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HISTORIC AMERICAN ENGINEERING RECORD

NEBRASKA QTY BRIDGE

Spanning the Missouri River on abandoned grade of Bur-
lington Northern Railroad, immediately south of Nebraska
State Highway 2 (Waubonsie) Bridge; Nebraska City
vicinity; Otoe County, Nebraska and Fremont County, lowa

Nebraska City, Nebraska (7.5 minute series, 1966)
October 1887 - July 1888

George 5. Morison, Chief Engineer; E.L. Corthell, Assoc.
Chief Engineer; B.L. Crosby, Resident Engineer

Union Bridge Company, superstructure fabrication; Baird
Brothers, superstructure erection; T. Saulpaugh & Co.,
masonry piers; railroad crew, caisson foundations

Burlington Northern Railroad
Abandoned

With his long-span railroad bridges over the navigable
Midwestern rivers, civil engineer George S. Morison
(1842-1903) was instrumental in the development of the
steel bridge industry in the 1880s and 18905, The first
to standardize bridge design for the Missouri River, he
facilitated the American railroad expansion and was
distinguished as one of the country's most prolific and
influential bridge engineers. The Nebraska City Bridge
is the oldest remaining of Morison's great river bridges
and the oldest remaining major all-steel railroad truss
in America.

Clayton B. Fraser
Principal, Fraserdesign
Loveland Colorado

October 1986
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EDUCATION AND EARLY CAREER

At the age of twentv-four, George Morison appeared headed toward a
distinguished career in the law. Educated at Exeter and Harvard, recently
admitted to the New York Bar, and employed by a prestigious law firm in New
York City, his future seemed assured. But he had been filled with self-doubt
throughout law school, which only intensified as he began his legal practice.
After only & month as a lawver, he had begun to consider other alternatives.
Finallv, he turned to the one profession for which he had shown an aptitude
throughout his early life: civil engineering, specifically bridge engineering.
Once the decision was made, Morison's confidence was unshakable., 1n a dramatic
move less than a vear after becoming a lawver, he agbandoned the law to pursue,
with no formal training, a career as an engineer. As he left the New York law
office for the last time on August 10th, 1867, George Morison wrote hopefully
in his journal:

Last day at the office as in the law... so ends my legal life in which 1
have blundered along for these three vears; may these vears not prove
wholly wasted. May 1 now in myv new profession for which 1 have no doubt
that T am much better fitted, work with a degree of interest and power
which will make my life valuable both to myself and to others.'

George Shattuck Morison was born in New Bedford, Massachusetts, December 19,
1842. He was the son of John Hopkins Mcrison, a Unitarian minister, and Emily
Rogers Morison, both from well-established New England families of Scotch-Irish
and English extraction. When George was three, his father moved the family to
Milton, near Boston, where he served as minister of the Unitarian Church, a
position he held from 1846 until his death in 1896. George's early vears were
spent at Milton in a typical mid-19th Century New England milieu. The son of a
prominent and well-published minister, his childhood was imbued with a strongly
held sense of religious principles and ethics, which he would retain throughout
his life.

His bovhood vacations, when not spent in Milton, were with his maternal
grandmother in Salem or with his father's brothers, Baltimore teachers who
summered in seasonal homes at Peterborough, New Hampshire. George relished his
summer visits with relatives, and the two places for which he formed deep
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attachments and often spoke of later in life were not his bovhood home at
Milton, but Salem and Peterborough. When he would build his own house vears
later as an adult, it would be at Peterborough.?

One particularly notable characteristic that George Morison showed as a child
was his need, or lack of, for the companionship of other children, It was a
trait that would later color his adult life. As a bov, he was freguently
absorbed in designing and building mechanical contrivances and could be most
often found plaving alone. Independent, solitary and introspective, he
apparently did not have, nor tried to make, manv friends.

An illustrative story about young George Morison involves the time his mother
read to him about the burning at the stake of John Rogers, the martvr from whom
he was thought to be descended. His nephew, George Abbot Morison, later
described the boy's considered reaction:

The child asked why John Rogers was burned, and was told because he
would not tell a lie, upon which he said that he thought he would rather
tell a lie than be burned at the stake. When his mother remonstrated, he
went awav by himself and after some time he returned and said he now
would rather be burned at the stake than tell a lie. He had thoughtfully
considered the matter and settled the question of absolute truth in his
own mind once and for all.3

At the age of fourteen, the youth entered Phillips Exeter Academy, the vener-
able alma mater of his father and uncles. Widely recognized as one of the
finest preparatorv schools in the country, Exeter offered a curriculum which
included a strong foundation in the classics. This provided a training in
discipline, memory and attention to detail which George Morison came to regard
as a particularly valuable educational asset and upon which he would draw often
as an adult., His senior courses at Exeter consisted of three terms of Latin,

the Aenid, the Georgics and Cicero; three terms of Greek, including sections of
Aesop's Fables, the Odes of Anacreon, the Anabasis, and selections from Homer
and Euripides; three terms of Geometrv; one term of Ancient Historv and one of
Rhetoric. An avid student, Morison enjoved his two-vear stav at Exeter. The
considerable contributions he would later make to the Academy suggests the deep
impression the school left upon him,

After graduating from Exeter in 1859 at sixteen, Morison immediatelv enrclled
at Harvard College. There he followed a prescribed liberal arts curriculum
which emphasized the Classies, with coursework in Latin, Greek, Mathematics,
Elocution, History, Modern Languages and the Sciences. Morison was an able,
but undistinguished student. Though gifted in mathematics, he apparently chose
not to pursue this field to any great extent. He was a member of Phi Beta
Kappa and several scientific and history societies, but his tenure at Harvard
otherwise lacked distinction. "His classmates have said,” his nephew later



Nebraska City Bridge
HAER No. NE-2
(Page 6)

wrote, "that although the capacity of his mind and the strength of his

character were recognized thev did not appreciate the fact that he was likely
to become perhaps the most distinguished member of that class."  Morison
received a Bachelor of Arts degree in 1863 at the age of twenty, graduating
ninth in a class of 121. After a year of employment in the South, he enrolled
in Harvard Law School.® Again, he proved an excellent scholar and received the
Bowdoin Prize for the best dissertation on "Mills Criticism of Sir William
Hamilton", which was later published. ’

Awarded a Bachelor of Laws degree in 1866, Morison was subsequently admitted to
the New York Bar. That vear he entered the prestigious New York law offices of
Evarts, Southmayd and Choate - clearly an auspicious beginning to a promising
legal career. Shortly thereafter, however, he began to experience serious

doubts about his choice of a profession and was disillusioned to find the law,

"a heterogeneous mass of precedents through which cases were more often deter-
mined upon former decisions than upon their abstract merits."® For Morison,

the practice of law lacked the cool precision and certainty of mathematics, at
which he had excelled in college. "He saw three opportunities open to him,"
according to his nephew: "to continue the prac’f‘:ce of law, and perhaps become

a successful lawver, which did not attract him at all; he might study the

theories behind the practice of law, and render signal service to his

profession bv formulating these theories either as a professor in a law school

or elsewhere; or, finally, he might relinquish the profession and enter without
previous training the comparatively new profession of ¢ivil engineering, which
with the development of our Western country, offered a umque opportunity to an
original and ambitious mind."?

Morison experienced his first doubts about the law in November 1866, only a
month after beginning work in New York. Ie agonized over the enormity of his
mistake, but with a sense of caution and deliberateness of purpose which would
become his hallmarks, he resolved to continue his legal work until May 1st of
the the following vear before forming a final decision. Morison was twenty-four
when his self-imposed deadline arrived. His decision in May 1867 was one that
would alter his life dramaticallys he would abandon his prospective law career
and, equipped with only general mathematical training and a propensity for
things mechanical, would pursue a far less certain career as a civil engineer.
"He had a powerful intelligence,” a cclleague later wrote, "which would have
distinguished him in any calling, and added to that he had in large measure
those special gifts which make a man an engineer in spite of accidents of
education. He had a contrivance: he had a quick and clear perception of cause
and effect in material phenomena; he had the feeling for the laws and forces of
Nature. So it was not extraordinary that he should have turned from the law to
engineering when he was 25 vears of age without what is commonly recognized as
an engineering education."!® In August, after less than a year of law practice,
George Morison resigned from the firm, to which he would never return.
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Friends in Boston recommended Morison to Detroit railroad entrepreneur James F.
Joy. As the leader of the "Boston party", Joy was then promoting the extension
of the Michigan Central and the Chicago, Burlington and Quincy rail systems

into Missouri, Kansas and Nebraska. Undeterred by Morison's lack of

professional credentials, Joy engaged the would-be engineer to work on the
construction of the Kansas City Bridge over the Missouri River for the Kansas
City and Cameron Railroad, a CB&@ subsidiary. This was an extremely important
engineering project involving the erection of the first bridge across the

Missouri River -~ "long known as so turbulent and unstable a stream, that it was
considered by many of those best acquainted with its character, as almost
incapable of being bridged."" The engineer in charge was Octave Chanute
(1832-1910). A French immigrant, Chanute had served the previous four years as
Chief Engineer of the Chicago and Alton Railroad.? Morison wrote in his

personal journal on October 18, 1887, about his introduction to the bustling

town and to Chanute: :

Reached Leavenworth, Kansas... Took train at once to Kansas City; put up
at Pacific House, a wretched place. Went to Kansas City Bridge office
and presented my letters to Mr. Chanute, the Chief Engineer; he said he
thought this a very poor place to learn, but in the afternoon he told me

] might stay here and receive $60 a month and in the mean while consider
whether it would be best to continue.’?

As he presented himself before Chanute two months before he turned twenty-five,
George Morison's appearance was not unlike that of countless other young 19th
century professionals. Slightly less than six feet tall and of average build

which bordered on the overweight, he cut an unremarkable figure. His movements
were slow and deliberate. Like the lawyer he had once been, he dressed conser-
vatively. His hair was dark, with a single part on the left; his face in repose

was gentle, like that of a benevolent uncle or, later in life, grandfather. A

bushy moustache all but covered a full mouth, further framed by a pudgy chin,
which later would acquire a double. In other details, however, one can glimpse
traces of the inner intensity. When he stood, he hoisted his frame perfectly
erect, adding to the impression of stature and presence. The most striking

single feature about the man, though, were his eyes. Deeply set beneath high
arching eyebrows, they formed a piercing glaze which flashed a sharp picture of
the acute mind behind.

If George Morison's stature was unimposing, his demeanor was anything but. At
last freed of the self-doubts that had plagued him in law school and as a
lawyer, he had already begun to gain a self-confidence and to display many of
the distinctive character traits which would mark him as an eminence terrible
in the engineering profession. Stro.g-willed and unswervingly self-directed,

he pursued all aspects of his life with the fierce determination and seemingly
inexhaustible energy that sprang from steadfastly maintained convictions, He
pondered his actions at length and viewed alternatives from every conceivable
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angle., Yet, once decided, his convictions were unshagkable. "Force was perhaps
the most striking impression one received upon meeting him,"” his nephew later
later wrote. "He spoke slowly, choosing his words carefully, and expressing
himself so clearly as to leave no doubt as to his meaning. When George Morison
entered a room one felt that power came with him, and that he dominated his
surroundings.” '4

Intolerant of the perceived mental shortcomings of others, Morison held most
lesser men openly in disdain. He demanded absolute precision and logic from
those with whom he dealt and felt no compunction in pointing out others' errors
publicly, "He had no patience with inaccuracy of thought or statement,"” George
Abbot Morison stated. "Many people came to fear him for his ability to uncover
shams or inaccuracies, and he never hesitated to express positively his impres-
sions of things or individuals, sometimes to the embarrassment of the latter."'s
Understandably, this last trait tended not to endear him to his peers. As his
father stated, "George is just, but he has never learned to temper his justice
with mercy."® As a child, George Morison had not kept many friendships; this
continued throughout his school career and into his adult life. He never
married. But Morison did maintain several longstanding close friends - mostly
other engineers - with whom he conversed or corresponded regularly. These he
cherished with a characteristically intense loyalty, and to those few with whom
he was congenial, Morison showed a side that was completely unlike his public
or professional personna. Gentle, observant, and retentive, he could be a warm
and witty conversationalist and could discourse on a variety of topics. Perhaps
his most gentle side was directed toward his parents, as indicated by family
friend, Dr. A.W. Jackson:

One conspicuous grace 1 used to observe in him, the grace of filial piety.
In the nobler meaning of the word this man of iron was a son. However
severe his port toward others, in his voice there was a gentleness and

in his manner there was a deference in the parental home. To be sure
his were not ordinary parents, - a mother whose quiet dignity and fine
intelligence might well oblige him to admire, a father whose cultivated
mind and saintly spirit made reverence difficult to withhold. Still the
freedom and familiarity of the home bring filial loyalty to a proof that
is severe, and to that proof he was nobly equal.!’

George Morison was eager to begin his career as a civil engineer. Although a
more appropriate and challenging beginning can hardly be imagined than to work
on the first bridge over the Missouri River, Chanute initially tried to
discourage Morison from the project, perhaps because he understood that the
aspiring young engineer's educational shortcomings would limit his usefulness

to nontechnical functions. Jndaunted, Morison signed on with the project. He
wrote pensively in his journal of the radical new course he had undertaken,
closing the book - literally - on the first part of his life:
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And now with the close of this year this volume is concluded. It bears
witness to wider changes than were ever anticipated when it was begun,
and in whatever form my diary may be continued this will remain the
record of the four years of doubt, vacillation and search which have
formed the introduction to my life. How I am to succeed remains to be
seen; but 1 sincerely hope and pray that the blunder which has wasted so
much of these four years is to be expiated and that 1 may yet lead a
good and useful life. '8

Morison undertook his training on the Kansas City Bridge seriously, prescribing
for himself a disciplined work and study regimen. On Thanksgiving Day, 1867,
he drafted a weekly schedule in his journal:

To the end that my time may be spent with advantage, my mind im-
proved, my professional standing bettered, and my life made a useful
one, the following resolves are this day made:

1st. That my working hours (so far as they lie in my own choice)
shall be from 8 A.M, to 5 P.M. while here in Kansas City, and that
during these hours T will devote myself to the utmost to learn the
practical work of an engineer.

Znd. That my evenings from 6:30 to 9:30 be devoted to study, not more
than one evening in the week being ever excepted; my study to be
systematic and thorough, and at least two-thirds of it to relate to
my profession.

3rd. That my Sundays be spent as a season of rest, my usual vocations,
so far as by avoidance and anything but opposition it is possible, be
suspended, and the day devoted to mental and religious study, to
writing to friends, and to solitary walks, with such other
occupations as seem fitting to the day.'?

Whatever reservations George Morison may have had regarding his radical career
change soon disappesred, and he began to outline lofty plans and ideals for the
future:

It is my intention to remain in this city [Kansas City] through the
winter; to spend the spring either here or in the field on a railroad;

to go east in the summer, to spend one or two months in New England then
to cross the Atlantic and devote a year to the study of French and
German and the acquirement of scientific knowledge; it being my wish to
make the profession of an engineer a truly liberal profession and

through it to rise to science and philosophy, raising it with me, rather
than to prostitute my life to mere money making, and to lock upon
professional advancement simply as the readiest means of acquiring
wealth. Wealth is good as a means, but a deadly end, which dwarfs the
mind and kills the soul. The spot which may become a home is already
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secured in a town dear to me from its natural beauty and its connection
with my race, and should my profession leave me poor there at least I can
live, supporting my life by such small income as 1 may have, and finding,
among the beautiful hills of New England, opportunities for study and
improvement which shall make up for the want of worldly success. 1 am
ambitious, verv ambitious to succeed, but money making is the smallest
part of success, and 1 would rather fail in it than in more important
things. 20

Unlike the idealistic plans for the future that Morison penned in his journal
alone in his hotel room at night, the davtime hours he spent on the construc-
tion site were marked by unrelieved drudgery. Chanute initiated the voung
apprentice to the rude reality of construction engineering by assigning him the
tedious job of measuring the volume of rough stone for the masonrv piers of the
bridge. Morison felt demeaned bv what he regarded as a menial assignment,
calling it, "a simple and stupid task at which 1 suppose 1 must be kept for the
present.” He fretted, "it certainly does not furnish very good oppertunities

to learn engineering."?' As construction progressed and Chanute recognized his
natural abilitv, however, he quickly assumed ever greater responsibilities and
eventually elevated to Assistant Engineer.

This first bridge on which Morison had so quickly advanced was no minor span.
Chartered by Congress in July 1866, the bridge over the Missouri River at

Kansas City would be the first structure of anv tvpe to span that problematical
Midwestern river (See Figure 1 for location map of bridge.) The Congressional
Act authorizing the bridge allowed for construction of either a fixed-span
structure with sufficient clearance underneath to allow river traffic to pass
unimpeded or for a low bridge with a moveable span over the main channel of the
river. Section 2 of the charter stated:

...Anv bridge built under the provisions of this Act, mav, at the option
of the companv building the same, be built as a drawbridge, with a pivot
or other form of draw, or with unbroken or continuous spans; provided,
that if the said bridge shall be made with unbroken and continuous spans,
it shall not be of less elevation, in anv case, than 50 feet above
extreme high-water mark, as understood at the point of location, to the
bottom chord of the bridge; nor shall the spans of said bridge be less
than 250 feet in length, and the piers of said bridge shall be parallel
with the current of the river, and not less than 300 feet in length; and
provided also, that if any bridge built under this Act, shall be
constructed as a drawbridge, the same shall be constructed as a pivot
drawbridge, with a draw over the main channel of the river at an
acces..ble and navigable point, and with spans of not less than 160 feet
in length in the clear on each side of the central or pivet pier of the
draw, and the next adjoining spans to the draw shall not be less than
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250 feet; and said spans shall not be less than 30 feet above low-water
mark, and not less than 10 above extreme high-water mark, measured to
the bottom chord of the bridge, and the piers of said bridge shall be
parallel with the current of the river; and provided also, that said

draw shall be opened promptly, upon reasonable signal, for the passage
of boats whose construction shall not be such as to admit of their
passage under the permanent spans of said bridge, except when trains are
passing over the same; but in no case shall unnecessary delay occur in
opening the said draw, during or after passage of trains. 22

The charter left little doubt that the sentiments of Congress lay with the
riverboat interests. As the Kansas Cityv Bridge was to be the first over the
Missouri, the War Department used the minimum length and height requirements
then in force for the Mississippi River. The problem was that river traffic
and shore conditions on the two rivers were entirely different in character.
"The requirement that the spans adjoining the draw should be 250 feet each,"”
Morison later explained, "designed to accomodate the immense rafts which float
down the comparatively tranquil channel of the Mississippi, become useless on
the Missouri, whose turbulent torrent forbids the handling of any rafts, save
those composed of a few cotton-wood logs, run down the shore a few miles to the
nearest sawmill. Besides, as at almost every point where a bridge would be
likely to be attempted, the channel of the Missouri lies close to one of its
shores, the attempt to place spans of 250 feet on each side of the draw would
result either in locating one leg of the draw beyond the main channel, or in
‘ building one of the 250 feet spans partly over drv land.,” 24

Further, the length of the draw span prescribed in the charter was intended to
meet the requirements of the big tows which plied the Mississippi. There were
no tows then operating on the Missouri, however, due to the rapid current and

abundance of snags along the channel. All previous attempts at towing barges

on the Missouri had failed. Chanute argued that the 320-foot length required

for the swing span was excessive due to the smaller craft and barges which ran
the Missouri.

The relatively low riverbanks at Kansas Citv and the proximity of the bridge
location to the connecting railroads prompted Chanute to design a low, swing-
span structure. With a total length of 1400 feet, the Kansas City Bridge
consisted of a series of medium-span fixed trusses on masenry piers with a
single 363-foot pivot span over the navigable channel. The swing span {shown
in Figure 2) was to be built of wrought and cast iron, the fixed trusses (shown
in Figure 3), a combination of wood compression members and iron rods and
evebars for the tension members. Chanute had acquiesced to the length
reguirement for the swing span, but convinced the engineers in the War
Department to waive the raft span requirement in response to the local river
conditions. 25
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Chanute himself had not designed the trusses. Rather, he issued general speci-
fications which outlined the required span lengths, loading criteria, and the
materials to be used - iron for the swing span and a combination of wood and
iron for the other fixed spans. The individual bridge companies proposed the
configuration of trusses which would form the bridge. Simultaneously, an
engineer named Tomlinson drafted the plans for a fixed-span bridge supported
high above the river on tall piers, to be used if none of the bridge companies'
proposals appeared economically or structurally feasible. Chanute had sent

these specifications to a number of prominent American bridge companies, and
their response cut a cross section through current bridge engineering trends of
the late 1860s. Of the nine proposals, two consisted of simply supported Howe
trusses with wood upper and lower chords, three were adaptations of the Pratt
truss, one entirely of iron, and the others featured Post, double- and single-
intersection Warren, and Fink truss configurations, respectively. Chanute gave
the construction contract for the superstructure to the Keystone Bridge Company
of Pittsburg soon after George Morison arrived on the project. The iron for the
bridge was to be paid by the pound, the timber by the foot. Chanute made minor
modifications to the trusses that Keystone Bridge had designed, changing the
depth and panel lengths of the fixed spans and substituting a 66-foot pony

truss for one approach span. He described the truss configuration:

The general design of the fixed spans is that of a double triangular
truss or trellis girder, in which the top chord posts, and braces are

of wood, and the other members of wrought-iron, cast iron being used in
the details and connections. This combination, which has been used as
yet only to a limited extent, is believed to overcome the most
objectionable features of a wooden bridge, avoiding the wasteful con-
nections which accompany the use of wood in tension, and disposing of
the bulk of the perishable material in places where it can easily be
protected... The trusses of the five fixed spans measure respectively
130, 198, 248, 198, and 176 feet, the difference between these dis-
tances and the lengths of spans being the allowance made for pedestals,
wall-plates, and clearance room. The two shortest of these have
straight parallel chords, the depth of the truss being 22 feet; the

same depth is retained at the ends of the larger spans, but in them the
upper chord is arched so as to increase the central depth to one-eighth
of the length, the inclination of the braces being kept nearly constant
by varying the lengths of the panels. The upper chord of the 130 foot
span is formed of three pieces, packed in the usual manner; in the
other spans the chord is of five parts, and supplemented at the centre
by a sub-chord of two parts. The lower chords are of wrought iron upset
links with pin connections, made under the Linville and Piper patent.
The end posts and braces bear upon a cast-iron pedestal which rests on
a wall-plate likewise of cast iron, carefully fitted to the masonry,

and well bedded with mortar; at one end of each span a set of rollers
is placed between the pedestal and the wall-plate. 8
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Although substantial, the superstructure represented no truly novel engineering
design. The greatest difficulty in building the Kansas City Bridge lay in the
foundations for the wood/iron spans. The construction of the foundations was
unquestionably the most difficult part of the project. No other bridge had been
erected over the Missouri River, and Chanute could only speculate about many of
the characteristics of the river and its bed. Given the uncertainties of the
project, the limited deep-water construction technolegy then available, and the
fact that the isolated location away from Eastern mills and suppliers required
that most of the equipment and machinery be fabricated on-site, he engineered
the foundations for the great bridge through a process of elimination. Chanute
described the substructural design of the Kansas City Bridge:

The methods of founding which have been in most common use in the United
States were not to be thought of, as the continual wash and scour of the
river would have made piles and crib-work useless, while the great depth
and rapid current must have rendered coffer-dams very hazardous and
expensive. The use of iron columns, sunk by the pneumsatic process, was
considered; but the conviction was early and confidently formed that s
cluster of separate columns resting upon the rock at a depth but little
below the scour limit, as would have been the case in the most exposed
foundations at this location, would fail to give the stability needed by
the channel piers; while it was believed that the sand-bar piers, which
are rarely exposed to a strong current, might be founded in a way less
expensive, though amply secure. It was also feared that in the absence
of pneumatic plant in America, and with the then high prices of iron
work, the pneumatic process would prove in its entire execution an
unreasonably expensive one.Z?

The system that Chanute finally chose consisted of solid masonry columns on
timber/iron caissons carried to bedrock for the channel piers, with masonry on
driven pile foundations for those piers not subject to the constant scour of
the river. Despite their repetitive nature, each support required individual
design drawings and construction techniques to account for the greatly differ-
ent river conditions. Construction of the first pier began August 16th, 1867,
just before Morison joined the project. Several work crews labored throughout
the winter and into the next vear, alternately building and sinking caissons,
dredging, driving timber piles, hauling material and equipment, and quarrying
and laying the stone for the large masonry piers. A particularly innovative
excavation process was introduced for founding the draw pier which employed
self-feeding machinery instead of man labor and thus eliminating the need for
compressed air in the caisson (shown in Figures 4 and 5).30

The engineers were understandably concerned about the bridge's effect on steam-
boat traffic along the Missouri. Thev wanted to avoid repeating an incident in
which the first bridge over the Mississippi was destroyed by fire less than two
weeks after its opening when a steamboat crashed into a pier. "The chief
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anxiety of all parties concerned in this work," Morison later wrote, "was so to
locate and build the bridge that it should form the least possible obstruction
to the navigation of the river, and prove as little objectionable as possible

to the steamboat interests. It was felt that, whatever other mistakes might be
made, the channel must be kept clear, and boats be enabled to pass and repass
at all times, without danger or difficulty." As work progressed on the massive
piers for the bridge, the steamboat captains learned to navigate the river at
this point, and no serious accidents occcured. Morison concluded: "This
gratifying result must, in great part, be attributed to the care, reason, and
justice of the men navigating this river, and has happily avoided the disputes
and accidents which have attended the erection of the first bridges across
some other of our large rivers." 3!

On September 14, 1868, masons laid the last stone for the bridge. The fixed
and swing trusses were erected over falsework trusses supported by temporary
timber cribs (shown in Figure 6). Workers first swung the draw span on June
15, 1869, the first locomotive crossed the bridge ten davs later, and on
Saturday, July 3rd, the Kansas City Bridge was opened with a citywide

celebration.
...
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The cost of the bridge proper exceeded $886,000 - roughly double the cost-per-
foot of comparable bridges built over the Mississippi River. This was

attributed almost entirely to the deep and difficult nature of the foundations,
which had had cost nearly $500,000. With the approach grading on both sides and
riverbank rectification works, the total cost for the Kansas City Bridge was
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slightly more than $1 million - a staggering sum for the time. Morison later
described the problems which had plagued the pro;ect, summing up, in essence,
bridgebuilding on the Missouri River:

All the delays, difficulties and failures which took place were direct-
ly owing to the vicolence of the current, and its capacity for rapid
scour. The precautions and watchfulness which these required, both by
night and by day, were endless, and not always successful. The moods
of the river were constantly changing, &nd its bottom gnd banks of
most unstable regimen, thus cgsusing no little anxiety and expense,
while the absence of precedents in this kind of work, in this country,
left the engineers to depend mostly upon their own resources.33

The impact that the bridge had on Kansas City was immediate and dramatic.
During the two-and-a-half years that the monumental structure was under
construction, the population of the river city had burgeoned from 13,000 to
30,000. Kansas City had almost instantaneously grown from little more than a
way station along the Missouri Pacific Railroad into a major Missouri River
port. At the completion of the bridge, no less than seven separate railroad
lines extended into the city to capitalize on this first permanent crossing of
the Missouri, and several others were projected. 34

the remarkable transformation of the town. Aside from his professional studies
and work on the great bridge, he pursued a limited range of activities at
Kansas City. 1t was not surprising, given his strong religious background,

that he was a regular church-goer and was active in organizing and building the
Unitarian Church. He was also beginning to write beyond his personal journals,
though not yet on engineering topics. He authored several reviews of theologi-
cal works for his father's publications, Unitarian and Christian Register. As

a journalist, Morison wrote pointedly - often too acerblcally for publication -
and frequently corrected with his trenchant pen any inaccuracies in the works
he was reviewing. This prompted his father to reply often, "to curb the
somewhat ruthless criticism which the young engineer did not hesitate to apply
to the occasional fallacious statement or reasoning of the most prominent
Unitarian preachers and authors, at a period when the names of such men were
household words."3> George Morison was also a regular correspondent for the
Salem Gazette, writing colorful articles on Western life under the nom de plume
Rosman. 36

z During his tenure on the bridge project, George Morison watched with interest

Following the completion of the pioneer structure in June 1869, Chanute and
Morison co-authored a descriptive publication *“rough New York-based Van
Nostrand publishers entitled, The Kansas City Bridge, which detailed the
problems involved in the bridge's construction. This lengthy, illustrated
monograph discussed every aspect of the project from background history to the
methods used in founding each bridge pier. 1t was exemplary of the thorough and
precise style shown in all of Morison's reports and papers. The book concluded
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modestly: "t is hoped that this imperfect relation of the experience acquired
upon this novel work may be of profit to others engaged in similar
undertakings." 37

Morison remained in Kansas City until June 1871 to work with Chanute on the
survey, design, and construction of James Jov's railroad lines - commonly known
as "Joy Roads". A large part of his time was spent supervising construction of

the Leavenworth, Lawrence & Galveston Railroad from Lawrence, Kansas, through
Garnett to the Indiana Territorv. To overcome his lack of formal training in

civil engineering, Morison undertook an intensive regimen of self-education

that consisted of reading contemporary engineering reports and and journals,
studying construction drawings, and observing other engineers' work in the

field. In a determined effort to expand his professional knowledge whenever
possible, he traveled almost continuously between the East Coast and the Rocky
Mountains to observe the construction of railroad tracks and bridges across the
country. This self-dedicated travel, with his duties for the LL&G and trips to
Kansas, Nebraska, Wisconsin, Michigan, and other western states as a railroad
construction consultant, combined to create a grueling schedule of travel and
work. The consummate engineer would maintain this regimen with only occasional
breagks throughout his career.

In the summer of 1871, Morison was called to Detroit to become Chief Engineer
of Joy's Detroit, Eel River and lllinois Railroad. For & year and a half, he
supervised construction of the rail line extending from Ypsilanti, Michigan, to
Logansport, Indiana, occasionally consulting independently for Eastern banking
interests on railroad construction and management. While this was a position
of considerable responsibility and authority, the line was poorly managed, and
he was anxious for g new assighment. 38

An excellent opportunity materialized in April 1873, when Morison was hired as
Resident Engineer of the Eastern Division of the Erie Railway headquartered in
New York. There he renewed his association with Octave Chanute, who had become
Chief Engineer of the line. Under Chanute, Morison quickly ascended to
Principal Assistant Engineer. The Erie Railway was equipped primarily with
wooden bridges designed for much lighter loads than those of the new
locomotives proposed for the line, presenting the fledgling assistant engineer

an ideal field laboratory to develop his talents in reconstructing and
strengthening bridges. Morison was called on to design his first major

railroad span - a replacement structure - in 1875. In the predawn twilight of
Thursday, May 6th, the Portage Viaduct over the gorge of the Genesee River at
Portageville, New York, caught fire. The conflagration completely destroyed
the famous timber structure and heavil damaged the stone masonry piers and
abutments at the bottom of the chasm.3?

The original 850-foot wooden trestle had been engineered by Silas Seymour to
serve the heavily trafficked Buffalo Branch of the Erie Railrcad. Called the
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boldest timber bridge ever erected, the spectacular viaduct carried the tracks
234 feet above the steep defile of the river on three-bent timber towers. 4
The single-track spans were 50-foot Howe deck trusses, 14 feet deep. "The
maghnitude of the structure," Morison stated, "and the fact that the railway had
another line over which the Buffalo business could for a time be handled, made
the erection of any temporary structure inexpedient, and it was at once decided
to rebuild in iron.," 4!

The heavy traffic volume over the Portageville crossing forced Morison to
design the replacement bridge hurriedly. To use many of the existing stone
foundations, he shaped the structure to conform substantially with the configu-
ration of the original bridge. The 818-foot wrought iron viaduct that Morison
delineated (shown in Figure 7) consisted of ten 50-foot spans, two 100-foot
spans, and one 118~foot span, with a 50-foot span placed between each of the
long spans. {Details of these and the towers are shown in Figures 8§ and 9.) He
used pin-connected Pratt deck trusses for the principal spans. These were
supported on six towers, each consisting of two main pairs of wrought iron
columns braced together to form two-post bents. Morison designed the
supporting framework to carry a double-track superstructure to allow for the
eventual addition of a second pair of rails. 42

The railroad awarded the ironwork contract on Monday, May 10th, to the Watson
Manufacturing Company of Paterson, New York. Morison, meanwhile, began drawing
the replacement superstructure. Later that week, he directed stonemasons to

build new abutments on either end and to repair the existing pier supports by

by encasing them with beton coignet cement.4? The rolling mills could not

produce the pier components quickly enough, however, delaying the erection of

the tall, web-like towers until June 13th. Once the material arrived on the

site, construction continued steadily. Morison described the involved erection
process for the 230-foot towers in a paper later presented to the American

Society of Civil Engineers:

The towers were raised with no other falsework than that actuallv used
in handling the material of each successive section. Before beginning
to raise a tower, a floor of long timbers reaching from pier to pier and
loose boards, was laid at the site of the tower; on this floor was
erected a frame-work 30 feet high, and composed of two bents, one on
each side of the tower; each bent consisted simply of two posts 48 feet
apart and a cap 55 feet long, braced with planks across the corners.
These bents were kept in an upright position by long inclined braces
reaching from near the top of each post to the floor. Sets of falls
were attached by slings to 'he projecting ends of the caps, and with
these falls the lower lengths of the columns were lifted bv a hoisting
engine and placed in position, the transverse and longitudinal struts
were then put in place and the diagonal ties put on, the longitudinal
ties being temporarily attached by a hook and eve plate to the same pin
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with the transverse tie. A gin pole 55 feet high, was then lashed to

each column and these gin poles were used to transfer the floor and
frame to the top of the lower section of tower now completed. The same
operation was then repeated with the second length of columns, which
were placed over the tenon plates of the lower length, and secured by

the pins; this done, the longitudinal ties were changed from their
temporary connections to the permanent ones. When the second section of
the tower was completed, the frame was used to raise the gin poles,
which were lashed again to the columns and rested on the longitudinal
struts. The floor and frame were then raised again, and the process
repeated till the tower attained its full height. 47

The last tower built in this manner weighed 277,000 pounds and required eleven
days to construct., Once the towers were in place, the superstructure could be
built. For the fifty-foot spans, the truss erectors laid simple timber beam
falseworks. For the longer trusses, they built combination Pratt trusses below
the permanent spans, upon which the iron trusses were built. The construction
progressed smoothly and rapidly through June and July. The erection of the
iron work set a particularly remarkable record: the first iron column was
raised June 13th, gll iron was in position by July 29th, the track was laid
across the following day, and the bridge was formally tested and opened before
a large crowd of spectators on July 31, 1875, only seventy-six days after the
fire. 48,

In engineering and constructing his first major bridge, Morison received ample
assistance. The superstructural spans and tower dimensions of the iron trestle
had been dictated largely by the configuration of Seymour's original timber
structure. Morison designed the trusses using typical components and detailing
for standards of strength then maintained by the Erie Railroad. And J.H.
Drake, superintendent of erection for the contractors, devised the erection
system for the towers. When congratulated for his innovative engineering,
Morison only slightly deflected the praise for himself, saying: "I ought to
state that, although this was designed by myself and built under my direction,
the particular arrangement of towers used was fixed, first, by the piers of

the old wooden viaduct, and secondly, as suggested bv others.”*’

Morison's viaduct was not a technologically innovative structure. Rather, it

had "the same general character as other iron viaducts recently erected by
American engineers, differing from these in size and detail rather than in any
principle of construction.” Civil engineer Charles MacDonald commented:

"The general arrangement of piers and intermediate spans on the Portage viaduct
appears to be judicious, in view of the fact that the masonry of the old bridge
was assumed to be suitable for the new. The details at the joints of the posts
are quite novel and possess some merit; scarcely sufficient, however, to

warrant their general introduction."*  §till, this structure has a recognized
place in the evolution of the metal viaduct in America. Specifically, the
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Portage Viaduct is credited as the first viaduct of note which had towers of
two bents only for each span. In Bridges: The Spans of North America, David
Plowden summarizes its significance in broader terms, stating: "since the
completion of the Portage Viaduct, the design of metal viaducts has changed
little, and it is for this reason that the bridge is often called the exemplar

of this characteristically American form." 3

While with the Erie Railroad, Morison continued his sideline business as a con-
sultant to various banking houses, inspecting and reporting on railroad proper-
ties. His education as a lawyer and training as an engineer, combined with his
analytical ability, fundamental honesty and forceful managerial style, equipped
him to advise his investment clients on railroad construction, maintenance,
operations, and financial management. "His clear mind guickly uncovered weak
spots in financial structure or management,” his nephew later wrote, "and on
account of his incisive, forceful reports his services were in constant
demand."52 1In November 1875, Morison left the Erie to take up consulting on a
full-time basis. He engaged in this work for the next ten years from an office
at 52 Wall Street in New York, principally managing railway properties for S.C.
and G.C. Ward of New York, the American representatives of Baring Brothers &
Company of London and Liverpocl. As a representative of that firm, Morison
served on the boards of directors of several railroads: the St. Louis, Iron
Mountain & Southern (1876-1880), the Eastern Railrocad of Massachusetts {1876-
1886), the Maine Central (1877-1885) and the Ohio & Mississippi Railroad,
(1884-1892).

Management consulting provided a steady and lucrative practice that gave George
Morison the opportunity to travel across the country to study other engineering
enterprises. But his first love was still bridgebuilding. In 1875, he joined

with George S. Field and another civil engineer to form Morison, Field and
Company, a bridge engineering and construction firm with headquarters in
Buffalo, New York. While this too proved successful, Morison could divert only
limited attention to the company from his thriving consulting practice. As he
had definitively stated in his personal journal thirteen years before, Morison
still preferred the professional side of bridge building to the profit-making
side, exemplified by construction work. He resigned from Morison, Field and
Company in 1880. Morison would eventually resume his professional association
with George Field, however, with Field's firm later erecting several of the
engineer's great river bridges.

By 1880, George Morison had established a solid, industry-wide reputation in
railroad management. Bridge engineering remained a subsidiary component of his
professional practice. Yet despite the enormous demands placed on his time by
the Wards and others, Morison was determined to establish an independent engi-
neering design practice. Increasingly, he chose to devote more energy to bridge
design and less to railroad operations. Thirteen years after abandoning a law
career in favor of structural engineering and ten years after beginning in
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independent railroad consulting, Morison was thus displaying characteristie
willfulness to control his own destiny. This determination would soon be
rewarded by an important series of commissions for bridges over the Missouri
River - landmark structures for what would prove to be a remarkable career.
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MISSOURI RIVER BRIDGES

The Missouri River is essentially and preeminently a silt-bearing river,
and that is what gives it all its peculiar features. In the eastern

part of the country it is customary to think of a river as a running
stream of comparatively clear water, but most of the principal rivers of
the world are of a totally different character; they are not clear water
at all, they are silt bearers. They are apparently muddy, but the mud
is the silt which they are carrying down. A clear water river has, so
to speak, but one function; its business is to drain the surrounding
country and to carry away the water which is produced by rainfalls. A
silt bearer performs a double duty; it not only carries away the
drainage of the country through which it runs, but it also carries off a
great deal of the country at the same time. !

(George S. Morison, 1895)

To look at it, some people would think it was just a plain river run-
ning along in its bed at the same speed; but it ain't. The river runs
crooked through the vallev; and just the same way the channel runs
crooked through the river. The river changes whenever it feels like it
in the valley; and just the same the channel changes whenever it feels
like it in the river. The crookedness you see ain't half the
crookedness there is.? -

(Charles P, Stewart, 1907)

These two descriptions - the first by George S. Morison and the second by
story-teller Charles Stewart - though greatly different in sophistication,
describe the two most significant characteristics of the Missouri River.
Bounded over most of its length by steep bluffs or broad ‘lood plains, floored
bv a deep bed of alluvial silt, subject to violent spring and summer flooding,
choked by massive ice floes in the winter, and continuously redefining its main
and subsidiary channels, the river had posed a formidable obstacle to westward
overland traffic throughout much of the 19th Century. "The Missouri is a
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notoriousl_v fickle stream,"” engineer Thomas Doane concluded in his 1868 report,
Bridging the Missouri River, "changing its bed many hundreds of feet trans-
versely during a single freshet."3

Of the three great tributaries of the lower Mississippi - the Missouri, the

Ohio and the upper Mississippi -~ the Missouri was the most difficult and the
least known in the 1860s and 1870s. Its navigable length from Fort Benton in
Montana Territory to its mouth at St. Louis extended some 3150 miles, as
computed by the river pilots, and it drained s watershed of 518,000 square
miles: an area more than one-third greater than the combined basins of the Ohio
and upper Mississippi. The Qhio, in the eastern slope of the Mississippi

basin, flowed through a settled country with relatively high riverbanks and a
hard, stable bed. It was the most easily bridged. The upper Mississippi,

which flows through the plains of the central valley, had a sandy and unstable
bed, but fell at a shallow rate and had & predictable channel over most of its
length. The Missouri, on the other hand, combined an unstable bed with a quick
and unpredictable stream flow. "The Missouri,” Morison stated, "drawing its
source from the eastern face of the Rockv Mountains, and flowing with a rapid
descent down the westerly slope of the great basin, unites within itself all
elements of unstableness and irregularity, combining the impetuosity of a
mountain torrent with the velume of a lowland river."4

Over most of its length, the Missouri coursed through an alluvial bottomland
enclosed on both sides by bluffs. The distance between these bluffs ranged from
one-and-a-half to fifteen miles, and they were highest and most rugged where
thev were closest together. Only slightlv higher than the average high water
level of the river, the bottoms were often inundated by flooding. For about
five hundred miles from the river's mouth almost to the southern border of
Nebraska, they were heavily timbered with cottonwood, svcamore, walnut, oak and
elm. Bevond this, the timber was more scarce and the bottoms prone to prairie.
The river wound between the bluffs with little apparent regularity with a width
ranging from 900 to 4500 feet. At low water, the channel constricted to about
600-700 feet, leaving the remaining width a dry sand bar.

When the width of the bottomland was not more than two or three miles, the
usual course of the river was to follow along the base of one of the bluffs for
a short distance until deflected by an obstacle. Then it crossed the vallev to
the other bluff. The vein of strongest current was readily observable as it
crossed the river diagonally in the straight reach between the serpentine
turns. The current was always strongest on the outside of the turns. By this
action, the river tvpically washed the lower bank as it crossed the bottomland,
continually forming new sand bars which advanced down the vallay. When the
bottomland width exceeded two or three miles, the river was just as likelv to
return to the bluff it had just left before crossing the vallev. In these
locations, such as the length between Nebraska and lowa, the Missour: tended to
be very irregular.
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During the warm weather months, the river held tremendous amounts of silt in
solution as it flowed through the vallev. This solid matter could onlyv be
carried when in rapid motion and was deposited wherever the river slowed.
Thus, while the channel was cutting into a sand bar on one bank, it was
depositing silt and creating another bar on the other. Spring and summer
floods could change the nature of the stream flow entirely overnight within
certain stretches, making navigation risky. To make matters worse, tree trunks
which washed into the river tended to catch on the sand bars where they were
partially buried. These created the snags for which the river was notorious.

The principal tributaries of the Missouri were the Yellowstone, the Platte, the
Osage and the Kansas, or Kaw, Rivers. The latter two were prairie streams with
irregulsr sources, the former had headwaters in the mountains. Fach had its
distinctive characteristics and effects upon the parent river. The Yellowstone
typically was the cause of summer flooding along the upper Missouri. The
Platte usually disgorged its floodwaters into the Missouri somewhat earlier in
the spring. Freshets on the Kaw and Osage occured intermittently throughout
the warm weather months, in response to local rainfalls. The great floods

along the Missouri were produced bv combinations of these prairie floods with
water from mountain snowmelt. Although irregular, these massive floods tended
to create tremendous damage and changes to the parent river. The 1844 flood,
for instance, submerged the entire bottomland below the mouth of the Kaw
entirely engulfing the site of Kansas City. Other, more localized floods

occured regularly along the Missouri, typically in the early spring as the ice
floes on the river broke up.

According to Morison, the best location for a bridge over the Missouri was just
below one of the great bends, especially if the current there impinged upon a
rocky shore. Under such conditions, the bedrock beneath the river was
generally shallow on the bluff side, where the main channel flowed. The least
promising location was on a long straight stretch, where the bedrock was
usuallv found a great depth and the current veins were likely to be variable.
This would make it necessary to sink excessively deep foundation, construct
extensive shore protection to control the channel and erect an unnecessarily
long bridge. The problem was, the best locations from the standpoint of bridge
construction and maintenance were the worst locations for the steamboats which
navigated the river. Ship pilots would rather confront the bridges on the

long, straight stretches. But Moerison's chief concern was the bridges over the
river, not the steamboats which ran its length. He would locate his bridges to
the best advantage of his railroad clients, over the objections of the
steamboat interests.

The Missouri extended east-west from St. Louis across Missouri. Along this
stretch the river did not represent a serious problem to most of the regional
and transcontinental railroads, which were at the time extending their trunk
lines east-west across the Midwest, pargllel with the broad watercourse. At
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Kansas City, however, the river swung north. From that point north to the
Dakota Territorv, the Missouri River formed a daunting barrier. As more and
more railroads pushed westward in the sweeping national expansion following the
Civil War, the problem of crossing the pernicious river became increasingly
more critical.

The Missouri River, and not the wider Mississippi, presented the most formid-
able obstacle to travel between the Atlantic and Pacific coasts, according to

Major General Grenville M. Dodge, Chief Engineer for the Union Pacific Railroad,

Faced with the prospect of building extremely expensive and technologically
untried structures to span the river permanently, railroads such as the Union
Pacific skirted the problem in the 1860s and 1878s bv building makeshift
crossings. These consisted typicallv of temporary tracks built on driven

timber piles or laid directly on the frozen river in the winter. Ferries or
moveable pontoon bridges operated the rest of the year. But the winter tracks
broke up each year with the spring ice melt, and the pontoon bridges proved
exceedingly vulnerable to destruction during spring and summer flooding. The
transfer steamers or ferries had severe liabilities of their own. Time-consum-
ing and dangerous, they were subject to interruption by downriver boat traffic
and seasonal freezing and flooding. Moreover, the cumbersome transfer
operations created tremendous bottlenecks during peak freighting seasons,
snarling rail traffic for hours or davs. These temporary crossings were at

best inconvenient and at worst unacceptably dangerous. Without a feasible
alternative, however, the railroads resorted to combinations of these
operations to traverse the river above Kansas City. Almost every railroad
bridge built over the Missouri inte the 189%0s had been preceded by one or more
of these temporary crossings.

The problems associated with bridging the Missouri River had less to do with
the overall lengths of the structures - far longer bridges had already heen
erected in the East and over the Mississippi and Ohio Rivers - or the sizes of
their individual spans, than with the unpredictable conditions of the river
itself. A prodigious silt bearer subject to violent shifts in channel, the
Missouri River was without precedent in the eastern United States, where
American bridgebuilding had been concentrated before the Civil War. Thus, the
story of bridge engineering on the Missouri River was not the graceful metallic
trusses spanning over it as much as the tremendous piers that supported them
and the rectification works to control the channel. '"I've spent a vear putting
the bridge over the river," an early engineer said. '"I've spent myv time ever
since, keeping the river under the bridge.™®

In the early 1860s structural engineers in America were experimenting with
pneumatic caissons for deep-water bridge foundations and wrought iron for
trussed superstructures. Thev were also beginning to understand mathematical
statics and stress analysis calculations on trusses. These technological
developments, fueled by the westward surge of the railroads in the aftermath of

(9.
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the Civil War and the flourishing of the nation's iron industry, marked s
watershed in American bridgebuilding. "Iron bridge building in America did not
really begin till after the war," George Morison stated in 1890. "[Previouslv]
the general practice even for the larger bridges was wood, and the great rivers
of the continent were still unbridged; the wooden bridge across the Mississippi
at Rock Island, finished in 1856, was the only exception."’

The late 1860s saw substantial bridges erected over the three great midwestern
rivers: the Ohio, Mississippi and the Missouri. The first railroad bridge

across the Ohio River was the Steubenville Bridge, completed in 1866. The
Burlington Bridge, completed by the Chicago, Burlington and Quincy Railroad in
1868, was the first iron structure across the Mississippi. Before these were
completed, other bridges were begun, and bv 1867 wrought iron bridge building
had been firmly established in America. Two vears later, the Missouri was the
only one of the three great rivers unspanned. Substructural and

superstructural technology for large-river crossings had largelv been developed
by the engineering profession. It was only a matter of time before the first
bridge over the Missouri would be designed.

Octave Chanute was the first engineer to succeed. With a young George Morison
as an assistant, he bridged the Missouri at Kansas City with a multiple-span
structure for the Kansas Citv and Cameron Railroad. Completed in June 1869,
this remarkable combination truss consisted of a 363-foot iron double-
intersected Pratt pivot span and five fixed iron/wood Post through trusses with
lengths ranging from 132 to 250 feet.® The Kansas City Bridge proved that the
unpredictable river could indeed be channeled and bridged. In the decade
following its completion, a handful of others followed.

In 1870-71, the Army erected a fixed-span high bridge over the Missouri to
provide access for Fort Leavenworth, Kansas. Made up of 320, 340, and 344-foot
iron through trusses, the Leavenworth Bridge had an overall length of 1,004

feet: the shortest of the Missouri River structures built in the 1870s.
Twenty-{ive miles upriver from Leavenworth, the city of Atchison contracted
through an eastern investment group for an iron swing-span truss in 1874. The
following year L.B. Boomer's Chicago-based American Bridge Company completed
the structure. The Atchison Bridge consisted of a 360-foot pivot truss and

three 258-foot fixed spans, for a total length of 1,134 feet. Fifteen miles
further up the Missouri, another iron pivot bridge had been erected at Saint
Joseph, Missouri, in 1873. This structure was made up of a 364-foot swing span
and three 300-foot fixed spans and had an aggregate length of 1,264 feet: just
short of the Kansas City Bridge.?

The most spectacular of the earliest issouri River bridges was the multiple-
span structure that the Unien Pacific Railroad erected at its headquarters in
Omsaha, Nebraska. With a total length of over a half mile, the Omaha Bridge was
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by far the longest of the early Missouri River structures.'¢ Using Grenville
Dodge's design, the American Bridge Company built the eleven 250-foot cast/
wrought iron Post trusses that comprised the main superstructure in 1869-72."
A solid embankment formed the east approach for the bridge; a cottonwood
trestle was erected over the broad floodplain on the west. The fixed-span
through trusses were supported high above the water bv one stone and eleven
pairs of 8-foot cylindrical iron piers, all founded on bedrock. Morison himself
called it "the most prominent example in America of the Post superstructure and
pneumatic cylinder piers." 2

The Union Pacific's bridge at Omaha was the longest and most impressive of the
early Missouri River spans throughout most of the 1870s. But it was surpassed
at the end of the decade bv another bridge erected over the river by the Kansas
City, 8t. Louis, and Chicago Railway (a subsidiary of the Chicago and Alton
Railroad). Organized in 1877 to build a branch line from Mexico, Missouri, to
Kansas City, the KCSL&C commissioned General William Socov Smith in 1878 to
design and supervise construction of its river bridge at Glasgow, Missouri.

Sooyv Smith, a graduate of Ohio University and West Point, had garnered consid-
erable notoriety for his long-span bridge construction and deep-level pneumatic
foundation work. The bridge that he designed for the KCSL&C consisted of five
314-foot Whipple through trusses on stone piers over the main river channel,
1,140 feet of deck truss spans, and 864 feet of wooden approach trestle. Work
on the driven pile foundations was begun in March 1878, and a vear later the
great bridge was completed.” Though the Glasgow Bridge was significant as one
of the earliest major spans over the Missouri, its principal distinction was as
the first all-steel bridge built in America.

Sooy Smith's bridge was comprised of Bessemer process steel manufactured by the
Edgar Thompson Steel Works and rolled by Hussey, Howe, and Company and Andrew
Kloman into the various structural components. The engineer worked closely with
lowa steel innovator Abram Hay in formulating the alloy used for the bridge.
They monitored the strength testing extensively, producing a material with a
tensile strength of between 70,000 and 90,000 pounds and an elastic limit be-
tween 48,000 and 52,000 pounds. Sooy Smith limited the maximum tensile stress
on the bridge components to a conservative 16,000 pounds per square inch. He
concluded, " had found [steell 50% stronger than wrought iron, far more

uniform in quality and nowise unsafe at low temperatures."'4 Soov Smith's
decision to use steel exclusively for a long-span bridge proved controversial
among his contemporaries. Curiously, the bridge was all but dismissed by the
profession after its completion, apparently regarded as a fluke rather than a
daring examrle of engineering innovation. Sooy Smith was the first to use steel
exclusively for a bridge, but it was George Morison's methodical materials

testing and publication of the findings in the ealy 1880s that would later sway
the industry toward the use of structural steel for bridge construction.
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PLATTSMOUTH BRIDGE

In Februarv 1879, as the Glasgow Bridge was nearing completion, Charles E.
Perkins, General Manager of the Chicago, Burlington, and Quincy Railroad,
contacted New York-based consulting engineer George Morison. Perkins was
interested in erecting a permanent bridge to carry his railroad’'s main line
over the Missouri River near Plattsmouth, Nebraska. The thirty-six year old
Morison had had no formal engineering education and had worked on only one
other railroad spanh over the Missouri River - and that almost ten vears earlier
as an apprentice. But as a consuitant for James Joy and others in subsequent
vears, he had developed a solid reputation for carefully conceived engineering
design and fiscally conservative railroad management. Perkins wanted the
engineer to visit the site and make recommendations on the location for the
behemoth structure. This initial contact between George Morison and the
Burlington Railroad represented Morison's first major bridge commission as a
consulting engineer and would lead to the construction of a significant span
over that problemmatic river. But far more importantly, this first meeting
marked the beginning of a professional relationship between the engineer and
the railroad which would last throughout Morison's prolific career and would
result in some of America's most spectacular and technologically significant
spans.

For the CB&0, the bridge at Plattsmouth would play an indispensable part in the
railroad's expansion plans. Late in the 1870s, the Burlington was engaged in a
bitter power struggle with the Union Pacific Railroad. As each company vied to
penetrate ever more territory, the issue became more than potential expansion.
At stake was corporate survival. In 1878 the Burlington could operate trains

to Denver and the lucrative Rocky Mountain market by only three routes: the
Kansas Pacific, the Santa Fe and the Union Pacific. As the Burlington
management studied the acquisition of the Kansas Pacific, a faltering rail line
which paralleled the UP main transcontinental trunk, Perkins' chief adversary,
Jay Gould, bought it himself. The Burlington countered with a threat to build

in Union Pacific territory, and Gould reacted with characteristic speed and
aggression. In 1879 he bought the St. Joseph and Western, a small line which
bisected the Burlington's profitable South Platte territory in Nebraska. That
autumn he acquired control of the Wabash Railrcad and in swift succession
acquired the old Central Branch Union Pacifie, the Kansas Central and the
Missouri Pacific. '?

These last moves were directed not only toward the Burlington, but to the Union
Pacific as well. What .ollowed was another shrewdly managed example of
financial legerdemain for which Gould was notorious. For as he was acquiring
the competing railroads across the midwest, Gould was secretly selling his own
UP holdings. His new rail companies now surrounded the lines of both the UP
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and the B&MR, creating a formidable new rival. In January 1880, he coerced the
stunned Union Pacific management into absorbing all of his recent midwestern
acquisitions for a share-for-share exchange of stock., Dismaying as this was to
the directors of the Union Pacific, the consolidation spelled potential diaster

for the Burlington Railroad. Gould and the Union Pacific had surrounded the
Burlington lines west of the Missouri River. Worse yet, all but two - the
Burlington and Missouri River and the Santa Fe - of the vital routes to Denver
were controlled by UP interests. Charles Perkins had foreseen Gould's
maneuverings and suggested that the Burlington follow a sweeping nationwide
consolidation of its own to combat the ruthless rival:

1 have long been of the opinion that sooner or later the railroads of

the country would group themselves into systems and that each system
would be self-sustaining... Each line must have its own feeders. This

law, like other natural laws, may work slowly, but it is the law never-
theless, Hence my judgement is so decided that the C.B.& Q. should take
the B.& M. and the Atchison, and make up its mind to lose a large part
{of course not all) of the U.P. and K.P. and other business west of the
Missouri controlled by the Wabash or its owners. If we had the Santa Fe
and the B.& M. today, would not the Rock Island people be open to
argument and be glad to join us in forming a great system?!o

Under any circumstance, Perkins declared, the first move would be the immediate
consolidation of the CB&Q and the B&MR to insure Burlington access to Denver.
The crossing over the Missouri River near the mouth of the Platte River at
Plattsmouth, Nebraska, would form the cruycial link between the two lines. For
several vears, the Burlington and Missouri had contracted with William 1rving

to ferry freight cars across the Missouri at Plattsmouth. But Irving's

steamers were subject to the problems associated with all transfer operations

on the river. Perkins and the railroad's directors were painfully aware of the
dangers and limitations of the makeshift operation. In 1878, over 26,000 cars
had to be loaded aboard the ferries at riverside and unloaded on the opposite
shore, snarling interstate rail traffic.” As the traffic in later years

increased, Burlington management recognized the need for a permanent overhead
crossing to compete with the Union Pacific's bridge at Omaha, just fifteen

miles upriver.

Perkins had studied the feasibility of a permanent bridge at Plattsmouth as

early as 1877. That summer he hired consulting engineer J.E. Laylor of
Burlington, Iowa, to prepare a preliminary survey of the site four thousand

feet downriver from the small town's main street. The structure that Laylor
delineated consisted of a series of wrought iron Post trusses - three 260-foot
fixed through spans and a 370' swing span - similar in configuration to Octave
Chanute's bridge at Kansas City. A single-track span with a 650-foot trestle
approach on the east, the proposed bridge would exceed an estimated $580,000 in
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erection costs.'® Thomas Choate, Chief Engineer for the Burlington and
Missouri River Railroad in Nebraska, suggested an alternate, yet similar
swing-span structure on a site located closer to town.'” Naturally, ferryman
Irving opposed construction of any bridge that would destroy his business. In
September 1877 he reported the volume of traffic at Plattsmouth to Perkins,
defending the shortcomings of his steamers and tryving to dissuade the railroad
official from building the permanent bridge:

This is no measure of what we can do if we can keep the river open
throughout the year. We could doubtless do better than this, but this

is as much as we should in reasonable probability be called on to do,

for our own business for some time to come; and would seem to show that
we could put a half million to better use than by building a bridge. It
should be remembered, however that we cannot rely on keeping our boats
running from December 1 to March 15, a period during which we shall have
about our heaviest call for transfer service, We recommend construction
of a temporary winter bridge. The cost of doing this work, every year,
must of course be given weight in considering the bridge project, but I
should not, I think, by any means turn the scales in favor of it. If it

was my railroad and I had the half million, I think I would spend it to
better advantage,®

Irving was in luck. In 1877 Burlington management could not justify the cost of
the bridge, and he continued his transfer operation. But after the competition
with the Union Pacific intensified three years later, Perkins was able to
convince the directors to fund the expensive structure. On Februarv 12, 1879,
he contacted George Morison at Burlington, lowa, about the proposed bridge on
behalf of the B&MR Railroad.

Morison traveled immediately to Plattsmouth to inspect the river and shore
conditions. The location that he chose for the bridge (shown in Figurel0),
however, coincided with neither Choate's nor Lavlor's earlier surveys. "The
objection to both of these locations,” Morison reported back to Perkins, "was
that they were in a portion of the river where the channel was variable and
they could only have been maintained by the construction of entirely new works
to confine the channel." He instead selected a bridge site a mile below
Plattsmouth - just downriver from the jetty that had served as a landing for
the transfer steamer., Under Morison's plan, the existing dike would serve as
channel rectification to reduce the river's width at the bridge.2!

Morison also ighored the superstructure designs of the two previous engineers.
Rather than use a low bridge with a moveable span, he designed a fixed-span
superstructure supported high above the river surface on massive solid masonry
piers. Morison's bridge consisted of two Whipple through trusses - each 350
feet long ~ with three 200-foot deck trusses on the east approach.?? In
rejecting the two previous designs, he contravened conventional engineering
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practice. Virtually all of the Mississippi River bridges of the time featured
low, moveable spans, Most of the preceding Missouri River bridges - including
Chanute's bridge at Kansas City - were also swing-span configurations. With the
Plattsmouth Bridge, Morison first demonstrated his preference for high, fixed-
span bridges - a professional proclivity that would persist throughout his

career.

The issue of low versus high bridge design was critical to engineers building
these first railroad spans over the navigable rivers of the Midwest. 1t was one
that would reoccur on most of Morison's Missouri River bridges. Conventional
engineering philosophy of the time held that a low bridge was more economically
constructed than a high one. The additional expense of the engine and gears

for the pivot mechanism and the higher operating costs for a moveable structure
were more than offset by the savings in cost for the lower masonry piers and
the shorter span lengths allowed by the War Department than for a high, fixed
bridge. More important, though, was the simplification of the foundation

design. Because of its minimal height above the high water mark, the piers for
a low bridge could be founded on driven piles. A high bridge, on the other

hand, required a far deeper and much more massive pneumatic caisson foundation
to provide lateral stability for the extensive piers. The difference in cost

and erection time between the two construction methods was substantial.

Morison had considered the question with characteristic thoroughness and had
concluded, contrary to convention, that high was preferable to low. He based
his argument on hard economics. High fixed bridges, he maintained, were in fact
more economical to build and maintain than low, because of the extensive recti-
fication work neeeded to provide a clear channel through the pivot of a
moveable structure and because of the extensive cutting needed for a low bridge
approach in the high riverbanks along most of the Missouri River. But as he
espoused economics to his railroad clients, Morison, in fact, was philosophi-
cally predisposed toward high bridges. This colored his professional judgement
and would lead to at least one instance in his career in which he would be
accused of tampering with the cost estimates for a bridge to skew the figures
to match his prejudice,

The crux of Morison's pragmatic philosophy held that the railroads, his primary
clients, were being pensalized financially by the steamship interests. Shipping
along the Missouri River, he maintained, was a moribund industry, superceded in
large part by the railroads. The boats which had once navigated the river
could no longer operate at rates competitive with those of the rail companies.
The railroads, thereforz, should not be inconvenienced or penalized to accommo-
date the less important river traffic. "[Steamships] were the tools which made
the original settlement of the [Mississippi] valley possible," he stated in &
lecture to a group of St. Louis businessmen in 1889, "Still they are simply
tools, not monuments, and they are worthy of preservation so long as they
furnish the cheapest transportation, and no longer. If they cannot be so
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improved as to accomplish this result there is no further use for them."?* He
compared the two interests graphically:

The Missouri River above Kansas City is now crossed by ten railroad
bridges representing an investment of perhaps eight million dollars in

hard cash; two of these bridges have draws, and eight are high enough

for steamers to pass under them, the height required being fixed by law
at fifty feet. The additional cost of the last twentv-five feet of

height on the bridges named has been perhaps one-quarter the whole cost,
the principal increase being in the approaches. This is twenty times

the value of all boats now on the river, and the saving in interest in a
single vear would equal the whole value of the fleet. This annual

charge is borne by the traffic which crosses these bridges.?®

Morison objected to "the extreme of despotism" that forced the railroads to
adapt their bridges to the requirements of the shipping companies. He concluded
with typical terseness, "If advances cannot be made in the river-boat, its
usefulness as a carrier is gone; if the character of the river is such that the
boats cannot be improved, then the rivers must cease to be routes of transpor-
tation, and become simply water-works and drains.,” %6 Short of this, the
railroads should not be impeded, even occasionally, by shipping traffic passing
through an opened pivot span of a moveable bridge. If the boats must be accom-
modated, he felt, the railroads should pass completely over them without the

: possibility of interruption.

The Plattsmouth Bridge allowed George Morison an opportunity te apply this
singular philosophy. More importantly from a personal standpoint, with this
first bridge as a coensulting engineer he was finally able to pursue his ideal-
ized vision of the practice of engineering. George Morison had at last found
his niche. Solitary and brilliant, completely dedicated to his career at the
virtual exclusion of a private life, fiercely protective of his professional
freedom, and aggressively defensive when faced with questions about his engin-
eering judgement, he was ideally suited to the role of a consultant in private
practice.

In his preliminary design for Plattsmouth, Morison demonstrated a faculty for
independent engineering based upon meticulously logical reasoning - a
distinctive trait that would become his hallmark. "Nature endowed him with a
strong intellect and a strong will and he made the most of them,” a group of
his associates would later write of him, "The whole grand success may be
summed up in the word 'work.' He had no influential friends to help him, whom
he did not make himself by his indomitable energy and proven ability. He
studied his work carefully and inoroughly, and the minutest detail was not too
small to be worked out with the greatest consideration before it was executed.
One of the rules was, that if he had five minutes in which to do a thing, he
would take three if necessary to think it out, and do it in the other two."’
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Morison's nephew, George Abbot Morison, wrote: "He was & man who made
decisions slowly, but when once made, such decisions were inflexible. A person
is rarely seen who so impressed one with his strength and force of character;
but he was not willful; he was not unreasonable; he could be persuaded if it
could be shown that his point of view was not correct.”" 28

But there was a negative side to a dominatingly strong will. George Morison
would soon become known among the engineering profession as a gifted, but
difficult bridge designer. "The very abundance of his powers made him somewhat
arrogant and intolerant of the opinions of less gifted men," a biographer later
wrote. "He usually arrived at any conclusion only after an exhaustive study of
all the facts, and once his decision was made, he was inclined to enforce it

with a tenacity and ruthlessness that bore down all opposition but, even when

he was right, did not endear him to those holding different opinions."??
Nevertheless, his engineering judgments were virtually always accepted as
correct, at times because of the sheer force of his character,

Morison's design for the Burlington's bridge at Plattsmouth differed compiletely
from those of two preceding engineers. The Missouri River itself dictated his
design, the engineer argued convincingly. In & report to Perkins, he
elaborated:

It was evident, that though the situation was one in which a bridge
could be built at a very reasonable cost, the location was very unfa-
vorable to the maintenance of a low bridge with a draw, as this would
have involved an entire change in the character of the river; it would
have been necessary, not only to fix the position of the channel which
had already been done by the dike, but to secure a constant direction of
current through narrow openings. The approach on the east side would
have been expensive, but on the west side it would have been necessary
either to curve around sbruptly with a curve of a radius less than 300
feet, or to have made a tunnel of considerable length which would have
had to be on quite a sharp curve, but with a roof of the clay or loess
which forms the upper part of the bluffs along this portion of the
Missouri. The difficulties of the approach could have been overcome by
a reasonable expenditure, but the difficulty in controlling the channel
was very much greater, and although it could undoubtedly have been
accomplished in time, the works would necessarily have been of so
tentative a character that it would have been unwise to construct the
bridge until their effect was fully established. 3

When Morison visited Plattsmouth in February, the Missouri River was frozen,
making access for subsoil testing relatively simple. Morison arranged for the
engineer of the Burlington and Missouri Railroad in Nebraska to make immediate
soil borings at the tentative pier points to determine the substructural
conditions before the breakup of the winter ice pack. With only makeshift
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testing equipment, he completed the borings that month but incorrectly assessed
the level of bearing stone. Mechanical engineer George W. Tennent was later
hired to make additional borings during high water in April and May. With a
more accurate appraisal of the level of stone beneath the river, Morison then
reaffirmed the tentative bridge location chosen in February as the final
location, 7

Because the bridge was to be built over a navigable watercourse, Morison
assumed that approval by the Secretary of War was needed. In May 1879, he
presented a preliminary site plan and general elevation of the bridge to

General H.G., Wright, Chief Engineer of the United States Army, in Washington.
Ironically, the Burlington and Missouri River Railroad in Nebraska had acquired
the right to bridge the Missouri River under the original charter of the Union
Pacific Railroad. Citing the terms of the charter, Wright ruled that no further
review of the bridge was necessary from the War Department. Assured of federal
approval, the B&MR directors in Boston hurried in June to authorize the bridge
project. A week later, while Jay Gould was beginning his run on the midwestern
railroads, Perkins commissioned George Morison to begin the construction
drawings for the Plattsmouth Bridge based upon his preliminary design. 32

The Missouri River had begun its seasonal recession by then, and the optimum
construction season - from mid-August to mid-November - was fast approaching.
Morison quickly assembled a group of assistants to help with the design and
construction of the great bridge. "While Mr. Morison always studied out and
knew every detail of his work himself," Chanute later wrote, "he was careful to
surround himself with a competent, faithful and conscientious staff."33 The

first assistant engineer that Morison hired for the bridge was Charles Conrad
Schneider (1843-1918). Schneider, a graduate of the Roval School of Technology
in Chemnitz, had emigrated to the United States in 1864, He had first worked
as a mechanical engineer for the Rogers Locomotive Works in Paterson, New
Jersey, and in 1871 became an assistant engineer for the Michigan Bridge and
Construction Company. Two years later, he joined George Morison working under
Chanute for the Erie Railroad and later worked for the Delaware Bridge Company
before opening his own bridge engineering office in New York City on 1878,34
Morison appointed Schneider the Assistant Engineer of the Superstructure, a
position which, given his extensive bridge experience, undoubtedly involved a
substantial amount of engineering design on the long- span trusses. Morison

also hired Gorham P. Low as his First Assistant Engineer and Benjamin L.
Crosby as Assistant Engineer. The Chief Engineer's stringent qualifications

were difficult to meet and even harder to endure. "An indefatigable seeker
after truth and the best obtainable himself," Chanute continued, "he expected

his staff to be no less energetic, accurate and conscientious in their work

than he and w. indolent or slovenly worker did not remain long in his service."3®
After less than four months, Low was the first to leave; Morison soon replaced
him with H.W. Parkhurst.3¢
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To span the Missouri, Morison and Schneider engineered a simply supported,
trussed superstructure. Designed to carry a moving load of 2,000 pounds per
lineal foot, it consisted of two Whipple through trusses over the navigable
channel of the river and three Pratt deck trusses over the floodplain on the
east. "This general arrangement," Morison later wrote, "was in brief that of a
main bridge over the main river which would be able to withstand the violent
scouring action which occurs in the channel.of the Missouri, with an additional
length of structure of such character as would be safe against any overflow
outside of the channel, and which would pass floating driftwood without
obstruction, beyond which a further opening would be placed though not relied
upon to pass any considerable amount of water."4 Morison had originally
designed the channel spans with 350-foot lengths, but extended their length to
400 feet each to reduce the number of piers exposed to the main channel. The
single-track Whipples (shown in Figures ;; and ;) each spanned 400 feet and
were divided into sixteen pin-connected panels of twenty-five feet each; the
eight-panel deck trusses (shown in Figures 13 and 14) spanned 200 feet each.

Given George Morison's conservative bent, the truss type that he and Schneider
chose for the channel spans at Plattsmouth was hardly surprising. Virtually all
early long-span railroad trusses in America used the Whipple - also called the
Whipple-Murphy, Linville, and Double-intersection Pratt - truss design, paten-
ted by Squire Whipple in 1847. Essentially a deep-profile Pratt configuration
with verticals in compression and long, two-panel diagonals in tension, it had
been used by Jacob H. Linville on his 320-foot span over the Ohio River at
Steubenville, considered the first long-span truss in America.*? All succeed-
ing bridges over the Ohio until 1888, except those designed by noted bridge
engineer Albert Fink, were Whipple trusses. Similarly, most of the early
bridges over the Mississippi and Missouri Rivers featured Whipple-type channel
trusses. The most notable exceptions were the Post-truss Omsha Bridge, and the
Fink- truss St. Charles Bridge, designed by C. Shaler Smith and reputed to be
the longest iron bridge in America when it was completed in 1871. The simply
supported Whipple trusses that Morison engineered for the Burlington Railroad
featured a standard, unadventuresome design and were notable only for their
long - though not record - spans.

Fifty feet tall and almost twenty-two feet wide, Morison's through spans at
Plattsmouth did feature meticulously crafted pin-connected detailing. The top
chord and inclined end posts were heavy composite members consisting of two
side plates, four angles a cover plate, two balance plates, and lacing; on the
center panels a filling plate was added on each side between the angles. The
bottom chords were comprised of steel eyebars used in multiples of varying
numbers corresponding to the tensile strains at individual panel points. The
vertical posts each consisted of two laced channels. The verticals in the nine
center panel peints were single pieces; the heavier columns at the outer panels
of the trusses were rolled as two pieces and spliced at the center. The main
and counter ties - 70-foot long rectangular bars - were to be manufactured in
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two pieces threaded at the center into an adjusting turnbuckle. These diagonal
members were pinned at the panel points and through the center of the verticals
which they intersected to sustain the tie against deflection and hold the col~
umn against flexure at the center. The main connecting pins were all five
inches in diameter.43

Commection of 200 k. dpans om Sier T

L r _] 44

& S e

Figure 15
The trusses were braced with composite struts and adjustable steel rods at all

main connections. The lateral and intermediate struts were made of two chann-
els laced on both sides and, like the main members, were all joined with turn-
ed pins. The end posts were stiffened with a laced-channel strut which conn-
ected horizontally with the stiff center of the first vertical column. The
vertical posts were connected transversely at their centers by struts which

were attached to the central pins by smaller pins which passed through the ends
of the struts and through the main pins. The upper laterals wers similarly
attached. To each of these struts was pinned a set of transverse diagonal rods
rods reaching to the top chord lateral system. "Each pair of vertical posts,”
Morison said, "is thus united into a stiff bent with a perfect system of bra-
cing from the center up, and a stiff base made by the floor beam connection,
Deep plate floor beams were riveted with triangular gusset plates to the vert-
icals above the bottom chords, increasing the vertical stiffness of the struct-
ture and decreasing its apparent height to 45 feet. The paired bottom later-
als were connected at the lower chord panel points with steel pins that pass-
ed through steel jaw nuts on the main pins. These jaw nuts bore against
brackets riveted on the underside of the floor beams, which acted as lateral

w45
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struts. The lateral bracing for each of the 50-foot high portals consisted of
a single huge cruciform brace, extensions of which were run down the length of
the end posts to the floor system.4¢

Each. of the 850,000-pound trusses was carried on four massive cast iron bearing
shoes (shown in Figure 15). The center connection between the two spans was
fixed, with a single bolster under each corner resting on a large cast pedestal

or shoe. The shoe was bedded on rust cement and secured to the masonry pier
with four six-foot long anchor bolts. Expansion of the long spans was carried

by massive multiple-cylinder roller bearings beneath the the outside end posts.
The 3-inch diameter rollers were sandwiched between two heavy steel plates and
set in frames which could be taken apart from the outside for c¢leaning. Rubber
gaskets were positioned on the sides of the frames to keep dirt and debris from
the space between the rollers. 47

Although Morison's design for the 400-foot channel spans at Plattsmouth
followed more-or-less standard engineering practice, his specification for
their metallic composition was innovative in its extensive dependance on steel.
The production of steel and its structural capacities were widely discussed by
engineers at the time, including Morison, and after researching the properties
of steel versus wrought iron, he favored steel as the primary superstructursl
material for bridges. Like many of his contemporaries, Morison undoubtedly
read the article by noted civil engineer Theodore Cooper titled "The Use of
Steel for Bridges" in the Transactions of the American Society of Civil
Engineers, published in August 1879, In the text, Cooper outlined the physical
properties of steel, discussed the material's applicability to bridge
engineering, and concluded:

As the first successful iron bridge builders were those who were able to
throw sside the traditions and processes to the capabilities of the
metal, iron - so must the successful builders in steel be those who can
accept the fact that the new metal, structural steel, requires a like
sacrifice of old traditions and practices, a development of new plant
and process, and the education of a new class of metal workers. 48

In the printed discussion that followed the article, Octave Chanute stated:
"The general attitude of engineers on the subject of bridge steel may be stated
as one of expectancy. It is only of late years that it has been produced
cheaply enough to warrant us in thinking of emploving it at all; and while most
of us believe it to be the material of the future, we are all still inclined to
put the burden of proof upon the steel makers, and to require them to furnish
evidence of its adaptability and ecoromy before we will agree to use it... For
long spans, say those over 350 feet, where the dead weight of the bridge is
greater than the moving load, it is probable that steel is already cheaper than
iron for the main members, because it saves its own weight, to the extent of
the greater strains, which it will be found safe to impose upon it." Chanute
continued propheticallys "Such great spans, however, are rare, and it should
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be the endeavoer of those who may be interested in bringing steel into use, so
to develop its capacities, establish in safety, ensure its uniformity of pro-
duction and cheapen its cost, as to enable us to make new specifications which
will insure its substitution for iron in spans of, say 100 to 200 feet, such as
are in daily demand."4?

It is not known whether Morison consulted with his former teacher or with the
influential Cooper while designing the Plattsmouth Bridge or whether he made
the decision to use steel independently. He probably discussed the merits of
the new material with General Soovy Smith, who came to Plattsmouth immediately
after completing the first all-steel bridge at Glasgow, Missouri. Regardless,
Morison determined at the outset that the Plattsrnouth Bridge would contain a
significant amount of the new material. He specified rolled steel for the top
chords and end posts, bolsters, rollers pins, jaw nuts and all tension members
except the vertical suspenders in the end panels. But unlike Sooy Smith,
Morison - the resolute pragmatist - could not justify its greater expense for
exclusive use on his bridge and relied on iron for the less critically strained
components. All other components, except the cast~iron pin plates on the top
lateral struts, 8 few washers, and the ornamental iron work on the portals,
were wrought iron. By weight, steel comprised 58% of the superstructural
weight of the two through trusses - a marked departure from prevailing all-iron
truss engineering. The approach viaducts and the shorter span deck trusses
carried lighter stresses than the channel spans. For these Morison specified

far less steel to cut the cost of the bridge, making them essentially wrought
iron structures. The metallic composition of the superstructure is given in

the following table:

Steel Iron
East viaduct - 799,857 pounds
Three 200-foot deck spans 10,290 pounds 800,871 pounds
Two 400-foot through spans - trusses 983,703 pounds 385,706 pounds
Two 400-foot through spans - floors - 317,000 pounds
West viaduct - 61,529 pounds

Total 993,993 pounds 2,364,663 pounds 3¢

In addition to the trussed spans, Morison's design for the Plattsmouth Bridge
delineated a 1,440-foot long iron viaduct for the east approach to the bridge
and a shorter, curved viaduct on the west., Engineered to carry a moving load of
100,000 pounds, the long structures featured three-foot deep iron plate girders
with 30-foot spans mounted on a series of two-column bents (shown in Figure
16). Morison's minutely detailed description of the configuration of the
approach structure indicates the characteristic thoroughness of his design:

The bents of the viaducts are composed of two wrought iron posts, spaced
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9 feet apart at the top and built with the usual batter of 1 in 8. Each
post consists of two 9 inch channels and & plate 12 by 1-1/4 inches,
with lacing on the under side, the cross section of the post being 13.56
square inches. Transversely the posts are connected at the top and at &
point 18 feet below by lateral struts, and are braced with two 1 inch
round rods above the middle strut and one 1-1/4 inch round rod below.
The bents are connected in pairs by longitudinal struts attached at the
centers of the posts; a pin is placed in the middle of each of these
struts, on which couple four diagonal rods leading to the top and bottom
of each of the adjoining posts, and screwing up against wrought iron
skew backs on the outside of the posts. The stringers on the pair of
bents connected in this way are bolted rigidly to the top of the posts;
the stringers in the intermediate spaces are also bolted, but the bolts
pass through oblong hcles, leaving space for expansion; the several
stringers are also connected with each other by side splice plates
riveted to the stationary and bolted to the movable stringers, the bolts
passing through oblong holes. '

Morison and Schneider completed the contract drawings for the superstructure in
August. The late start precipitated a rush to secure suitable suppliers and
contractors for the bridge substructure and piers. With no time to assemble
suitable pneumatic equipment, he hired General William Sooy Smith on the first
of August to sink the caissons for the deeper foundations, using the equipment
that Smith had developed for the just-completed Glasgow Bridge. Later that
month, Morison solicited proposals from the leading bridge manufacturers to
fabricate and erect the bridge on a per-pound basis. Because of the unsettled
nature of the iron market in 1879, only four companies were willing to commit

to fixed bids: the Keystone Bridge Company of Pittsburgh; the Detroit Bridge
and Iron Works of Detroit; the Edgemoor Iron Company of Wilmington, Delaware;
and Kellogg and Maurice of Athens, Georgia. Morison awarded the construction
contract for the approach viaduct and the deck trusses to Kellogg and Maurice.
For fabrication of the mammoth through trusses he selected the Keystone Bridge
Company. Reynolds, Saulpaugh and Company of Chicago were contracted to build
the masonry piers; N.8. Young of Burlington, lowa, was hired to do the
earthwork for the approaches. Morison later complained: "It was necessary to
collect a staff of untried men, who were not wholly satisfactory, and to make
many arrangements which would have been wholly undesirable if the work had been
begun earlier in the season."32

Actual construction of the Plattsmouth Bridge began on August 17, 1879, as
workers started excavating the pit for the westernmost pier on the bank of the
river. Morison had laid out the foundation for the Pier I, 40 feet long and 18
feet wide, ten days earlier on a narrow piece of land at the foot of the bluff.
Because of its dry location above high water and the assumed high level of
bedrock, Morison directed the excavation as an open pit with coffer dam sides.
However, as the men dug through the alluvial sand, they discovered that what
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had been thought to be the bedrock was actually a boulder field buried in a
mass of hard blue shale, or soapstone. The boulders were so large and packed
s0 tightly that the engineer resorted to blasting to cut through the laver of
rocks. After dynamiting through the stratum of boulders, the size of the pit
was increased to 21 x 49 feet, new whaling timbers placed on the walls, an
Andrews centrifugal pump set up to discharge water from the hole, and the
excavation continued through the solid shale. In late October, the diggers
finally struck bedrock thirty-two feet below the surface of the river. Morison
directed them to drill 190 holes in the stone and place three-foot iron dowels
to key the foundation to the stone. A concrete pad was poured, and on November
10th masons began laying the stone for the pier. 34

Construction for the foundation for Pier 1 proceeded without great difficulty.
But Piers II and 1lI were situated well within the channel of the Missouri

River and could not be excavated with an open pit. For these, George Morison
intended to use pneumatic caissons - the most difficult and costly aspect of
deep-water bridgebuilding. French for "chest," a caisson was, simply stated,

an extraordinarily massive box made of timber and iron, with a cribbed timber
roof and solid timber sides framing a floorless chamber. Floated to the pier
position like a cumbersome barge and filled with ballast to sink it to the

river bottom, the caisson acted both as the permanent foundation for the pier
and as a temporary work chamber for men to excavate through the riverbed to the
underlying stone. Once the ponderous structure was seated on the bottom of the
river, the chamber would be pressurized pneumatically like a giant diving bell

to keep out the water, help support the roof and walls from the pressure of the
water and silt, and provide oxygen for the men working in the hole. As masons
laid tons of stone on the roof of the caisson to build up the pier and add mass
to keep the whole assemblage upright under the river, the workers in the
chamber below would lower the box slowly, first below the surface of the river
and then further below the riverbed itself until it hit bedrock. The diggers

were assisted by the shape and the mass of the caisson itself. The bottoms of
the chamber walls were tapered to sharp edges, called cutting edges. Sheathed
with thick plates of wrought iron and pressed downward by thousands of tons of
masonry ballast, the cutting edges sliced or crushed deeper into the silt as

the men dug in the center of the chamber. When the excavation was stopped, the
work chamber would be filled solid with concrete and the foundation would be

complete,

General Scoy Smith began building the caisson for Pier III (shown in Figure 17)
on the east shore as Morison was laying out the foundation for Pier I in

August. Measuring 50 feet long, 20 feet wide and 15-1/2 feet high, the big box
was built of white pine with solid sides of 12-inch timbers. Halfway ur, a
single course of 12"x12" timbers divided the work chamber from the crib work
above, The walls of the chamber were inclined inward from the bottom; they,
like the cribbing above, were built using 12"x12" timbers drift bolted to each
other. Sooy Smith's men extended forty iron rods through the intersection of
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the crib timbers to bind the whole assemblage together. Thev sheathed the
outside of the caisson with two layers of 3-inch plank and the walls and roof

of the chamber with plank, joined and caulked to make it airtight, Carpenters
shaved the outside corners to an 18-inch radius and covered it with 1/4-inch
boiler plate iron sheets. They trimmed the lower timbers and planks to form

the chisel-like cutting edge, covering it with §5/16-inch iron sheets bent

around the edge. Soov Smith attempted to launch the huge structure on September
6th but hung up on a sand bar and could not get it afloat until the next day. 55
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The caisson was positioned at the river bottom, and later that week, although
the air lock had not yet been installed, the pressure men began pumping air

into the work chamber. The pneumatic machinervy was set up on the east shore,
about one hundred feet from the caisson. The pumping machinery consisted of &
Burleigh air compressor and a double compressor developed by Smith at Glasgow,
both powered by four boilers. Men on the river surface added courses of
cribbing to the top of the caisson and filled them with concrete, while others

in the chamber sifted slowly through the course sand beneath the river using a
sand pump that James Eads had invented for use on his namesake bridge in Saint
Louis. In October, the diggers reached bedrock fifty-four feet below the
surface of the river. They cleaned the floor of the chamber, drove spikes into
the walls as dowels, and filled the area with concrete. The {oundation work on
Pier 111, from the initial framing of the caisson to completion of the filling

had taken seventy-nine days.>’
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Carpenters began building the caisson for Pier II (shown in Figures 18, 19 and

21) on August 29th. Launched, sunk, and pressurized in October, 1t proceeded
simultaneously without interruption until the cutting edges reached bedrock on
November 14th almost twenty feet higher than that under the other caisson. The
men stuffed bags of cement around the bottom edges and filled the chamber with
concrete, completing the foundation. Smith sunk the caisson for Pier IV (shown
in Figure 21) in a similar fashion later in the vear. On November 25th, the
pressure was put on; on December 6th the crib work was completed and the
masonry was begun; on December 14th the cutting edge struck a thin layer of
soapstone overlaying the bedrock; and on the 20th of December the filling of

the chamber was completed. Morison used driven sycamore piles {or the
foundation of Pier V, the last masonry pillar., Work on it was completed
December 16th. 5?

Figure 19
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Stone masonry had been the material of cheoice for the piers {rom the beginning,
but no suitable quarries could be located anywhere in Nebraska. W.H.B. Stout
operated a quarry on the bank of the Missouri twentv-five miles away. His
output could not equal the demand for face grade stone on the immense piers,
however, and Morison modified their design to use alternative materials. (The
masonry specifications are reprinted in the Appendix.) Concrete was substituted
for stone in all subaqQueous work; artificial stone blocks made of imported

Beton Coignet cement were substituted for stone on the copings. Masons laid
the lower courses of stone over the pneumatic caissons as the men under cribbed
structures burrowed through the alluvial silt. By earlv spring. 1880, theyv had
completed the piers.

While work was underway laving foundations under the river, another early
aspect of the project was the excavation of a major cut in the side of the

[ ]

Er®» SEFCTION
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Figure 21
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bluff for the west approach to the bridge. Curved, almost a half-mile long,

and over eighty feet deep in some locations, this earthwork proved an expensive
and time-consuming undertaking, which Morison termed "one of the most difficult
features of the bridge."43 It also proved to be the most dangerous.

Laborers for N.S. Young, the earthwork contractor, began excavation for the cut
in November. By the first week of December, work was well under way. December
10th brought bitter cold. Morison had visited the bridge the day before in the
mist and sleet and had left that morning, after telling Young to increase the
slope of the walls in the cut. The next day was colder yet; a group of workers
was loading a wagon with frozen clods of earth at the base of the cut when one
of the walls collapsed, completely burying nine men, the team, and the wagon.
The horses were killed instantly. Two of the men were drug dead from the pit.
One other was uncovered unconscious and died later that night. A fourth man
died the next day. Three others suffered lacerations and broken bones,®4
Morison returned immediately to the bridge to assay the damage, but there was
little that he could do. The death and injury of seven men at Plattsmouth was
to be the worst construction-related accident on any of George Morison's
bridges.

In his subsequent report to the railroad, published over two years later, the
overbearing engineer seemed less concerned about the individual tragedy of the
workers than by the fact that they had disobeyed his orders. He laid the blame
for their deaths squarely on the crew foreman and the unfortunate men
themselves:

On the 12th day of December, a force of men, directly contrary to or-
ders, was put at work under the face of the vertical bank on the west
side of the cut, and while working there, a large piece of material was
thrown down on them by the frost. This unfortunate accident resulted in
the death of four men; it was the only accident in the whole construction
of this bridge in which any man was seriously injured; it occurred at a
place where the cut was 50 feet wide, and the face from which the piece
of frozen earth fell was not over 20 feet high, so that there was no
occasion for working men at the place where these were engaged.%

In truth, Morison had apparently erred in the engineering, and his assistant
H.W. Parkhurst had been less than firm with the earthwork contractor in
rectifying the problem. Both engineers shared the blame for the men's deaths.
To save time and money, Morison had designed the cut with vertical walls, He
was depending entirely on internal friction to hold the earthen walls together
- a dangerous practice which he justified, "as has often been done at other
points on the Missouri.”%® But the earth could not hold for such a great
height. Under stress caused by frost heaving and ground pressure, the walls
began to crumble.
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When the first serious mudslide occurred on November 23rd, Morison was away
from the site, and Parkhurst tried in vain to reach him by telegraph.

Parkhurst requested that the contractor hire a watchman to monitor the cut, but
Young talked him out of it. When finally reached, Morison changed the design
and ordered Young to slope the walls of the cut, but the contractor soon
discontinued the sloped grading and continued the excavation work with vertical
walls. Five days before the accident Parkhurst thought the conditions looked
dangerous and ordered Young t¢ resume the sloping work. The day before,
Morison visited the site briefly, and he also reiterated the need t¢ slope the
excavation. Neither the engineer nor his assistant, however, were willing to
force Young's compliance with the modified design - indirectly contributing to
the fatal accident.%’

Although demanding at the start of the project, Morison became virtually auto-
cratic after the collapse of the west approach. When A.E. Touzalin, General
Manager of the Burlington and Missouri River Railroad in Nebraska, rushed to
the site to investigate the accident, Morison and Parkhurst ignored him.

Finally tiring of Touzalin's numerous comments and suggestions, Morison
reminded the railroad official of his "sole and exclusive control of the bridge
and sole and exclusive control of all contracts and contractors.” He dismissed
Touzalin by telling the man to "refrain from making [suggestions] as useless
and uncalled for."¢8

As the men were building the monumental stone piers and excavating the approach
cut in 1880 and 1881, George Morison monitored production of the steel for the
superstructure. He had contracted separately in September 1879 with the
Keystone Bridge Company to fabricate and erect the two through speans and with
Hussey, Howe and Company to manufacture the steel. Morison hoped that by
signing an individual agreement with the Pittsburgh steel mill he could
economize on the project and could control the critical inspection and testing
of the material at the mill. He was able to inspect and supervise the steel
manufacture thoroughly, but his extensive testing and repeated rejections of
material created serious delays, for which Keystone claimed additional monetary
damages. *?

The contract with Hussey, Howe and Company stipulated that the mill would
deliver 490 tons of steel to Keystone at a rate of 60 tons per week by the end
of the year. Morison's specifications were exacting, as he described in a
report to Perkins:

[The contract] required that the steel should be manufactured in a
Siemens Martin furnace, by what is known as the open hearth process;
that it should contain 35/100 of one per cent. of carbon; the amount of
carbon in no melt to differ more then 4/100 of one per cent. from this
amount; that a sample bar when tested in a lever machine not to show a
permanent set under a less strain than 50,000 pounds per square inch,
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and not to break under a less strain than 80,000 pounds per square inch;
to show a uniform stretch of 12 per cent. and a reduction of area of at
least 20 per cent. at the fracture; that the sample bar should bend

180 degrees around a circle of the same diameter as the bar without
showing & crack or fracture; that tests should show the modulus of
elasticity to be reasonably uniform; if the sample bar failed to come up
to any of these requirements, the whole melt was to be rejected.’®

Hussey and Howe poured about two thirds of the material from a rented open
hearth furnace at Glenwood, Pennsylvania, a Pittsburgh suburb on the north bank
of the Monongahela River. The remainder was produced by Schoenberger and
Company in their furnace adjoining the Hussey and Howe mill in Pittsburgh. The
capacity of the Glenwood furnace was five tons per melt, the Schoenberger
furnace, seven tons. Morison tested almost two hundred melts, rejecting
thirty-one outright. In addition, a considerable number of individual ingots

and rolled sections were later rejected for structural defects. He described

the manufacture of the various components:

The steel was cast into ingots in the usual manner, the size being
proportioned to the dimension of the finished material. Those inten-
ded for angle irons and narrow plates were rolled in Mr. Kloman's mill
in Allegheny. The plates were rolled in the universal mill and the
angle irons were rolled first in the universal mill in the shape of a

flat plate with a fillet on the corner of one side, and then bent to the
proper form by two passes through a train of grooved rolls. The ingot
intended for the broad plates (18 and 26 inches) were rolled down into
plates between flat rolls at the works of Messrs. Hussey, Howe & Co.
without blooming; this arrangement was not a satisfactory one, as there
was a large waste in shearing the plates to shape, and no less than
forty per cent. of the plates rolled in this manner had to be rejected,
as not being of full size or showing various surface defectss a much
better practice would have been to make flat ingots of about the width
of the finished plate and do the whole work in a universal mill.

The ingots intended for the eye bars were bloomed to a proper size;
these blooms were reheated and rolled in the Kloman universal mill,
which is arranged to reverse while the metal is till between the rolls.

A bar finished in this way passes the vertical rolls, but does not pass

the horizontal rolls before the motion is reversed; when the blank

leaves the rolls it is of uniform width throughout, but the ends are
several times the thickness of the rest of the bar, the extra amount of
material required for the head being thus left at the ends without

either welding or upsetting. After rolling, the enlarged ends of the
blank were reheated and worked into the shape of the finished eye, under
a steam hammer. The whole bar was subsequently annealed by passing it
slowly through a small furnace with an opening on each side; this method
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of annealing is not wholly satisfactory, but the experiments made on
finished bars showed that if the material was injured by the work done
on the heads this injury had been entirely removed by annealing.

The stee] counter rods were manufactured in the same way, the enlargement
at one end being forged into a round for a screw thread in-stead of into

a flat eye. The laterals, which are of square section with large eyes

at one end and a screw at the other, were rolled in the universal mill,

but between grooved rolls; the mill was reversed while the metal was

still between the rolls at one end, but the metal was run completely out
the other end of the pass. In this way a square bar was made with one
enlarged end, afterward forged into a flat head for an eye, while the

other end was a plain square; the square end was reheated, upset and
hammered into a round on which a screw was cut. The tests made of these
rods showed that this method of manufacture gave very excellent results.”

The engineer subjected steel samples and full-scale eyebars to an extensive
battery of tests at the Keystone Bridge Company mill in Pittsburgh and the
United States Arsenol at Watertown. The tests reinforced his opinion of the
strength and reliability of the new material. Steel had a far stronger tensile
strength than wrought iron, steel pins proved far stiffer than iron, and under
controlled conditions, steel could be produced with far greater consistency
than iron. "It appeared from these tests," Morison wrote, "that a number of
steel bars could be trusted to pull together with a degree of uniformity seldom
obtainable in iron bars."’?

Despite his confidence in steel, its properties were still not completely
understood. Morison therefore limited the stress on most of the steel members
to well below their ultimate strength "as a matter of extreme prudence” {shown
in Figure 22), Because the effect of impact on steel was not clearly known, he
oversized the members at the span ends which were liable to receive their
strain suddenly. The bottom chord eyebars in the end panels were strained to
only 12,690 pounds per square inch, though a strain of 15,000 pounds was
allowed in the center panels where the load would be applied more gradually,
and the elastic limit of some of the steel bars had tested to 40,000 pounds per
square inch on the Watertown machine. Similarly, he substituted iron eyebars
for steel for the end panel suspenders, originally specified as steel.”3

Although the Watertown testing lab had the facilities for pulling eyebars to

their tensile limits, no machines had yet been developed to test the ultimate
compressive strength of long steel compression members. For this reason Morison
limited steel to short compression members only and used iron for the main
panel verticals. He did this in part because the double-intersected Pratt truss
used for the bridge reduced the strain on the long compression members to
within the limits of ordinary iron sections, and partly because he considered

soft steel no stronger in compression than iron in long columns, thus making
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its greater cost impractical. Hussey and Howe manufactured the steel compres-
sion members with much more care than they did the iron pieces, straightening
the steel plates with wooden mallets. Keystone millworkers punched holes to
assemble the built-up members with a 3/4-inch diameter, reamed them to a full
inch after assembly, and them riveted them by machine immediately. The rivets
were slightly oversized and could not enter the holes hot without driving.”s

While Morison was testing and rejecting steel for the big through spans, iron
for the deck trusses and approach viaducts was delivered to the site. Erectors
for Kellogg and Maurice began assembling the supports and superstructures of
the viaducts in February. The men erected the viaduct bents using a steam
derrick which rolled on a track mounted on the stringers. They assembled the
bents on the ground, raised them into position with the derrick, and then held
them in place with plank stays while the girders were lifted and placed by the
same derrick. The process proceeded smoothly in February until Perkins'
lieutenant Albert Touzalin tried to intervene with a design modification.

Morison and Touzalin had first quarreled after the fatal accident in the west
approach cut. Since then the two men had nurtured a cool professional dislike
for each other, which had heated up whenever the railroad official tried to
exercise any control over Morison's project. As the ironworkers erected the
approach trestle in February, Morison and Touzslin clashed again. Tougzalin

felt that an additionsl stringer should be added to the trestle to strengthen

the structure ~ a rare questioning of Morison's professional judgement which

the bellicose engineer would not tolerate. "Like other powerful personalities,
he was a person of prejudices." Morison's nephew-biographer later wrote. "He
was very slow in forming opinions of persons or things, but when once formed
his opinions were almost unchangeable. Many people with whom he disagreed he
referred to ever after with contemptuous nicknames."’® Morison never recorded
his name for Touzalin.

In early February the two refused to communicate directly, relying on Morison's
assistant Parkhurst as an intermediary. Finally, on February 9th, Morison and
Touzalin exchanged words in a flurry of telegrams. Touzalin opened with an
ultimatum:

Even with the additions to the original plan, my belief is that the
trestle needs both long bracing as well as additional stringers...
Having the material on hand, and believing that ordinary business
prudence demands the addition, I shall be obliged to make it, if you
do not.

Morison refused to acknowledge Touzalin's authority on the bridge project,
coolly referring the issue to Touzalin's boss:

If Mr. Perkins desires additional stringers [ shall put them on. I
shall await instructions from him.
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Touzalin countered with another threat:

Your course does not seem t¢ me a prudent or reasonable one and
leaves me no alternative except to complete the work in such manner
as I consider safe for the operation of the trains.

Morison cut the telegraphic conversation short by concluding:

There will be no additional stringers put on the west approach trestle.
The trestle has been inspected and approved as it stands.’’

As Morison had promised, nothing further was done to strengthen the trestle.

By early April, the long approach structure had been completed, and ironworkers
for Kellogg and Maurice began erection of the easternmost deck truss. The men
built all three 200-foot deck spans on pile falseworks, lifting the heavy metal
components with the steam derrick that had been used to build the trestle.

They completed the last approach span in mid-May.

Work on the 400-foot through trusses was begun in February, 1880. "As the two
long spans extended across the whole channel of the Missouri,” Morison wrote,
"the difficulties in the erection of the superstructure were concentrated

there." Part of the difficulty stemmed from the unusual construction tech-
nique that Morison had devised. To build the permanent Whipple trusses, workers
first built temporary Howe trusses beneath the main bridge. Three per span,
these timber structures rested on pile bent foundations driven to bedrock and
were built using standard pile falsework. The top chords of the Howe staging
trusses were positioned just beneath the level of the floor beams of the
Whipples to serve as bottom chord falseworks for the long-span permanent
bridge. Fifty-foot high, two-story bents were then attached to the staging
trusses to serve as upper chord falseworks - two per panel. Tracks were laid on
the cross sills of these bents upon which erection travelers rolled., The trav-
elers were wheeled timber carts with adjustable cantilevered arms - "crabs”,
Morison called them - which could be used to haul material into place over the
bridge. Components would be carried on the falsework at the level of the perma-
nent track on small push cars, and then lifted and placed by workers cperating
the travelers.’?

The pile driving crew aboard one of the transfer steamers began placing piles
for the bent of the first staging truss in late March when ice was still

running in the river. After a delay when the boat accidentally knocked several
of the piles over, they finished the first temporary pier on April 2nd. Three
days later the river rose suddenly, washing all the log piles away. The water
level fell as rapidly as it had risen, and the workers soon drove new piles.
They completed the structure two weeks later and the second staging truss
support on the first of May; by the 20th, the men had built the three Howe
falsework trusses.
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Ironworkers under the supervision of Keystone erection foreman William Baird
placed the first piece of iron for the east channel span on May 20th; eight
days later they finished coupling and securing the huge truss. The staging
blocks between the trusses were removed, the upper falseworks dismantled, the
Howe trusses strapped to the lower chords of the completed Whipple, and the
temporary piles were dynamited, letting the staging trusses hang from the main
truss. The men disassembled two of the staging trusses and lowered the third
onto staging erected on four barges. These were then swung around beneath the
other main span, and the construction process began again on the other long-
span metal truss. Baird's crew completed the second through span on August
16th. The bridge was then ready for traffic.7¢

On Monday, August 30th, 1880, the first train - a special from Omaha - crossed
the bridge. In formal testing that morning, eight locomotives, each weighing

55 tons, rolled successively over both of the long spans. The inspecting
engineers praised the completed structure and Morison's engineering. 'l was
impressed with the accuracy of the workmanship, and the symmetry and beauty of
the structure as a whole,” Charles MacDonald concluded. "I take pleasure in
offering my congratulations upon the successful completion of this fine work." %0
Opened for traffic without fanfare, the Plattsmouth Bridge nevertheless formed
a strategic link in the contest between the rival rail companies. Its

completion touched off another round of maneuvering that would be marked by
dramatic expansion and acquisition by both the Burlington and the Union Pacific
and would assure George Morison a steady stream of lucrative Missouri River
bridge commissions throughout the decade, 8
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BISMARCK BRIDGE

The Plattsmouth Bridge reflected the intense competition between two opposing
western railroads. The next railroad company to retain George Morison for a
major Missouri River span was also embroiled in conflict - this time from
within. While the superstructure was still under construction for the Nebraska
bridge in March 1880, Frederick Billings, President of the Northern Pacific
Railroad, contacted Morison about a permanent railroad span over the Missouri
River at Bismarck, in the Dakota Territorv. The bridge would possess tremendous
symbolic value in addition to a purely pragmatic function. The chain of events
that had led the Northern Pacific to that point in 1880 had been tumultuous -
marked by a tenucus beginning, scandalous collapse, eventual rebirth, and a
bitter takeover battle, The Bismarck Bridge would play a pivotal role in one

of America's most dramatic railroad development stories.

Chartered by Congress in 1864 as the northern transcontinental route from the
Great Lakes to the Pacific Northwest, the Northern Pacific Railroad had
uncergone a chronically undercapitalized beginning. When nothing had been done
beyend preliminary surveying in 1869, the NP directors solicited help from
Philadelphia financier Jay Cooke. Cooke first commissioned a secret survey of
the projected Northern Pacific route, purchased a large chunk of Minnesota for
land speculation, and then contracted to market the railroad stock for an stock
for an exorbidant fee. Cooke advanced the railroad $500,000 to purchase the
rolling stock, rails, and material needed to begin construction. Later that

vear track laying began from the railroad’'s eastern terminus at Duluth,
Minnesota, Cangs of graders, gaugers, track layers, spikers, and bolters
extended the single trunk line across the prairie land of western Minnesota and
onto the rolling plains of eastern Dakota. The railroad easily bridged the
Mississippi River gorge west of Brainerd, Minnesota, and the James River in
Dakota. In June 1873, the tracks reached the Missouri River - the inevitable
barrier - just above Fort Abraham Lincoln. Here the construction crews stopped,
and an end-of-the-line settlement known simply as The Crossing sprang up on the
east bank. With no more money for wages, rails or materials, the Northern
Pacific had ground to a halt, 82

The Missouri River may have blocked the railroad's progress for a time, but it
would be another obstacle - the imminent prospect of bankruptcy - that would
ultimately stop the Northern Pacific. Under the shadow of the 1873 Credit
Mobelier scandal, most of America's railroads had fallen under suspicion by
investors. This was especiallv true of the stumbling Northern Pacific. Neither
Cooke nor the NP Directors were in any condition to support a faltering rail-
road. Cooke tried various financing schemes, but to no avail. He even renamed
the town at track's end Bismarck in a desperate bid to attract the investment
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of German Chancellor Otto von Bismarck. But the Northern Pacific was failing
and taking Cooke's banking empire with it. Chancellor Bismarck never did
visit, and other investors shunned the troubled railroad. On September 18,
1873, while General George Custer was marching his cavalry back to winter
quarters at Fort Lincoln from the Yellowstone Expedition and Jay Cooke was
entertaining President Ulysses Grant at his fifty-room mansion, the financier's
banks in New York and Philadelphia closed their doors. This effectively
plunged the nation into a prolonged financial panic, For two years the
Northern Pacific tried to attract other funding, but the search was futile in a
depression-ridden land, and in 1875 the railroad declared bankruptcy. 33

Bv the end of the decade, the financial climate in America had improved suffic-
iently for investors to resurrect the Northern Pacific with a new infusion of
capital. Tracklaying crews began extending the iron rails westward through
Dakota from the town of Mandan, across the river from Bismarck, in 1879. The
railroad's directors immediately began to consider construction of a permanent
bridge over the Missouri River to join the two sections of track. In March

1880, NP President Billings contacted consulting engineer George Morison to
prepare a preliminary design for the bridge. 34

Morison visited Bismarck the next month to inspect the site of the proposed
bridge. He selected three tentative locations in the vicinity and ordered soil
borings and surveys for each. In July, six weeks before final load testing of
the bridge at Plattsmouth, the engineer returned to Dakota with the survey
findings. With Billings, he then determined a final crossing site (shown in
Figure 24). The east side of the river there was bounded by a substantial clay
bank - the edge of the bluff on which Bismarck stood. The west bank was the
wide floodplain of the Missouri, below the mouth of the Heart River. Across
the river from Bismarck Mandan was situated, just beyond the normal floodplain
of the Missouri in the valley of the Heart. Morison aligned the crossing

almost directly between the two towns to minimize additional appreoach trackage
and take advantage of favorable substructural conditions,?85

To the townspeople of Bismarck his arrival was welcome news, for the proposed
bridge over the Missouri represented the long-awaited revival of the troubled
railroad. To an affluent man as religious and staidly conservative as George
Morison, however, the rough-hewn frontier town of Bismarck must have been
appalling. Servicing the track's end of a railroad, a steamboat port, and a
nearby army post, the settlement's unsavory residents and clientele formed s
world far removed from New England and New York society with whom Maorison had
grown accustomed. "Bismarck was started by the cpening of a whiskey shop,"”
another visitor, Canadian D. McEachran, wrote in his 1881 diary, "and though it
now contains a population of over 2,000, the example set by the pioneer has
been faithfully followed, since at least three-~fourths of the buildings are

grog shops, gambling houses or places of amusement.” McEachran described his
brief encounter with the Bismarck social scene:
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Having three days to wait for our steamer we took advantage of a high
Government functionary's offer to show us the "city by gaslight." Our
first visit was to a "keno" house where we stayed but a short time for
the disgusting sight of gambling in its worst form, and the foul air and
still fouler language drove us away. "We next visited a faro bank where
similar scenes presented themselves. We could not help remarking on the
general expression of abandonment depicted in the faces and nervous
expressions of the frequenters of those dens. Our next place of visit

was to the "opera house," a wooden structure, the entrance of which is a
barroom. At the counter tickets had to be procurred, the charge for
entrance to the ground floor being twenty five cents, to the boxes fifty
cents. We looked into the pit. Here we saw a sawdust covered floor,
rough, unplaned board seats and forty or fifty frontiersmen, all with
large, wide brimmed hats and nearly all smoking or chewing tobacco...
About half a dozen women acted as waiters and their dress and manners
indicated the life of immorality which they lead. The scenery on stage
was of the most primitive nature and the acting was execrable. While we
were looking on, a large woman with a voice like a cow horn attempted a
vulgar ditty, "Champagne and Oysters". 8¢

The Missouri River had been the principal thoroughfare through the region years
before the arrival of the first railroad, and by 1880 steamboat freighting was
solidly entrenched in the economic and military character of Bismarck and
bevond, to Fort Benton in Montana Territory. The Northern Pacific bridge could
not, therefore, impede river traffic. To provide a passable channel for the
shallow-drafted mountain boats, Morison considered the conventional configura-
tions: a low bridge with a moveable span or a fixed-span structure supported
well above the shipping lane on high piers. He quickly rejected the concept of
the low bridge, arguing that the extensive cutting on the east bank that would
be necessary, the ferocity of spring flooding, and the problems of maintaining

a navigable channel alongside the swing span during the ice-choked late autumn
months made it impractical. The Bismarck Bridge, like the one at Plattsmouth,
would feature a high configuration,

The most formidable engineering problem that Morison faced was not the height
of the bridge but the exceptional width of the Missouri at Bismarck. At that
point the channel was about 3,000 feet wide at ordinarv high water - three
times the width at Fort Abraham Lincoln, five miles downriver. Additionally,
the broad plain on the west bank was necessary as a release for spring flooding
and could not be filled for an approach without endangering Mandan - "that
unfortunatelv situated town," as Morison called it. As a solution, the

engineer proposed an extensive trestle approach from the west. To control the
river width at the crossing, he detailed the construction of a major revetment
project upstream, consisting of an earthen dike on the west shore which would
constrict the water to a 1,000-foot channel at normal levels (shown in Figures
25 and 24)%7
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Although six major bridges spanned the Missouri River by 1880, none had been
built over the river's upper reaches in Dakota Territory. The Bismarck Bridge
would be the first. Most of the transcontinental and transregional railroad
activity in America was then occurring south, through the central Midwestern
states. Moreover, the problemmatical nature of the river in the north formed
an obstacle to bridge construction. Although generally narrower than the
channel downstream, the Missouri in Dakota and Montana was subject to extremely
destructive surges of water and ice during the freezing and thawing of the
winter ice flows, which would require costly construction to protect bridge
piers. Morison succinctly described the problems of bridgebuilding on the
upper Missouri in a report to Billings:

The peculiarities of this portion of the Missouri vallev are of two

kinds: the first is due to the entire absence of anv proper rock in the
formation of this country, and the second is due to the ice, which is
alwayvs very heavy in the long winters of this high latitude, and causes
violent floods when it breaks up in the spring. The absence of rock is
of comparatively small consequence, as the underlying formation is very
hard clay of indefinite thickness, which seems entirely proof against
the action of the water, and is capable of sustaining great weights.

The action of the ice, however, is very important... The River is liable
to open from above instead of below, causing a succession of ice gorges,
accompanied by a series of violent local floods. Except for the violence
of the ice flood, bridging the Missouri at Bismarck would be a compara-
tively simple matter. Fully one-half of the cost of a bridge here is due
to conditions which seldom act as much as two days in a vear.?°

In his report to the NP in July, Morison presented two alternative fixed-bridge
designs. One featured two spans of 500 feet each, the other, three 400-foot
spans. The former plan would be more economical because of the deletion of one
of the expensive piers; the later would be more technologically conservative.
Billings opted for the latter. The engineer recommended that the bridge be

built fifty feet above the established high water point for the shipping season

- standard clearance height for the navigable rivers of the Midwest.

The Northern Pacific Board of Directors received Morison's report in July and
then delayed making a decision to continue with the bridge's erection for six
months, effectively missing the 1880 construction season. The delay stemmed
from another round of financial controversy, this time involving a takeover
threat from a powerful outside investor. German correspondent-turned-entrepre-
neur Henry Villard had recently acquired control of the Portland-based Oregon
Steam Navigation Company, the dominant shipping enterprise on the Columbia
River. He had reorganized the firm into the Oregon Railway and Navigation
Company and extended a rail line along the south bank of the Columbia. This
new trackage would not only control rail traffic along the river to the Inland
Empire, it would form the link between Portland and a rail link from the east.’
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Unfortunately for Villard, the only transcontinental railroad building toward

the region was the Northern Pacific, and the NP directors planned to route the
tracks, not to Portland, but along the north side of the Columbia to Tacoma,
Washington. To protect his Portland interests, Villard initially tried to per-
suade the Northern Pacific to alter the route of the railroad to Oregon instead
of Washington. But when the NP refused, he resolved to take over the railroad
and reroute the tracks himself. Amply funded with a "blind pool” of nearly $20
millio;g in cash, Villard gained control of the Northern Pacific by spring of
1881.

While the Northern Pacific management grappled with Henry Villard in late 1880,
Billings instructed George Morison to proceed immediately with the drawings and
bidding for the bridge at Bismarck and, typically, to see that the monumental
structure was erected as quickly as possible. The engineer immediately began
drafting construction documents for the superstructure in his New York office.
They were completed early that vear. His truss design for the Northern

Pacific's bridge in Dakota bore & striking resemblance to the one he had
engineered a year-and-a-half earlier for the Burlington Railroad at

Plattsmouth. Engineered to withstand a moving live load of 2,000 pounds per
linear foot, the three 400-foot long through spans carried a single railroad

track (shown in Figures 26 -31). The simply supported, 50-foot deep channel
spans were divided into sixteen doubie~intersected panels spaced 22 feet

between centers. lmmense in scale, they differed from their predecessor only

in detail. The end posts, top and bottom chords, verticals, diagonals and

struts were all identical to those at Plattsmouth, as was the system of pinned
member connections and riveted plate floor beams. The most apparent difference
lay in the substitution of latticed portal bracing for the single huge X-brace

that Morison had used at Plattsmouth,”®

Morison's exhaustive testing of the steel for the Plattsmouth Bridge had con-
vinced him of the strength and uniformity that could be achieved with the new,
lighter metal. But his difficulty in finding sufficient quantities of

acceptable material for the bridge demonstrated that structural steel
manufacture still remained a hit-or-~miss venture in 1880. The conservative
engineer therefore specified steel to a substantially lesser extent for the

main through trusses on the Bismarck Bridge than he had for Plattsmouth. The
top chords, end posts, rollers, bolsters, bearing plates, pins, and eyebars

were to be steel; all other parts except the wall plates on the masonry,
washers, and the ornamental work were designed for wrought iron. "In
proportioning the 400- feet spans, it was considered important to use steel in
gll positions where reduction of dead weight would materially reduce the
strains in the structure,” Morison later stated, "but it was known that the
difficulties in procuring a satisfactory steel were such that it was unwise to

to attempt to use any more of this material than necessary... The difficulties
which were experienced in the manufacture of steel-work showed that these
limitations had been wisely made."%?
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Morison dropped the amount of structural steel on Bismarck almost a quarter
from Plattsmouth to about a third of the superstructural weight - or a little
over a million pounds of the three million pound total weight of the immense
Whipple trusses. Cast iron comprised only some 77,000 pounds - 3% of the total
weight., The remainder of the trusses was made up of wrought iron, The
metallic composition of the through spans is given in the following table:

Total three spans  Average per span Percentage

Steel 1,046,390 pounds 348,797 pounds 35.7%
Wrought iron in trusses 1,335,755 pounds 445,251 pounds 45.6%
Wrought iron in floor 466,591 pounds 148,863 pounds 15.9%
Cast iron 77,331 pounds 25,777 pounds 2.8%

Total 2,926,067 pounds 968,688 pounds '7

Morison used steel even more sparingly for the two approach spans (shown in
Figure 32). The engineer chose pin-connected Pratt deck trusses with polvgonal
bottom chords, which he called "inverted bowstring" trusses. Each approach
featured one of these 113-foot, seven-panel spans. Morison shaped the peculiar
trusses to conform with the slope of the embankment, but the frequent
adjustments necessary on the diagonal tension members created a continuous
maintenance problem. Calling the approach trusses "not a form of structure
which would generally be preferred," he would not use the design for any
subsequent bridges. Of the 98,000-pound weight of each deck truss
superstructure, steel comprised only about 3,000 pounds, or just 3% of the
weight - half that of the cast iron and a fraction of the wrought iron. 02

Compression testing of full-scale, long steel members was still not possible,

and without specific test results, George Morison remained skeptical about the
capacity of steel in the trusses to resist deflection under axial compressive
loading. Additionally, he was still wary of sudden tensile loads applied to

steel members in the outer panels. The "extreme prudence™ that he had demon-
strated at Plattsmouth, he continued for the steel components of the Bismarck
Bridge. Morison justified his caution in a report to the railroad:

The experience with the Plattsmouth Bridge had shown that a steel could
be obtained, with comparatively little difficulty, which was admirably
fitted to resist compression in members of moderate length, but we are
still without accurate data to determine the strength of steel
compression members of such length that their vielding is a matter of
flexure rather than of compression. As regarded tension members, the
fact was established that steel eye-bars could be made which would show
a very uniform modulus of elasticity, within safe working limits, and an
elastic limit fully one half higher per square inch than could be
developed in iron eye-bars of the same working strength, but it had not
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vet been found practicable to get steel eve-bars of a uniform ultimate
strength, or which would develop anything like a uniform elongation
before fracture. Under these circumstances, it was thought best to limit
the use of steel in compression to the end posts and top chords, where
the length does not exceed sixteen times the least transverse dimension,
and to limit the use of steel in tension to the ten central panels of

the bottom chord, where there are never less than four bars side by
side, where the strains are applied slowly, and where a high eleastic
limit and a uniform modulus of elasticity are needed, the ultimate
strength of the material being of comparatively little importance, 03

In January 1881, Morison solicited competitive proposals from six of the

country's most prominent bridge fabricators for the massive superstructure.

Within two weeks, he received replies from four of them: the Delaware Bridge
Company, Keystone Bridge Company, Kellogg and Maurice, and the Detroit Bridge
and Iron Works, There was very little difference in the per-pound material

prices quoted by the bidders, but Detroit Bridge was substantially lower than

the others on erection price and was therefore awarded the contract. Bids for
the substructural work were let at the same time. The contract for that was
awarded to Saulpaugh and Company of Chicago. Bellows, Fogarty and Company of
Mandan were contracted for the earthwork on the approaches; Bismarck contractor
Charles Thompson would lay the riprap stone to consolidate the riverbank; and

the Winston Brothers of Minneapolis would erect the iron trestle on the west
approach, 104

Construction of the Bismarck Bridge began hurriedly for Morison. In late autumn
of 1880, Northern Pacific President Billings had authorized the construction of
the protective upriver levee that Morison had outlined in his preliminary

design. A railroad crew began building the dike's foundation mattress, a
140-foot wide base structure composed of woven and wired willow brush. By the
time Morison and First Assistant Engineer H.W. Parkhurst arrived at Bismarck in
January to begin construction supervision, work was well under way. But the
men had failed to tie the dike with the western shore, allowing the river to

cut an alternate channel. As the outspoken Chief Engineer later indicated, he
was less than happy with the progress: "The situation was very unsatisfactory.
The foundation mattress for a dike, which was to hold the river on the east
side, had been constructed, but the entire river was running on the west side

of the foundation; there was no water running where the bridge was to stand;
moreover, the ice was likely to break up in a little over two months, and

unless a vigorous effort was made, it would tear to pieces all the work that

had been done." '05

Morison immediately mobilized the crew to reinforce the weakened structure.
Laborers had already gathered logs to cover the dike, and under his direction
they built a three-foot high crib the entire length of the levee, filled it

with boulders, earth, and anything that could be used for ballast, ramped the
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upriver side, and covered it with earth to protect it from the ice breakup.
Morison's dike was colossal: 1,750 cords of brush for the foundation mattress,
20,100 cubic yards of earth, and over 65 million pounds of 50- to 500-pound
granite boulders collected from the rolling prairie west of the river. The men
worked throughout the bitter Dakota winter on the frozen river until the rising
floodwater drove them from the dike in March. The structure was soon covered
entirely by the flood.

The winter ice breakup on the upper Missouri in March 1881 was the most violent
on record. The weather had been bone-chillingly cold for months, and a thick
ice erust had formed over the river. This was followed by an early spring on

the Yellowstone and the upper tributaries of the Missouri, which precipitated
severe flooding in Dakota. A great ice gorge - the rapid buildup of an immense
floe that blocked the water in the channel behind ~ formed between Bismarck and
Fort Lincoln, raising the river level four feet above Mandan and inundating the
vast floodplain along the west bank. When the gorge at Bismarck broke on March
30th, a flood of icy water washed downstream to the next gorge at Fort Linecoin,
which held for five @#ys before it too collapsed. The succession of gorges and
floods continued down the Missouri past Yankton. The rupture of the last ice
dam released an unprecedented wave that roared past the mouths of the Kaw and
the Platte and into Kansas City. The washout there was disastrous - exceeded
only by the great flood of 1844, .

The flood at Bismarck crested entirely over the dike, passing the broken ice
with scarcely little structursl damage. But when water receded after the
breakup and the rectification work re-emerged, Morison was dismayed. The dike
had held, but the river still resisted his attempts to wrest control of it. He
described the scene:

Although little harm has been done by the break-up, the situation was as

perplexing as ever; the main channel was still between the dike and the

west shore. The water gradually cut away sbout 200 feet at the west end

of the mattress, where the crib had not been thoroughly filled with

stone, but the opening between the dike and the west shore did not pass

the whole discharge of the river, and the inclination of the dike seemed

to have the desired effect, in causing the flow of Water on the east

side gradually to increase, at the expense of the diScharge through the

western opening... The river wasenow working in the way that we

desired, but the open channel on the west side was a source of very

grave apprehension,10é
In May Morison ordered a temporary pile bridge built across the west channel in
an unpromising attempt to block the flow of water. The June flood completely
destroyed the log structure. As the river begap its summer recession in July,
the men resumed work rebuilding the pile bridge. A violent hailstorm in August
wrecked the pile driver barge, halting work once again while it was raised and
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repaired. Finally, at the end of the month the 900-foot bridge was completed.
Tracks were laid along its length and a landing was built at its end for use by
the transfer boats. By this time the river was closing the west channel itself
by depositing silt around the bridge piles, and Morison decided to let the
natural filling action proceed unaided. Despite this, the river continued to
create problems throughout the bridge construction, commanding the engineer's
continuous attention.

Construction on the bridge substructure 3as begun on May 12, 1881, with foun-
dation work on the east abutment. Ground was broken the following day for the
first pier on the eastern bank With a derrick set up alongside to hoist the

dirt, workers excavated an open pit, 24x50 feet, twenty feet below the surface
of the river before encountering the hard clay that formed the bed. By
Septemb