any thing to hold them to the brace block t

A. Nothing but their weight and this bolt, that had a washer under the head—the
bolts that rested on top of the bars in the top chord.

Q. What prevented the braces shoving the upper brace block along the upper chord ?

A. They broke joint. I can show you here.

Q. Ibave it in my mind.

A. Here is one bar, that laid close np to that lng on that brace block there. We
passed over that brace block, you see, up against the lug, next to the one outside.

Q. Was there any thing except the two lugs to keep the brace blocks from slipping
along the upper chord ¥

A. There was nothing but the lugs.

Q. Were there more than two Jugs on the brace blocks ?

A. I think not.

Q. Was there any thing to keep the brace blocks from slipping along the upper
chord ?

A. No, sir; except the two lugs.

Q. I want to ask you right here this question: Ought there not to have been some
provision made so that each one ef the bars in the upper chord might have been held at
each brace block, instead of breaking joint? Might there not have been some device
invented to have held each bar at tne brace block ?

Each bar was held by the lags.

There were only two bars held and three passed over t

Each bar was held by the lugs.

Wasn’t they held eleven feet apart ?

Yes, sir.

I will ask you, between the bottom chords, the bridge was manufactured and put
up as represented on this plat, so that the ties passed over the end of the struts between
the bottom chords, crossing to the tie on the opposite side, or whether the ties were put
in at alternate blocks, erossing the strut in the centre ¥

A. They were not put in according to the plan, but they were put in so that they
crossed the strut.

Q. I will ask you if that wasn’t an element of weakness in that bridge, in your
Jjudgment ?

It might have made a trifle difference.

Did you ever ride over that bridge ¢

Yes, sir.

How did it behave under a running train ?

Well, I haven’t observed, for a number of years. For perhaps three or four years
amar the bridge was erected I rode over it frequently, and it behaved very well. I can’t
say that I have rode over the bridge to observe how it hehaved since it has been used
much with a double track on it.
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Q. When was the double track put on ?

A. That I can’t say to a certainty.

Q. Was that bridge intended for a single or double track bridge ?

A. I never asked what it was intended for; but it was of that width that it may
have a double track on it some day.

Q. Did you ever state to any one that it was intended for a single track ?

A. No, sir. I have stated it was very servieeable for a single track.

Q. Did you understand, when it was completed, from Mr. Stone or any of your supe-
riors, that it was intended for a single track t

A. No, sir; I have never heard it ever suggested to me that it was intended for a
double track.

Q. By Mr. Haynes. I want to know whether both tracks were put on at the same
time ?

A. One.

Q. How long before the other?

A. It seems to me it must have been some four or five years before the other track
was put on to be used as a main track. There was a side-track put on it, with the
switch at the east end of the bridge, which, of course, used the north chord but a little.

Q. The south track was put up first?

A. As a main track it was put up first, that is ta say, that the side-track, while a side-
track, was on the north side of the track; the side-track got a good deal used more than
the north track did; this south track was actually used more than the north track.

Q. What I want to know is whether one track was put up sometime before the other ?

A. Yes, sir, it was.

Q. How was the other attached to that? Was it the same as if both had been built
at once !

A. It was meved over one track; when they were building up the end of the bridge
they put the rail on the south side of the bridge, outside on the truss from the main
track that run through the centre of the bridge, and used one track—one rail, you know,
of the main track; and this extra rail they put on was out on the edge of the bridge, for
the purpose of dumping dirt and make a fill.

By Mr. Converse. I will ask you if you know E. C. Gresnold, of Elyria ?

I think I know a man by that initial.

Q. A book-store man?

A, Yes.

Q. Do you know a man by the name of H. E. Fisher, grocer?

A. Yes, sir.

Q. I will ask you if you stated to either of them if you always regarded this bridge
as a failure?

A. No, sir.

Q. I will ask you to state now whether you didn’t regard it as a failure ?

A. Wel), I suppose you want my opinion ?

Q. Yes.

A. . My opinion of the bridge—of course you understand that I don’t pretend to be an
expert, but I have some judgment about matters—perhaps if the bridge had been well
attended to, which there is ample evidence that it was not, and that I should have
recommended, when they used a double track, to put in another truss.

Q. By Mr. Burns. A third truss?

A. Another truss, yes, sir.

B o
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Q. By Mr. Haynes. From yourexperience in building bridges, engineering, and your
practice and knowledge as a railroad man, do you believe that that bridge, in your
opinion, was safe, for the amount of business on that road t

A. All things have an end, perhaps? )

Q. Yes.

A. I am satisfied in my own mind, that if the bridge had been well attended to, as
soon as there was any thing wrong and showing a disposition to be working out of place,
and fastened, as it might been fastened easily, the bridge would have been standing now.
But to use it as a double bridge, and the heavy machinery which they have added to the
road since the bridge was cpmpleted, I don’t think it was safe.

Q. Did you visit the bridge of late years?

A. Ibhaven’t examined the bridge since two years after it was completed; and then it
had been used as a single main track bridge. I went down there and examined it as
thorough as I could, with the facilities I had for climbing around it, and examined the
chord more particularly, to see if there was any sign of its giving at all where the lugs
were welded on to the bars; you see, that was the only point that I would be afraid
that they would ever crack or come out, that held the angle-block ; I examined it
thoroughly, and a day or two afterwards I told Mr. 8tone, at his office, I told him I had
examined the bridge and it looked very well; I didn’t discover any thing but one braee,
and that was but a trifle out, I could just jar it; it was probably loose enough—oh! you
counldn’t slip a bank-bill between the two wedges; it was an outside brace, and in about
the third panel from the east end, as near as I can recollect. As I knew Mr. Rogers had
the superintending of the erecting of the bridge, I told him of it. My idea was that he
would go perhaps and turn up that outside nut & little—it didn’t require but a gix-
teenth turn, probably. '

Did you notice it or examine it since the disaster?

Yes, yesterday.

How far were the braces out of position?

They were from nothing to one and a half inches, what I saw out of position.
How did you discover it ? '

It has been painted since they were out of position, and there was the paint cover-
ing the original set of braces; so it was after they had been painted, the braces were out
of position, some of them more than one and a half inches.

Q. By Mr. Haynes. That would have a tendency to weaken the bridge !

A. Very, very little.

Q. That bridge was built some years ago; did it contain matters of structure that is
now used in building bridges, or was it a pioneer?

It was an iron bridge on the Howe plan.

Has there been any improvement on it since !

In bridge building ?

Yes.

1 suppose there has been a good many since I suppose Howe had his bridge.

. Do you cousider that one the best structures designed for the purpose for what it
was used ?

A. Yesn

Q. The‘design of this bridge as an iron bridge, do you believe it was sufficient ¥

A. No, sir.

Q. Did you notice any crystallization or less tenacity of the iron ?
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A. In all the iron I examined, so far as the things that were bent and broken, it all
shows to be a first quality of iron ; that is as far as you can discover by the eye.

Q. By Mr. Converse: The packing between the stirrups and the rods holding the
braces in the centre. What was the packing?

A. It was. That was a piece cast. You mean where the braces cross ¢

Q. Yes.

A. That is casting put in there for packing to hold the braces. For instance, in the
centre, in the right position. When we turn them over we had to fill up the space with
packing.

Q. In these lugs that were put in wern’t they originally designed for the brace as
horizontal braces t

A. No, sir. .

Q. And when you turned them over as I braces, didn’t the flanges of the braces
strike simply the edge of the brace !

A. 1think not. I think the packing that was there when the bridge fell, was packing
made especially for the change—why they were changed to I braces.

Q. By Mr. Stone: I understood you to say that you believed that Nt carefully
watched, that it was a good bridge, and it required care taken of it?

A. Isaid that the bridge had evidence of not having care—not being watched.

Q. Whose duty was it to give it that attontion and care that you have reference to,
that it didn’t have ?

A. Asfar a8 I know it was in the Chief Engineer’s department.

Q. You spoke about some of these braces being moved, and it had been painted
since. Do you know how long since it was painted ?

A. No, sir; I don’t.

Q. By Mr. Brunner: Are you connected now with the company ?

A. No, sir; I am not railroading at all.

Q. By Mr. Converse: Do you know any thing about this disagreement, if there was
any, between Mr. Stone and Mr. Collins—what the eanse of it was?

A. Well, I don’t wish to say that I could state positively.

Q. State all that you know about it.

A. My understanding was, and I give it in this way: When there was a mistake

" discovered, which was of some considerable importance, Mr. Tomlinson asked me if I
thought it was best to let Mr. Stone know of it? I teld him of course, I would let him
know of it. I supposed that he did. Perhaps it was the next day or two that he came
to me and said that Mr. Stone had resorted to turn the bridge all over to me, and I was
to go on and finish up the bridge ; and then a few days after Mr. Stone told me to go on
and finish up the bridge, and I suppose it was on account of the mistake that he left.

Q. I mean Mr. Collins instead of Mr. Tomlinson. What do you know of any differ-
ence between Mr. Stone and Mr. Collins 1n relation to this bridge, and what was the
cause of it? ’

A. Idon’t know of any thing. I didn’t know that there was any difficulty at all, or
difference between Mr. Stone and Mr. Collins in regard to this bridge.

Q. By Mr. Burns: Between Mr. Stone and Mr. Rogers?

A. Mr. Stone and Mr. Rogers—well, I don’t know that I ever knew of anyMifficulty
hetween these two men.

Q. By Mr.Converse: Do you know whether Mr. Collins regarded the bridge as a

safe bridge or otherwise ?
’
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A. Thave no recollection that he ever expressed an opinion to me about it.

Q. You have no knowledge on that subject? .

A. Well, it don’t occur to me now. Something might refresh my mewmory, but it don’t
occur to0 me now.

Q. By Mr. Haynes: What is your experience as an expert—as a mechanic? Do you
consider an iron bridge as safe as a wooden one?

A. In regard to temperature, weather, etc.?

Q. Taking every thing together.

A. I will have to answer that in two ways. For instance, you can’t burn it up’
and a wooden bridge you can; that is one principle of it that would be safe; but as to
the other, in an iron bridge there is more material that is affected by the cold weather
than there is in a wooden bridge. In a wooden bridge there are the irons and suspension
bolts that are subject to cold weather, just the same as it is in an iron bridge.

Q. Stone culverts or viaducts are safer?

A. If they are constructed in a proper manner.

Q. And constructed mechanically ? )

A. And good foundation, and good materials, in every respect, it is a safer structure:
There is no doubt about that. If they are constructed in right proportion, you can prob-
ably make them safer than a wooden bridge or an iron bridge. Iron bridges can be
made very safe. ;

Q. Has any iron bridge been used of sufficient length of time to demonstrate their
utility, or is it all in theory?

A. Well, in this country we haven’t used an iron bridge as long as they were in the
old country. The first bridge that I remember of, must be thirty-five or forty years old, °
and I think I saw it six or seven years ago, and was over it. I guess they have got
good engineers in that country.

Q. That is the old country?

A. Yes, England. They have good men in that country, experienced men, that un-
derstand their business.

Q. Most of our iron bridges, according to my recollection, have failed in this State?

A. There have been a few.

Reéxamination of Mr. Congdon.

By Mr. Converse: I will ask you what this bolt is?
That was a shim to lengthen out the top chord.
By Mr. Burns: None like that to go up back of it?
The other side of the lug, or else go between the ends of the bars. There is
another bolt, aboat six inches square, which run between the ends of the bars—that is,
right between the lugs. It was held so it couldn’t come out by the bars.

Q. By Mr. Converse: Yon may look at the other piece and give your impression as
to the packing that was in the stirrup and bars at the center brace.

A. 1should judge that is one of the pieces to the flange; seems to have been screwed
up against those lugs.

Q. I want to ask you whether the old packing wasn’t used when the braces were
changed from H braces to I braces?

A. I can’t say as to that, but I think I made new packing for the change. This
might have been a piece that they worked in somewhere,

Q. By Mr. 8tone: The old packing?

A. Yes. ‘

OO
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Q. By Mr. Converse: Look at the hole through the end of that, and see if it has not
been enlarged 8o as to convey from a five-eighth inch bolt to convey an inch bolt.

A. [Examines it at the window.] I can’t tell, unless it was cleaned out. It looks
here as if it had chips off. ’

Q. Doesn’t that indicate that it was rimmed out to convey a larger brace?

A. That was a break-down in the sand that held the metal, and they had to chip
there. [Showing.]

Q. Isn’t this a part of the packing that was used for the beams before they were
changed from H to I beams?

A. It couldn’t be. If inch packing, it wouldn’t need such heavy packing, like that.

Q. That lug held it from swaying the other way when it was used as an H beam—the
beam fitted right in that way? [Showing.]

A. Yes.

Q. Back to back? )

A. Yes. Then in between here [showing] there would have been a thin space, you
8ee. :

Q. Would that have filled the whole space?

A. The back, you know, had to be put in one way, in order to get the bolts two inehes
along the packing. How could we use a four inch space for a six inch bar?

Q. Because the bar was turned around.

[Witness makes a sketch.]

A. This represents the four inch cross. Well, take and make a six inch cross—the
bolts come right close in here. You couldn’t use, you see, a four inch for a six inch bolt.

Q. As a matter of fact, I will ask you if those brackets are not to-day a fraction over
six inches.

A. I can’t tell you.

Q. If those brackets are six inches, what, then, would you have to say about the
original packing having been used after the bridge was changed?

A. I would take rather more than six inches.

Q. B8ix and three quarters? .

A. Yes.

Q. Did these braces, when they were finally used—was it the six inch way or the
four inch way?

A. The six inch way when the bridge went down—that is, vertical ; the web was up.

Q. Wouldn’t that have left the brace six inches apart or six and three quarters?

A. [Witness takes piece of iron and demonstrates.] Well, for instance, here it is.
The brace is six inches; you turn them up edgewise; there would be six inches and a
little over. Of course, when these braces were changed, the center of this should have
been right central with that, and kept the braces central. Well, now, of course, that
brought the bars further apart, so we made the packing especially to fill it—the space—
that space was produced by changing the brace in the other position, which made the
space further apart.

Q. Now let me ask you, instead of changing the packing didn’t you take the old
packing and simply use these flanges to strip the flanges of the beams for packing?

. I think not, sir.

Do you know whether these marks in here were made by rubbing or vibration t

I think it was. :

‘Why should it be so light ?

Oh, well, I think this measure here was made just the same thickness as the old

.
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pattern was; and then these lugs were put in, in addition, to fill the space. The main
thing was probably just the same thing as the old pattern.

Q. Don’t you see the space was not increased from outside to outside t

A. We don’t seem to get our ideas about that.

Q. That is immaterial.

A. From this point to that point, do you mean [pointing on the iron]?

Q. I mean the other way; increase the section this way [showing], the distance
wouldn’t increase or diminish when you turn the brace over; you keep the same space
exactly ?

A. We had to thicken up the packing.



TESTIMONY OF A. L. ROGERS.

A. L. Rogers, being duly sworn, testified as follows :
Q. By Mr. Converse: What is-your name, age, residence, and occupation ¥
A. A. L. Rogers; Ashtabula; carpenter; age, 59.
Q. How long have you been in the employ of the Lake Shore Railroad ?
A. Twenty years, and more.
Q. In what capacity, or different capacity, have you been employed ?
A. Waell, sir, I have been employed as repairer of bridges; I have frequently had
charge of building-gangs.
Q. State what time ?
A. My first work for them was as carpenter.
Q. Within what years ?
A. Twenty years ago; I don’t recollect, without reckoning; but worked under Mr.
Jeuse Stow ; Mr. Jesse Stow was then the foreman carpenter.
How long did you work for them as carpenter ?
Two and one-half years.
‘What next did you do?
Repair bridges.
‘What kind of bridges?
The bridges along the road.
Did that include iron bridges ?
There were no iron bridges; they were all wooden bridges.
How long were you engaged in the repairing of wooden bridges ?
About ten years; eight or ten years.
What then was your next employment after that ¢
A. Put that at eight years; I was then put at getting out wood, at Willoughby, a
short time.
Q. Do youn mean firewood? What kind of wood ¢
A. Railroad wood, four feet long.
Q. Firewood?
A
Q
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Yes, sir.
‘What was your next employment ?

A, Put up Ashtabula iron bridge. In the meantime, whilst at that I had put up
trestle work, or false work, to raise this bridge upon, and had assisted at other work
around the bridge; that is, the stone work, I have reference to.

Q. What then did you do, after putting up the Ashtabula bridge?

A. The union depot roof at Cleveland, as raiser, after completing the Ashtabula bridge.

Q. What next after that ?

A. As carpenter of the Toledo division.

Q. You were engaged, then, in getting out firewood for the company at the time you
went at the Ashtabula bridge t

A. I think that I was.

-
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Q. Had you ever had any experience in iron work, or the raising of iron structures
before that !

A. Not in the least.

Q. I will ask you to state whether the pieces of this bridge were marked so as to des-
ignate the place that each piece was to go to?

A. Not all; not wholly.

Q. What ones were not, and how ?

A. The lower chords were all marked up with pencil and paint, the course and those
that went into the different courses, so there could be no mistake about it. The angle
blocks were all marked in that way, commenced at one end and going through both,
above and below the brace; upper chords were all marked. I feel confident that every
one of them were marked. The braces were not marked, to my recollection; I don’t
recollect that there was a mark on any of these braces; neither were the upper floor
beams ; neither were the laterals marked, the sway rods, or strain rods, or the struts ;
all the stirrups that held the floor beams, nothing of thas kind was marked.

Q. Were the stirrups marked that held the braces together ?

A. No, sir; I can’t say that they were. There was a man sent from Cleveland that
. had worked under Mr. Congdon, to point out those things to me.

Q. Whowas he? .

A. I think his name was Carpenter, that worked in Mr. Congdon’s shop. We are
speaking now of putting up the bridge the first time, before it was modified.

Q. Yes, sir. What was the first thing that you discovered wrong about the bridge or
the parts of it?

A. The first thing that I discovered wrong about the bridge in my own mind was the
braces bending, when we came to take the blocks out, from its bearing.

Q. Didn’t you first discover that the upper chord was too long ?

A. Oh, excuse me, I did; yes, sir; that the upper chord was too long, not the whole,
but members of the upper chord were too long; they would n’t go in between the lugs
in the angle blocks, because they were set in these braces before that upper chord was
put on. I don’t say that all the braces were in position ; but the outside had enough to
hold them in position in connection with the timber work or false work.

Q. How much too long?

A. T can’t say precisely; but I think not far from &  inch for each member of the
chord ; they would n’t go in. I laid the case before Mr. Stone in his office (I think it was
there), and he and Mr. Congdon had a conversation upon the subject; and they planed
all the lugs of the angle blocks, which would be the same as shortening the members of
the chord; but I am of the opinion that they planed them off as much on one side as
they ought to on the two sides. I think there was a mistake in them from the fact that
when we come to put it up, we were obliged to put up what Mr. Congdon termed liners.

Q. You spoke of angle lugs, or large heavy lugs, which the members of the upper
chord rested ¢ '

A. Yes.

Q. Will you state whether any of these bars of the upper,chord were shortened also
A. Idon’t know that they were. .

Q. Where was this planing of the lugs done?

A. At Cleveland.

Q. They were sent back to Cleveland ?

A. Yes.

Q. And the planing was done there ?
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A. 1 suppose so.

Q. When they were returned to you, then what was done ¥

A. We put them right back in their places where they had been before, each and
every one in its place on the same bearing.

Q. State, then, whether you found then that the upper chord fitted.

A. We found when we put it all together, and serewed it up, that they were then a
little too short. Then Mr. Congdon, or some one else did, furnished those liners that was
set in between.

Q. I will ask you,whether these thin plates that were set in at the ends of the bars in
the upper chord are sometimes called shims.

A. They are.

Q. How many of those were put in ?

A. That I can’t tell.

Q. Will you state to the committee when you had put the upper cord in place, after
it was returned from the shop, you then let the bridge down on its own weight, or partly
80, before putting the shims in ?

A. 1 think we did, sir.

Q. Do you remember what camber was intended to be given to the bridge when it
was first set up? *

A. It was about 3} inches. If you will allow me to explain: At the time I put up
this false work, was n't aware, did n’t know how much camber there was in the frame of
the bridge. I didn’t know any thing about it. I went to Mr. Congdon to inquire. I
knew nothing about the framing of the bridge; and I had not seen it—only the pieces,
here and there. I went to him and inquired about it.. He told me that he thought that
it would be from five to seven inches—not to be particular. I told him I knew nothing
about it, only to put this frame in. You understand, it being of such immense heft, that
we could keep it only in its position. It would be much easier for us, then, to keep it
into position by screwing or jacking it up. About the time this false work was completed,
Mr. 8tone came on to the old bridge. I told him what I had done, and he said, *“You
have got too much camber. The bridge is not designed to have so much camber as that.
The camber of the bridge is one-half ineh to the panel, or a shade less.” I then changed
its bearings back, plained them, and jacked them off, 8o as to get them as near right as
I could, and then went to work to put it on, so that the camber must have been
and a half inches. -

Q. S8tate whether, when you first let it settle after putting the chords into position,
" it settled so far as to become concave instead of convex. )

A. Not immediately—no, sir. When it came down on its bearings it had camber one
and one-half inches; perhaps not quite as much.

Q. Why did you not let it remain ¢

A. I wasn't satisfied with it.

Q. Did you take out the false bearing then ?

A, We did take out the false bearing—the bearing blocks; they were set upon
wedges, 80 it was an easier matter to drive them out, and it settled down an inch in
twenty-four hours; from where the bridge was swung it had settled an inch, and the
braces began to buckle, or bend. After—I think—a week or ten days I went and started
those wedges back again, and let it down, until I was satisfied it wouldn’t hold. All
this occupied, the whole of it, before there was any move made towards rebuilding it ;
the fixing of it, any way, occupied a couple of months or more.

Q. What, then, did you do, after you found that it wouldn’t support itself?
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A. I went to Mr. Stone’s office, and told him about it.

Q. What directions did you get, if any?

A. He told me to go and get it up into position, and screw it up tighter, claiming the
suspension rods were not screwed tight enough. I told him that I had drawn them so
tight that in one or two instances I had buckled the braces by drawing the two chords
together. I made that remark to him.

Q. State whether the shims were put in at the time it was raised—before or at that
time.

A. The shims were put in before all this happened ; the shims were put in immediately
after it began to settle; then 1 fixed it on my own responsibility, or that I assisted Mr.
Congdon. I think I went with him, and the shims were made, and sent me, and I put
them in. I ought to go back a little ; that is one of them that is on the outside brace
chord ; they were put in like that [showing], and the other is just fitted between the
lugs that were on the angle blocks, and that set in right between there [showing].

Q. Proceed to state what you did after you had that interview with Mr Stone, the
President of the company, in relation to screwing up the nuts tighter.

A. Just as he told me, and went to Mr. Congdon, and he got all the jack-screws, and
got my wooden wedges sawed off three or four feet long—oak wedges; got 8 number—a
dozen or more—perhaps twenty, iron wedges, from two feet to thirty inches long; got
an amount of boiler plate to slim up our wedges; got it up to its position, tightened the
rods all that we could, so much so we bent several of them, buckled several of them a
little. :

Q. Several of the braces, you mean ?

A. Yes, I mean the braces.

Q. State what occurred now.

A. And let it on to its bearing; then Mr. Stone came there and examined it, and said
I had done him a good job; that he was satisfied, and went around and looked it all
through. We had not turned the braces at this time, or added any number of braces to
it. Then we let it down upon its own bearing again, and it went down again just the
8amMe way. .

Q. State how far it went down then.

A. Waell, sir, I think it went down an inch; that I let it down by degrees; I didn’t
let it hang and go down all at once ; I was afraid; I took out those blocks by degrees; 1
let it down an inch, perhaps, a little below a straight line; its camber was all out; I
can’t recollect that I ever measured it on a straight line.

Q. State what you then did.

A. Ithen went to Charles Collins one Sabbath morning, after I had got fully discour-
aged ; Mr. Stone required time, what I was convinced that I couldn’t do; I went to Mr.
Collins, and endeavored to get some knowledge that I didn’t possess in regard to the
matter—to know what to do—and there was reason for that too; it was simply becaunse
I was afraid something might be brought to bear that would cause me to lose my posi-
tion; that was one reason that I had.

Q. Well, just state more.

A. Mr. Collins came on to the bridge; he said when he started from his home, or the
house where he was stopping, that he would make it a personal matter. I think these
were the words that he used: ‘I will go with you; and understand, officially, that I
have nothing to do with that bridge, either with its design or construction.” He said,
I will be there at a certain time.” We compared watches; I waa there, and waited for
him, when he came on the end of the bridge—down on to the old bridge—and he looked



124

and says, ‘I think that those braces would be stronger if they were turned the other
way; they are not put in right.” I don’t know whether he claimed that they would
hold more if they were put in perpendicularly, or if they were all flat. I pressed him
quite hard to'give me some information ; he gave me to understand that he was not the
designer, and, I think, he made the remark that it was not his bridge—that it was Mr.
Stone who was constructing the bridge. I then requested him to ask Mr. Stone, or re- A
quest Mr. Stone, to come down there to the bridge. He did so, and Mr. Stone did come
down—got on it there. I can’t say that he came on purpose, or whether he stepped off
of the train, or anything about it.

Q. Let me ask you right there, before you proceed to that point, was Mr. Collius, at
that time, in charge of the road at that point ?

A. Mr. Collins was Chief Engineer at that time.

Q. I want to direct your attention to this point, whether, at that time, he hadn't
been relieved from that duty, and was employed in building on the Jine of the, or a
branch of the, Ashtabula and Painesville Railroad—you know what I mean ?

A. Ioan’t say; I think he was acting as chief engineer then of that road, the whole
line, for I declare I can’t say; there might have been a circumstance in there I have
forgotten. I feel very confident that he was chief engineer of the road at that time, but
I can’t state it positively. Mr. Stone did come there to the bridge, from some source or
other, was really quite in a hurry, or ceemed to be, and said, after saying other words,
that he would come there again and see to it in the course of a few days, in two or three
days, he brought Mr. Congdon with him, or was in his company.

Q. Did Mr. Collins come with him at either of those last visits ?

A. Not to my knowledge; I don’t think he did; I think there were two that came to
the bridge; Mr. Collins might have been of the party.

Q. Proceed now.

A. And they examined the bridge, them two went together and I went around and
showed them a little—the bagging of the braces, and, also, that the clamps at the inter-
section of those braces; that some of them were broken and entirely off; that rods were
five-eighth rods, and some of them were bent; but they were still together, I can’t say
how long, but some little time, out of ear-shot from me, because I went about my other
business. Well, Mr. Stone came to me and said they had concluded to change those
braces from ‘‘H” to ‘‘I,” and to turn them up, and to add more braces, and that Mr.
Congdon would have every thing made according to directions that he gave, and he gave
the directions to Mr. Congdon and didn’t to me, for I wish you to bear in mind that I
'was simply a foreman raiser, simply to put the iron in position.

Q. What was done with the bridge then?

A. It stood there for some time.

Q. On the supports below !

A. It was keyed at this time; I had let it go down as far as I dared to; it stood there
for some little time, until the braces were made and sent down—no, we jacked it up, be-
fore the braces came down, to its original position. How long it stood in that pos'ition
before the iron came, it is more than I can say; at all events, when the iron came down
Mr. Congdon sent & man down to chisel all the iron and braces, and they were put in;

" this tubular chamber was put in at the end and every thing put in shape as soon as we
got it. After the iron was got ready the bridge was then set on its own bearing, and
stood 80; you couldn’t see it settle one hair. There was no buckle to the braces after
that that I ever noticed.

Q. How many braces were added ?
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A. There were two (2) added to the first panel; I think two to the second; Ican’t tell
whether there were two added to the third or not; and one, I think, all the way through.
I don’t think there was a counter brace added ; I don’t think there was, but there might
have been towards the centre, but I can’t recollect that there was; as I look atit, I don’t
think it was necessary. I don’t think Mr. Stone would do it. The packing or clamps
that were at the intersection of the braces were all made new, made with inch rods, and
new castings sent down, and new plates on the ontside, wrought iron plates on the out-
side. . .

Q. Why were not those new castings used for packing ?

A. That I can’t say; I asked Mr. Congdon the same question.

Q. Why do you think the packing was made new?

A. Betause the braces, as H braces, would receive and require a shorter packing than
those I braces; the angle would he brought farther across, and I know that the rods
were made new—every thing was made strong in that point of the bridge.

Q. If the old packing had been simply turned over, would the flanges of the beams
been separated just the distance required ¥

A. I think when it was the other way it would just fit into that; I think I have mis-
taken that since and found they would go in just at that angle.

Q. From the inspection of this specimen here, what have you to say as to that; was
not an old packing used, the flanges being brought against the lugs ?

A. It is possible, but I can’t hardly think it was so; I am not clear upon that point;
you recollect at Ashtabula I couldn’t define it. Mr. Congdon informed me they were
cast new, and perhaps that is the reason why I think it was cast new.

Q. I will ask you to state whether the old packing would not have fitted exactly as
this specimen? [Showing.]

A. I think it would.

Q. I will ask yon whether the old packing wouldn’t, in that way, have filled every
space required, except they were in solid in the new arrangement ¥

A. Between those braces?

Q. Yes, in every direction.

A. Idon’t think it would, because there was only four braces in the first panel on the
first half of the angle-block, and the space would necessarily cover the two feet and tem
inches—would have been quite open.

Q. You did increase the number ¥

A. We did afterwards, yes.

Q. Was there any arrangement made for holding the braces in position on the angle-
blocks, either at the top or bottom part ?

A. Nothing.

Q. State to the committee whether these braces did actually slip out of position
after the bridge was erected ! I mean out of the position in which they were originally
placed !

A. I think that upon the north truss there was one brace that slipped out of position
from its original place, but I don’t think there was but one. I think that this counter-

" brace was a trifle too short—it might have been one-sixteenth of an inch too short.

Q. Was that the upper angle-block or the lower angle-block ?

A. That was at the upper angle-block.

Q. You may state whether, from the paint marks on the angle-blocks, there was &
number of them that the flanges were partly off the brace blocks ?
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A. There was a good many of them down a little below the edge of the angle-block,
from one-half inch to one-quarter.

Q. State whether the chipping of these lugs of the angle-blocks was called to the
attention of Mr. Stone.

A. I can’t say that I called his attention to it.

Q. Did Mr. Stone or Mr. Collins, or other engineers and bridge builders, examine the
work after it was finally raised the last time, and what did they say in relation to it ?

A. After it was finally finished and completed ?

Q. Yes.

A. Mr. Stone was there and said it was well done, as he had said before, and told me
that he had another job for me in Cleveland, and wished I would come to Cleveland on
& certain day.

‘What inspection did he make there ¢

He went through the bridge and seemed to look at it critically.

Who else did ?

I don’t know whether there was another man or not.

Did Mr. Collins examine it ?

Not with Mr. Stone at that time.

Did he ever examine it?

I never saw Mr. Collins on the bridge whilst I was oonnected with it in any shape
or form, except going across the old bridge looking at it.

Q. Ispeak now of the test. :

A. I wasn’t there at the test. 1 was putting up the Union dépot roof at Cleveland.
I wanted to go, but I couldn’t be spared from putting up the roof.

Q. You have noticed, since the wreck of the bridge, that the cross-ties between the .
bottom of the chords were at every other panel ?

A. Yes.

Q. Trusses?

A. Yes.

Q. And across the strut in the center ?

A. Yes.

Q. I want to ask you now if you made a mistake in putting up the angle-blocks ?

A. We supposed we did until day before yesterday, and did suppose it was a mistake
made until day before yesterday. We commenced at the west end, so that we raised
the west end out of the water. At the north chord we found the first full angle-block.
‘We had one number two when we were at work at the easterly end of the bridge, where
the first strut went, which you all recollect, that the bridge was locked so we could
make nothing out of it, and at that first full angle-block commenced the lateral strain
rods, and that they skipped number three and came in again on number four, which
made it different from what we supposed. We called Mr. Williams’s attention to it, and
he seemed to be very much relieved that there was not a mistake; but Mr. Congdon,
who was east, supposed there was a mlsta.ke So we were satisfied that we didn’t make
& mistake.

Q. Iwill ask you whether you have examined the original plan as made by Mr.
Tomlinson, and whether that doesn’t show that these rods were to fasten at the end of
the strut?

A. I can’t say that I ever did, except when I was before the coroner’s jury, and after -
I had testified a while they produced it to me and asked me if I ever saw it. I told
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them no. There was no plan given to me when I raised that bridge, only what little
information I got from Mr. Congdon.

Q. If these angle-blocks were numbered at the shops, was there any possibility of
your making a mistake ?

A. It was impossible to make a mistake—they were numbered with pencil and paint.

Q. State to the committee whether the angle-blocks would not determine the ques-
tion as to whether these rods were to cross the middle of the strut or go over the end of
the strut ?

A. Not necessarily. 8o far as the sway rods and the upper strain rods were concerned
it would certainly. '

Q. Do you remember whether the panels were the same as the panels in the lower
chord ?

A. Yes.
Q. All the way through t i’
A, Yes. .

Q. From that fact I will ask you to state whether there could be any mistake in the
putting up, or simply an error in the design of it, if there was an error about it at all?

A. I don’t understand you.

Q. I will ask you whether there were not places in the angle-blocks—nitches and
holes with threads to receive the bolt fastening the cross ties—the sway rods ?

A. Yes, there was.

Q. And now I will ask you whether there were the same nitches and holes in those
blocks where there was to be no sway rods ?

A. There was not.

Q. Will you answer the other question which I put, whether there could have been a
mistake in the putting up that part of the bridge, or whether, in fact, it was an error in
the design ? :

A. It couldn’t have been a mistake on the part of the raisers, from the fact that they
were numbered.

Q. If, then, the angle blocks were correctly placed as originally intended, could there
possibly have been a mistake, so far as the erection was concerned, in the cross-ties ?

A. There could not.

Q. I will ask you whether you were back at the bridge from time to time, after it
was raised, before it broke down ?

A. 1don’t think that I passed over that bridge, after it was completed and tested, for
over a year. .

Q. I mean in after years.

A. Oh, four years ago.

Q. I will ask you if you noticed then and since the wreck that those braces had worn
the angle blocks, some of them a small fraction ?

A. I have, since the wreck.

How many angle blocks have you noticed with wear marks on ?

Will say three or four.

What does that indicate to your mind ?

It would indicate a little motion to the brace—a little loosening of the brace.
What is the cause of the wearing at the centre brace ?

That those clamps were not drawn tight enough together—that is, the side braces.
‘Would not that show that they were working—that the braces were working ?

It would.
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Q. I will ask you whether, in your judgment, a bridge is likely to be safe for such a
span as that, constructed of iron, if the braces are allowed to work ?

A. Well, I don’t know as it would injure the strength of the bridge—a little mite—
one-sixteenth of an inch.

Q. The safety of it?

A. I don’t know as it would injure the bridge—in fact, in wooden bridges they get
loose sometimes.

Q. In those bridges there is always a dowel pin to hold it in its place ?

A. Tt would probably have been better if they were perfectly tight.

Q. Would that looseness, when a train would run over the bridge, be likely to create
& snapping sound or cracking as a train came on to the braces or toward it ?

A. So far as that is concerned, it would give it a lateral motion.

Q. Some engineer told us that when he came on to this bridge he had observed a .
snapping sound. Would these braces come against the angle blocks, or the motion
against these stirrups in the centre, account for that noise ¥

A. It may. I don’t think there was play enough to injure the bridge one-half.

Q. Was there play enough to create a noise when the train was running on it ?

A. I don’t think there was.

Q. I will ask you to state whether the general impression among the road hands and
the employés of the road was not that this bridge was unsafe, and was not what it
ought to be?

A. I never heard any one connected with the road doubt the strength of that bridge.
As iron does crystallize, I have heard men say— fishermen, and men that would be around
the pump-house

Q. When was that pump-house built ?

A. Last year——say that the span was too long—countrymen that would be on skat-
ing parties—and they wére men that had no idea about bridges, and didn’t know the
difference of one bridge from another; and a great many have told me at the end of a
certain time that the iron would crystallize and the bridge would become worthless and

the bridge would go down.
Q. I will ask you whether, on the west abutment, any considerable rock broke off ¢
A. It did.
Q. How near to the top was it?
A. 1 think it was at the second course where it commenced. It was crumbled.
Q. Do those marks on the top show as if made by the force of drawing back ¥
A. That was the conclusion I came to after the morning of the accident.
Q. What quantity of rock was knocked off
A. I can't state the amount.
Q. Was it six or eight hundred pounds ?
A, Oh, yes; half a ton, in all, that was there.
Q. How near to the west abutment was the second engine after it had gone down ?
A.

About one hundred and twenty-five feet, it might have been, one hundred and
fifty feet frem the west abutment from the . ’

Q. I am speaking when that went down.

A. 1 think it was from six to four feet.

Q. How did the tender and engine lie ¢

A. The tender laid nearly bottom side up. It didn’t lay what was termed an even
keel, it 1aid end for end. It laid on an angle with the bridge say from ten to fifteen

degrees.
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Q. Was the front of the engine, or cow-catcher, extended in a line south-easterly
from the bridge ?

A. North-easterly.

Q. Then the hinder end of the engine was at an angle of say fifteen degrees in a
south-easterly direction from the Lridge?

A. Yes.

How soon were you at the fire

I think ten or twelve minutes.

‘Where were you !

In my own house.

How far is that away ?

Not far—from ten to eleven hundred feet away.

What was the first notice .

The first notice that I had was my wife hallooing ‘O my God! there is a train off
of the bridge!” That was the first notice that I had. I had felt a jar, and knew that
there was something the matter somewhere.

Q. You felt a jar at your house ¥

A. Yes, plain and distinct, sir.

Q. And then your wife immediately cried out ?

A. In a half minute or 80. She ran to the door and as she opened the door she heard
one of her neighbors, who had discovered it first; they were screaming; they lived
right across the street ; heard them hallooing, ¢ there is & train off at the bridge,” and
she repeated it to me.

Q. And then you ran immediately to the bridge ?

A. Just as quick as I could.

Q. Was there anybody there before you got there ¢

A. I think there were three or four men when I got there.

Q. What were they doing?

A. The first person that I recognized was the conductor; I saw two persons; they
seemed to be assisting some persen on the ice.

Q. Was that the fireman that had been down there ?

A. Yes, sir; and the conductor was striking a blow with an axe, and seemed to strike
wild ; he didn’t strike solid anywhere; and another man catched the axe from him, and
the first blow that he struck, broke the handle inside of the axe.

Was the wreck on fire when you got there ¥

It was.

How far did it extend ?

There was tire in five places.

How fur from the line of the bridge ?

There was a fire in the westerly end—south-westerly end.

Locate it as between the abutments of the bridge.

There were two fires near the west abutment; somewhere near the center there
were two fires, they were not very large ; and then near the east abutment was a large
fire, blazing up ten or fifteen feet high, when I got there.

There was screaming, and noises, persons crying for help, when you got there ¢
My ftirst impression was, that there was no life in that train.

How long was it, did you hear the screaming ?

It might have been & minute.

How long was it before the train was wrapt in flames ?

9AD
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Not to exceed twenty-five minutes.
Do you mean from the time you got there ?
Yes. )
How long was it before the engine or hose cart got there ?
I saw a hose cart, after I got there, assisting in getting the wounded out, and get-
ting them up the bauk; then in order to facilitate in getting them up the bank, a man
from Tennessee, Mr. Wright, said, ‘‘ hain’t you got a rope?”’ and I ran to my shop and
got a rope ; at thut time I saw a hose cart, aud it was the fire apparatus that I saw that
night there.

Q. That belonged to the town?

A. Yes, sir.

Q. There was no hose belonging to the company ?

A. Not to my knowledge.

Q. I will ask you if that fire could have been put out or smothered at any time after
you got there, or at any time after any engine came?

A. If the fire department had been there at the time, my impression is that fire conld
have been put out mn ten minutes.
How far did the fire engine have to go?
A mile, or more.
What have you to say as to the condition of the roads on that night?
They were simply horrible ; drifts as deep as your waist—four feet.
How deep was the snow on a level 1
Probably two feet.
Had the road been broken up to town?
Teams had been passing.
Had it been snowing, that day ?
Yes, and drifting during the day; as hard a snow as ever I had experienced.
As far a8 you know, or been able to hear among the -itizens in the town, whether
there was any declination on the part of the fire department, or any one, to thirow water,
to save life?

I have simply heard that there was; without knowing, I don’t know personally.

Do you know how many got out alive?

I have been told, sixty-eight.

Can you tell whether these cars were smashed up in gomg down ?

. They were a good deal broken, but not so much as I should suppose.

How many, do you think, perished there ?

I think in the vicinity of seventy, according to reports. (On Saturday evening a
gentleman came to me and said he was a reporter, and wished to go through the freight
house where the dead bodies were that had been burnt, and were depusited in boxes that
my carpenter had made; he requested me to go through with him, that they wouldn’t
let him in, unless he had a pass or some one with him. I had been back and forth all
day, and we counted forty-eight, what we considered remains, in those buxes.

By Mr. Stone: That was on Saturday?

Yes.

By Mr. Brown: At what time on Saturday?

I think it was three o’clock in the afternoon, and it might have been four.

By Mr. Converse: I simply ask your judgment, from what you saw at the wreck.
I saw sixty-five or seventy; it is guess-work.

By Mr. Haynes: llow do you think the storm distressed the bridge, if snyf
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A. 1can’t say. It must have affected that bridge wonderfully. It must have been a
great pressure this way. [Showing.]

Mr. Rogere recalled.

Q. By Mr. Converse: Have youn thought of any thing you would like to state since
yesterday ?

A. Yes, sir. Every one of the sway rods were broken in the screw, where the screw
was cut, were broken, except one; the lateral sway rods were broken that I have dis-
covered in the screw and turn-buckle; and they were broken, all of them that I dis-
covered, in the thread that screws these in. In the whole rod they were an inch and &
quarter, and then they were cut down to five-eighths.

Q. By Mr. Brown: What would that indicate as to the power of the iron?

A. That tho rod was not as strong.

Q. You think that the thread ought to have been cut right on the face of the rod ?*

A. I think on every rod where there is a screw should be upside, so that the one end
of the thread, where it is cut in, should be as large as the rod was anywhere else. Such
was not the case.

By Mr. Converse: Your statement is that they all broke?

All that I have discovered.

By Mr. Brown: Did you think they were broken before the bridge crackedt

I can’t state that..

Did youn examine into the iron?

Now, as far as that was concerned, they were burnt in the wreck, and we couldn’t
tell. If they had broken before the wreck, it would certainly have been discovered. It
might have been broken at the time by some train. Had it got a pitch.of one inch, in
my opinion, it would never have come back.

Q. By Mr. Converse: Is there any thing else yon would like to state

A. Idon’t know that there i is; I can’t think of any thing further.

Q. There is one question I would like to ask for my own satisfaction. Why wag it
that Mr. Collins was so unwilling to have any thing to do with this bridge? What ig
the inner history of that thing? ’

A. Is that in testimony? If it is, I am obliged to answer you that T don’t know any
testimony. -

From whom did you get orders to proceed to put up the Ashtabuld bridge?

It came from Mr. Stone, through some person, I don’t know whom.

State whether it was in writing or verbal.

I think it was a verbal order.

Did you get any written order to prooeed toputitup?

No, sir.

By letter t

No, sir; not to my recollection.

You may state whether any engineer, was employed to superintend the erection of
l’.hat bridge.

A. There was none. Remember, gentlemen, that I am speaking entirely of that iron
bridge.

Q. Under whose direction was the trestle-work erected on which the bridge was
erected ?

A. By Mr. Collins.
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Q. You may state whether Mr. Collins superintended the trestle to be used in the
erection of the bridge itself.

A. Waell, yes, I may say that he did, becanse he looked at it, and said it was & good,
strong job, and pointed out the timber that I should use. This timber was in his depart-
ment, and I was to take that particular amount of timber. It was furnished by him. I
can’t say it was all sent to me to be put up there. I don’t know as he gave me any dia-
gram, or any thing of the kind, but it was a good, strong job.

Q. I will ask you, now, whether anybody, so far as you know, had any thing to do
with the project or planning of the bridge or superintending of its erection, except Mr.
Amasa Stone? : ’

A. Well, not to know personally. Mr. Amasa Stone told me, in connection with that
bridge, one day, that Mr. Tomlinson had proved inefficient, and he had discharged him,
or something to that effect.

Q. Was Mr. Tomlinson discharged before you commenced putting up the bridge ?

A. Yes.

Q. Did any other engineer or person, so far as you know, have any thing to do with
the planning of the bridge, excegt Mr. Stone?

A. Not to my knowledge.

Q. Did any engineer have any thing to do with the erection of the bridge and putting
it up in place except thedirections which Mr. Stoue gave you from time to time, of which
you have testified about ? J

A. No, sir.

Q. How frequently did Mr. Stone come there himself to look after or superintend the
erection of the bridge. I mean now the setting it up ?

A. Mr. Stone was on the old bridge, standing upon the wooden bridge when I was
first getting down the members on the lower chord; as 1 siated yesterday, that was the
first time I ever saw him there. He was there again ouce when we had got the bridge
nearly completed, at this time he came on to the bridge, he staid a very few minutes,
he came down to the iron bridge through the walk which we had.

Q. Did he make you any other visit until you sent for him, as you testified yesterday,
by Mr. Collins ¥ '

A. Yes. He did.

Q. State when?

A. It was when we had got the bridge completed, so far as the bridge proper was con-
cerned ; he came there and looked at it, and said it was together right, and that it was
now ready to swing, and we knocked out the blocks.

Q. You have'stated that you didn’t know why Mr. Collins didn’t superintend the
erection of the Astabula bridge. I will ask you, whether there were any reports in the
neighborhood on the subject, and if 8o, to state what they were !

A. Yes, there were such reperts.

Q. Just state.

A. Such reports among my class, and men that were on the road that were connected
there with we, wondered why Mr. Collins or some other competent engineer, was not
there to superintend it. I can’t give it any better language than that, I say these things
were a fact in regard to this matter.

Q. State whether Mr. Collins, had always been particular about always having good

.. and substantial work on the road ?
A. Extremely so. Extremely particular.
Q. How long have you been connected with Mr. Stone t
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A. Ihave known him for over twenty or twenty-one or twenty-two years, and to
say that I am acquainted with him to-day I can’t.

Q. I will ask you to state whether he would allow Mr. Collins or any body else to
to make any opposition to his will or his plan ?

A. 1 dorn’t believe that he would.

Q. Or any suggestions ¥

A. He might possibly receive & suggestion. From the little that I know of the man, I
don’t believe he would even receive a suggestion, he might. I can relate a circumstance
that might modify that statement, but I wouldn’t like to give it in testimony.

Q. State whether Mr. Tomlison was discharged before you began the erection of that
bridge or afterwards?

A. He was discharged before, I am informed.

Q By Mr. Brunner: Do you know the reason why he was discharged

A. Only that I have understood that there was some misunderstanding between him
and Mr. Stone, and Mr. Stone claimed that he was incompetent. I never saw Mr. Tom-
linson at the bridge since the wreck.
Did you understand at the time, what the misunderstanding was ?
No, sir. §
By Mr. Brown: You saw his testimony ?
Yes. '
What did you think of it ?
There was some of it that wasn’t as I had sapposed.
~ Q Mr. Converse: What is your opinion as to whether the sway rods broke before:
the bridge came down or when it came down in the fall ¥

A. I believe the sway rods were broke and caused the bridge to fall.

Q. By Mr. Barrett: They were the first that gave way.

A. I believe they were the first things that gave way.
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TESTIMONY OF JOSEPH TOMLINSON.

Joseph Tomlinson, civil engineer, being duly sworn, testified as follows: (Testimony
taken before the coroner’s jury at Ashtabula.)

Q. What is your age, occupation, and residence ?
~ A. Inow reside in Ottawa, and am general superintendent of light-houses, Canada;
1 am a civil engineer ; my age is between sixtyand sixty-one.

Q. By Mr. Hall: How many years have you been engaged in the profession of civil
‘engineering ?

A. Itisdifficult for me to say. I came to this country in 1840; am a mechanic by
trade, aud took to bridge building as a matter of choice. 1 was employed on the Hous-
atanic Railroad as a road man.

Q. How many years have you beenr engaged in the business of bridge building ?

A. I think from 1846 to 1870.

Q. How extensive has been your experience in that department?

A. Isuppose some years. I bailt thirteen or fourteen bridges each year as contractor
for bridges, and perhaps more. 1 have been civil engineer for some very large bridges.

Q. What Jarge bridge do you now remember of !

A. Irebuilt the suspension bridge, as one, after it was blown down many vears ago
—in 1857, I think—and it is yet standing; extends 630 feet. I built one in 1854, 250
feet over Hammond river. I had a letter last week which told me it looks as good as it
did the day when I left it. I have not seen that bridge since I built it. For some years
past my experience has been more on bridge foundations than on superstructures.

Q. Had you any connection with the drafting, designing, or constraction of the bridge
at Ashtabula which has lately fallen ¥

A. I was employed by Mr. Stone to make the drawing for this bridge.

Q. Will you now state in detail, in your own way, the connection you had with that
bridge in any manner {

A. I made the plan under the instruction of Mr. Stone. I mention this because I
never approved of a wrought iron Howe truss. It makes a much heavier structure,
having the principal braces in compression than what they would be if made to act by

tension. And another objection is that all the strain accumulates on the end of the
brace. Still, notwithstanding that the structure was necessarily heavy, it was intended
to be a very strong and permanent structure, and would have been so if the main braces
of the bridge had a section in proportion to the tension of the members. When I made
out the calculations of the bridge I had instructions from Mr. Stone to proportion the
structure so that it would be four tons on the square inch in tension, and four tons on
the square inch in compression. That proportion made the tension members much
stronger in proportion than the members in compression. When the hars—the H and I
bars—were rolled for these heavy members the section on the larger bars, for the main
braces, were not made as large a8 originally intended. That was the main defect in the
construction of the bridge. And I also expected, if I had been employed to carry the
work out, that those braces, the main braces at the end of the bridge, would have been
strengthened or additional bolts riveted to them. When I was doing business with Mr.
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Stone, in my interviews with him about these matters we never could harmonize.
Whenever I made any suggestions it always led to some discord, and it was these cir-
cunstances that I left the work. I would state further that the bottom chords of the
bridge, the tension members, were as good work as ever I saw made. The top chord
was sufficient for all purposes. I may add here that when it was laid out by me, it was
laid out calculating for six-inch camber, so that when erected a principal part had taken
its bearings, it would still have about three and a quarter or four inches camber. That
was my calculation. The substance of this is that the main braces of the bridge were
the only defective members in the bridge. Mr. Stone knew it, because we had several
conversations on the subject. They were defective in this, that they were too small—
they had not sufficient section—they couldn’t fill the section when they rolled them in
the mill. That was the only defect that I am conscious of in the structure except this
unnecessary weight. I don’t know how much it was calculated that each truss should
carry to the foot, but I think it was a ton and a quarter or a ton and a half. It is many
years to remember. But it was intended to be an exceedingly strong structure. This
was Mr. Stone’s intontion, and the intention of others. It was intended to be an ex-
ceedingly strong structure, and was all proportioned except the defect which I have
mentioned, which was the deficiency in these bars, which formed the main braces.

Q. So far as you know, was this the first application of the principle of Howe truss
bridge to iron bridges ?

A. Ob, no; there have been & great many built with cast iron members in the place
of wrought iron bridges, but not by me, though.

Q. Where was the iron work for this bridge made?

A. At the Lake Shore shops, Cleveland.

Q. Did you superintend this work ?

A. Yes, sir; I gave the patterns, and the length of every part of it, for the mechanics
to work by; and gave them correctly, though it has been reported to the contrary.

Q. Did you also inspect the wofk, and did you know whether those plans, 'as farnished
by you, were strictly followed ?

A. They were followed as long as I had the superintending.

Q. And did you have that superintending until the same was completed?

A. Very nearly.

Q. What parts, if you are able to state, were not completed at the time when that
superintending ceased ¥

A. There were patterns being made by the pattern-makers which I didn’t see finished ;
but the chords were made; and the bottom chords, which were the most important part
of the structure, were all finished.

Q. Por what part or parts of the bridge were these patterns designed, that you didn’t
see finished ¥

A. Ihave only a kind of indistinct consciousness that the pattern-makers were mak-
ing some patterns which were not finished, and which I didn’t see what they were. The
surface of the angle-blocks were not planned, and there were some little things not fin-
ighed ; but it was nothing essential.

Q. Had you any thing to do with the superintending of the raising of the bridge, as
it is called ?

A. No, sir, I never was; I don’t think I ever was on the site of the bridge at all, ex-
cept to pass over it.

Q. In your employment in regard to that bridge, had you any instructions from, or
was it, if any, superintended by Mr. Charles Collins ?
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A. Mr. Charles Collins might have taken a little interest in the matter, but he didn’t
have any superintendency or authority over it; it was all directed by Mr. Stone.

Q. Had you, at the time, knowledge of the fact that the bridge, after being raised,
was taken down, and the position of the braces changed ?

A. I think there is some misunderstanding about that; my understanding of the mat-
ter is this: that after they began to put the bridge up here, they found that the top
chords were longer than the bottom, and the bars were all sent back to Cleveland and
shortened; then when they put the bridge up they found that the bridge was below level.
That had to be taken apart, and a piece of plate of iron inserted to make up for what
they had taken out. That was hear-say at the time, and I have been down to the bridge
to-day and examined, and have found it to be the fact, that there was a piece of boiler-
plgte inserted at the end of the beams that formed the top chords.

Q. In your design, were the braces intended to rest flatways, or upon the edge, with
the weight horizontal or vertical ?

A. I shouldn’t have particularized that, to be positive, until I went down to the
bridge this morning. They were intended to lay flat, in the first place, and they were
changed to stand edgeways, and when the bridge was erected, I was informed, I can’t tell
by whom, I can’t remember, that the beams with small sections were used for the end
braces, that made this change in the direction of the brace necessary, so as to get in a
greater number of braces. I learned this morning for the first time, that there was a
greater number of braces put in.

Q. ‘Was the bridge, so far as yon know, correctly set up, and if not, wherein was any
incorrectly set up or raised ?

A. Personally I know a little about raising a bridge; what I have told you was hear-
say ; I was, moreover, told that the stretchors for the lateral bracing of the bridge were
in place at the end of the lateral tie braces; they were placed right across the middle of
the lateral bracing, and, as a consequonce, they would have very little effect. Those
were the only things that T have heard were wrong.

Q. Have you, since your arrival here, examined the wreck of the bridge, to ascertain
whether that information was correct t

A. Ihave been down at the bridge, and about the lateral braomg I could tell nothing;
I tried to find out, but there was no particle left to show how the arrangements were;
the pieces between the top chord heams and the angle-blocks, some of them, are still in
place; by the top chord beams I mean the five I beams, side by side, which constituted
the top chord.

Q. By Mr. Goodwin. Daring the construction of the iron work of the bridge, did
you exercise a supervision over it in the shops ?

A. Yes, sir.

Q. And saw and inspected all the iron work for the bridge, except those portions
which you have specified as not being finished at the time when you left those imma-
terial portions ?

A. Yes, sir.

Q. You say the unfinished parts were some angle-blocks and some little things—noth-
ing essential, so that you actually inspected all the iron work of the bridge ?

A. Iinspected it so far as to see when it was done well there. I probably ought to
state here, that the strengthening of the end brace was always a matter in my mind,
was & matter of dispute with me and Mr. Stone.

Q. When you left the work, had there been any decision made in regard to this mat-
ter of strengthening the end brace !




137

A. No.

Q. It is your understanding that the bridge was erected with the members of the
upper chord and the braces above the main camber, as they were shown in your own
original design ?

A. I always understood that the small beams were used in the main braces, and that
the beams with the larger section were used in the counter braces. The beams were
rolled with web bearing, in thickness from one-half an inch to, I will say, an inch and
one-fourth, so that the section of those with an inch and one-fourth web would be only
double those with one-half inch web. Those beams with a large section were intended
for an end brace. Those with small sections were intended for an end counter brace. I
understood that beams with large sections were used for counter braces, and beams with
small sections were used for main braces.

Q. What information had you in regard to this distribution of members?

A. It was talked among us engineers when I was in Cleveland, some time afterward.
I can’t remember by whom.

Q. Can you recollect, without the assistance of the drawing, substantially, the size
you intended for the braces, main and counter, that you intended to go into the bridge,
giving us the size of the ends at the ends, and progressing towards the centre of the
bridge ?

A. Only general. That the largest sections were intended for the end braces, and
that they were gradually diminished in size to the centre. The end counter braces were
the smallest that there were in the bridge; and then at the middfe there were two
counter braces, and the section of them was enlarged also.

Q. Did you make a strain sheet for this bridge, and calculate strains for the structure
according to your design, and leave that strain sheet with Mr. Stone when you left ¢

A. Imade a strain sheet, as a matter of course, calculating strains for the bridge ac-
cording to the design and the instraction I received; and I left all the drawings in the
office when I left.

Q. You specify in your answer, and particularize the word ‘‘the” design. I under-
stood you so. You wish us to understand that the design was made, as you here said,
under instructions from Mr. Stone ? _

A. Certainly, it was made under instructions. I didn’t design bridges of the same
character when I design bridges to be built by myself.

Q. You say that there was a difference of opinion between yourself and Mr. Stone in
regard to some detail of the design ; that you had expressed your intention to strengthen
them or increase the number of the end braces; that you and Mr. Stone did n’t agree
upon that point up to the time that you left. Is that a fact?

A. Yes, sir. You see, looking at .the design as I did, and knowing that it could be
made a strong structure, I alluded first that the compressive members of the structure,
particularly the end braces, could be strengthened to any extent required. .

Q. Do you mean that they could have been strengthened to any extent required with-
out material change to other portions of the bridge ?

A. Yes, sir, by addition of bolts riveted to them 8o as to connect each set of braces
throughout their entire length.

Q. Would it not have been proper, in youar opinion, to have increased the strength of
the end braces by lengthening the end beams?

A. I think it was; and it was all changed, so far as it went; and the whole set
ought to have been united, from side to side, through the whole length, and not merely
at the centre, where the camber passed between them.
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Q. If you had control of the construction of the bridge up to its completion, whnt
modification in the design as originally made would you have introduced ?

A. Nothing more than to take out the necessary section to have made the strain that
came upon it.

Q. How would you have secured that necessary additional section ?

A. By riveting bolts of iron to beams would have united them together as one brace,
and, at the same time, giving all the necessary section that was required.

Q. Would you have made, provided you had had entire control of the structure, any
other modifications ?

A. I think not—not if it was to remain a Howe truss. My changes would only have
been by changing the character of the structure. .

Q. I conclude, then, from what you say, that the principal objection you had to the
design was, that the form of the bridge was that of a Howe truss, and that you did n’t
consider it proper to build a bridge on that general plan of iron as this was built? Am
I correct in that conclusion ?

A. Yes. 1don't approve of the Howe truss when it becomes a large span. I don’t
in wood even, if a large span.

Q. Then your objection, as it appears, is to the Howe truss plan for bridges built of
iron for a span as great as 150 feet ¥

A. Yes.

Q. You have sgid that the bridge was calculated to carry a moving load from 1% tons
per lineal foot. That was, as I understood you, to be the working load of the bridge
from two to three tons per lineal foot for the whole bridge ?

A. Yes.

Q. What was the factor of safety used in your calculation for this bridge?

A. My factor of safety in this bridge was four tons to the square inch in tension and
compression, as limited by Mr. Stone; the members in tension were stronger than nec-
e88ary.

Q. By Mr. Morrison: Were the members in compression correspondingly weaker
than they ought to have been, or stronger?

A. They were weaker in proportion than they ought to have been ; but in this they
didn’t hold section—were not as large in section as they were intended to be; I mean the
largest members.

Q. By Mr. Goodwin: I understood you to say that you had nothing to do with the
raising of the structure ¥

A. No; 1 never was there.

Q. Then your observation of these parts of that bridge were made in the shop or at
the mill?

A. Yes.

Q. This structure, which we have been speaking of, what it would have been had the
design been followed, you can’t say from personal observation, as I understand you, how
the bridge was actually constructed or set up ?

A. Ineversaw it; I know only from what I heard.

Q. Did you ever see the bridge as it was when it was put into use?

A. I have passed over it on the train; that is all; I never saw it only as I looked
out, when I could see nothing of any kind.

Q. By Mr. Morrison: I understand you to say, that in making the plans for this
bridge, you was dictated to by Mr. Stone; that your instructions were all from him.
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Did you consider those instructions as reasonable, and the requirements that he made of
you as reasonable and right, under the circumstances?

A. Not exactly reasonable ; because in said sections is not a true method in getting
at the principal sections. Four tons to the square inch in one place may be perfectly
safe; in another, not safe. If the iron had been made a full section and placed in their
proper position, the bridge would have been a safe bridge to-day. I should not have
built a structure that I had any misgivings about. Do you understand?  *

Q. By Mr. Morrison: You speak, Mr. Tomlinson, of a strain of four tons to the
square inch in one place as being safe, and in another not safe. In which place do you
consider it safe in this bridge ?
~ A. Ithink it would be safe in the top chords; because it is such a shors distance be-
tween the bearings, and they are so well united together.

Q. Give any other place ? ,

A. No, I don’t know of any other place where there are short bearings.

Q. By that do you mean that the compression of four tons to the square inch would
be safe in this bridge, only in the top chord ?

A. Only in the top chord; because there the panels are short, and the parts that
compose the chords were united together in safe places between the panels.

Q. Would you consider the compression of four tons to the square inch safe, as ap-
plied to the main braces in this bridge, as it was erected ?

A. No. .

Q. Let me ask then, what would have been the effect of compression upon those
main braces, four tons to the square mnch, as it was erected in its modified form ?

A. That they would be deflected out of line; the members would have been out of
their line.

Q. Do you understand, Mr. Tomlinson, or, have you in your own mind a clear idea
how this bridge was erected, or set up, as modified from the original drawing t

A. Only from hearsay.

Q. We have had in evidence that the modification consisted in this, that the I beams,
which formed the main braces and counter-braces, were set up edgewise—in other words,
the web vertical, instead of being, as originally drawn, horizontal; that there were
added, at the end of the panel, to the end of the set braces, two braces; to the next one,
two; and the next one, one; and the next, one; and the rest of the bridge remained as
originally planned; they were placed vertical, instead of horizontal; that these braces
were secured together at their intersections by packing between cast-iron lying horizon-
tally across the intersections; holes through the ends, and washers outside of that cor-
responding, holds a bolt put through at each of these places—a washer put on with nuts
on the ends of these bolts turning up tight on the inside truss. ‘This being the condi-
tion, what would be the effect, think you, upon that application of pressure, equal to four
tons to the square inch, on that calculation—I mean, taking into consideration, also, the
fact that this yoke, as described, around the center, was the only thing which bound
them together, leaving them free for ten feet of their length for deflection t

A. It is a matter of calculation to know what the effect would be; that my impres-
sion would be it would spring out—deflect laterally; they would not crush, they woanld
deflect out in the weakest direction.

Q. Did you, at the time of making this plan, have a conversatiop with Mr. Stone in
regard to the section of these braces?

A. Yes. Ihad represented that the braces were not sufficiently large to meet the re-
quirements; they were not large enough in the first place; they were not what the draw-
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ing represented ; and when they came to be turned out from the mill they didn’t hold
full size, as intended.

Q. Did you, at that time, say to Mr. Stone that to secure the resistance of compression
of these braces the I beams must be increased, either in numbers or size

A. My proposition to him was to increase their strength by riveting plate to them; I
had suggested to him that they were not strong enough.

Q. By Mr. Pettibone: To what extent was the strength of those 1 beams—the pieces
composing the main braces—impaired from the fact of their having been rolled improp-
erly? . .

A. It is very difficult to state to what eitent; I can’t remember, now, how much the
deficiency was, but it was a serious fact—so serious that several ought not to have been
used.

Q. By Mr. Morrison: You say you suggested to Mr. Stone that further security and
strength should be given to these braces by putting on a plate of iron?

A. 1 suggested to have a plate that would unite the first set of main braces—two or
three sets —with these braces, side by side; and when I suggested any thing of this kind
to Mr. Stone, he was wrathy, and would not hear, so that I would be driven from his
office; and it was under these circumstances that I determined to leave him. The inter-
view about the braces was on one day, and the next day, when I went into his office on
some other business, he was 8o insulting to me that I went up to the office and resigned.

Q. How long a time did this take place before the work of preparing the bridge to be
put up took place?

A. It was a month or so after I left before the raising of the bridge was commenced—
before they made any attempt to raise it; I am not certain as to the exact time. If the
braces that I had for the main braces had been put in their proper places, and the two
additional members added for the main section, I think there must have been the neces-
sary strength to have been safe.

Q. I understand from your last statement, that the braces which you intended for the
main braces at the ends, were changed, and others lighter and less secure, put in their
places.

A. Yes, sir, I understood so, it was told me; I didn't see it.

Q. What effect would this exchange of braces have upon the strength of the structure ¥

A. They would be much securer to the bearing of the strains that came upon them.

Q. When you were at the wreck this morning, as I understood you to say, did you
make any examination as regards this exchange of braces ?

A. Icouldn’t tell which were end braces; some of them had been removed and thrown
upon the bank on the other side; there were none of them in position.

Q. From what you say of your intercourse with Mr. Stone while working upon the
plans of this bridge, Mr. Stone and yourself didn’t harmonize.

A. No, we couldn’t agree.

Q. Let me ask, what were the main points of difference between yourself and Mr.
Stone 1

A. That is very hard to answer; my feelings were, that he didn’t like to have any-
body that had any opinion to give at all.

Q. What I want to get at is, what was the main point of difference between you and
Mr. 8tone, in regard to the construction of the bridge !

A. As far as my memory goes, I never had any anxiety, except the compressive mem-
bers of this bridge. I knew that the chord rods were as good as could be. I don’t think
there was a better set of chords put into a bridge.
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Q. I understand from that, that you had no fears, as far as the bridge was concerned,
upon which the strain was tensile. And all your fears, and your anxiety, was about those
parts which were in compression. What portion, or what part of the members were
under compression, which gave vou the greatest anxiety ?

A. The three first set of braces in the bridge from the ends.

Q. By Mr. Pettibone: If, as you understand, that bridge was modified and the posi-
tion of the braces changed, and the addition of other braces in the three end sets, would
that in your judgment, have rendered the bridge perfectly safe ?

A. If they were equal to the beams of the largest section furnished, I think that it
would have been safe.

Q. But if as you understand, that beams of the smaller section were used for the end
set braces, and if two additional sets of beams were added to those braces of the same
size and the smaller sections were that, in your judgment, give the required additional
strength and security to the bridge ?

A. If they were above the middle sections, I think it was, and if they were only
equal to the smallest section, they wouldn’t be sufficient, and it is bardly probable that
the smallest section was used.

Q. You have no personal knowledge as to which size section was used in the end
sets !

A. No. I have not by personal know!edge, but it was talked about so much by the en-
gineers, and those that were familiar with that class of work, that I have reason to
think that the smaller braces were put in the place of larger ones in the first place.

Q. You have looked at this drawing here, have you? Do you recognize it? Is it
your work ?

A. Yes, sir. This is the preliminary dmwing. The firat drawing that was made of
the bridge ?

Q. Does that drawing show the general plsn and principles npon which this bridge
was constructed ?

A. Yes, sir.

Q. Does it, or does it not show the dimensions of the several parts?

A. It does not show the dimnensions. It is too small to show them all. The strain
sheet, which ought to be with this, would give the dimension of the several parts. The
strain sheet is more important than this.

Q. I want to ask you further, do you know the weight of a locomot\ve in use for pas-
sengers trains—in use on the Lake Shore road !

A. Isuppose in the neighborhood of thirty-five tons.

Q. Is that a conjecture?

A. No, it isnot. When I was on the road, that was about the weight by which we
estimated, inchuding tender with the locomotive as it would bring its weight on the
bridge. I speak from memory and might be wrong.

Q. Do you know whetherlocomotives, at the presunt day, are made of increased weight
than what they were at the time you speak of.

A. Ishould think that the express engines now, judging from their appearance, are
about the same as they were eleven years ago. When I was in the habit of proportioning
bridges, I knew the exact weight of them.

Q. We have had in evidence, that the bridge upon tbis second trial, before it was
modified and put up, I understand that these main braces by the settling of the bridge
by its own weight, were deflected some of them four inches, what would that have on
the iron to increase its tendency to deflection ?
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A. I suppose they were much more readily deflected in the same direction the second
time, but my impression is, that they were to be a permanent set in the length so that
they would be shortened—too short to use by that over load and piece of iron, it gets a
permanent set upon it, it becomes shorter or longer.

Q. To what distance could a bar or I beam, the size of this, in those main braces be
deflected without producing a permanent set as you term it?

A. I douw't think the could be deflected without producing a permanent set.

Q. BSuppose these braces to have been put into the structure as first erected, placed
horizontally and screwed tighter by the means already described, a deflection vertical of
three inches to take place in those braces, would they be likely to return to their line
upon the removal of this pressure ?

A. Pretty near, I think; but the movement of iron under such circumstances is
very uncertain. I should think they would be likely to go to their places again, partic-
ularly if the strains were on them but a short time. I consider a day a long time for it
to remain under that strain.

Q. Suppose that deflection to be four inches, and to have remained or have been
some days in coming on by the gradual settling of the bridge, what would be its effect ¥

A. After it had been deflected four inches by the end pressure I would consider the
permanent deflection of it would be at least one-third of the full amount of deflection,
and this only. And yet I think the strain when produced end ways, I think, would be
much more, 8o far as it would compress the middle on one side.

Q. Would youn consider it safe to take beams which had been subject to such press-
ure and deflection and change them from a horizontal to a vertical position, and subject
them to the same pressure without having first, by some mechanical means or some
other, to restore them to their original capacity to endure pressure f A

A. Without strengthening them I should nov consider them fit to use, because they
had proved insufticient. The changing of position doesn’t make much difference.

Q. We have had in evidence, with these beams and braces having been deflected,
without taking out of their position changed from horizontal to vertical and yoked at
their intersections, and put into position as compressive members in this bridge, with
the tension of new iron, to a certain extent as already stated. What I want to ask,
what would be the eftect upon these braces, light pressure, or to carry a train of cars
with two locomotives, the first deflection being merely from the weight of the bridge?

A. If the column had proved itself too small and too weak to carry a load, it ought
to be increased so that it would be three times that strength. To get three times that
strength it would not be necessary to have three times that calculation, but when put
in sufficiently it would bear three times that calculated strength.

Q. If, under a pressure of a heavy train running upon the bridge running over these
trusses, one truss bearing six times as much load as the other, and deflection in this main
brace should occur Jaterally, what, in your opinion, would be the effect upon the bridge ¢

A. If any serious deflection took place in one of the braces it would change the rela-
tive bearing force on the truss so as to bring them véry much on the outside members
of the structure. The question is one to which I conldn’t give a positive answer, but as
far as my experience goes I would have thought that that truss would have yielded a
couple of feet before it would have gone down.

Q. If the truss had yielded two feet in consequence of this deflection outward or in-
ward, or both main braces, would it have stood there with a strain on it ?

A. I should have thought that the deflection of the braces would have allowed the
truss to settlo two feet before it would have gone down, 8o as to give time for the train
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to pass, or that the fracture wouldn’t have taken place certainly. Wrought iron doesn’t
break suddenly. There is a gradual yielding; something has to snap before it goes
down.

Q. With that statement, suppose these braces to have given way—I understand you,
then, to be because at first there would be a gradual settling of the roadway and the
train upon it was moving across it, for two feet or perhaps more, you thought likely to
continne until the bridge went down ?

A. The movement of the deflection would be sufficient still, in my opinion, to allow
the train—I think there would be sufficient warning given to allow the train to get off—
sufficient time for it to get off.

Q. Suppose the lower chords of that bridge had parted—all the chords—what effect
would that have upon the bridge ¢

A. It would go down as quick—just as quick as a bow would fly up when the string
was cut. If it were so there would be evidence of it, as the braces would cause the ends
of the lower chords to strike with force against the abutment.

Q. I understood you to state, I think, in the first of your evidence, that the tensile
portions of the bridge were stronger or heavier than they ought to have been ; by this
what portions do you mean ?

A. Imean that the teusion members, if they had been secured down, would have
Deen strong enough to crush every brace in the bridge. They were exceedingly strong
truss rods. The vertical rods in the bottom chord are the tension members of the
bridge. The compression members are the upper chords and the main and counter
braces. .

Q. Do you know the weight of the iron used in the construction of this bridge !

A. Idid know, but I don’t remember. It was all estimated up at the time, but I
don’t remember.

Q. Do yon know who furnished the iron which went into this bridge ?

A. Thé iron was brought from the Newburg mills. Mr. Jones was the foreman of the
mills at the time—I think his name was Jones. The gnality of the iron for the tension
bars was all good. It was worked under my eye, and I know it to be good. The com-
pression members did not have to be so good. It isn’t usnal to put the same quality of
iron in compression members as in tension members. It isn’t usual or necessary to do so.
The iron that is to be in compression is usually a harder iron, and that is Just as good
for compression a8 it wounld be to put in the best of refined iron.

[
MONDAY MORNING, January 15, 1877,

Q. By Mr. Morrison. On your examination on Thursday evening, 11th inst., it was
understood that you were to go to Cleveland and, if possible, to obtain the strain sheet
and working drawings of this bridge. Did you find them, or have you seen them ?

A. I couldn’t find them.

Q. Did you apply to the officials of the railroad for them ?

A. I did, particularly to Mr. Collins, and he told me that they had hunted thoroughly
in his office. Mr. Newall told me that they had made a thorough search of the shops,
and went down to the shops and saw Mr. Haywood, who had charge of the pattern-
making there, thinking he would be likely to know; and he said he made a thorough
search and couldn’t find any thing that belonged to the bridge. That is all the search I
have made about it.

Q. Did you undertand that any inquiry for this strain sheet and working plan, were
made of Mr. Stone?
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A. I didn’t hear auy thing of the kind being made.

Q. Did any one propose to inquire of him ¢

A. No, sir; if I remember right, when I left Mr. Stone’s employment I was told to
hand the plans over to Mr. Collins and the work over to Mr. Congdon. I am not sur-
prised that these working plans were not found ; because we set no store by them, when
¥he work is done, it is not expected that apy thing will come up that will require them.

Q. Did you learn, in your visit to Cleveland, any other material facts in regard to the
construction of this bridge ?

A. No, sir.

Q. When did you return from Cleveland ?

A. This morning.

Q. Did you visit the wreck of the bridge immediately after you retured from Cleve-
land ¢

A. Yes, sir.

Q. Did you give it a thorough examination, as much as you could in the time you have
had?

A. Yes,sir.

Q. Did you examine, Mr. Tomlinson, as regards to tlie bearings of these main braces
and the counter braces upon the angle blocks, to know whether they were in place ; can
you tell ¢

A. On the south truss, I think I can find but one or two angle blocks; examined all
that I saw, belonged to the north side, except one or two, on one of the angle blocks
especially, there was evidence that one of the braces was fully three inches out of place
when it was last painted ; this is on the north truss. -

Q. How about the angle blocks that you found belonging, as you believed, to the south
truss ! Did you find indications that the braces were out of place?

A. BSlightly ; so much so, that the lower flange ot one or two braces were completely
off of the angle block.

Q. In the modification of the bridge and change of the position of the main braces
from horizontal to vertical, did it require a larger surface to the angle blocks to receive
the head and foot of the main braces ? . .

A. The same number and size; the braces would only require the same surface; but
if the number was increased, then it would require additional surface for these extra
braces. .

Q. The faces of the angle blocks on this bridge were originally intended to receive I
beams, six inch web and four and a half inch flange, lying horizontally ; now, by turn-
ing those bolts and setting the web vertical and the flange horizontally, would there be
breadth enough on the face of the angle block to receive them ?

A. There was width enough on the inclined surface of the angle blocks for the six
inch braces in place, but any where they interfered with the bolts.

Q. Did you notice what measures were taken to remedy the deficiency, where the
bolts were interfered with ?

A. Yes; a number of the flanges of the braces had been cut away.

Q. How many of these braces had been cut or chipped, more or less, in order to
accommodate the bolts?

A. I couldn’t tell; but I should think about two in five.

Q. What effect wounld this chipping away have upon the sustaining power in those
braces 1

A. Cutting away a corner, slightly, I don’t think it would have very great amount,
any dangerous effect; but when the flanges are cut away on one side 80 as to leave only
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the web and the flange on the opposite side, it would render the braces less stiff; it
would very much impair its strength.

Q. I think you spoke in your first examination, you mentioned that upon the face of
these angle blocks, there were lugs cast, into which the heads and foot of the braces
were introduced to keep them in position. Was there anything on the angle blocks in
the modified structure to take the place of these lugs, or, what became of them?

A. The most of them appeared to have been chipped off.

Q. Was there any thing to prevent the head or foot in these braces from gettmg out
of place?

A. The greater part of the braces seemed to have no provision made for holding them
in place.

Q. Did you notice any of these angle blocks where the braces seemed to have changed
from their true position, and were sustained merely on the angle blocks ?

A. Yes, sir; one angle block showed the braces on one side three inches out of posi-
tion, and the other as if it was in its true position, and the intermediates in like pro-
portion.

Q. How are you able to tell that this change of position has taken place ¥

A. The position of each brace is fairly shown in the angle block by the absence of
paint, whero the brace stood.

Q. This would show, would it not, that the brace was out of position when las$
painted 7

A. Yes, sir.

Q. What proportion of these braces would you think were out of position, more or
less ?

A. I didw’t take the number; there are certainly evidences of these braces being
seriously out of place.

Q. Did you examine the top block of the end braces on the west end ?

A. Yes.

Q. How did you find that as indicating that the braces were out of place?

A. I can’t especially say; it didn’t come so much under my notice as those that were
in the middle of the bridge, and the one at the other end.

Q. Did you examine other portions of the bridge there, and will you please state what
portions of the bridge you did examine ?

A. I examined every part, that is, inside, as minutely as I could for the short time I
have had there.

Q. Will you please state to the jury, if you have made any observations there, which,
in your judgment, were defective in the construction of the bridge?

A. The braces ought to have been 80 connected together, and adapted to the angle-
blocks, that they could not get out of position, either at the top or bottom. These make
serious defects, that we can see now. There are other defects which I know of, which
don’t now show.

Q. You spoke in your former evidence of hearing that the braces, with a small sec-
tion intended for the centre panel of the truss, were used in the ends; did you find any
evidence to-day that satisfied your own mind whether that was true or not?

A. I think nearly all the end braces have been moved from position, but there are
several braces of the smaller sections that are cut away very materially, as if they had
been made to fit against the largest bolts.

Q. Would that be evidence, to your mind, that they were used in the end panels,
where the largest number of braces were required and the largest bolts were used

10AD



146

A. Yes; because I wouldn’t suppose that they would cut away any more metal than
‘was absolutely necessary.

Q. Did you find any evidence, satisfactory to yourself, that the large braces, with
inch web, which were intended by you for main braces, had been used as counter braces ?

A. There are not sufficient braces in place to enable me to answer that question satis-
factorily, but there were some braces near the centre of the bridge that have thick web,
not quite an inch thick though.

Q. From what you did observe there, you concluded, did you, that the braces with
thick webs were used in the centre of the bridge, and those lighter sections at the end
panels of the truss? ’

A. Ican only say that some of the braces which are now near the middle of the
bridge have a thick web.

Q. Would this displacement at the head and foot of the bmces, both the main and
counter, have been likely to, attract the attention of the bridge inspector ?

A. I think it would be the first thing he would look for. -

Q. What would you think of an inspector of a bridge who should fail, for any length
of time, in making an inspection of the bridge, to notice the fact of these displacements ?

A. A person who was in the habit of reasoning and thinking about strains oun a strac-
ture, would evidently look at those points the first thing; I should think his observing
facilities were not very good if he didn’t see them.

Q. By Mr. Perry. I would like to have you state, if you can, where and how the T
rails, forming struts between the two lower chords, were placed—at what point in the
panel, I mean. )

A. The plan shows how they were intended to be placed, and there is evidence that
they were in place, where they were intended, when the chords were taken out of the
water. You can bave the proof, in many places, which can not be seen n>w, that the
struts were in place against those angle-blocks which have a rest on the end side for the
lateral bracing.

Q. Can you tell, from your examination this morning, where they were placed ?

A. No; but the wrought-iron washer and the first set of belts don’t project on the in-
side to receive the strut.

From this do you think that they were not placed as they were intended to be?
That is my belief.

‘Were the floor-beams of the bridge intended for struts ?

They formed the struts to the top chords.

In what manner?

They had pieces riveted to them that fit between and against the eiges of the
bem of the top chord; I think some were between and some against the edges.

Q. Were these pieces intended to go entirely inside of the top chord, or between the
members of the chord, by the plan which you drew ?

A. Between the members of the chord.

Q. Did you see, in your examination this morning, any of the floor-beams which had
these pieces coming between the members of the top chord?

A. I couldn’t see; there was only one beam which I would have thought went inside
of the chord.

Q. By Mr. Pettibone, 1Is it in the intention and design and construction of the Howe
truss bridge, either in wood or iron, that each and every part of its component parts
should bear its proportional share, above the dead weight of the bridge, of the weight
which might be placed upon it?

POPOPO
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A. Certainly.

Q. Now, what would be the effect upon a bridge, constructed upon the Howe truss
plan, wherein its construction and displacement in its principal chord, whereby they
didn’t get their true bearings and their proportionate weight, originally designed, what
would be the effect upon the other parts ?

A. The surplus weight would be transferred to other members.

Q. What would be the effect npon those other members, where the surplus weight
was carried or conveyed, in relation to their ability to sustain this additional weight ?

A. If they were not sufficiently strong they would give way. .

Q. If, in your examination of the wreck of the bridge, you found a displacement of
any of the component parts of the bridge intended to bear compression, or displacement
of any of the members composing these component parts, was it, in your judgment,
sufficient to endanger the safety of the bridge ?

A. Yes; if one set of braces gave way it was the destruction of that truss.

Q. By Mr. Morrison. What provision was made in the original plan of the bridge
for preventing lateral motion, or swayiug of the lower chords of the bridge ?

A. There was a system of lateral bracing, that commenced at the end of the bridge.
The first pair of braces extended one panel, crossing each other in the centre panel. The
intermediate lateral bracing extended two panels. The diagona]l members of the lateral
bracing were tension members.

Q. What was the size of those rods?

A. I didn’t measure them to-day, but it is in my mind they were two and one-half by
one-half inch flat bar.

Q. Was there a turn buckle in them

A. I think not. My own impression is that it wase the intention to force the struts in
very tight, so as to bring them up to tight bearing, driving the struts in sidewise. They
had enlarged ends, that fitted in the recess in the under side of the angle blocks, and
the angle blocks resting upon the lower chord kept them in place.

Q. In what manper was that enlarged end put into the angle blocks—in the form of

' & dovetail, or in a sort of a hanging hook !

A. It was formed by doubling over the end bar so as to give about one-half inch to
hook the width of the bar.

Q. And there was a recess in the angle block into which that hooked ?

A. Yes.

Q. Was there any other provision made for tightening these diagonal tension rode
except the one named ?

A. I think net.

Q. Was this all the provision made for preventing the lateral swaying of the bridge
in this lower chord ?

A. Yes. It would be assisted by the vertical tie braces that extended from the upper
chord to the lower. The one would assist the other.

Q. In forming the upper chord of this bridge was there the same section of iron used
in there to the whole length ? ‘

A. It was not the intention. The heavier bars were intended for the centre com-
pression members.

Q. - Did you notice the upper chords—you were there to-day—to see whether the cen-
tral portion of those chords was composed of heavier bars than the ends ¢

A. Yes. They are.

Q. Is not the compression strain on the middle upper chord ?
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Yes.

Doesn’t that require a much larger calculatlon of material than at the ends ?

Yes.

The top chord of this bridge resting, as it did, upon the angle blocks, would be
subject to a transverse strain in bearing a load upon the bridge ?

A. The transverse strain upon those top chords, in my opinion, would very likely
affect the strength_of them, because they are a continuous beam, and slightly bending
upward.

Q. There are, a8 I understand it, two ways of using the Howe truss, one by using
them as & deck bridge, and the other as a through bridge—the load in one case being
upon the upper chord, the other upon the lower ?

A. Yes.

Q. Which of the two is preferable, so far as securing strength ?

A. The deck. The reason for this is, that the load is all on the top, and doesn’t have
to be carried up, 8o it makes a panel difference in the length of the bridge.

Q. Is there not a greater tendency to lateral motion in a deck than in a through
bridge t

A. 1 never thought there could be much difference, having never seen any thing to
make me think there could be mnch difference. If there is any, I think ‘a deck bridge
wounld have the advantage, because the vertical diagenal brsclng would hold the trusses
vertical.

Q. Upon what do you depend upon your vertical diagonal bracing to keep the upper
ehords steady in this bridge, in particular?

A. When the diagonal rods are screwed ap, it would bring the. strains on both the
upper and lower chords, against the struts that extend from one side to the other, com-
pelling both trusses to retaiu a vertical position.

Q. In what manner were those vertical tie braces connected at the ends, with the
upper and lower chords ?

A. They were both connected in the same manner by hooks, with square fitted
into the ends of the angle blocks, and held in place by short screws. The manner in
which they were fastened was sufficient to bear any strain that could be brought upon
them by the turning buckles.

Q. How often were those vertical tie braces put in?

A. At every other panel, commencing at the end panel.

Q. By Mr. Pettibone: I desire you to state to the jury, and embody it in one answer
if possible. What displacement of the different component parts of that bridge have
you nbserved, would in your judgment, endanger the safety of the bridge?

A. Every displacement as far as it goes, is a detriment, and ought not under any cir-
cumstances, be allowed to take place.

" Q. Inrelation to these defacements of the beams, or chipping off of part of the beams,
what would be the effect ?

A. If the beams had been kept in place, so that the bearings were fair on their ends,
a chipping off of the corners of the flanges would have been no serious detriment, but
‘when they got out of place, then it become a serious detriment. .

Q. By Mr. Morrison: Were you in the employment of Mr. Stone before any thmg was
8aid to you about drawing the plan of this bridge?

A. No, sir.

Q. Did he send for you espeocially to draw this plan, and superintend the erecting of
the bridge?

oropr
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A. Ipresume so. I don’t know.

Q. Was this the only employment that yon ever bad from Mr. Stone ?

A. Years ago I was with him a short time—about 1847, I think, but did n’t see much
of him.

Q. Did he send for you at the time when he projected the building of this bridge ?

A. Yes. He telegraphed me at Fredington, but how he came to do so, I don’t re-
member. I know I received a telegram from him and a letter; it was in answer to this
telegram that I came to Cleveland.

Q. Did Mr. Stone, at your first interview, inform you for what purpose he had sent
for yout

A. Yes, sir. So far as my memory serves, this bridge was the only thing that came
up at our first interview.

Q. Did he tell you for what purpose he had sent for you ?

A. I couldn’t tell especially; but this bridge was the only thing before us for some
length of time after I did come.

Q. I understood you to say that yon were not favorable to the use of the Howe truss
bridge for long spans t

A. Yes, sir.

Q. Did youn express your objection to the Howe truss bridge at that time for a bridge
of this span?

A. Idon’t think I did. .

Q. How long after you first saw him before you commenced the plan and drawing for
the bridge.

A. Isuppose right away. There was nothing else for me to do at first. I suppose I
commenced the day I came into the office, thongh I can’t remember positively.

Q. Having serious objections to the Howe truss bridge of this length, how came 1t
about that you did n’t state those objections to Mr. Stone ?

A. Well, I suppose when I first came to Mr. Stone’s I looked upon him as a higher
authority in bridge matters than myself.

Q. Then Mr. Stone told you just what he wanted done, and how to do it, and yom
merely drew this plan at his dictation, and in such manner as he directed ?

A. Generally, that would be correct ; because in carrying out the detail of the plan,
there wonld be, of course, suggestions and consultations between us.

Q. In those conversations did you ever suggest to Mr. Stone that the Howe truss was
not the hest form of bridge of this span?

A. I think not.

Q. Were you not consulted at all in regard to the plan ?

A. No, not in regard to the plan.

Q. Youdid, then, just what Mr. Stone told you to do, without comment or suggestion ?

A. Noj; I would n't say so altogether. I tried to make a great many suggestions; and
I would state here that I don’t consider that the Howe truss can’t be made a good bridge,
but only it would be so much heavier than any other, and, secondly, more expensive.

Q. ‘Are we to understand from that that the Howe truss bridge, wrought iron, is a
more expensive bridge than wrought iron in every other fcrm than a Howe truss?

A. Yes, sir; the saving in material by some other form would be in itself a great
saving.

Q. A saving of expense in the erection of this bridge was not then a matter of con-
sideration ?

A. I think not. I think it was Mr. Stone’s intention to make a first-class bridge.
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Q. Did you think at the time that his intentions, as stated by you, were being carried
out in the building of this bridge ?

A. 1don’t consider that they were carried out in a perfect manner by any meana.

Q. Yon give us to understand there was no lack of expenditure or any thing to secure
a good bridge?

A. T think that generally would be correct.

Q. Can you tell us now why, in your judgment, a good bridge was not secured ?

A. The first defect that I would remember was the beams for the compressive mem
bers not holding there full section, and also there being defective rolling. I never
thought at that time, or since, there was any other defect in the bridge except in those
compressive members. In examining the bridge now, I find there are defects, such as
not having the braces held securer in place against the angle blocks, these and the end
of the braces not being properly secured together and longer length, are what I hold to
be the principal defects in the bridge.

Q. You say there were defects in the rolling of the iron; where was this iron rolled 13

A. At Newberg.

Q. Was it a part of the business of the Newberg mills to roll ¢I” beams, and were
they prepared to roll them ?

A. They had rolled six inch beams, but I don’t think they made it a business of roll-
ing beams; there were not many mills in the country at that time that did, because
there were not the beams for them ; that’s been since.

Q. " Do you know of their having rolled any I beams at that mill, since that time?

A. No; I have not been acquainted with the mill since then. I always considered
that Mr. Jones, the foreman of the mill, understood his business well.

Q. If this was a good mill, and the foreman understood his business, and they were
skilled in rolling I beams, how do you account for the defects which you have men-
tioned ?

A. That the mills were not adapted for rolling beams of the largest scction. .

Q. Do we understand from that, that their machinery for the performance of the work
was not adapted—?

A. For the larger beams; that is what I understood at the time. You will observe on
the work that the small beams are more perfectly rolled than the large ones.

Q. Do you know who were the owners of this Newberg mill at the time ?

A. Stone, Chisholm & Jones, I think were the firm.

Q. Was the Mr. Stone of that firm a relative or connection of Mr. Amasa Stove, or
the same individual?

A. I think it was his brother, A. B. Stone, that was in the business.

Q. By Mr. Hall: I think you stated that in your design for the bridge, the expansion
rods varied in size, beginning at the abutment, and growing smaller at the center?

A. That is correct.

Q. In your examination of the wreck, did you ascertain whether or not those rods
were placed as intended ?

A. No, sir; I didn’t measure them myself; I only took it for granted that they were
not, by the measurement of other persons who were present. I think it is hard to tell
positively about that, until they take up more of the lower chords.

Q. You would not, then, be able to state at this time whether they were correctly
placed, or not ¢

A. No, sir.

Q. I understand that what is meant by the factor of safety, is the ratio which the
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breaking weight of the material bears to the load the bridge is intended to carry. Am
I right in that?

A. Yes, sir.

Q. What was that factor or ratio in this bridge, as designed by you, under the direc-
tions of Mr. Stone?

A. It is generally presumed that the breaking weight of wrought iron in tension is
twenty tons to the square inch; in this case it was loaded with only four tons on the
square inch, which made it a factor of safety of five, one-fifth of the breaking weight;
assuming that the compressive strain of wrought iron was four tons on the square inch,

. it would be very much below the crushing strains of iron; the section of iron has to be
very materially increased when the member in compression has great length.

Q. You designed this bridge, then, so that the calculation showed that it would bear
a load of five beams of what you expected if to carry; was that correct ¥

A. That was correct in the tension members, but it was not correct in the long com-
pressive members. :

Q. How was it in the long compression members, as to the ratio of safety?

A. 1 can’t answer that question positively, because it is a matter of calculation.

Q. Were your compression members according to the standard rules of professional
engineering, at that time required? -

A. Four tons on the square inch in compression, was a safe starting point, if the col-
umns had been proportional to meet that strain; and the four tons to the square inch in
compression would have been safe, if the section had been in proportion to the length,
according to the formula of that day.

Q. Taking into consideration the length and position of the compressive members, as
designed in that bridge, was the calculation of the compressive members less than the
standard rule, or formula, at that time, and if so, about how much less, as near as you
can tell?

A. They were much less than any engineer would adopt, if he kept each separate
brace as a principal column. If they had been thoroughly united together, then the seo-
tions of the bridge, as calculated on the plan, were sufficient—that is, allowing four tons
on the square inch.

Q. In your design, was there provision made for so uniting them?

A. No, sir.

Q. Why not?

A. Asnear as I can remember, the design in my mind for uniting them came up in
mind afterwards, becanse I had not as good sections as it was designed to use in the
braces. This was due to the defects in the rolling, in the width, and every thing of that
kind; but I don’t think that has been the cause of this disaster. I would have used the
iron in a different shape. The same section of iron, in a different shape, would have
made a wonderful difference.

Q. From what you know of the bridge, from your connection with the designing of
it, and from your examination of the wreck since the disaster, are you able to form an
opinion as to the bridge falling?

A. I certainly have an opinion, but then the opinion has varied with me as I have got
more and more information about it since I came here. But they are cnly opinions, and
are nothing positive. I suppose everybody forms an opinion.

Q. Please state your opinion.

A, In talking with others, and thinking up the matter after I left here, the conviction
was very strong upon my mind that the disaster was caused by some one of the sets o
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the main braces, near the east end, having got out of place, which allowed the structure
to fall suddenly; and if that was the cause, that the end braces at the east corner would
have slipped off of the angle blocks and struck hard against the masonry, so as to leave
an impression. To-day I went up and examined the masonry at all the corners, and at
the south corner of the east abutment I found it had been struck by the Lraces, which
oonfirms my opinion that the disaster was caused by one of the set of main braces get-
ting displaced. That would throw every thing else out of place in an instant.

Q. If lugs had been cast upon the angle blocks, fitting the ends of the braces, as they
were originally designed to fit, would it have prevented, or not, the displacement of the
braces?

A. Lugs on the angle blocks, fitting against the braces, would unquestionably have
kept the braces in place. They could not have got out, unless the brace bolts had been
slacked off.

Q. By Mr. Shcrman: Befure Mr. Stone applied to you to construct this bridge, he
was aware that you were an extensive bridge builder, an architect in that department of
business, was he not?

A. 1 couldn’t answer for him about that. I don’t think that he thought I was very
much.

Q. Did he apply to you by letter, or telegram ?

A. I think both, sir.

Q. When he wrote to you, did he write to you for what purpose that he desired yoaur
sssistance ?

A. I couldn’t say, certain, whether I kuew what he required of me before I arrived,
or not; but I knew that it was about some bridge that he had to build.

Q. When you arrived in Cleveland, what work did he say he wanted you to do?

A. Ithink the first thing that was said to me was that he wanted me to plan this
Ashtabula bridge.

Q. Did he direct you to plan it?

A, ‘Yes, sir.

Q. Did he direct you to employ your own skill and knowledge in planning it?

A. I can’t say that he did, especially, except that it might be skill as a draftsman.

Q. Who designed the bridge, you or Mr. Stone ?

A. That would require some explanation. I looked upon the design of the bridge as
being a Howe bridge, and the planning of it out in detail is a mechanical operation. I
employed draughtsmen all the time in carrying out my own plans.

Q. Who made the design or drawing of this bridge ?

A. Idid.

Q. Who designed the proportions of the bridge?

A. Mr. Stone.

Q. Do you say that Mr. Stone had any thing to do with the planning and proportion-
ing of that bridge ?

A. Yes, sir.

Q. Do you mean to say that the design and proportion of that bridge was made by
Mr. Stone alone ?

A. Mr. Stone gave me positive instructions to put four tons to the square inch ten-
sion and four tons to the square inch compression, and that gave the proportion of the
bridge. ’

Q. Mr. Stone, then, directed you to design a bridge where the compression should be



163

four tons upon the square inch and where the tension should be four tons to the square
inch?

A. Yes, sir.

Q. And you designed this bridge to carry out that proportion ?

A. Yes, sir.

Q. And in that did you tell him that you had got a factor of safety of five?

A. No. There was no factor of safety talked of at that time.

Q. Well, what did you say to him, if anything, as to the factor of safety'on that
plan?

A. In answer to this you are aware it is a long time since the conversation took
place. I don’t think there was any question that came up at all. The rolled beams
were delivered, and when I complained about the rolled beams then commenced the
trouble between me and Mr. Stone. He wouldn’t reason about them or hear about
them.

Q. Is that all the answer that you desire to give to the question ?

A. Yes. If that is not satisfactory ask me another question. That is all I think I
oan say.

Q. What did yon say to Mr. Stone in regard to these railroad beams ?

A. I had finished making a full sized section of the beams that they intended to far-
nish, and when thoy were delivered they would not hold to the full patterns. Then I
represented to him that was the case. What was said it is impossible for me to say now,
but I know this, that he never would allow new rails to be furnished in the place of
those that were defective. It is impossible for me to remember the words of the conver-
sation that took place eleven years ago. I can only remember the general impression.

Q. Can you remember any thing that he said to you upon your complaining that the
sections were not such as you required ?

A. I wouldn’t be able to remember any thing of the conversation, but I am positive
that he knew that they were defective at the time, and that I was told to mind my own
business, or to do as I was told, or something to that effect.

Q. Do you mean to say that you requested Mr. 3tone to furnish new sections of dif-
ferent sizes, and that he refused to doso? I would like to have you answer that ques-
tion directly.

A. It was not my business to request any thing of Mr. S8tone. It was only to tell
him what was the case. I could only represent the things as they were.

Q. Did you see Mr. Jones, who was the foreman of the shop where these beams were
rolled? Did you have any conversation with him?

A. I presume I had, because I had interviews with him on two or three occasions,
and became acquainted with him.

Q. Were you there at the time when these beams were rolled, or any portion of them ?

A. I am not aware that I was; but I was there after some of them were rolled, but I
am not aware that I ever saw any of them rolled.

Q. Did you make any complaints to Mr. Jones, or any of the members of the firm,
that these beams were insufficient or defective or would not answer their place in the
bridge ?

A. No, I don’t know that I ever did ; because, I don’t think that either of them or I
would have had any thing to have acted upon, except it was through Mr. Stone’s au-
thority.

Q. How often did you see Mr. Collins, the chief engineer of the road, during the time
of the construction of the bridge ?
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A. Almost every time he was in the office when I was at the office.

Q. Did you make any complaints to Mr. Collins, or any other officer of the company,
that Mr. Collins was furnishing you with beams that were defective or insufficient for
that bridge?

A. I have no doubtit was talked about in Mr. Collins’s presence ; that Mr. Collins had
nothing to do with it.

Q. Do you now swear, that you intimated any thing of the kind to Mr. Collins, at
any time before this disaster 1

A. 1 have no doubt that Mr. Collins know that I was very decided that the materials
that were going to be used in those braces were insufficient; I am sure that Ispoke about
it frequently in the office.

Q. You mean, then, to be understood that from information derived from you, Mr.
Collins knew that the material or construction of those beams were insuflicient for that
bridge ?

A. Mr. Collins knew-that they were defective—that is my belief.

Q. Do you think that Mr. Collins, knowing that there were defective compressive
members in that bridge, would have permitted it to have been used for the traffic of the
road ?

A. I don’t know what Mr. Colling’s mind may have been about it, but I know this
much,-that Mr. Collins was not going to interfere with Mr. Stone; if it had been his
business, then it would have been different, but he had no business with it; never al-
lowed to interfere with the works in any shape or form; and I think when Mr. Stone
took a large thing of that kind he would trust to Mr. Stone’s judgment.

Q. Even if he knew he was building a man-trap ?

A. It isn’t exactly fair to say that it was a man-trap; a thing may be very defective
and yet there are means of making it secure.

Q. Do you say that Mr. Stone, in the construction of that bridge, did not rely upon
your skill and exporience in bridge-making alone for its safety ?

A. He certainly didn’t. If he had he would have heard what I had to say.

Q. Have youn had any correspondence with Mr. Stone since you left that work, and
since the construction of the bridge, in relation to it ?

A. Not a word.

Q. Did you state to any of the officers of the road other than what you stated to Mr.
Collins, that would be an unsafe bridge if it was completed, or so intimate to any person?

A. Noj; Idon’t think I did.

Q. When Mr. Stone consulted with you in regard to the construction of the bridge
on your first arrival in Cleveland, did he then state to you that he desired to build a
bridge—firat-class—for safety, without regard to expense 1

A. I dor’t remember any such conversation ; but still I have no doubt he did, and
moreover I have no doubt that he thought it was so.

Q. Did yon think, when you made the drawing for the bridge, that the main braces,
as they appeared in your drawing, and the manner of their being coupled together,
would be sufficient for the purpose ?

A. Iconsidered that the sections of four tons to the square inch of compression in
those braces was safe, as far as carrying the load was concerned. But I didn’t consider
there was any thing like the strength in them that there was in other parts of the struc-
tare.

Q. Did you consider them sufficient for safety ?
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A. Yes.

Q. In your drawing thore is no provision of strength, other than by the coupling,
that is pointed out on that drawing?

A. Yes; that is so.

Q. And at the time you made that drawing you also made strain sheets and farnished
it to Mr. Stone, in which you represented to him that the bridge was safe, and that there
was a factor of safety of about five !

A. No. I made a strain sheet that showed the section. No,sir; that showed four
tons to the square inch in teusion, and four tons to the square inch in compression, as I
was told, had.

Q. And did you think that was safe and secure—a safe bridge

A. It would, in my.opinion, been a safs bridge, but not proportioned properly, so
as to have been as strong as it might have been made, by proportioning it differently.

Q. Did I understand that the tension members of the bridge, in your judgment,
were fully sufficient ? '

A. Yes, sir.

Q. And that the only compression members of the bridge, you think, that were defeo-
tive or insufficient were the set of braces at the end of the bridge?

A. The top chords of the bridge were insufficient in their members, in so far as they
were defective in the width of their webs.

Q. Did you make any complaint at the time to Mr. Stone of the construction of the
bridge, that there was any insufficient members of the top chord ! .

A. Certainly I did. There is no question about it. He knew it as well as I did.

Q. It isn’t your opinion, however, that the bridge fell from auy insufficiency of these
beams ?

A. No, sir.

Q. Did you say Mr. To:ulinson that when the set of braces at the ends, were strength-
ened by adding two more in the third panel and one in each of the others, that the bridge
would be rendered sufficiently strong in that respect ?

A: I believe I have said 8o because the additional beams would make them about
equal, and what was intended in the first place.

Q. How many angle block on the south truss did you examine, to ascertain whether
the braces bore upon as they ought to have done ?

A. There are only—I think only three inside, and they don’t show of displacement in
the braces that those do that are on the other side.

Q. How much displacement did you discover in those angle blocks or braces, on the
south side 1

A. Sufficient displacement for the whole width of the flange to be off from the angle
blocks, which would be probably about three-quarters of an inch.

Q. How much would that weaken the members or braces that were thus displaced, in
your judgment ?

A. It wouldn’t seriously weaken it.

Q. Do you know whether there was any displacement of the brace in the first panel
of the bridge at the east end.

A. That is the one that is § of an inch displacement ; I believe it has that displace-
wment.

Q. Are you able to determiune that that was the angle block at the east end, trom the
examination which you have made ?

A. I wouldn’t like to swear to it, but I believe it to be so. I had hoped to go down
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this afternoon and make an examination and take measurementa; my view this morning
was very hasty, and the timbers that had fallen down, prevented me from making a close
observation, as I wished to have done.

Q. Conld you determine, if you would make a critical examination, as to where this
block was, whether in the east end or not ?

A. Yes, sir, if it is the same as it was this afternoon.

Q. The lateral and the vertical bracing was all correct; all right as far as you were
able to examine ?

A. The vertical braces, I have no doubt, were in their proper places; so also was the
lateral tie braces; but the struts were not at the foot of the vertical braces, and at the
meeting of the horizonta] tie braces, so I believe there is every evidence of it.

Q. The reason that you are able to determine that the braces were displaced was, from
the paint, or absence of paint.

A. The absence of paint showed where the braces had been when last painted ; most
of them.

Q. Could you tell as to whether last painted, or the first time, when they were painted ;
whether there had been any movement or displacement of the braces since the bridge
was painted the first time ?

A. Tcan’t tell how they were when it was painted the first time, but I should consider
that there is positive proof that they were out of place when they were last painted
I might say, seriously out of place.

Q. Is there any circumstance about this place, of the blocks or braces, that enables
you to swear positively ?

A. That they bave ever moved since the bridge was first erected—I can’t certainly
swear how they placed the braces wheu the bridge was first erected. But it is impossi-
ble to believe that any one should erect a bridge with braces with such imperfect bear-
ings against the angle blocks.

Q. Suppose that bridge, when it was completed for business, was at the time tested
by six locomotives rolling over it at the ame time, and every thing stood firin, without
any unusual deflection one way or the other of the bridge, what would you say as to
what it was, in your opinion—whether it was a safe bridge or not ?

A. As far as the deficiency in section was concerned, with defective ironm, it might
have been a secure bridge, and yect be so defective in detail that it would be only a mat-
ter of time when the braces would be so much out of place as to let the structure fall.

Q. Under that test, if the compressive members of the bridge were insufficient in
sections, would you not expect to find some evidence of it ?

A. Members of the structure may be very deficient in the quality of the materml
and the size of the sections, and yet carry, without any apparent yielding, cars loaded in
a large traffic.

Q. Would not the test that I have suggested be a fair one for the bridge ?

A. S8hould be fair, of" course, on those compressive members.

Q. And when such a bridge, after that test, has stood and borne the traffic for a
period of eleven years, without giving any evidence of failure, does it not furnish strong
evidence as to strength and safety of the bridge in its constraction ?

A. It undoubtedly furnishes evidence that the bridge bas sufficient strength to bear
the wear and tear that it has had, but doesn’t furnish that evidence that the long com-
pressive members were eqnal to the strong tension of the members of the bridge.

Q. Do you know any thing as to the quality of iron that you used in this bridge ?

A. Ialways believed, and still believe, that the material that was in the brace bolts
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and the bottom chords were very good, and so, also, was the workmanship; and anybody
can look at the beams, that they are not what they ought to be.

Q. Do you mean in the quality of the iron, or in their manufacture ?

A. The quality of the iron, of course, I can’t sprak of; but it iso’t in the quality of
the iron, bat it is in the deficiency of the flanges. They are ragged edges, with deep in-
dentations in them, which weakened them.

Q. Those deficiencies can now be seen or exawmined, I suppose ?

A. Yes.

Q. If those brace beams, when the bridge was first set ap, deflected from the weight
of the bridge, and when that weight was removed they went back to their original posi-
tion, would they not be fit to use in the bridge ?

A. I would consider them fit to be used—that is, if they had not been compressed so
as not to be shorter than the origical length that was required. I consider them fit to
use, if of sufficient strength to prevent them from deflecting the second time.

Q. There would be no difficulty in a mechanic who should put up the bridge to dis-
cover any such defect, I suppose; he would naturally discover it, would he not?

A. I should think he would discover it. Any one who understood the nature of iron
would naturally measurs it to see if it held its length.

Q. Did you call the attention of any body to examine the east abutment where you
think you discovered that the set of braces which fell struck against it ?

A. There were two gentlemen upon the bridge at the same tine when we examined
the stone work. One of them gave me his card with the name of Albert H. Howland,
C.E., Boston. The name of the other I don’t know.

Q. What was the character of those ludeutntlons, if you can describe them 1

A. The appearance would be as if some thing had strack back against the atone, and
made a scrape upward, making a pretty deep indentation.

Q. Did you, while in Cleveland last, state to Mr. Collins, or to any of the officers of
the company, that the only defect that you could discover or knew of in the bridge was in-
sufficient brace members at the end of the bridge, and if the original plan q.design of the
bridge had been so altered, with two more braces included in the original plan, and the
bridge was thus put up, then yon would be satisfied ; that the bridge then was, in sub-
stance, safe, without any defects known to you?

A. No; I neverstated that in full, as you state.

Q. What effect, in your judgment, would be made upon that bridge by a car or engine
pulling, after it got on the bridge, moving at 10 or 15 miles per hour on such a night,
with such temperature as they said at the time of this disaster?

A. If the bridge had been strong throughout its tension members, it would have little
or no effect npon 1t. The ties were placed so near together, and there were such good
guide rails, that the wheels would run from tie to tie, jarring the bridge, but certainly
not injuring it.

Q. What effect upon the iron of that bridge would the variations of the temperature
have, if any ?

A. The variations of the temperature—low temperature would shorten the bridge so
that the ends that were on the rails would throw off—so that the difterence between
extreme warm weather and the extreme cold would be about one and a half inches. I
have been in the habit of calculating the changes that do take place in structures on
account of these changes, which is a matter of calculation entirely.

Q. In asudden shock would extreme cold weaken the bridge, in your judgment ?

A. Where a sudden shock comes on cold short iron I have no doubt it will snap much
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