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HISTORIC AMERICAN ENGINEERING RECORD

LOWER PLYMOUTH ROCK BRIDGE

Spanning the Upper fowa River on unnumbered Winneshiek
County road, 2.1 miles east of Kendallville; NW1/4,
Swi1/4, SE1/4, Section 35, Township 100 North, Range 10
West; Fremont Township, Winneshiek County, lowa

UTM: 15.581180.4809045

Bluffton, lowa (7.5 minute series, 1981)
1877

Wrought Iron Bridge Company, Canton, Ohio
Winneshiek County, lowa

Single-lane roadway bridge

The Lower Plymouth Rock Bridge is one of the few intact
examples remaining of what had once been the standard
rural roadway bridge type of the 1870s in America: the
bowstring arch-truss. This patented tubular arch design
was marketed extensively throughout the United States

and Canada by the Wrought lron Bridge Company of Canton,
Ohio, one of this country's most important 19th century
iron bridge fabricators. The Lower Plymouth Rock Bridge
is the oldest bowstring remaining in its original

position in Winneshiek County.

Clayton B. Fraser
Principal, Fraserdesign
Loveland Colorado

January 1986
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INTRODUCTION

The Historic American Engineering Record (HAER) documentation for the Freeport
and Lower Plymouth Rock Bridges was conducted by Fraserdesign of Loveland,
Colorado, under contract with Winneshiek County, lowa. Winneshiek County has
proposed the replacement of these two structures: the Lower Plymouth Rock
Bridge (Project No. BROS-9096(8)) in early 1986 and the Freeport Bridge

(Project No. BROS-9096(17)) in early 1987.

Some sections of the report have been expanded beyond the usual HAER format to
serve gpecific needs. The coverage of Wrought lron Bridge Company activities

in Iowa, for instance, has been expanded to help the lowa Department of
Transportation identify and date similar bridges throughout the state.

Similarly, Winneshiek County bridge history is discussed in extensive detail to
provide a needed general history for the County Engineer's Office and answer
questions regarding other extant structures in the county. Additionally, the
volume of county records allows an unusual opportunity to provide a thorough
coverage of county bridge building in the 1870s that is representative in the
economics of bridge funding and contracting and novel in its focus upon one man
and two bridge types. The Freeport and Lower Plymouth Rock bridges share many
similarities in that they were funded by the same county, fabricated and

erected by the same bridge manufacturer at about the same time, and using the
same general design. Their detailing, however, differs in significant aspects,
which the evolution of that design illustrate. (For more detailed information

on the Lower Plymouth Rock Bridge, refer to HAER No. 1A-18).

Field recording of the two bridges was undertaken in November 1985. The
perspective-corrected photographs for both were processed and the three-sheet
set of measured drawings for the Freeport Bridge (reductions of which are
included in Appendix) was completed by year's end. Research and report
preparation were conducted between November 1985 and January 1988, with this
final report being completed in January 1986,

The research for this project has involved a variety of archival sources: the
Winneshiek County Engineer's Office, Winneshiek County Clerk and Recorder,
Luther College Library, Ohio State Historic Preservation Office, Ohio State
University Library, Ohio Historical Society Library and the Denver Public
Library. For their assistance in the research and support for the project, we
would like to thank George Hanzlik, Winneshiek County Engineer; Dr. James
Hippen of Luther College; David Cook of the lowa Department of Transportation;
David Simmons of the Ohio Historical Society; Eric DeLony of the Historic
American Engineering Record in Washington; Greg Kendrick and Suzanne Evans of
the National Park Service in Denver; and Dennis Gimmestad of the Minnesota
Historical Society. :
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EARLY BRIDGE BUILDING IN WINNESHIEK COUNTY

Winneshiek County was formed by an act of the lowa State Legislature on January
15, 1851, The first settlers had arrived in the region two years earlier and

initial settlements had begun in several of the townships. From a population of
546 in 1850, the county grew dramatically to almost 13,5600 in 1860, and

totaled over 23,500 in 1870.! 1In 1852, Lincoln Township was settled and the
town of Moneek was platted. Decorah and Frankville were surveyed and platted
the following year, and Spillville was begun by the first Bohemian settlers in

the county. Freeport and Calmar were platted in 1854, Ossian and Plymouth Rock
a year later.? As other settlements formed and grew in the county, an
impromptu network of overland roads and trails began to develop to link them,
following the typical pattern of settlement and transportation.

Four rivers drain Winneshiek County. The Upper lowa is the largest, entering
the county from the northwest corner and meandering across to the eastern edge.
The Turkey River cuts across the southwest corner of the county; the Yellow
rises in the southeast. The Canoe, though termed a river, is little more than

an enlarged stream. Additionally, the county is crisscrossed by a myriad of
creeks, streams, runs, gullies, ravines and washes. Although they are
numerous, none of these watercourses is very wide or deep and none would
present any great technological difficulties in bridging, Nevertheless, they

did impede travel over the region's growing system of wagon roads. Bridged
crossings would be required if settlement was to continue.

Organized road and bridge building was the responsibility of the county
government. The typical method of communication between the citizens and the
elected officials was through road and bridge petitions, which requested
specific construction or improvements. These petitions were considered by the
county supervisors at their regularly scheduled meetings in Decorah, the county
seat. In a sparsely populated region, however, with minimal government
revenues, relatively few vehicular bridges were erected by Winneshiek County in
the 1850s.

Beginning in 1860, county affairs were administered by a board of supervisors,
composed of one member from each township. Ten years later, this board was
replaced with a county commissioner system, with elected representatives, still
termed supervisors, from each of three districts. These first members were
Board Chairman M.S. Drury, G.C. Winship and A. Arneson. 1n 1872, the county
was reapportioned into five districts, which each elected a representative.3

The board of supervisors responded to the deluge of urgent bridge construction
petitions in the 1860s by authorizing many small-scale projects, but no
long-span structures. In March 1870, for example, the board appropriated funds
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for several short-span structures arcund the county: a bridge across a ravine
on a section-line road in Orleans Township ($10); & two-span timber stringer
bridge scross a creek in Orleans Township, with stone abutments and a timber
pier {$55); two bridges on a slough in Lincoln Township ($60 for both); another
bridge across a slough in Lincoln Township ($15); two bridges across a creek in
Lincoln Township ($60 for both); a bridge in Madison Township ($25); and four
or five bridges on the Decorah and Burr Springs Road ($75 for all). 4 For a
relatively new county faced with a rapidly increasing number of rural roads and
an acute shortage of funds, the construction of many small timber structures
was the most practical short-term sclution. Though inexpensive to build initi-
ally, most tended to be structurally suspect and required almost continuous
maintenance to prevent their collapse. Moreover, the wider rivers would require
more substantial crossings in the form of longer-span trusses or arches.

In 1870 the supervisors' primary concern was sheer volume and intensity of the
bridge requests from around the county. The three beleaguered men sought some
relief, if only temporary. On January 5, 1871, the board unanimously adopted
the following resolution:

WHEREAS, The Bridge Fund provided for by the tax levied amounts to only
about $1500 after paying appropriations made; and some reform is there-
fore necessary in the manner of building and keeping in repair the brid-
ges of the county; and

WHEREAS, The Trustees of the seversl townships, under provisions of
Sec. 2, of Chapter 100 of the laws of the 12th General Assembly, have the
power to levy taxes for bridge purposes in their respective townships;
therefore,

RESCLVED, That hereafter this Board will not make any appropriations
from the County or Bridge Funds for building or repairing bridges of
less than 30 feet span; and we earnestly recommend that all bridges of
less than 30 feet span are built with good stone arches where stone can
be had at any reasonable prices, believing that such bridges will be
much more substantial and economical; and this Board will in all cases
determine the necessity for the bridge, and the length of span needed
where the span is 30 feet or more; and G.C. Winship is hereby appointed
@& committee to receive petitions in vacation and examine and report upon
the necessity and amount of appropriation and length of span needed in
all such cases. 5

The resolution was a rather transparent attempt by the board to shift the
responsibility for bridge building to the individual townships. The supervisors
must have realized that the measure could not be enforced over an extended
period, A dubious piece of legislation at best, the resolution did, however,
contain one kernel of foresight: the appointment of supervisor George Winship
as the one-man bridge committee. 1t was a decision which would profoundly
effect Winship's life and would have a far-reaching impaect on the landscape of
Winneshiek County.
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Though not among the first pioneers to settle in the county, George C. Winship
(1823-1898) was already a long-time resident in the area by 1871. He was born
in Hartford, Connecticut, in August 1823. In September 1855, Winship moved to
Winneshiek County from Ohio with his wife Charlotte and nine-year-old daughter,
Emma. A second daughter, Minnie, was born on his farm six years later. ¢
Winship began work in Decorah as a hired journeyman for the town's first
blacksmith and later acquired a 40-acre farm a mile north of town.” By no means
wealthy, he was nevertheless widely known and respected in the township.® The
1860 Census estimated the value of his real estate holdings at $5000 and his
personal estate at $1000.° Ten years later his land had increased in value

to $10,000 and his personal holdings to $1800, a total exceeded by only a dozen
other men in the township. 0 A tall, thin man, Winship's stature was erect,

his demeanor stern and forthright, though colored with a wry sense of humor.

He had a rather drawn face with a sharp hawk-like nose, and even late in life
carried a beard and full head of grey hair.

As the representative from the Decorah Distriet, Winship had been one of the
first three supervisors elected when the county adopted the county commissioner
system in 1870." In the most densely populated township in a county settled
overwhelmingly by people with names such as Oleson, Hanson and Tollefson,
Winship was an anomaly as an elected official in that he did not live in town
and was not Scandinavian. He listed himself as a farmer to the census takers,
and farming was his primary source of income., But his avocation - as the other
supervisors would come to realize - was supervising county capitol improvement
projects, particularly bridge construction.

Following his appointment as bridge committee, Winship began maintaining a
journal, known as the bridge book. In this he recorded and mapped the numerous
citizens' petitions for bridges and posted payments for bridge work.'2  The
board had given him sole authority over county bridge matters, stating: "the
bridge committee [is] authorized to draw warrants and to pay for work
contracted for as fast as the work should be accepted by him and to make
contracts for building or repairing bridges that may in his judgement be deemed
indispensible." 13

The first bridge that Winship authorized as bridge committee was Winneshiek
County's largest and most costly bridge to date. Built by local stonemason P.
Gallgher over Trout Run, two miles southeast of Decorah, the masonry structure
consisted of five 12-foot arches supported by 4-1/2 foot solid masonry piers.

1t totaled 180 feet in length and 18 feet in width and cost $1596.72.14 At

the end of the year, Winship contracted for two other substantial masonry
arches. The longer of these was the Bohemian Creek double-arch bridge in Sumner
Township. Composed of almost 70 cords of stone and costing $1,438.27, it
consisted of two 16-foot arches with a total length of 95 feet, including the
wingwalls. Another two-span masonry arch was built over the Yellow River in
Bloomfield Township for a total cost of $1455,1°
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Winship realized the limitations of masonry arches for crossings requiring long
spans. Nevertheless, he preferred the arch in principle, calling it "the most
handsome and utilitarian of bridges." When he would begin contracting for
medium-span timber structures in 1871, these too would employ the arch. That
year, Winship contracted with Sumner Township contractor Alva Tracy to erect a
bridge over the Turkey River at Spillville for $1752.22. This was paid by
warrants on the bridge fund and the poorhouse fund, "and no pains were spared
to make a No. 1 bridge."'®  The following vear, Tracy erected three bridges:
the Bredeson Bridge over Trout Run in Glenwood Township ($1072.44), the Brandt
Bridge ($1248.08), and Buck's Bridge over the Turkey River in Washington
Township ($2009.46). 7 The combination spans that Tracy built were composed of
timber arches and decks, with iron suspenders and floor structure.'8 Winship
praised Tracy's invention, saying, "This bridge is built on an entirely

different plan from any other bridge in northern lowa. 1t is so strong that

the heaviest loaded teams make no perceptible jar.”"1?

Throughout 1871 and 1872, the supervisors were faced with two interrelated
issues: the poor state of bridge construction in the county and charges from
their constituency of unfair allocation of funds for bridge projects. The
resolution of January 1871 had only exacerbated an already heated situation.
Clearly, a more workable solution was needed. After considering the twin
problems in its September 5, 1872 meeting, the now five-member board adopted
another resolution:

WHEREAS, 1t is found that citizens of the several townships of the coun-
ty are unable, for want of means, to build the necessary small bridges

in their townships, and,

WHEREAS, The townships have contributed alike towards the bridge funds
of the county; therefore,

RESOLVED, That this Board will build, in each township, one arch bridge,
of not over 16 feet span, as soon as the state of the funds will permit,

and that the bridge committee is hereby authorized to locate such brid-
ges, and to contract for the building of the same as fast as the same
can be built consistent with the state of the funds. 2¢

1t was an imaginative plan, designed to benefit all twenty townships equitably
and set the standard for sound bridge building in the county. Because it
stipulated stone construction for the bridges, the supervisors' program would
benefit local contractors and quarry operators, rather than send the
appropriations to out-of-state bridge companies. ?' To fund this ambitious
program, the board engaged in a bit of administrative leperdemain. The county
had traditionally allotted no more than a 3 mill levy for bridge construction

and was unwilling to raise the levy to accommodate the growing need for
upgrading of the roads and bridges. Rather than increase the appropriation for
bridges, the supervisors withdrew money from the poorhouse fund whenever the
cost of bridge projects exceeded the amount budgeted in a particular year.

Good for travelers in Winneshiek County; bad for the indigent.
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Stone suitable for building the arches was readily available throughout the

region. The central part of the county is floored primarily by Trenton

limestone, which gradually changes to galena in the southwest corner. Several
extensive guarries located in the county separated and cut this stone. Near
Decorah, pure high-grade limestone of g light grey color was quarried. Addi-
tionally, quarry operators mined sandstone in the eastern part of the county

and magnesia on Canoe Creek six miles north of Decorah.?2Z Given the abundance
of materials, the masonry arch seemed a logical and economical cheice for
small-scale crossings. By the end of the year, Winship had made arrangements
to construct several masonry arches throughout the county.

More importantly, by the end of 1872, he had begun preparations for the
county's first iron bridges. Winship contracted with local stonemasons for
construction of the stone abutments for three iron bridges: one over the

Turkey River at Fort Atkinson, and two in Lincoln Township near the Daubersmith
Brothers' Mill the Butz Mill west of Ridgeway,23

These latter structures, called the Daubersmith and Butz Bridges, or simply the
Daubersmith Bridge, may have been a single two-span bridge or two single-span
bridges close together; the records are unclear. It was erected in 1873 for a
total cost of $5621.24 - by far the most expensive bridge built in the county.
The structure entailed over 108 cords of stone for the abutments and wingwalls,
38,688 feet of 12"x12" timber for the driven piles and two iron

superstructures - 60 and 70 feet long. 24

For the abutments, Winship contracted with stonemason Peter Reis. Reis first
encountered quicksand on the riverbank, necessitating a change in the founda-
tions. Then he encountered difficulty in procuring suitably sized stone.

Finally, he encountered gdifficulty in moving the stone across an adjacent
parcel of land. "A gentleman with stubbornness extraordinarily developed,
refused to let us pass across a little corner of his land," Winship told the
board, "although we offered him $50 for the privilege, and agreed to level down
all ruts and sow the track to grass seed... I wish the gentleman well, but 1
think he has more than his share of pure mulishness."25 Before he would accept
the masonry work, Winship exacted a twenty-five year guarantee for the bridge
abutments from the contractor, 26

For the superstructure, Winship followed the typical bridge contract solicita-
tion and award process of the period, which he would alsoc use when contracting
for all subsequent iron spans. He instructed the county clerk to advertise for
competitive bids, giving the span length and location of the proposed bridge.
With their cost proposals, the regional bridge companies were required to
submit design proposals, including plans, specifications and design load

tables. Winship then reviewed the proposals comparatively with the board

of supervisors. Given his propensity for areh bridges, it is not surprising

that he and the supervisors chose a bowstring arch-truss for the Daubersmith
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Bridge. In April 1873, after inspecting an iron arch in adjacent Howard
County, the board instructed Winship to purchase the Wrought lron Tubular Arch
Bridge, manufactured by the Ohio Bridge Company of Cleveland, Ohio, for this
and two other bridges.?’ For some unrecorded reason, he awarded the
superstructure contract to the Wrought Iron Bridge Company of Canton, Ohio, 2

The other iron bridge built in 1873, for which foundations had been laid the

year before, was the Fort Atkinson Bridge over the Turkey River, This span was
an 84-foot bowstring arch-truss supported by stone abutments. The total cost
of the bridge was $3,101.50. Like the Daubersmith Bridge, the substructure for
the Fort Atkinson Bridge was built by local contractors. The superstructure was
fabricated and installed by the Wrought Iron Bridge Company under a single
contract with the Daubersmith Bridge. 2?

Construction of a third iron span, the Gillece [Gilliece; Gillence] Bridge,

in Bluffton Township was begun late in 1873, By vear's end the work was

almost completed. A stonemason named Dwyer built the massive masonry abutments,
which, according to Winship, were "by far the best job of masonry in the

county, so noted by all who have seen it." 39 The abutments and 95-foot wing-
walls consumed almost 212 cords of limestone and 17,898 feet of timber and

plank. The 104-foot bowstring superstructure was produced by the Wrought lron
Bridge Company. 3!

For all four of Winneshiek County's first iron bridges, George Winship had
contracted with Wrought Iron. The total amount paid by Winneshiek County to
the Canton~based company in 1873 was $7,198.00: far more any previous year's
total expenditure for bridges.?2 In his annual bridge report to the board,
Winship defended the high cost of these first iron bridges, saying, "No money
has been needlessly expended, but unforeseen expenses, to a large amount, have
been incurred. At each of our four iron bridges, where we expected and looked
for rock or hard pan foundations, we struck quagmires of guicksand, which cost
us sixty four thousand, three hundred and thirty eight feet of timber and plank
for foundation, besides the expense incident thereto, for transportation,
framing, sinking, &c, &c."33

The following year saw five more iron bridges erected in what would prove to be
the most extensive single-year construction program undertaken by the county in
the 1860s, T0s and 80s. The Goddard Bridge over Plum Creek in Washington
Township was a 34-foot structure costing $1205.51 ($459 of which was paid

for the superstructure). The Stich Bridge in Pleasant Township cost $2236.34
($1080 for the superstructure). The Upper Plymouth Bridge in Fremont
Township was a 130-foot bowstring arch-truss erected over the Upper lowa River
for $4770.77 ($3570.00 for the superstructure). The Drake Bridge in Glenwood
Township, another 130-foot bowstring over the Upper lowa, cost $6155,61
($23607.50 for the superstructure). The most expensive among these was the
Decorah Bridge, a medium-span iron structure built for $7994.89 ($3941.50 for
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the superstructure).’? Because of its location within a relatively heavily
trafficked urban area and the requirement for a wide roadway, the supervisors
chose a medium-span through truss for the superstructure, instead of a

bowstring, a bridge type thought more suitable for rural ferm-to-market roads.
The Decorah Bridge was manufactured by King and Son of Topeka, Kansas, 3° The
others were manufactured by the Wrought Iron Bridge Company.

In the four years since his appointment as bridge committee, George Winship had
accelerated the rate of bridge construction significantly. By the end of 1874,
Winneshiek County had built one five-arch, two double-arch and thirteen single-
arch masonry bridges. Additionally, the county had contracted for its first

iron bridges. 3¢ All but one of these nine spans had been fabricated by the
Wrought Iron Bridge Company.

WROUGHT IRON BRIDGE COMPANY

In its extensive dealings with the Wrought Iron Bridge Company, Winneshiek
County was simply following a regional trend. As this county and hundreds of
others in the Midwest contracted with the Ohio-based bridge company in the
1870s, Wrought Iron quickly became one of the largest bridge fabricators in
America. And its president, David Hammond, distinguished himself as one of the
country's most prolific bridge innovators.

Born September 12, 1830, on & farm in Plain Township, Ohio, David A. Hammond
had moved to Canton, Ohio, at the age of eighteen. There he served as an
apprentice carpenter to William Prince, & locally prominent builder. By 1860,
Hammond had formed his own construction company and was building, among other
things, several small-scale timber roadway bridges. With John Laird, owner of

a local foundary, and Washington R. Reeves, a local metal worker, he developed
a combination bridge in which he substituted iron for wood on some of the
tension members and connection details. Hammond patented this design, the

first in what would be a long series of bridge patents issued to him. 1n 1862,
Hammond was contraected to build an iron bridge over the Middle Branch of
Nimishillen Creek in Canton, for $1200. "It was strictly & wrought-iron

bridge," stated The American Pictorial Monthly, "made out of bars and bolts."
Hammond and Reeves built the 6§0-foot bridge - their first all~metal span - in

an 18'x 30' blacksmith shop using & one-horse power drill. ¥

In 1864, Hammond and Reeves formed a partnership to engage in bridge work and
general contracting. That year they jointly patented their first bowstring
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arch-truss design (described in more detail later) and built a small

fabricating plant on the Fort Wayne Railroad near the West Branch of

Nimishillen Creek. Not satisfied with the small-scale construction undertaken

by his partnership with Reeves, Hammond formed the Wrought Iron Bridge Company
in 1865 and for the next four years operated both bridge companies from the

same facility. As Wrought lron increased its construction activity, the

cramped facilities suffered under the strain, 38

In 1870, Hammond and Reeves dissolved their partnership and Reeves returned to
metalworking. Hammond continued to expand his bridge fabrication enterprise.

In January 1871, the Wrought Iron Bridge Company was incorporated with an
initial capitalization of $106,000.3% The first officers were Hammond, Reeves
and Michael Adler. Later jeining Hammond on the board of directors were C.
Aultman, Hiram H. Wise, Alexander Hurford and dob Abbott, a patent attorney
turned bridge engineer. The company built a new fabricating plant at East
Ninth and Saxton Streets, opposite the passenger station of the Fort Wayne
Railroad, increasing his production capacity tremendously. Hammond's success
throughout the 1870s was phenomenal. In 1871, the company sold 100 bridges
worth $200,000. The following year sales had doubled to $400,000, and by 1873
production had increased to a half million dollars.4? By August 1877, the
Wrought 1ron Bridge Company employed three hundred men, working around-the-
clock to produce the 12,000 feet of iron bridges then under contract.4t Like
most bridge fabricators of the time, Wrought lron cut and assembled the members
for its iron bridges, but did not manufacture the wrought iron. An 1880

account describes the company's operation:

The material they use in construction of bridges is specifically manufac-
tured for them under the most rigid specifications, as to tensile
strength and quality, and is critically tested on its arrival at the

shops. Their bridges are built on scientific principals, approved by

long and thorough experience, and the utmost caution is excercised in
their erection. In all the work they have executed, there has not been a
single case of failure or accident, under protracted usage for road
travel or excessively trying tests. Such an exceptional record is cer-
tainly worth of consideration. Their facilities for accurate and reliable
work are unequaled by those of any similar establishment, and enable them
to complete contracts with great dispatch. 42

The Wrought Iron Bridge Company marketed its bridges through the traditional
means of solicitation and advertising, The company opened branch offices in
several midwestern states from which it fielded general agents. Essentially
traveling salesmen, these agents visited with city and county officials in

their territories, explaining the company's bridge designs and presenting
proposals for competitive bid lettings. The company advertised in national and
regional trade periodicals such as lsaac Potter's County Roads {shown in Figure
8). Additionally, it circulated illustrated pamphlets which showed
representative examples of its work. In 1874, Wrought Iren printed its "Book
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of Designs" (shown in Figure 1). This served both as an advertisement for the
company and &s a pattern book of standardized bridge designs that the company
manufactured. The fronticepiece of this illustrated pamphlet tries to dispel
the lingering questions regarding the safety and economy of iron and clearly
demonstrates who the targeted customers were:

To County Commissioners and Others:

The large amount of money annually required for the construction and
maintenance or railroad and highway bridges, calls for the most careful
investigation by all those interested in public economy, as to what
means are necessary to reduce this cost of manufacture, and naturally
leads to inguiries as to whether iron bridge building will contribute

to this result; whether iron bridges have been sufficiently tested to
render their adoption no longer an experiment, but a certain success;
whether cast or wrought iron should be adopted for bridge work; whether
wrought iron, if adopted, will be effected by corrosion or other causes;
what the proper capacity of an iron bridge should be; what are the best
plans for iron bridges, and what is the best mode of obtaining an iron
bridge of proper construction. 43
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As indicated by the Book of Designs, the primary superstructural type marketed
by the Wrought Iron Bridge Company in the 1870s was the bowstring arch-truss
made up of wrought and cast iron components. The bowstring was the most
commonly erected all-metal bridge of the 1870s, due in large part to Wrought
Iron and its main competitor, the King Bridge and Manufacturing Companv of
Cleveland, Ohio. The first and second largest bridge manufacturers in the
country during the decade, both companies fabricated standardized versions of
their own patented bowstring designs.

By altering the configuration of the primary arches and suspenders on its
bridges, Wrought Iron was able to produce a series of bowstrings covering a
range of span lengths from 50 to 350 feet. The shortest bowstring was what
Wrought Iron termed a Column Arch Bridge (shown in Figure 2). This bridge,
according to the company, "was specially designed for country bridges of
moderate spans, and has proved to be remarkably well adapted to such purpose;
its moderate cost, great strength and stiffness and neat and ocrnamental
appearance making it much superior to anyv other arch bridge for short spans." 4>
The column arch bridge, intended for spans between 50 and 120 feet, emploved a
cylindrical wrought iron arch made up of four flanged quarter round segments
riveted together. It was a pony configuration - Wrought Iron's only pony arch

- with no overhead lateral bracing.

For span lengths ranging from 80 to 140 feet, Wrought lron designed a Column
and Channel, or Column and Thimble, Arch Bridge (shown in Figure 3). The
primary arches consisted of four riveted quarter round sections, with two
channels inserted on the horizontal axis. "Although designed especially for

large spans,” the Book of Designs stated, "we have succeeded in adapting it in
the most perfect manner, as is attested by the very large number of spans
erected by us within the [80-140-foot] limits."4¢ By varying the size of the
column and channel members, the company could vary the size of the arches from
&-1/2" to 11-1/2" deep and from 11-1/2" to 15-1/2" wide,

Wrought Iron's Column, Plate and Channel Arch Bridge (shown in Figure 4) was
designed for spans ranging from 140 to 180 feet. The arches were configured
much like the column and channel bridge, with a stiffening wrought iron
diaphragm inserted between the quarter round sections. Intended for the span
range most commonly specified in county bridge construction, the column, plate
and channel arch was Wrought Iron's most popular bridge type.

For longer span bridges, Wrought lron marketed two other types of bowstrings:
the Column, Plate and Channel Arch Bridge (shown in Figures 5 and 6) and the
Double Column and Channel Arch Bridge (shown in Figure 7). Although outlined
in the Book of Designs, these last two bridge types were rarely erected. The
longest column and channel bridge known to have been constructed was a a
double-265-foot span bridge built ca. 1874 in Foxburg, Pennsylvania.4? No
double column and channel bridges are known to have been fabricated.
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As the Wrought Iron Bridge Company marketed these bowstring configurations
extensively around the country, other bridge fabricators were also erecting and
patenting their own bowstrings bridges. Squire Whipple patented his "ron
Bowstring Bridge" in 1841 (Patent No. 2064; 24 April 1841).4% Like most
successful inventions, his bridge design spawned numerous other variations,

most of which deviated from his patent just enough to avoid infringement. Over
the next thirty-five years, dozens of patents were issued for improvements on
Whipple's design. These included such configurations as the triangular wrought
iron tubular arch patented by Cincinnati inventor Thomas Moseley (Patent No.
16,572; 3 February 1857), the square wrought iron tubular arch patented by
Cleveland inventor Zenas King (Patent No. 33,384; 3 February 1861) and the
parallel plate arch patented by Wilmington, Ohio, inventors Johnathan and Zimbi
Wall (Patent No. 148,010; 24 February 1874)4% In his 1874 Book of Designs,
Hammond gives a brief history of the early development of iron bridge
fabrication:

The building of highway iron bridges, begun by Whipple in 1846-'50, was
carried on to a limited extent until 1861. Moseley [of Moseley and Company,
Cincinnati] patented a wrought-iron arch bridge in 1857, and erected
several spans in 1858 to 1861; King and Frees [later King Iron.Bridge

and Manufacturing Company, Cleveland] began building wrought—iron brid-
ges in 1859-'60, and Hammond and Reeves [later, the Wrought Iron Bridge
Company, Canton] began building wrought-iron bridges in 1864-66. Wrought
iron bridge work for highway purposes has made rapid progress from that
date to the present time, almost supplanting cast iron, as was the case
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with railway bridges, and forcing the public to concede its superiority

over wood or cast iron, whenever they were brought into comparison.
Starting from New York in 1845, iron highway bridges have grown in pub-
lic favor until they are now found in almost every State in the Union,

and even those States, such as Maine, New Hampshire and Michigan, whose
facilities for building wooden bridges are unrivalled, are abandoning
wooden for iron bridges. 0

Most of the bowstring patent activity centered in New York - Whipple's home
state - and Chio, among whose inventors David Hammond was the most active. In
the 1860s and 1870s, he and his colleagues at Wrought Iron produced more than
sixteen different bridge designs.®’ During this period, they were by far the

most prolific bridge innovators in Ohio, and on a national level were surpassed

by only the venerable Captain James Eads in bridge patents issued. Whipple may
have invented the bowstring, but no other inventor in 19th Century America did
as much as David Hammond to perfect the form.

Hammond's first bridge, patented with Reeves in 1864 (Patent No. 43,20%;

21 June 1864), featured an inverted U-shaped arch made up of three flat iron
bars clamped together at regular intervals.52 His second patent, issued in

1866 (Patent No. 56,043; 3 July 1866), showed an arch composed of two 1-beams -
termed double-T irons - covered by an iron plate. "The nature of my invention,"
he stated in the specification, "consists in the novel construction of a
wrought-iron arch of double-T iron and novel clamping pieces, and &lso in the
combination of a covering piece which excludes moisture, and also serves to
prevent any lateral movement of the arch... whereby 1 obtain an arch of great
strength and simplicity with a comparatively small weight and cost of
construction." 33 The accompeanying drawing shows a pony configuration, with
suspenders improbably oriented perpendicular to the arch, rather than vertical.
The arch was evidently intended only for short-span roadway applications.
Hammond continued to refine his arch designs and filed revised specifications
and drawings for both with the patent office in 1867 and 1869.%¢

In 1869, he patented yet another arch design (Patent No. 86,538; 2 February
1869), presented as an improvement to his 1864 patent, "said improvements
consisting, first, in the use of channel or L-iron for the arch-pieces, in the
place of the plate-iron there shown, by the use of which we are enabled to
firmly rivet the arch-pieces and covering piece together, instead of depending
wholly on the clamping-bolts, clamping-pieces and suspension-rods and bracing
for the binding of said pieces together, as is the case in our previous patent,
whereby we greatly increase the resistance of our arch to any horizontal
deflection, and thus greatly increase its strength."5>

With each patent application, Hammond refined his bowstring design. His fourth
bridge patent, issued in April 1870, delineated for the first time the tubular
arch configuration which would later become the trademark for the Wrought Iron
Bridge Company. In this patent (Patent No. 102,392; 26 April 1870), Hammond
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described three Phoenix-tube wrought iron arches roughly equivalent to his
later column arch, celumn and channel arch and column, plate and channel arch.
The result, Hammond asserted in the specification was "a tubular arch of great
strength and stiffness, which admits of a very economical distribution and
proportion of material to any required case of construction." 5¢

Clumsy though it looked, this was the direct predecessor to Hammond's fifth and
final arch bridge patent. Issued in February 1873, this patent (Patent No.
135,802; 11 February 1873) was the basis upon which the Wrought lron Bridge
Company fabricated thousands of bowstring bridges across North America in the
1870s. The specifications described a series of bowstring arch-truss designs
which used Phoenix tubes for the primary arches. Although his preceding patent
specifications and accompanying illustrations were relatively brief, Hammond
describes in lengthy and painstaking detail every aspect of this series of

bridges. Significantly, this patent was the first to delineate an extremely
long-span (up to 350 feet) bowstring through design.

One particular technological issue that Hammend and the others sought to
address with their patents was the inherent lateral instability of the

bowstring arch-truss. "It is well known to bridge constructors," Hammond
stated in 1873, "that the principal defect in the practical working of
bow-string girders as heretofore constructed, especially in long spans, has
been their want of stiffness to resist the action of a rolling load."57 Live
loads placed on the bridge deck are transferred to the floor beams and then to
the verticals, which are suspended from the primary arches. The tensile force
of the suspenders tends twist the compression arches sideways, especially if
the load is applied with any eccentricity from the neutral axis of the arch.
This is countered in most arch patents by the installation of overhead struts
to tie the two primary arches together and make a rigid structure. The arch's
curved configuration, however, makes placement of these struts impossible in
the outer panels, necessitating an extremely rigid arch construction to
overcome the twisting action. For all but his short-span arches, Hammond
specified tubular arches that were stronger laterally than they were axially.
For his longest spans (between 220 and 360 feet), he actually doubled the tubes
and connected them with a continuous solid web to create an immensely rigid
frame, 58

The counties and municipalities of lowa were among the best customers of the
Wrought Iron Bridge Company. The period of extensive rural road and bridge
construction in the state during the 1870s coincided with Wrought Iron's
ascendance in the industry, combining to create a booming market for the bridge
company's regional sales representatives. Winneshiek County's almost exclusive
relationship with Wrought iron may have been an extreme case. (Other bridge
companies such as the King lron Bridge Company of Cleveland also marketed
heavily in eastern lowa during this period, and bridge superstructure contracts
were let primarily on the basis of cost, not company.) Nevertheless, the
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Wrought Iron Bridge Company was extremely active in the region. In 1874,
Wrought Iron listed several of its recently erected bowstrings in lowa.
Winneshiek County bridges are indicated by an asterisk:

Sidney 85-foot span; 12-foot roadway Column Arch
Shenandoah 42-foot span; 12-foot roadway "
Hall's Mill 90-foot span; 16-foot roadway "
Columbus Junction  95-foot spans 16-foot roadway "
Watson's Ford 76-foot span; 12-foot roadway "
*Fort Atkinson 84-foot span; 16-foot roadway !
Ridgeway 70-foot span; 16-foot roadway "
Red Gak Junction 100-foot span; 18-foot roadway !
Orford 113-foot span; 14-foot roadway Column and Channel Arch
Chelsea 140-foot span; 14-foot roadway "
Quasketon 125-foot span; 16-foot roadway "
Fairbanks 145-foot span; 16-foot roadway .
Nora Springs 120,125-foot spans; 16-foot roadway "
Independence (2)145-foot spans; 18-foot roadway "
Cedar Falls (3)115-foot spans; 16-foot roadway "
Keosauqua (4)151-foot spans; 16-foot roadway .
Cedar Rapids (6)120-foot spans; 18-foot roadway "
Watsell's Ford 140-foot span; 16-foot roadway "
*Decorah {Gillece) 104-foot span; 16-foot roadway "
Nora Springs 115-foot span; 16-foot roadway "
Springville 153-foot span; 16-foot roadway "
Palo 85-foot span; 16-foot roadway y
Marshalltown 100-foot span; 16-foot roadway !
*Pecorah (P1ymouth) 130-foot span; 15-foot roadway " ~
*Decorah (Drake) 130-foot span; 17-foot roadway L

In 1877, the compeny built a six-span iron bridge, with a total length of 960

feet, at Columbus Junction in Louise County. This was Jowa's longest highway
bridge to date.®? As Winneshiek and other counties continued to purchase arch
and truss superstructures from Wrought Iron, the aggregate length of the firm's
spans in the state accumulated. By 1885, David Hammonds company had installed
21,600 feet of bridges in lowa: almost equaling the total output by the company
across the country in its first nine years. Only New York, Ohio, Indiana and
11linois had purchased more structures from Wrought Iron. &

That year, David Hammond's bridges could be found in 41 of the state's 98
counties. 62 Although these were distributed in all areas of lowa except the
northwest corner, Wrought Iron's strength clearly lay in the eastern part of
the state. Over 70% of the counties in which Wrought lron's bridges had been
installed were east of Des Moines, and almost 60% were east of Waterloo. One
particular stronghold for the company was the northeast tier of counties.
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Winneshiek, Howard, Chickasaw, Floyd, Mitchell, Fayette, Clayton, Buchanon,
Delaware and Dubuque Counties had all bought bridge superstructures from

Wrought Iron in the 1870s and 80s. Allamakee County remained the only holdout. ¢2
Towa's list of Wrought Iron's bridges in 1885 included the following structures
{(Winneshiek County bridges indicated by an asterisk):

Shell Rock, Butler County (3) B5-foot spans; 17-foot roadway
Mitchell, Mitchell County (2)128-foot spans; 16-foot roadway
Osage, Mitchell County (2)240-foot spans; 16-foot roadway
*Decorah, Winneshiek County (Twin)  (2)116-foot spans; 16-foot roadway
Black Hawk County (3)150-foot spans; 16-foot roadway
Center Grove, Dubuque County 86-foot span; 16-foot roadway
Waterloo, Black Hawk County 1565-foot span; 16-foot roadway
*Decorah, Winneshiek County {(Bluffton) 116-foot span; 16-foot roadway
Webster City, Hamilton County 150-foot span; 16-foot roadway
Palo, Linn County (2)165-foot spans; 16-foot roadway
Paris, Linn County 160-foot span; 16-foot roadway
Ivanhoe, Linn County (2)130-foot spans; l6-foot roadway
Stone City, Jones County 115, 117-foot spans; 16-foot roadway
Rochester, Cedar County (4)151-foot spans; 16-foot roadway
Pine Mil11s, Muscatine County 96-foot span; 16-foot roadway
Jackson, Adair County 84-foot span; 16-foot roadway
Rockford, Floyd County 260~ foot span; 16-foot roadway
Fremont County 102-foot span; 14-foot roadway 64

Despite its frequent expansion of facilities, Wrought Iron's tremendous

workload in the mid-1870s caused the company occasionally to fall behind on its
fabrication schedule. This in turn created problems for the customers as
contracted bridges waited for completion. Winneshiek County experienced such
delivery problems with the Wrought Iron Bridge Company in 1875. "Owing to the
failure of the Iron Bridge Co's. in fulfilling their contracts on time," George
Winship complained in January 1876, "We are compelled to postpone grading and
finishing our abutment walls until spring on a number of bridges. In fact there
are but two of our Iron bridges erected in 1875 that is [sic] entirely

completed." 65
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LOWER PLYMOUTH ROCK BRIDGE

Since its formation in 1871, George Winship had not only chaired the bridge
committee for Winneshiek County, he constituted it completely. But with the
duties of being a one~man committee came the inevitable complaints from a
disgruntled constituency. In en 1875 presentation to the board he defended
himself against his critics, saving: "In making contracts and superintending

the bridge work for the past veer, 1 am not aware that I have assumed any
authority not delegated me by the Board. 1 have endeavored to carry out your
orders to the best of my gbility, and although I may have been the most abused
man in Winneshiek County, I am conscious that no duty has been imposed upon me
that is not performed." ¢¢

In April 1876, the board again nominated George Winship to be the bridge
committee, as he had throughout the preceding five years, The pressure and
criticism that had mounted over the preceding vears finslly overcame his
interest in bridges, however, and this time he refused. "Thanking you for your
preference," he stated, "I, at the same time, positively decline to act as
committee on Bridges, and ask as a personal favor that the motion be withdrawn,
as forcing the office upon me without my consent will involve my resignation.”" ¢7
Taken sback, the other board members promptly withdrew the motion and of fered
the following extemporaneous resolution:

Resolved, that we express to G.C. Winship our appreciation of his long
and efficient service as bridge committee. The management of the de-
tails of our bridge matters by him during his terms of service as such
committee has been marked by prudence, honesty and efficiency, and we
hereby tender him our thanks for such service and express our regret at
his refusal to Ionger serve in such capacity. 68

In Winship's place, three members of the board - supervisors Brittain, Morton
and Callender - formed the new bridge committee, to serve until the following
January.

Despite his sbrupt resignation, Winship remained active in county bridge

matters as a supervisor. In January 1877, he was elected chairman of the
board, With only a $1917.49 balance in the bridge fund, the county began the
new year as it had years past: chronically short of money. Winship directed

the bridge committee in April to build and repair only those bridges that were
absolutely necessary, but "in no case are they to exceed the amount of bridge
revenues for the current year."* The self-imposed moratorium would not last
long, however, as urgent petitions for road and bridge improvements continued
to come in from around the county. One of these petitions presented that month
was from G.V. Punteney requesting a replacement bridge for the timber
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structure over the Upper lowa River at Plymouth Rock, in Fremont Toewnship.

Fremont Township forms the northwesternmost division within Winneshiek County.
Covering twenty-eight square miles, the area is characterized by undulating
hills, overlaid with dense hardwood forests, with steeper bluffs found in the
central part. The Upper Iowa River meanders through the center of the
township, as described by a 1905 Atlas of Winneshiek County:

The Upper lowa River runs southeasterly through the township, entering
near the northwest corner of Section 7, and pursuing & winding course
to the southeast, leaving the township on the south line of Section 35
and returning at near the southeast corner of Section 36. The river is
clear, rapid, and in its winding descent affords numerous favorable
mill sites. The banks are skirted by forests of a great variety of de-
ciduous trees, except here &nd there where the land has been cleared
for farming purposes. Here and there upon the bluffs on the eastern and
northern side of the stream are clusters and large groves of pine,
spruce and cedar, some of it having been utilized in the early days of
settlement for building purposes.’70

Settlement in Fremont Township coincided with the rest of the county in the
early 1850s. The region's economy was typically based upon subsistence
sgriculture, Wheat was the primary cash crop. Throughout much of the 1850s,
the market for the this was McGregor, Iowa, but by the late 1860s two
water-powered mills had been built along the river within the township. One of
these was constructed in 1868 in a nascent settlement called Twin Springs by
S.G. Kendsll, an 1860 immigrant to Iowa from Mississippi. The settlement's
name was immediately changed to Kendallville, as Kendall's mill formed the
nucleus for what would become the largest community in the township. The
other mill spawned a settlement which would become known as Plymouth Rock.”!

Plymouth Rock was a small crossroads community in the southeast corner of the
township, located along the Upper lowa River on the road between the larger
towns of Bluffton and Kendallville. The unincorporated community had begun as
early as 1852, when the river was dammed for a mill site. The following vear,
before the land was surveyed for the official section line delineation, Selden
Carter constructed a sawmill along the west bank of the Upper lowa, alongside
the diversion dam. When Carter's Mill was later closed ang dismantled, a flour
mill was erected on the sawmill site by Mattock, Kelly and others. Mattock and
Kelly subsequently sold their interest in the property to the Bean Brothers,

_ with 8.G. Kendall holding partial interest. The Beans operated the mill
profitably for several years before closing in insolvency after the wheat crop
failed in successive seasons. G.V. Punteney acquired the mill and was
operating it successfully in 1877.72
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In September 1855, a small town was platted and several houses built beside the
mill on the relatively level west bank of the river. Fifteen lots laid out

within two elongated blocks initially constituted the settlement. These were
oriented toward two north-south streets named Main and River. East-west Ford
Street formed the southern boundary. In the late 1870s, the population of the
settlernent hovered around thirty. During that time a half dozen residences, a
small frame schoolhouse and a general store operated by L. Wanless constituted
Plymouth Rock. The small community was bounded on three sides by a half-mile
bend in the river, and by 1877 the Upper lowa had been bridged in two locations
near Plymouth Rock along the east-west Kendallville-Bluffton Road. The Upper
Plymouth Rock Bridge crossed the river along about one—half mile west of the
community. The Lower Plymouth Rock Bridge crossed the river on the south side
of town, at the end of Ford Street. As the instigator of the petition for a

new bridge at the Lower Plymouth Rock crossing, Punteney would benefit greatly
by the erection of a substantial new structure at this location.

An important crossing at the northwest corner of the county, the first bridge
over the Upper lowa at Plymouth Rock had been built as early as 1866, In
January of that year one hundred voters signed a petition asking the county to
appropriate $2,000 for a new bridge. The board responded by laving the matter
over to the next meeting, saying: "In view of the late appropriation for a
bridge near that point [at Kendallville], and the present state of the bridge
fund, we beg leave to refer the petition back to the House, suggesting it might
be well to appoint 1 or 3 members of this Board Commissioners to examine said
location and report at the next meeting of the Board."7> Apparently the
bridpe was completed that year.

The Lower Plymouth Rock Bridge suffered from the same structural drawbacks as
the dozens of other small-span timber bridges in the county: it required
frequent repair to the deck and the substructure to keep it serviceable. In

late 1872, another citizens' petition presented to the board requested that a
replacement bridge be built. The board would commit only to a substructural
renovation of the bridge and directed the bridge committee (George Winship) to
procure materials to build icebreakers on the piers and abutments as soon as
practical. These were installed early the next year, costing $42.10 for timber,
iron, stone and labor. The county made more repairs in 1874. No major repairs
were made to the bridge in 1875 and 1876, Repairs in early 1877 had cost the
county $15.00,76

By the spring of 1877, the Lower Plymouth Rock Bridge had deteriorated to an
unsafe condition. In response to Punteney's urgent petition in April, the

three- man bridge committee inspected it and the Old Mission Bridge over the
Turkey River in Washington Township. Both structures were among the oldest and
most heavily trafficked crossings in the county. Both required either

extensive repair or replacement. The committee opted for the latter, directing
the county clerk to issue advertisements and solicit competitive proposals from
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several regional bridge companies for the two spans. Typically, the clerk
specified only the locations and span length for the proposed structures and
required each individusl bridge contractor to provide the design of the
superstructure with its cost propesal. The construction for each bridge would
be let in two separate contracts entailing superstructural and substructural
work. The county's minimal specifications for the Old Mission Bridge called
for a 74-foot span; the Lower Plymouth Bridge would span 130 feet.?7

On the afternoon of Thursday, June 15, board chairman George Winship and board
members P. Morton, H. Giesen, T. Callender and O.W. Ellingson met to consider
the plans and specifications submitted by several bridge companies for the two
bridges. Although the men spent the entire afternoon discussing the proposals,
they could not arrive at a decision. The board reconvened the following

morning to review the proposals again. Before noon they had awarded the
construction contracts for the superstructures of the two bridges to the

Wrought lron Bridge Company, an unsurprising decision in light of the county's
past relationship with the Canton-based bridge fabricator. With bids of

$2600 for the Lower Plymouth Bridge and $1091.50 for Old Mission, the

Wrought Iron regional sales representative had proposed his company's patented
bowstring arch-truss for both spans, similar to those his company had erected
elsewhere in the county. The Old Mission Bridge would be a "Column 1ron Arch
Bridge," Wrought Iron's shortest and only pony-type bowstring span

configuration. The Lower Plymouth Bridge would be a "Column, Plate and Channel
Arch Bridge" - Wrought Iron's most commonly fabricated arch type - designed for
spans ranging from 140 to 180 feet.’8

The Lower Plymouth Rock Bridge (Winneshiek County Bridge #154) features
standardized Wrought lron Bridge Company configuration and detailing, straight
from the company's current book of designs. With a span length of 128 feet
and an overall length of 130 feet, it is subdivided into twelve unegqual

panels, ranging in width from 9'8" to 12'6". The roadway width is nominally 16
feet (actually 15'8"), with a vertical roadway clearance of 12'8". The arches
are 17'4" high, from bearing end to midspan. Despite mass production of the
wrought iron components, the bridge contains noticeable variations in panel
width and vertical height dimensions. (See Figure 9).

The most distinctive features of the bridge are its two primary arches. Like

all of Wrought Iron Bridge Company's bowstrings of the 1870s, these employ a
patented, Phoenix built-up construction, composed of several wrought iron
components riveted into an octagonal tube. "The arches of this bridge," the
company stated in its 1874 brochure, "are composed of four column segments and
two channel bars, riveted together with six rows of rivets, and between the
upper and lower halves of the arch at its ends, there are riveted plates of

iron of the full width of the arch.” The corner column segments are made

of 1/4" wrought iron plate, formed into 5-5/8" quarter round sections, The

two 1/4" iron channels measure 3"x 1-3/4". The continuous stiffening diaphragm
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is also made of 1/4" wrought iron plate. With an overall width of 14-1/2" and
a height of 11-5/16", the arch possesses greater lateral than axial strength.
This reveals the Achilles’ heel of the bowstring arch-truss: poor lateral
stability of the primary arches, particularly in the outer panels, where struts
cannot be installed. "The great lateral stiffness of the arch will be evident
from examining the cross section," the company stated in its Book of Designs,
"and the addition of the middle plate at the ends of thc arches gives just the
proper increase of cross section and lateral stiffness to make the ends of the
arch as stiff as the central portion, which is held against lateral bending by
the overhead lateral trussing.” 79

At the four bridge bearing points, the arch ends are fitted to heavy cast iron
skewbacks, similar to those patented in 1872 by William B. Rezner of the
Cleveland-based Ohio Bridge Company (Patent No. 128,509; 2 July 1872, shown in
Figure 10). These skewbacks have curved lower edges which nest on the curved
upper surfaces of cast iron bearing shoes. The shoes are fixed by anchor

bolts to the stone abutments on both sides of the bridge. Expansion and
contraction of the arches is compensated for by the sliding of the curved
skewbacks over the base shoes,

Figure 10

The Jower chords of the bridge consist of two parallel, rectangular 6"x 3/4*
bars spaced 2-3/4" apart. These extend continuously through the panel point
connections with the floor beams and verticals (shown in Figure 11), The 25%"
long bars are spliced in four locations along the bridge's length using riveted
overlaps. The bar ends at the corner bearing shoes have been forged and
threaded to accept a hexagonal end nut. These ends pass through slots in the
arch skewbacks and are bolted to elliptical castings, which slide as the
skewback tilts during expansion and contraction of the arches.
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Two types of vertical suspenders are used on alternating panel points of the
bridge. The first, what Wrought Iron termed an angle crusher, consists of

four 1-1/2"x 1-1/2"x 1/2" angles tied with spacer rivets into a cruciform

shape. The other, a lattice column, consists of two 3-1/2"x 1-3/4"x 1/4"
tee-shapes with 1-1/4"x 1/4" wrought iron webbing riveted between. These
wrought iron tees feature pronounced fillets and small returns on the flanges,
like serifs on a T. Their web has been formed asymmetrically with respect to
the flange, which allows the moment of inertia to coincide with the exact
centerline of the assembled column. This column type is a derivation of a
wrought iron post configuration patented by David Hammond in 1876 (Patent No.
184,521; 21 November 1876). Titled an "Improvement in Wrought Iron Posts,"
Hammond's patent detailed the of the wrought iron asymmetrical tees, which were
to be used in lieu of paired iron angles. 8

Cast iron caps are riveted to both types of verticals to attach them to the
tubular arches. The threaded shaft of each of these caps passes through a
hexsgonal nut and a cast iron skewback on the arch bottom, through a hole
drilled in the arch and through another skewback and two more hexagonal nuts on
the upper face of the arch. Similar threaded castings are riveted to the ends

of the tees on the bottoms of the lattice columns. These are bolted to

castings, which in turn are bolted alongside the webs of the floor beams.

An 1874 Wrought Iron Bridge Company brochure described its patented method of
arch bracing:

The Straight Lattice Brace Posts are used in spans of 100 ft. and over,
and are secured to the arches as before shown [using threaded caps
through cast iron skewbacks], while the bolts at their lower end run
through thimbles on the sides of the brace beams, where they are secured
by jam nuts. The brace beams are fastened to the chords by a bolt at
each side passing through a cross plate above the beam, and down between
the chords with washer and nut below, and the Side Tension Rod runs from
a thimble at the end of brace beam across the post to the Top Lattice
Girder, so that the Brace Post acts as a rigid lattice girder between
the brace beam and arch, and also forms a crushing post to act with the
side rods against side motion, both features being patented by us us and
used only in our bridges, and forming the most perfect system of side
bracing ever used on an arch bridge. 82

Each 3/4" diameter eyebar diagonal is connected at the lower chords by two
forged straps. These 1" wide iron straps are secured between the bottom of the
lower chord eyebars and the floor beams by bolted cast iron clamps. "As [the
diagonals'] size is such in this length of span," the company stated, "as to
make it impracticable to properly secure them to the chords by a through bolt,
without wasting the chord section, this connection is made by our combined
Wrought Hitch Plate, whieh consists of a wrought iron plate having its ends



Lower Plymouth Rock Bridge
HAER No. 1A-18
Page 32

slotted and turned over, like the ends of a strap hinge." 83 In their upper
connection with the arch, the diagonal braces have been inserted through slots
cut in the arch bottom, passed through cast iron skewbacks on the top surface
of the arch and threaded into hexagonal nuts, like the verticals,

| " —t

184,4%0. MxTallio ARGA- Demoks, Job
Abbott, Canton, Ohlo, sasxignor toc Wrought
Irco Bridge Company, same place. {Filad
Aug. 19, 1876.)

m
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1. The connection ©of the disgonal ties in &
panel of & bowgtring arch-bridge with each
otber, and with the sarch and chord of said
bridge at their lntarsection, substantislly as
and for the parpose apecilied.

2 Tbe sttachment of Lbe conier of no arch:
post with the connection of the disgonal ties
at their intersection, substantislly as and for
the purpose specified.

g 84

Figure 12

The diagonal ties connect with the upper and lower chords in each

panel, forming the distinctive x~pattern on the web. They span two panels
on either side of midspan and are connected at their centers by forged eyes
sandwiched between octagonal cast iron connector plates. This configuration
and method of connection was protected by & patent granted to Job Abbott and
assigned to the Wrought lron Bridge Company in 1876 (Patent No.184,490; 21
November 1876, shown in Figure 12). The feature, as Abbott described in his
patent specification, was designed "to obviate the difficulty experienced in
constructing long-span arch-bridges, of getting the diagonal ties to lie at or
near the proper angle, to secure stiffness and economy without making the
panels of too great length, as well as to effect a saving of material by
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reducing the number of posts required.™ 8

The struts which stiffen the arches overhead were similarly covered by patent
granted in 1876 to David Hammond (Patent No. 184,522; 21 November 1876, shown
in Figure 13). Hammond's patent, titled an "Improvement in Wrought-lron
Girders," delineated a beam with asymmetrical tees for the upper and lower
flanges and wrought iron webbing between. The struts for the Lower Flymouth
Bridge feature the upper flange tee, but had a more conventional double-angle
lower flange. The struts at most panel points have the height of a single web
intersection. The midspan strut, with greater clearance over the roadway,
features a deeper web. The upper lateral bracing consists of 3/4" diameter
rods, connected with forged eyes to the columns at the outsides and with
threaded ends bolted to a circular connector ring in the centers.

184,392, WrOUGET-InoN OmmpEas, David
Hammond, Ceaton, Chios, sssignor to
Wrongbt Irom Bridge Company. same
place. (Filed Aug. 10, 1870.)

4 wroughtiron girder baviug sn opper T-
beag mn-d% with ﬂi‘: top and ribs on its usder
edges, in combination with & plate or latties-
wob and T or nogle lower bead, scbetantisily
84 80d for the purposs speci )

86

Figure 13

The floor structure of the bridge is, as Wrought lron emphasized, "wholly of
iron, and entirely independent of all wood work, consisting of rolled | beams
placed at the brace posts, and united by lateral tie rods under the floor, the
whole forming & rigid lateral iron truss extending between the chords the full
length of the bridge, and preventing any lateral motion in the floor or bridge
at chord level." 87 The floor beams are single-piece wrought iron I-beams,
with 3-1/4" flange widths, 6-1/4" overall height and 3/8" flange and web
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thickness. The lower lateral bracing consists of 1" square bars, with forged
eyebar ends bolted to the floor beams.

The Wrought lron Bridge Company fabricated, shipped and assembled the super-
structures for the Old Mission and Lower Plymouth Bridges in 1877. The company
supplied all of the ironwork, including the bearing shoes and floor beams.
Winneshiek County contracted locally for the masonry abutments and for the oak
stringers, mud sills, decking and wearing planks. Masonry work for the two
bridges had begun soon after the letting of the contracts in June. Several
courses of stone were added to the existing abutments of the Old Mission Bridge
to increase the high water clearance beneath the new superstructure (the second
raising of the bridge; the first occurred in 1872)., Stonemasons reconstructed
the coursed limestone abutments for the Lower Plymouth Bridge entirely to
accept the new long-span arch-truss. The soil on the east riverbank here
consisted of a stiff yellow clay subsoil with a thick overlayment of black loam
topsoil. On the other side of the river, the soil had a similar structure,

though the topsoil carried slightly more sand and fine gravel.®® Under these
favorable subsurface conditions, the contractors drove heavy timber piles as
substructure for the stone abutments and wingwalls.

Grading for the Lower Plymouth Bridge was provided by residents on both sides,
and by late autumn the structure was open to regular traffic. In the absence of
evidence otherwise, it is assumed that the construction progressed without
major incident. Total cost of the Old Mission Bridge was $1139.99 - $1091.5¢0
for the iron superstructure and $47.50 for raising the abutment walls, A

longer structure which required & new masonry substructure, the Plymouth Rock
Bridge had cost substantially more. The $4173.56 total construction cost breaks
down as follows: $2600 to the Wrought Iron Bridge Company for fabrication
and installation of the iron superstructure; $1462.50 for the 112.25 cords of
stone and masonry used for the abutment and wingwalls; $81.90 for 2,340 feet
of oak wearing plank; and $29.16 for sawing, boring and hauling bridge
decking. 8%

Degpite its tentative beginning, 1877 had proved to be an expensive year for
bridge building in Winneshiek County. This was due largely to the high cost of
the Lower Plymouth Rock Bridge. In the third and fourth quarters alone, the
board of supervisors had approved warrants for $7,296.14 on bridge construction
and maintenance, comprising almost a third of the total budget. The Old
Mission Bridge had cost $1139; the Plymouth Rock Bridge, $4173.56. The
Larsen Bridge, a 44-foot timber/iron combination truss on masonry abutments,
was built in Highland Township at a total cost of $1529.59.9C Additionally,
several small-span timber and stone bridges were erected throughout the county
and existing bridges replanked or reshored. Finally, after five years the pro
rata arch bridge program was substantially completed. ?!
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BRIDGE BUILDING IN WNNESHIEK COUNTY AFTER 1877

By the end of 1877, with his arch bridge program completed, George Winship had
grown tired of his responsibility as county supervisor. During the 1870s, he

had spent as much as a third of his time supervising bridge construction around
the county and and wished to return to full-time farming. In January 1878, at
the age of 53, he retired from the board of supervisors against the protests of
the other board members. Noting his retirement, the Decorah Republican stated,
"For a number of years he has been the guiding spirit in [the board's]
deliberations, and wielded the most influence."%2 The newspaper continued with
an unprecedented testimonial:

In losing his services, the county loses much. Every member who has been
associated with him will testify to the unfailing courtesy, and the rig-

ig integrity which he has given to his duties. If he has made mistakes -
and we are sure they are but a few - he has been always ready to acknow-
ledge and correct them. At times he has been violently assailed, but he
has always promptly and ably defended himself; and time has proved that
he has served the county wisely, capably and honestly, His most impor-
tant service has been that of bridge committeeman. 1t is on this account
he has been most vemently [sic] assailed. Time shows this fact; when he
began his service, there was hardly a decent bridge in the whole county.
The superstructures were rotten, and the abutments flimsy shams. To-day,
the county may well be proud of her numercus iron and stone bridges. We
do not know how many they number, but they can be found all over the
county; and whenever found, a good job is to be seen. This has been ac-
complished, too, without increasing the tax for bridge purposes, & sin-
gle mill... Of course, Mr. Winship is to be credited with only a part

of this work. His associates saw and approved his methods, and backed
him in his plans. They have their share of the credit, but they cheer-
fully accord him with the greatest, as the master spirit. The record of
his work is seen in these enduring works, and we think, that, as he re-
tires from public service, this recognition of his labors are due. %

Winship's departure from the board immediately precipitated a couple of changes
in the way the county handled bridge matters. The three-man bridge committee,
appointed the year before, was expanded to include the entire board of
supervisors - A.W. Brownell, T. Callender, O.W. Ellingson, P. Morton and B.E.
Jewell, Jewell would chair the committee. Additionally, the board empowered
the county auditor "to issue warrants on the bridge fund in payment for bridge
construction and maintenance on the written order of the chairman of the bridge
committee."%¢ This was a responsibility which George Winship had assumed
during his term as the bridge committee,
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It is evident the board intended that bridge building would proceed in 1878 as
it had through the previous year, with most of the effort directed toward
replacement of several of the earliest timber structures by more substantial
iron spans. The first such replacement project was initiated at the first
meeting of the new year, on January 8. That morning the supervisors traveled
northeast of Decorah to ascertain the condition of the existing Freeport Bridge
over the Upper lowa River. Back in town that afternoon, they directed that
an iron bridge be erected on the site of the existing timber structure "at as
earliest date as consistent.” %5 The Wrought Iron Bridge Company erected the
160-foot bowstring arch-truss (Winneshiek County Bridge #69) later that vear.

Of the eleven new spans erected by Winneshiek County in 1878, Freeport Bridge
was easily the most costly. Other iron bridges contracted for by the county
commissioners that year were the lverson Bridge in Canoe Township {33' span;
$705), Pine Creek Bridge in Bluffton Township (35' span; $980.50}, Cuppernill
Bridge in Orleans Township (3%' span; $705), Snyder Bridge (50' span; $1313.68)
and the Springwater Bridge in Canoe Township (80' span; $1890.05).
Additionally, the county built five small-scale wood bridges, ranging in span
length from 20 to 40 feet and in cost from $331.54 to $563.85. The bridge
expenditure for the second half of 1878 exceeded $14,400, typically

constituting the largest line item in the board of supervisors' budget.®®

Bridge construction dropped precipitously for Winneshiek County in 1879, That
year the supervisors contracted for only one iron structure, the Spillville
Bridge in Calmar Township, a 100-foot bowstring arch-truss’ By 1880,
Winneshiek County had erected a total of thirty-two iron bridges on the county
roads, sixteen or more stone arch bridges, three Tracy "composition® bridges
{(made of iron girders and lower chords, with wooden arches) and numerous
small-scale wooden spans. Remarkably, these had all been built in the nine
years since George Winship had organized the county's bridge program. "The
iron and stone bridges are erected with a view to permanency,"” the 1880
Winneshiek County Almanac stated. "The abutments for the former are invariably
massive, and the superstructure of superior workmanship,” 8

Of the stone arch bridges, one, over Trout Run, two miles southeast of Decorah,
was composed of five arches. Two were double arch bridges, the remainder single
arches. The aggregate cost for nine of these structures was $9,230.15. Among
the most expensive iron structures were: the Decorah Bridge (span length
unknown (1874); $7,994.39); the Gillece Bridge in Bluffton Township (104" arch
span {1873-74); $6,961.46); the Drake Bridge in Glenwood Township (130' arch
span {1874); $6,155.61); the Daubersmith Bridge in Lincoln Township (70' and

60' arch spans {1873); $5,621.24); the Freeport Bridge (160' arch span (1878);
$5,549.03); the Upper Plymouth Rock Bridge (130' span (1874); $4,770.77); the
Lower Plymouth Rock Bridge (130" arch span (1877); $4,173.56); the Turkey River
Bridge at Fort Atkinson {84' arch span (1873); $3,101.50); and the Spillville
Bridge (100" arch span (1879); $2868.80). 99




Lower Plymouth Rock Bridge
HAER No. JA-18
Page 37

In 1880, Winneshiek County contracted with the Wrought Iron Bridge Company for
two medium-span iron bridge superstructures. The first, used for the Sawrence
Bridge in Jackson Township, was an 84-foot bowstring arch-truss, erected for a
total cost of $2519.35. The other was & 116-foot-span Pratt through truss
replacement structure for the Bluffton Bridge, placed over the Upper lowa River
on existing abutments for $2831.23.100

N,

194.520. TRuss - Bamoms David Ham-
mond. Henry G. Morss, and Job Abbott,
Canton. Oo. [(Piled Aug. 10, 1878.)
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Figure 15
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The Bluffton Bridge marked a watershed for bridge building in Winneshiek
County. The county supervisors had contracted with bridge companies during the
1870s for iron trusses, such as the Goddard Bridge in Washington Township or
the the Womeldorf Bridge in Pleasant Township, built by Wrought Iron in 1874
and 1875, respectively.’0? These had all been relativelv small ponv structures,
however - Pratt half-hips and bedsteads - used in short span situations. The
Bluffton Bridge represented the first time that the county purchased a through
truss as an alternative to a medium-span bowstring on a rural crossing: a
marked departure from past practice.

The Bluffton Bridge presaged the building trend in the countv for the rest of
the 19th Century. The county continued to erect iron, and later steel, trusses
on its rural roads throughout the 1880s and 1890s, though not in the quantity
that had characterized the decade before., No iron bridge construction was
recorded in Winneshiek County between 1881 and 1883.103 1n 1884, the Wrought
Iron Bridge Company erected the Twin Bridge - consisting of two 116-foot Pratt
through trusses identical to the Bluffton Bridge - and a 160 foot iron span at
Childs Ford in Decorah Township.'94 The Kendallville Bridge, a 100-foot iron
span, was erected in 1887, along with 58 and T0-fcot iron bridges on Washington
and Water Streets in Decorah.!05  The last iron bridge of the 1880s was a
70-foot structure built over Trout Run in Decorah Township.!0¢

The change in character of Winneshiek County's bridges occurred well within the
mainstream of state and national trends, for after 1880 the bowstring was
specified increasingly less frequently for roadway crossings. The Wrought

Iron Bridge Company, at the forefront of bowstring innovation in the 1870s, was
also at the forefront in the shift toward other structural configurations a
decade later. David Hammond foresaw the decline of the bowstring arch-truss as
a highway bridge type in the mid-1870s, as evidenced in his patent activity of
the time. In an 1874 patent, the inventor offered a single-intersection truss
design as an alternative to the arch, stating: "The straight truss is

simplified and made available for short spans in place of the arch, to which it
is preferred for appearance, and also for the protection which the truss

affords at the sides.” Hammond's last patent for a bridge tvpe, granted in

1876, was for a double-intersection through truss. (See Figure 15).1%7

Another indication of Hammond's change of design appears in the advertising of
the Wrought Iron Bridge Company. Of the fourteen standard bridge configurations
presented in the company's 1874 "Book of Designs," half were bowstring
variations., The illustration of a bowstring on the cover and the prominent
placement of bowstrings first among the suggested designs indicates the
intensity with which the company promoted this specific bridge type. A similar
illustrated pamphlet (shown in Figure 16) issued by the company in 1885,
however, contained no bowstrings at all among its standardized designs.
Wrought Iron had by then dropped what had once been its mainstay bridge type
completely from its inventory. As this company and others discontinued the
bowstring in its bid offerings, clients were guided toward alternative truss
types.
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Wrought Iron BridgeC

CANTON, OHIO.

D. W. CHURCH, C. E.,, AGENT,
FITCHRURG, MASS.

108

Figure 16

The acceptance of wrought iron as & structural material was widespread by this
time, &s evidenced by the fronticepiece of Wrought Iron's 1885 pamphlet:

The construction of durable Iron Highway Bridges instead of perishable
wooden structures, securing as it does, an ornamental and permanent im-
provement to the public highways and avoiding their frecuent obstructions
for the repeir or rebuilding of wooden bridges, failing from decay,

storm or fire, has become an imperative public want, wherever trial has
been made of properlv designed and constructed work.

The only objections to the adoption of Iron Bridges have arisen from
the construction by unscrupulous and inexperienced bridge builders, of
light and inferior work, badly designed and poorlv built of inferior ma-
terial, and there is no case of failure of Iron Bridges which cannot be
clearly shown to have resulted from some of these causes. Iron of poor
quality, and rightly used, has never yet failed to meet all the require-
ments of & first-class bridge material, but it must be properly used to
give goood results; and on the ground of their extensive experience in
its practicel use, and their facilities for ascertaining its quality and

- manufacturing it into the strongest designs for work, that this Company
desires to call the attention of the public to its records and facilities. 6%
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By 1880, the Wrought 1ron Bridge Company had built more roadway spans than any
other iron bridge fabricator in America, according to one account. The company
had by then erected some 3,300 structures in twenty-five states and Canads,
varying from 20 to 301 feet in length and from 6 to 120 feet in width.'® With

an aggregate length of over thirty-three miles, these included arch, truss,

swing and plate bridges. Around this time, the emphasis for Wrought Iron -

and for the bridge industry in general - bepan to shift overwhelmingly toward
the wrought iron truss, particularly the single- and double-intersection Prati,
for roadway bridge construction. The Pratt was easily produced and economical-
ly assembled from prefabricated components, was versatile in its range of span
lengths and live load capacities and offered a degree of lateral stability in

its through configuration that the bowstring could only approximate through a
network of braces, girders and ties. Rapidly gaining in popularity, the Pratt
truss would soon acquire the distinction as America's stan- dard roadway bridge
type of the 1880s and 90s, as the bowstring had been in the 1870s.

The significance of the Lower Plymouth Rock Bridge does not lie in its repre-
sentation of unusual or innovative technology. At the time of its construction

in 1877, it was one of thousands of similar structures erected by the Wrought
Iron Bridge Company. Rather, the Lower Plymouth Bridge is important for its
representation of two national bridge trends: the construction of rural

roadway bridges by county governments and the design and manufacture of wrought
iron bowstring arch-trusses in the 1870s. Winneshiek County's bridge building
program during this decade was representative in the way that bridge funds were
allocated and bridges were purchased. At the same time, it was novel and ambi-
tious, due in large part to George Winship. As one of the last iron bowstrings
contracted for by the county, the Lower Plymouth Rock Bridge represents the
culmination of this program and provides an opportunity to document county-
level bridge building in lowa. Secondly, as & standardized structure manufac-
tured by one of the country's principal 19th Century bridge fabricators, it is

an unaltered example of that company's most advanced medium-span bowstring
design. The Lower Plymouth Rock Bridge affords a degree of documentation for
what was an American standard rural roadway span of the 187(s.

Finally, the Lower Plymouth Rock Bridge is intrinsically significant simply for
its existence. Although a great number of bowstring arch-trusses were erected
by Wrought Iron and other bridge fabricators in the 1860s an 70s, few remain
today, lowa, once one of the Wrought lron Bridge Company's largest bowstring
customers, is typical of the national attrition. The lIowa Department of
Transportation has identified as few as twenty-four bowstrings remaining in the
state. Five of these are in Winneshiek County. All date from the 1870s. Fewer
yet have retained the degree of contextural and structural integrity as this
bridge. The bridge remains in an essentially rural setting on a farm-to-market
road. Other than the addition of deeper floor beams, replacement of the deck
and minor superstructural repairs, the Lower Plymouth Rock Bridge remains in
pristine condition. Too narrow, unable to function under current loading
standards and now closed, it is scheduled for replacement in early 1986,
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PaTeENT OFFICE.

DAVID HAMMOXND, OF CANTON, QH10.

IMPROVEMENT IN BRIDGES.

specification firming part of Letters Fatent No. 56,043, dated July 13, IRGG,

Towll wcham it weay eoncern:

Be it kuown that 1, DAVID llAMMOND, of
Canton, in the connty ot Stark mul Stiate of
Ohio, have inveuted n new sl valuable lo-
proveuent in Wronght - Iron Trussed Gind.
crx (il Bridges 01 other Strantnres; and [ de
hereby deelnr that the following ina full, ¢lear,
itt] exact deseription tlereol, reference being
Lad to the accompanying drawings, fooming
part ol thiz spreciticatiogg of which—

Figmwe 1 ix o bavizoutal plan of girder ap-
i o o hridge. Fig 2 ixa side clevatinn,
Fig 3 a vertical cross-section at wmiddle of
hridge. Fig, 4is a rross-section, showing ap-
pication ol donlilie-T iron, elaumping - pieces,
covering-picee, abid seenring-clamp, g 5 is
the ditails ol doubile: - holted chouping - piece.
Fig, 6 ix the details of single-balted clmping-
piree, andd Fig, 7 s thealetails tor seenring:-
clamp for enveriug-pirce.

Thie wation: of my invention consists in the
novel enustructian of a wranghit-iron arch of
doubl:- T ren wnd novel elinmping - picees,
amd also in the combination ol & covering:
pieee which exclndes moistinre, waid alsa serves
to prevent any lateral wmotion of the arch, uud,
Ity being firmuly secnnul thicreto, serves to mi-
tevially strengthew the mch, with said arch
aml seenrving - rlivups of amvel constmetiau,

 wherchy Eobtain au arcli of great strength and
stmplicity with a cemparatively suall weight
and cost of coastrin-tion. :

To cualile athers skilled in the #rt (o wake
aud use wy invention, 1 will yrocecd ta de-
seribe itk canstrietion e applieation,

The arell 1 in coruposed af {wa centinuaees
picces af doalble-T o, & &, whicl are =et ap
pavallel ta each other and a1 a distanee trom
each other equal to the lengths of the clump-
ing-picoes Dor1®, Tlhese clamping. pieces are
at anovel constrnetion, being cither doable
bolted, ax shawn in Fig. 4 and in detail in
Fig, 5, or single-balted, s xhown iu detail in
IFig. 6, s in tleeir application w Figs, 1 and
200 They ame nsde al’ casxt or wrought iron,
laving bolts M M at their sides, whicle balta
prass theangh the danile =T ivon medire se-
cared by wnts on the onside, thex irmly con-
pecting the two picees ol the gl to each
other.  In the center of these chuuping-pioces
13 or I’y 1 bore a hole, N, thrungl which pass
thie pupparting-rods I' F wl bracerods B E,
the single - bolted clamping - pieces, by their

poculiar constructisn, heing allowed to rotate
#0 nxto accontnodare thiemselves to the dirce
tious of the bruces

The ends ot the arch are conuccted by the
horls a @ and belis « », which bolts puss
throngl the ¢ands of the arch, the ewls of the
chonl, and cast-ira Wocks wlich are pnt in
to fill the space inihe dauble - T o awd to
keep the twa jieors of the chonl ajunt, thns
tirmly securing the ends ut’ the arch and the
clrls to each other.

The snspension-rods 17 opass thrangh the
clinupiag - pieces Dor 1%, and v seantred by
wuts on their lower ends.  They pass an each
side of the chonl-pieces o o, ax showu in Fig.
4, und pass thirough the supporting-piece £ f,
Al are seenred by nuts on the lewer side of
the supporting piver, forming i stirrup for the
sapport wl the chonls,

The string-pieces € C v placed oo the top
of the chorlds e« «, aml are olted ta the sus-
pension-rods 17 17 thus faruting a firme connec-
tion for the two ginders,

The cavering-piece 1138 placed on the top
ol the arcl, and ix seviared therito by the se-
euring - pieces Jd 1, of a novel constrnetinn,
These securiug - pieces, as shown in detail in
Fig. 7, have their edges or sides o o so farmed
ax ta it the lower part of the nppuer T-of the
donble-T iron of which the arch is composed,
al have a bolt, ¢« their upper silde, which
passen throngh the covering - picee 14, aml is
secutt«d Ly & oty K, on its apper side, thns
tinuly secitring the covering-piece to the arcls,

1 do uot claim in girders the use of the shoes
R, the clhords « a,1be snspeusion-reds F, the
atring. pieces C C, ot the Inuses-E B, as these
have Levn heretofore nxal aud patented 3 bat

Wihat 1 doclaim a my invention, and desire
to seenre LY Lottem Patent, is—

1. The peenliar combination of the danbie-
T iraus b b gl elamping - picees 1o 1P with
Lalts M M oand bede N, subistantially in the
witier and fur the parpose herein set forth.

2, Thepeculior cambinat tau of the envering.
pieee FL, thelonble¥ trons b6, aml the secur-
nge-picces J o, with bolt ¢ and unt K thereon,
nithstantially in the manner aud tor the v
1rise erein set Horb.

DAVII) HAMMOND.

Witnesses:

J. AnmoTT,
GEo. 1. TiLbEN.
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Lateunt' Offire.

DAVID HAMMOND AND W. R. REEVES, OF CANTON, OH10.
Lettors Patent Na. 86,638, dated February 2, 1869.

IMPROVED GIRDER FOR HEEIDGES.

The Bobedule reluted to th theny Letters Patant and making part of she smna

To all whom it may concern :

Be it known that we, DaVID Ba¥moxn and W. R,
ErEves, both of Canton, in the conuty of Stark, and
Btate of Ohio, have invented new and useful Improve-
ments in Wrought-Iron Girders for Bridges and other
structures; and we do bereby declure that. the follow-
ing is & full, cear, and exact description nf our inven-
tions, reference being hind Lo the acoompanyicg draw-
inga, furming # part of this specification, and 1o the
ketters of reference marked thersoo, of which draw-
ugs—

Figure 1 is u side view of our improved ginler, ap-
plied to a lvndge

Figure 2 is a half plan of the same.

Figure 3 is 2 balf plan of the same, as secu from
below the bridge

Figure 4 I8 & cruss-saction of’ the sange.

Figures 5 and 6 are two forms of cross-section for
the arch,

Figures 7 aud 8 are plan and section, showing the
details of the shuoe, with it block aid the chord and

‘archi-pieces:,

The nature of our invention ounsists in pew and
useful impruverments in the coostruction of the girder
shown iu our pateot of June 21, 16864, said improve-
ments eonsisting, first, in the use of channel or L-iron
for Lhe arch-pivces, in the place of the plate-iron there
shown, by the use of which wo are coabled w firmly
tivet the arch-piecss mnd cuvering-pivew togetheer, in-
steand of depeuding wholly on the damping:bolts, clamp-
ing-picees, std suspension-rods and bracing for the bind-
ing of suid piecos tug\.ﬁler,um the case of our previous
patent, wherehy we greatly increase the resistance of
our arcli to auy borizontal deflection, and thus greatly
increase its steengih ; aund seootd, in the peculiar an-
wer of geciiring the ends of the arch-pieces and chords
in the shoes, wherehy we greatly lessen the probability
ot their pulingg swut, and thue iperease the stability
of our girder.

To eunble others skilled fu the art to make and use
unr improved girder, we will proceed to describe its
coistruction wl application.

The arch A of cach ginler iz compoved of three
principal picces, B C C, the two arch-pisven C C Iwing
formied of cliwiine or L-iron. ke whown in figs. 5 and 6,
which are curved fo the proper shapy, abd set up par-
allel to each other, as showu,

The oovering-picon B is made of beavy jdate-irou,
and s laid an the top of the two arch-pieces C O, as
shown,

The rivets d 4, or bolta if prefermed, pass through
the upper Hanges r x, which are formed on the arch
pieces C C, wheu they are rolled, and throngh the cov-
ering-piece B, Lims irmly binding themn togetber.

The clampiug-pivces J J are nuade as shown iu de-
tail in tigs, 5 and 6, and are secured by the bolts & &,
which pass tbrongh them, and up betwecn the arch-

pieces O O, through the esvering-piecs B, and are se-
cured by nuts 1 4, as shown

The chords D D of the girder are formed of two-
pieces of plate-iron, set up paraliel to each other, snd
have the beads p p formed wu ane side at their enda,
us shown in tig. 7.

Tlhey rest at said ends between the arch-picors D D
in the shoe E, the heads p p, bewring against the parts
r r of the shoe. us shown.

The arch-pieces € C abut agminst suitably-formed
faces in the shoes K, and & block, R, baving a bead,
ad shown, or without this bead, if desired, is inserted
between the chordr D D,

A bolt, 2, passes throweh the sides of the shoe K,
the arch-pieces C C, chords D D, and the block R,
thus tirmly uniting them tegether.,

It is readily sewn that i the block R be made with
& head, as shown, and oac or more bolis, £, be bolted
through the chords D D and the block R, that the
strength of resistance o any tendeucy of the chords
D D to pull out of the shoe E will be greatly in-
czmed,a]thoughagwd cumbinative of the arch-
pieces, chords, and shoe may be effected without the
use of the head on the block R, if the Leads py on
the chords D D be maile very stroug and heavy.

The suspension-roda F are made of thin plate-iron,
bent in the form shown by red-dotied cross-section in
fig. 4, and bave the bolts & a and f f sttached to them,
as shown,

The bolts & «, which are attnched to the upper part
of the suspensivn-rods F, pssz through the irons k,
whioh bear oo the jower patts of the arch-pieces 0 G,
thenoe np, by the nides of gpid arch-picoes, through the
coveriug-piece

The nuts b b and ¢ c on the bolts « & biod the arch
A aud the lross k firmly together, and thus serve to
aid in the combining of the arch, and 0 attach the
suspension-rods to the arch. '

Slots are cut in the lower part of the sinspension-
rods F, which admit the cords D 1), and the bolts f
£, at the jower epds of the suspension-rod F, pees
through the irons Q Q,0a which the chords D D rest,
and bave the uuts A A, which aupport the irons Q Q,
and thus conplete the connection betweeo the arch
aud chords.

The ironn Q@ Q bave their edges rolled, and boles
puniched iu thew, mm whici are hovked Tue bruoes G
G, as shown,

Thesv braces are inserwd betweeu the chords D D,
and run into the riuge P P, as shown.

Other hraces, I 1, are secured to the arch A by
means of eyes m, furmed oo their ends, which set be-
tween the arch-picoes C C, and are &acun:d by bolts
€ ¢, which puss through the arch-pieces C C and the
eyes on Raid bracus ggl

Tbe end braves H H are socured t6 the covering-
pieoe B, as sbown in fig. 1.



The bracesa I I run into the riogs P P, and, in con-
nection with the braces G G avd posts F F, form A
firn trusiing agalnst any vertical detlection of the
arch.

The borizintal braces M M bave eyes formed on
their ends, whicli are put over the bolts f, under the
irous Q, sud above the nuta &, as socu jo Bg. 4.

The cod-braces are attached to the shoes E K, as
shown, and the braces unite in rings N, thos forming
a firm bracing against-any laterz]l vibratioos of the
bridge.

The cross-striugers L L are noichied down oo tothe
chords D DI, us shown, and the foodng of the bridge
may be laid oo them in a diagonal muboer, to xid o
bracing the bridge against lateral vibrations, or floor-
atrin may be laid across these croas-siringers, and
the flooring laid in the ondinary manner.

Having thus fully described the cobstruction of aur
improved girder, we do not here claim as our inven-
tion the principle of combining the three arch-pivces,
B O O by means of the clamping-piece J, ciamping-
bolt k, and nnt I por the maoner of combining the
suspension-rods ¥, braces G G H, arch A, and chorda
D D, nor the cross-beams L, lorirontal or vertical
braciog M M and G L bere shown, or the mode of
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88,534

constructing the suspension-rala F, nor the shoes B,
ot ciords 1) D5 but

What we do claim as wr inveution, and desire 1o se-
cure by Letters Pateot, w— .

1. The peculiar armagemcot and cowbivation of Lhe
plates O C, ianges x x, bolts o rivets d A, covering-
piece B, holt &, and claspiog-picces J, wben aaid
Hlanges z z are formed oo ke plates C C when rolled,
and whetber the lower tlanges o w are of are gol tsed,
the several parts being armanged aubstantially as and
for the purpose berein wpectied. :

2." The peculiat arrangewent and ovwbiuation of the
arch-pisces C O, chords D D, with hewds p p therson,
block B, ami slive E, tie several parts being arranged
substantially in the manper and for the purpose bere-

‘in specified.

As evideuce that we claim the foregoing, we bave
iwreanto set our bhands, io the prescooe of two wit-
oessen, thin Jd dav of March, 1868,

DAVID HAMMOND.
W. B REEVES.
Witnesges:
Jor ABBOTT,
Ep. R. BeEsovuT.
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DAVID HAMMOND AND JOB ABBOTT, OF CANTON, OHIO.

Letters Pateat Neo. 102,392, datad dpril 26, 1870,

- i

IMPROVEMENRT IN TURULAR ARCH-GIRDERS FOR BRIDGES AND OTHER STRUCTURES.

ol

Tha Bcheduls reisrred to It thowe Lotiows Patont and malisg port of the same

A0 adl whom it may conoern:

Be it known that we, Davip Haxunoxp aud Jos
AppotT, lith of Canton, In the county of Stark and
Htate of Olido, linve invented certain new and ase-
ful Linprovernents in Tubular Arch-Girders; aod we
do bereby doclare that the following is a full, clear, and
exact demeription of that portion of sald investioo
which we bave designated as piurt A, reference being
Liad to the acomnpunying deawings formiog & part of
This apecifiontion, and-tu the ketters of referencs wmarked
thercon, of whic!s drawinge—

Figure § js a plau showlng several modifications of
our yirder,

Figure 2 is & sectivoal elevation of the upper ginder,
showau in fig. 1. .

gignm 3 is an vhevation of the lower ginler, shown
n fig. 1.

Figures 4, 5, amd 6 are cruss-sections of the arches
of girdern whiown In fig. 1,

‘igures 7 And 8 are cross-sections of the girders
slrown in Higa. 2 aud 3.

Tlee natyre of ouar invention cousists lu the con-
straction of & girdet with an arch composed emmen-
tially of two pieoes of rulled iron, aving & curved or
polygunul-slinped web, with flanges on ench side, sabd
arcli-pieors beiug corved to the required curve fur the
arch, and being placed pamliel to esch vther fn soch
& manier as that two flages (ime of each pleoe) shall
be in the same curved tal plage, and saidd two
principal arcl -preces belng so combined with other arch-
pircen 3 to form a tabolar arch of great strength and
stiffnens, which admits of a very economionl distribu-
tien aud proportion of material te any reqoired case of
cunatraction, and forms, when combined with suitable
shioen, clwnly, posta, and braces, a very cheap sod
stroug girder for bridge cvoatruction, or other con-
stretions of like charncter.

Ta enable otlers skilled iu the art to mauke and ase
our invention, we will proceed to describe inore fully
its application and constraction.

The priocipal arch-pleces A A are of the form sbown
in fig. 4, beiag made with the central web A of the
clroular cross-section shown, (or of & polygoaal or otber
cross-section closely approachlng & ciroular eross-sec-
tion, If preferred,) nod baving & fange, a ur ', on each
odge, as shown.

pleces are curved to cunfivm 1o the curve of
the arch required, sad areset up paralicl 1o ench otber,
witls e flanges & & in the same Lorizoutal t
line, as eccu in fig. 4. Tlhe chameter of the
pleors of the arch wili depend on the capacity and re-
quiremens, in any particslar case of construction, but
the follow .ag examplos will clearly Hliustrate this poiat.

For example, let It be required o construct a ginder
for a bridge for foot-walk of ote Lundred feet spun

aod aix feet width of track.  The arch for such girder
need DOt bave s great erishiog capacity, aa the lomd
to be ensried can beter be very great, but it must bave
great lateral capacity to resind » latera] beoding of the
arch, as the trmek s too narrow to adolt of good let-
era bracing without great expense.

Acoonlingly, the brusd plate I3 is ussd o cotmisua-
tioa with the sich-pleces A A, a8 shown [ tig. 8, the
tianges @ @ being riveted to said piate, as shown, and
the othier Aanges &' ¢ bring brought up o each otber
aud rivetod , 8 sbowu in fig. €, or they may
be beld apart by thimblem, £, which are placed sround
the rivets which nnite the danges 4" &, as showe i
fig. 1, when a greater lateral capucity agaiust beodiug
is required, witbout an increase il croas-section in the
arch,

When Lot sn incrense of lateral cupacity wid eriali-
lug strength are requited, the chanuei-bars H or L aa
shuwn in fig. 4, niay be used between the fangesa'a’,
wlere they can be secured either by twa rows of riv-
ots, one thirough each Sange &« ad a tlaoge of the
chaaiel-bur, or by & single 1ow of' loug; nvets passing
throagh Luth agera’ s ad the tuges of the cliay-
el-Lur, the firat being the proferablc wle of riveting,

We would bere state that Ly the term *channej-

bur” we designate auy bar-irou with tlauges of saite-
ble width at its cdgem, whether the web of such bur
be plain or curved, or whethier the Banges be at right
sagles to the plave of the web or ook, the Hiuges a'a’
of the arch-pieces A A beiog made to sonfor to the
inclination of the Hanges of the channel-bar o each
aase.
Iu encli of the above<described wodiBeativas It will
be vbuerved that the plate B fornis the principal re-
sistant to the lateral bendiug of the arch, while the
arcli-pleces A A, citber directly in combination with
each other and the plate B, ot iu combloation with
the thimbies f or chapoel-bars H or L and the piste
B, form & tube which is the priocipal resistant to the
crushiog strain on the archi; and, furtbe,, that by uav-
ing the pieces A A made with their webu of & cu-ved
or poiygonal crom-sectiou, thes material is placed fur.
ther away from the axin of the tube formalng the ar b,
aod th' . +"ingcapacity ol such tube is couseqgently
increac. ) witbout any locrease In its rrws-sectii .

It wiii also Le obeerved that the saine capac -2 -
materizl will bo _ .cloped, whetler the plate . -5 ar
raged below the arch-piocss A A, as shown n tig. 5,
ot whetber said arch-pioces be placed below suld plate,
lo which case the crmesection showo in g, B would
be simply reversed.

For asecotd example, kel it be requined to coustruct
& girder for a milroad bridge of vt buudred aud dft
feet span and twelre feet width of track.

The arch for suck & girder mnst Lave & large croes-
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section 10 reslst orusbiog strain, as well as great lst-
eral capecity to resist borisoatal deflection, as the track

s too parTow (o to the span aod moving
load to give good lateral bracing. Accordingly, we
combine two seta of arch AA A'A asshown

in 2, 4, avd 7, by riveting together the borison-
tal ger s & & s and valting the uppee add lower
::g'-‘-‘ s o by rivets and thimbies f, or by chan-

L, H, sed K, or by combiulng theso tve
met dt:.erbymlgnebund-hrnho;themds
add on the upper side of the arch, lo combination with
pheoes of chanoel-bar riveted In ot sach points on the
upper side as are 1o serve as points of attachment for
the posts of the girder, with thimbles Letween wuch
pieces and all along between the lower flanges of the
arch; or a elmp may be used wlong the whole
fength of the upper or lower sides, or ou both the np-
per and lower sides, as iflustrated In tig. 2, Fhe postie-
ular construction required depending very mnch o
the amount of cross-section required Fn the arch, aml
also on tise axnount of lateral atabilily requirat, which
must be determined on by the rugineer I any partice-
wiar case, and cannot, thervfore, e detinitely statel
here.

For & third exaniple, et 1t be rejuive] to cotstruet
2 girder for & conrmon rad bricige of one limdrsl vl
Aty feot span and twenty feet width of track.

The arch for anch a ginler nead lave hut 4 uender-
ate amouot of crushlog crnas-section, and the wililiof
track is such that a good laternl braclug can be vl ;
hence, the material bn tbe archi shoukl be na dinposed
as to give the greatest anuemt of crnsling strength
witli a proper amotnt of laterit stitfiwss,

Accordingly, we eosubine the two sets of an-li-pieces
A A A" AY a4 sbown b figs. 6 and 8, the thnges o &
& s being vnlted hy rivets, an whiown, ;onl serving as
ribs to give the rejuisite Literal stability to the arch,
while the flunges & &' ' o are also duited by Hvets,
a4 shown, thits seciring a anlty of action between the
opposite arcii-pietes A A A A% the whole turming
an arch in which the material @ very avimelrically
disposedd around the axis of the areh, thus giving it
great crushiiog capacity.

The general iless of the methols ised inconstret-
ing the arch having been thos fully shuwie the awime
ver of conpeting 1he ginler is peadity secn, and Jil-
feis in but few polnta From that shown o otler and-
ginders hervtofore conatructal.

The ends of tho arcls rest on east-iren wliwx, G U,
In whiich are torined seats for the heuls D Dol one or
wmore chorda, K E, of tlat bar-irn, which niite the
endsof the arch. |

The posts F ¥ ainl the tie-nnds G G nay be fornssl
with eyes at their lower ends, whicls arv mecnred b
tween the chiorda E E by lolts b &, ax aliown i faes,
2 and 7, while the upper ends of the saild posts aul
tie-rods are passed through the clivmel-ban 1F wr L
to the arch, amt are secunsd hy unts r ¢ ol o o, g
shown,

Lower Plymouth Rock Bridge

HAER No., IA-18

(Page 57)

e, 3w
F

If 1t is found desirable wot to punch luwes 1o the
chords E for the bolts &, the posts ¥ may be sttached
to sald chords Uy ineans of Jani-nuts b A, which bind
tho rlamping-pleces § mnel j (tbvosigh whiich are passed
the posta F) frmly to the chonls E E, the tie-rods
and (! being, In this case, passed througlh the Jower
clamps j, and secund by wats k &, a8 scen 1n fig. 3.

The ends of the pouts’ F may abwo be attached
the arch by pasaing them through the flanges & », an
showa in fig. 3, or by passiog tiwm through the web
of the arch-pleces, as shown In fig. 8.

The tie-rads €' muy absw be attachad to the arch by
means of tie plates N, riveted to the Jower fanges o
o, anddl providet with as axtal rivet which passes
throagh an eve ot the upper end of the tie-rod, sa
nhown In fig. 3.

A convenient mode of attaching bath st and tie-
rod to the arvh in sliown i Bge. 3 and A, whero M
yepresents a sthrmip riveted to the Hanges # &, aml
prrovkbed with a hole at ita boaltom, throagh vhich s
Petased the poat B

The tie-nul €37 in unube with an exe, g; a8 itx Opper
vired, which fta over the post B, aml both post amd
tir-tond qre secured by the ol €, as shown,

Having thus fully deseribed our nvention,

Wilat we cliitn s new, ad desdre to secure by Let.
ters Patent, ls—

1. The esnlluation of the arch-pieces A A with
rurved webs A sonl tlge Bangen « o« 8 &', thimbles £,
or chaniel-lars B, unl bruxt plate B, the severad
parts being armingal sosl anlted by rivets i their
equivabeuts, snbetantinlly an sl for the parpose spee-
itheal.

2, The combination of the avch-pieces A A with
eurvel welm Al tdge Sanges & & o o, shannel-lar
I or L, arb-pheoen AV A with sl Luigess e’ a o
aodd climel-bar K, the several parte heing armanged
auml cotnlinesl by rivets or Uwir evuivalents, sabstan. -
tinklly as el for the pnvpose speciticol.

3 Tlw evaibination of the arch.pecex A A with
enrved webw A 2l edise Hanges o @ w0 o, clunel-Tor
I oor L, archepieoes 3 A with edge higes s’ a s’
ikl Hadmblea £ £, the several ports being arnuged aud
cemubitnal by rivets or their eqnivadents, sulmtantially
i Ak Sor the puepose desernilesd,

4. The combination of the vh, connpuosed of the
arcli-picren A A A AY, with ewrved o polyponal welm
il aalyge Bges @ o ol clamel-lars 1B and K, anch-
shoes U, chnds E E, posts FOF s tieapds 86,
the several prts being arcugged as amd fog the pur-.
pose wpeevitinl,

Anevidence that we cliim thie forvgoing, we liwe
hercunta set onr lands in the presemce o 1wa wit-
penaes, this 28l day of June, 18460,

DAVID HAMMOND
JOB ABBOTT.
Witiessey;
w1 Lax,
rRED, A reos,
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DAVID HAMMOND, MICHAEL ADLER, AND JOB ABBOTT, OF CANTON, OBIO.

IMPROVEMENT IN IRON BRIDGES.

Specification furming part of Leticrs Pateot No. 133 ,80%, daicd Febroary 11, 1873

To all whom it way concern:

Ie it knowu that we, Davip IIaMuonD,
MicHAEL ADLER, aml o8 ABBOTT, of Can-
fon, in the connly ot Stark and Siote of Ohio,
have invented certain new aml npsefnl hin.
proventents in Arch-Girder Bridges; and that
the following is a full, clear, and exact speci-
fication thereof, which will enable otbers
skilled in the art to wake and nse the said in-
vention.

1t is well known to bridge constrictors that
the principal defect in tho practical working
of buw-string girders as herctofore constructexl,
expecially in long apans, has been their want
of snfticient stiftuess to resiat the action of &
rolling load; that the lack of vertical stitfiess
has wsually resulted from the want of sufli-
cient compressive capacity in the posts, and
the lack of lateral stiffness—first, from waut
of proper rigidity in the lower brace beams;
second, from the imperfect manoer of secur
iug points of the arch by struts rrom the brace-
beams; third, from the insntlicient character
of the overhead lateral bracing between tho
bridge-girders; aud, lastly, from the want of
siufticient lsteral capacity in the arches of the
girders; and that great diftteulty has been ex-
perienced in overcoming these objections to
this cluss of highway bLridges, especially in
this conntry—~tirat, becanse the reqnirement
of cheapuoess hos prevented the nse of exact
and expeunsive detsils of construction in said
hrid ges; second, because, a8 arch-hridges are
practically constructed, it is neceasary to have
solie adjostment in the length of the mem.
bers of the vertical bracing in the girders, in
order to allow for the variation in the form
which the arches of the girders assnme whean
erected in the bridge-span from theformwhich
they have when lying ou the trestles at the
ghop; aud, lustly, becanse the requirement of
silewalks for highway bridges, in many cases,
limits the width of the bearing between the
lower beams and arches, 8o a8 to wmake it very
difficnlt to obtain the proper lateral strength
in long apana, where tiie distance between the
urches and chords i8 very cousiderable,

Our iuvention is designed to obviate these
ohjections to the plan of bow-string-girde: con-
struction for bridges of moderate spans, and
to mske it applicable to long bridge-apans, iu

wiich it has heretofore been counsidered inap-.
plicable; and o thisend it consists in the con-
bination, with s bow-string girder, of au jron
lattice girder braco post, which has an adjost-
able attachment either nt the chord or arch of
the ginler, or at buth of said pwiuts, and wbich
is solidly secured to the lower brace beams ot
the Lridge and to the arch, 80 a8 to oppose
the trausverse atiffness of the lattice girder to
any tendency of the arch to move in a lateral
directiou, Baid invention also cousists intho
combination, with the arches of the bridge-
girders, of an iron lattice overbead girder,
which is raised Above the arches in order to
give the proper headway ou the bridge in cases
where it could uot otherwise be used, or which
ia used bLetween the arches in cnses whero
there iz suflicient beight to give the proper
headway, and which, In either case, is rigully
secured to the arches, so as to oppose the
transverse atiffnessof the lattice-girder to any
teundency to a lateral motion of the arches and
girders. Said invention also cousists in the
combinstion, with the arches and brace-posts,
of thebow-string girders of a bridge, of An iron
lattice overhead ginler, which iy rigidly se-
cored to said arches aud to the lattice: posts be-
low the arches, 80 38 to oppose the latera] mo-
tion of the arches hy both the tranaverse stiff-
ness of a lattice.girder of considerahle depth
and by the strength of the brace-post Againat
a forve applied to bend it at & point consider-
ably below its head, and hence acting with
less leverage then if applied to the arch, asin
the case of the overhead lsttice-girder de-
scribed in the preceding clause. Said in-
vention also consists in the combination
with the lsttice hrace- posta nnd overhead
lattice - girders of a ULow - string - girder
bridge, of a teusion-rod extending frown the
outer part of the lower hrace - beam across
the post to the overheud lattice girder, sud
acting 88 a tensional tie, iu combination with
the Lrace-post acting as 8 comnpiessive strut
in secaring the arches And girders Against lnt-
eral motion. Said invention alsy cousists in
the combination, with the arches of a bow-
string-girder bridge, and with the laterul over-
head members at the headsof thebrace posta,
of lateral overhead struts secured to the srches
at the heads of theinterraediate posts betwee
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the hrace.posts, nnd connected by knlfrings
st their centers to the latesl dingounl ties
from the ends of the lateral wembers nt the
leads ol the hrace:posts, by which means the
arches are secired agatinst laterat beuding at
the leadn of the intermediate poata withont
any wddition of disgonal ties abave those re.
quired ta hiruee the arches only nt the hieads
of the hrace.poats.  Said invention nlso con-
siaty in the cousatruction of nu arch composed
of 0 ¢entral barizontal phitetnd two segments
of the Pharnix or Keystone column on ench
sids as tLe ensentinl base of construction of
the urch, aned having cambined therewith spit-
able platen, chanuel-bars, nud colminn- seg.
mentx, wa is heecinufter more fnlly khown, the
whale torming n donble tnbalar arcli in which
therequired compressivecapacity torlongspans
ia obtnined in cunnection with sich breadth
of arch as to prevent auy danger of laterul
deflection.  Said nvention alsocousista inthe
combintion, with the lower chordsaud hrace.
posts of a bow-string-girder bridge, of n pair
of ralled channcl or X beamy, trussed by a
hog.cbain an the under gide, and held from
upward detection by & tension-ral on the np-
per side, said pair of beaws extending from
ginler to girder of the Lbridge, and toraing sup-
1rorts for the loor-joists ot the bridge, as wetl
a8 beace beamg for the system of braciug for
the bridge. Said invention also conrists in the
novel detaila of construction for the lateral
hitch-hlocks for the attirchment of the lateral
dingonal tiex to the brace-Deams or laters]
gmuoders, tbe girder-blocks tor the attacbment
ot the lateral overhead girders to the brace.
posts, the arch-Dblock for the attachment of
the lateral overbead struts to the arch nt the
beads of the intermedinte posts, the combined
wronght and cast iron chord.plate for the at-
tachment ot the vertical diagonal ties, and the
counections for the brace-bLeams and posts,
these severnl improvements in detail making
our betore-specitied iizprovements in hracings
ot easy application ta the other parts of the
bridge, and greatly facilituting the construetion
of the bridpe in the sbop and its erection on
the bridge-site.
* Intbe accompanying drawing, Figure 1 is
an elevation of & halt-apan ot & bow-string-
girder hridge illustrating onr improvements
Fig. 2in a plan ot the smne, showing a half.
plan of the arch snd bracing and n batfplan
of churda.  Figa. 3, 4, uml 5 are aide views ot
posts Nos. 2, 4, and 6 ot aniel girder. Fig. ¢
i # centrul cross section of bridge at post No.
8, showing the deep overhend lattice-girder
and two moditications ot the lattice bLruce.
posta. Figa. 7 are enlurged detail views of the
emd ot the raired overbead luttice girdevandits
arch attuchments. Fign 8 are viewsof amuxli-
tled tornia ot the same. Figs 4 are detail views
of the commectiona tor the averbuewl lattice-
girder between the srchex. Fico Hhaerdetail
viewn of the connwections for the overfoesd Int.
tice-rirderabetweenthenrchesand brace-pose s,

Figa 11 are detail views of the half-ring con-
nections at the eenters of the lateral averhead
atruta. Figa 12 nnd 13 are detail views of mod.
ified furm« of the coustrnctions ahown in Figs.
0. Figa. 14 nre detnil views of the arch-con.
nections for the lnteral overbead struts.  Figs.
13, 16, andd 17 are detnil views of the lower
chanl-connectiona for posts Nas, 2, 1, and 3.
Figra 18, 1'%, 20, and 21 arc detail viewa of the
lower chonl-connections for posts Nos, 7, 4, 6,
amd 8. Figs. 22 and 23 nre detail viewa of the
ciast thimbles fur the brace-bemus. Figs. 24
nre elevation and plan of portion of bow.string
ginder, showing one form ot our improved arch
il braec beam eonstruetion. Fig. 25 ia an
enlarged end view of the same. Fig. 26 is an
end view of the brace-beams iv Fig. 25, Fign.
27 are detail viewa of the hrace-beaw aod
post-bitocka.  Figa, 28 and 29 are elevation,
phin, sl enlarged end view of a modified
form of onr improved arch nud Lrace-beama.

A i8 an arch of the general torm deseribed
in Letters Datent No. 102,392 granted to D.
Hammond und J. Abbott April 26, 1870. The
ends of said nrch almt agaiust cast shoes B,
which rest ou the albutmments, and are con.
nected by tbe chords C, composed of two or
more plates of iroe placed edgewise and
alireast, and upon which the wooden floor.
joiats for the hridge are vausliy placed. The
struts or posts Nos 1 to 8 xnd the diagonal
tiea A’ are arranged between the chords C and
arch A, and iron Lrace-beams T are placed on
the chiords, usastty at the foot of every other
post, a8 in the ordinary plans of bow.atring.
girder conatruction, said brace-beams being
nnited by diagonal ties U placed below the
bridge-flooring, so as to form, with the chords

Caud ties U, a rigid aystem of Interal bracing,

by which any lateral detlection of the bridge
at the chord-level is prevented; the principal
featnres of our invention cousisting, tirst, in
the improved coustruction of the hrace posts
3, 4, 6, and 8, by which the arch A is secured
laterally from the aystem of hracing between
the chords C; secoml, in the improved con-
struction of the lateral overbesd Dbracing,
where the span of the hiridge is such as to ai-
low of the nse of said overhead bracing; aud,
lastly, in the improved ecoustruction of the
arches A, by which the lutersl capacity of the
arches thetuselves is »o incrersed as to adapt
thens to very long spaus.

Wewill describe the details of our improve-
ments iv the order indicated, that the me- -
chanic way nnderstand the application of our
improvementr to sach leagth of spuns as he
may have to construct.

The trisnguolsr lattice-posts 2, 4, and 6 are
specially designed for bridges without side-
watks, in which the projection of the post be.
vord the onter plane of the nrch offers ne ob-
struction totravel; aml it is nacally constructed
of funrangle-irong, £ f, placed two ut each side,
it having between them the Iattice-bars F,
which arc wrcnred by rivets run thirough the
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parallel finnges of the nngle-bars and the ende
of the Inttice-bars, and Hirongh the crossiugs
of tho lnttice.bars, The flnugea of the nngle.
bars at right augles to the pitune ot the posts
are here shown on the inside, ur toward the
center of the posts; bt if preterred, they can
be turnel to the ontnide of the ponts, and plates
can be riveted to thewn to increase the capawity
of the ponts; or T-bam or RtRI-iron (sometnues
calted X-iron) ean be used at each side in
place ot two angle-bars, the lattice-hars being
riveted to one leg of tho T or X bur. The
apper enda of the angle-bnrs f are riveted
in the receasedd faces of the flattened ends f/ ot
the arch-bolt F, (see Figa. 7, 9, and 14,) which
passes through the arch A, and ir secured by
jam-outs above and below the arch; aud in
the form of chord-counection shown in Figs.
15 the inoer augle-bars f are bent outsat a, to
pass down on each side of the brace-beam T,
aud are flutteoed and headed below to fit be-
twecn and sopport the chord-bars C C, which
are clamped to them Ly throngh-Lolts €7 ¢,
The lower cuds of the onter angle-bars fhave
riveted between them the boit b, which ex-
tends down throngh a cast thimble, ¢, with
Jam-nuts above and below, the rear end y of
suid thimble (see Figs. 22) being of the torm
of the cross-section of the brace-Leamn T, to
the eud of which it is secnred by & strap, ¢,
which tite around the recessed part of the
thimble.-body, and to the web of the hrace
beam, to which it is riveted or Dolted; the
hracc-beam T being rigidly secured to the
chords € in this case by a bolt, ¢, (see Figw
i5,) pasaing through the flanges of the beams
aod between the chords, with washer and unt
below. The form of chord-connection shown
in Figs.19is, however, prefernble to thatshown
iu Figs. 15, as it avoids auy blacksmith-work
on the angle-bars . It consists ot a bolt, K,
Lhaving a broad flst head, ¢, which fitaover
the beam T, and is riveted to the bar f, and
which passed down Dbetween the chords €
through & waslier, Y/, which is grooved to
admit the chords, so as to bold them in posi-
tion, anG beneath which may be placed the
tie-plate D, throngh whiclithe bolt E extends,
with ant Lelow, a8 shown. The tie plate 1) is
designed to ohviate the necessity of punching
the chords C for a bolt to pass through the
eyes on the lower ends of the diagonal ties
A, which are placed betweeu and secured to
said chordsin this way inthe three end panels
of the girder, showu in Fi . 1, sud it cunsists
of a wrought-iron plate having its end ent out
in the center nud tnrned over to form eyes d,
lke those on the broad leaf of a sirap-hinge;
the ties A’ being secured to aaid plate by pins
@' passiug throngh said eyes d d, snd throngh
the eyes on the ends of tho ties A*, which i
this cuse extend down between the chords O
and between the eyes d 4, ne shown in Fige, 19

Figa, 20 aliows 3 modifled form of tbe clind-
connection in Figs. 10, two Lolts, E E, being
usedl, one on eneoh side of the hown T, instend
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of the single bolt Ein the former cane; tho
beain T beiug held from gliding, in this as in
the former cuse, hy elamping it between the
chordr € kml bolt-heals ¢, or tho ends ol the
auglebars f, thix oliviating the nse of the
bolt t, shown in Figa. 156, The intermedinte
posts 1, 3, 3, aud 7 are designed to sct simply
A3 ties or struts without aiding materiglly in
securing the Iaternl stability ot the arch, and
are coustrncied of fonr angle-bars, 1 1 1 f,
riveted back to biack in eolnmn form, with in-
tervening thimbdes, in the fonin shown iv de-
tached section 87 in Figa 13, Theirnppser ends
Lhuve an arch-bolt, ¥, nveted iuto them, iu the
manver described in Figa. 7, by which they are
attuched to the arch A, aud the chord-conuee.
tions are made either by a headed plate, E¥,
riveted between their lower ends and secnred
between the chords C C by bolt €, as ghown
in Figs. 16, or by meansoftwobolts E/, riveted
between the augiebars, aud rn down Le
tween thie chords C, and through a grooved
waslier, Y/, asshowuniuFigs. 17; or, where an ad-
jnstment iu length at the lower end of post in
desired, the singte bolt E’ may be used, with
8 grooved washer, Y/, gbove and below the
chords C, and with jam-unta above and below
saiill chords, as showu in Figs. 18,

The tie-piece Y shown in Figys. 18 i designed
to Le used in jlace of the ticplate D in Figs,
1Y, and consists of a shiort piece of llate-iron
with tlanges beut on each edge, or ot rolled
channel-bar, orot'rolled | -benm, havinga space,
¢, ent out of its web at exch end, aud having
its Lheads punched for the passage of the tie
pins d&'. The lower grooved chord-piate Y’ is
made to fit in the upper part of the piece Y,
and a tilling-piece may be used on ita under
side toform a Learing for the it on the lower
ond of the boit L. :

The form of poat shown nt &, Fig. 1, and in
Figs. G, 10, 12, 13, and 21, is desigued partic
ularly for hridges with sidewulks, in which the
width of the post shonld not exceed the width
of the arch. The angle.bars f f composing its
sitles are placed parallel, instead of at an an
rle with each other, and are riveted to the Iat.
tice-bars F, as before described.  The apper
ends of these angle-hars are usnally riveted to
the arcli-boit F', as before shown, and the 1st
tice-bars may be carried to the toj of the space
hetween the angle-bars, if desired, a8 shown
on left hand in Fig 6; Lut as the posts ure
subject to a compression nuder & relling load
on the bridge, the plate V should be riveted
in between the bent upper eundr of the hars f,
as shown in Figs. 10, and the Isttiee-bars ¢com.
menced below snid plate, in order to necure
the angle hiars more eflectively ugriust buek
ling in their bent party

Where the sidewslk-post is used in connec
tion with a deep overhesd girder, a8 shown an
riglit hand io Fig. 6snd in Figs. 13, the augle.
bars f cau he brought together uear the lower
edyze of the overheud girder, nnd trom thenes
ran us to the arch-bolt F/ in a column form, as
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shown, their upper portions Leing nuited, in
the form shown indetnched section ¥, hy means
af riveta and imtervening thimblea.

It ne adjnatiment, of the arch-and.-post can.
nection isrequired, the plate L may Le riveted
between the angle-hbars £, naahown in Figa, 122,
and the arch-bolt F/ bo rivetd to anid ilate,
ag shown, the ends of the mngle-liars siaply
aluttingagaingt the nreh-fanges, or being beut
ovrr miud riveted to rad linges, as ghown,

‘The bolis E are rivetel between the lower
cindn of the anglebarn £ ns shown in Figs. 21,
and are securesd in enst thiwmhles ¢, which nre
nitde with a rearfiange, 13, slmwa in Figs 23,
which fits intn the broce. Iwam T, to whieh said
thimDlea are secured hiy strapa 14 bent into and
aromn] the receased handy of the thimble, nnd
Iving up tothe welt ot the Iream, tu which they
are riveted. This connectinn reenees the post
tirmly ta the hrece-beam instead of ta the
churds axin o ofler formas of posts, and the
bean s seenred 1o the chords G hy bolta 15,
whichh rno threngh thinbles ¢ ( secared ou
vitel side nt the besim 'Y in the mnnner just
shown) and pass dawn between the chords C,
blow wiliich tlney ave secared Ly washers aned
s i @ matner evident from the preceding
deseriptions,

Where the span of the bridge is from
ninety tn ooe hundred feet and over it bLe.
vones practicable to nse overbead brucing
for the arch, the first forn of whick — the
vudsedd lattice-girder shown 1 Figs. 4, 7, and
S—ix wsed where the distance between the
fheoring of the bridge and arch is insuflicicot
to allow of the placing of the girder between
thearches, Tins girder is usnally constructed
ot fomr angle-bary, g, although T or X iron
can be used, as in the brace-posts, with in-
tervening lattioe-bars €3 riveted nt ench croas-
ingry aml the end angle.bars ¢ are conbined
with the body of the ginder by plates L K
riveted in at the corners of the girder, as
shown, by which & very rigid constimction is
rifected; thongh, if preferred, thelattice- work
G oeun be carried out in place ot the plate L,
aml the plate K be omitted; or either of the
plates Lvr K oy e used and the other oniit-
teddy Dut the use of both pliter is to bve prefer-
nul. The end angle.bnrs ¢ ¢ rest on the arch-
tanges, to whicl they vy be riveted by beud.
tigge ont their ends, and the bolt H is riveted
to the plate Lo amd muos down throngh the arch,
with nut lelow, ag showa in Figs, 7. In the
madiied and chenper, thongh lesa rigid, form
ot roustraction, shown in Fige, S the arch-bolt
H s gattened ont and riveted Detween the an-
gle-bars g g, the end angle- bars ¢ and platea
I K being-dispensed with.

At tliose points where tle distance between
the oorng nnd arch is sufficient to adait of
ity the lattice-girder, showu in Figs. 5 and 9,
is msed, the depth of the girder licing the
saane a8 that of the nrch, and its /s titting
np to the arch, to whieh it is wereved by pintes
O Oriveted to the npper and lower nngle-bars

g, and having boler for the pasaage of the
srch-bolt F/ at the head of the Lirnce.post.

At those points where the distance between
the Lridge-flooring and the arclh is cousider.
nbly more than the headway required, the
deep Inttice-ginder, shown in Figs 6, Iv, 12,
aud 1J, in used, the clject beibg to secnre
greater transverse atiffuess than could be eco-
nomically obtained in the shallow girders,
shown in Figs. 4 and 3. These deep girders
nre constructed with angle-bars g ¢ g nud
lattice.-Lars (3, in the snme wanner us the shal.
low girders before described, the bars G/, of
angle or T iron, being riveted at intervals on
the lattice hbars, as showu in Fig. G, to stifien
the lattice- work against bunckling sidewise.
The npper coruers of the girders :re secured
to the archies A by plates O riveted to the up.
prer angle-bars g, which rest ou the arch A, aud
through which tbe archi-bolts F are passed.
The lower coruers of the girders are secured
to the brace-posts by bolts 16, which puass be.
tween the angle-bara f of the posts throngh
a wasber at their back, and through a girder
block, G, which is riveted tothe lower:angle
bars g of the wwerhead girders, as shewn in
Figs 10and 13, the bolt 16 being Leld Dy janr-
nu from sliding ie either the girder-blocks
G, or between the angle-Dbars f, whieu the neck
brace posts, fliown in Figs. 1d, nre nsed.  The
ns=e of the girder-bLlocks G allows of the plac
ing of the deep girder in position between the
arches and posts after the bridge-givders have
been ruised, the bolt 16 being iuserted after
the girder iz placed in sieh position, which is
A great convenience in putting np the bridge,
and which conld not be conveniently effected
were the bolt 16 riveted Lo the girder-flanges,

Where the straight- sided post, shown in
Figw 12, is used, the girder is attached to the
arch by » T-shaped plate, (), riveted to the
girder aud arch tianges, as shown, and by one
or more clamping-bolts, 17, rnu between the
nngle- ars of the lattice posts and girders,
and bearing o4 washera at each el

As will be seen in Fig. 2, the overlbead lat-
tice girders G, of rome of the forng just de
scribed, are used at the heads of each of the
brace.posta 4, 6, and 8, where the beight of
the arch admits of their nxe. I3ut these are
alteraate posts in the girder; and in order to
brace the arch at the Leads of the other posis
5 and 7, the lateral strnts ) are nsed, these
struts wsaally consisting of four angle-bars, ¢
¢, riveted together in column form, altbough
othier forms of compression members may be
nsed, The bolts ¢ are viveted to the ends of
theae angle-bars, as showa in Figs. 14, and
are recured Ly jam-unts iu the arch-block W,
which is made to fit on the arch C, where it.is
secnred by tle arch-bolt ¥/ of the nuderlying
prost, this mode of constriteting and attachiig
the srch-block W being, bowever, snsceptt
ble of moditication by the use of n wrought
iron loop in place of the block, said loop be
ing cither viveted to the arch or secured there
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to by the bolt F/, aud one or more additional
bolts when requnired. The hnlf-rings R are
riveted between thenngle-hars g ¢ of the struts
€}, anslhiown in Figa. 11, and ou the topsof the
Luttice-girderaQ are riveted the hiteh-blocks N,
wihich nre securcd by rivets passing down
through the body of the blocks and the flanges
of the girders, and which have holes for the
passgge of the lateral ties, and bLeveled end
fuces for the nots at the ends of the Iateral
ties, and said ties I’ nre run trom the hitch.
1Mocka N on tho tirst girder G to tho hnlf-ring
12 on the first strut {); thence from the oppo-
rite halt-ring I on the same strat to the bitch-
Mocks N on the next girder G, and so on, as
sbown iu Fig. 2, thus forming a system of
brace-ties between the girders (3, and at the
same time msecuring the struts ), and conse-
quently the points of the arches at their enda,
agaiust latern]l wmotion. The action of the lat-
cenil ties P on the first or raised lattice girder
G tends to bend said girder over sidewise, to
prevenut which a tie-rod, M, (ses Fign.1 and 7,)
is run from near the top of said girderto
point on the arch cousidcrably hack of the
girder; or,if preferred, a strut, M/, can be nsed
between the girder and arch, as indicated by
dotted limes in Figs. 7. To aid the lirace-posts
8 in resisting lateral deflection the tension-rods
3 are run fromn thimbles ¢ at or neur the ends
of the brace-beams T, acmas the posta 8, to the
lawer angle-bars of the overbead girdersG, to
which they are attached, as shown in Fig. 6.
The construction aud npplication of the lat-
tice-posta and averhend girders to the bridge-
girders being thae fully sbown, their actiou in
preventing any iateral detlection of the bridge,
arches, or girders will be evidont from an io-
rpection ot Fign. 4 to 6, in which the arrows
1/ reprerent forces tending to deflect the
arches nnd girders laterally, and the arrows R
the resnlting direction of straina thrown nn
the different parts of the bracing, from which
it will be evident that no lateral motion of ¢i-
ther the archea or girders can possibly take
place withont overcoming the transverse
strength of one or more of the lattice mem-
bers of the bracing, wbich are of such form
that, witk a very moderate amount of metal,
they can be made sufticiently strong to bear
any strains that may be bronght npon them.
We have thus far explained onr plans for
increasing the lateral stahility of bow-string
girders sitnply by the aid of a more effective
kystem of brace-posts and overbesd bracing
tban has been before nsed, nsing, for the pnr-
pose of illnstration, a moderate span of girder,
with the well-known columnn and chanuel-iron
arch, as being tho form of arch to which these
ninusof lattice brace-post-and-girder conatrue-
tion have been the most extensively applicd,
aned we will now describe our improved form
of urch and brace-bean construction, by meauns
of which the plan of bow.string girder con.
struction cac be npplied to almost ary re-
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quired length of span: The essential fent- |
ures of our improved arch consist of tho
liorizontal plnto A, whbich mny bLe made of
any width required to obtain the proper lat.
ersl capacity for tho arcli, aud to wbich are
riveted the four column segneuts m ww 8, two
at each side, as shown, With theae five cs-
sential parts are comnbived such other sey-
mecuts, channel-bars, aud plates ns may be re-
quired to form a double tobular arch of the
jiroper cross-section—as, for cxmmple, in Fig.
25, the four segments x w w & are viveted to
the parts m x A, go /s toform a doublo tubinlar
arch with two tubes of a circular section, aud
in Fige. 20 the chanvel bars z x and plates w
vre riveted to the paris m n, 80 a8 to form a
double tahnlar arch of considerably preater
capacity thau that sbhown in Fig. 25. Ifastill
greater capacity were reqnired, two columu-
segments could be used in place of the plates
w in Figs. 29, 80 a8 to form two arch-tubes of
the sanie sectionas thearch A, shownin Figs.
9, as sliown in detached section above Fig.
29, the plate A extending the full width of the
arch, as shown, or oniy betweeu the two tubes,
as preferred; while, if & smaller section than
that shown in Fig. 26 were desired, plates
could be used in place of the columu-segments
shown in Fig. 25, thus fonning a double to-
hulnr arch of the forio shown by detached sec-
tion between Figs. 24 and 25, the particular
form of arch to be usedin any case depending
on the Lridge-span and load, and being, there-
fore, a matter ot judgment for the constructor.

The construction of the lattice-posts-F in
Figs. 25 and 29 and the mode of attaching
them to the arches aresimilar to those shown
in Figs. 12 and 10, and need not be further
desacribed here.

Where the span of the bridge is very long-—
say two hondred and fifty fect aud over—the
width of the roadway should be twenty feet
and over, in order to secure proper lateral
stiffuess at the chord-level, which is the basia
of all the bridge-bracing; bot this width of
track mazkes the nse of wooden floor joist, ex-
tending from chord to ¢hord of girders, objec-
tionable, and makes theuseofirou floor-girders
at the foot of each post desirable; while, in
order te secure the best resulis in vertical
stiffuess in the girders, the panels shonld bLe
made of considerable leagth—say {toimn tiftecn
to eighteen feet; and this makes it desirahle
that each post should be a brace post, and
consegnently that each iron tloor-girder should
act as a brace-beam, to accomlish which we
make said girders of a pair of I -beams T/ T*
of woderute depth, which are trussed below,
ngaiust downwurd deflection by the lridge-
load, by & Leavy hog-ckain, ¢, attaclied to the
beams vext their ends by pins run through the
weba of the beams, and ruuuing down nuder
supports v ¢ on the ouder side of the beaw,
and which are hcld againat unward deflection
by the outward movement of the arches by a
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tevmion-rodd, £, baving an mijnatabie centorsnp
port, §, on the beams T*.

‘Tiee plate-chords, C, are shown in Fign 24
mnd 23, in which enae the grirders T/ T nre ne-
cared to aaid chonla by bolts 22 ranilawn be-
tween the chands, throngh the grooved wnshers
Y nbove and below the ehurdz, and the tie
nlate D for the donble set of dingonnl ties A,
down betweent the beams T T7, heneath which
thex are seenred by washer and nnts.

The holts E’ are riveted tothe angle-bara of
the poat I, and are necnrved by jin-aunts in the
hole 2t ol the mece !, (vec Fign 27.) which hna
the Ings 24 20 nt it« sides, nnd which fite in
between the benms T, where it is secnred hy
boltak run through the websot the heains and
the Ings 20,

In Figs. 23 and 29 fonr chords, C, are nred,
which nre arramgred in pairs andeer the sides of’
the post F, in which ense the bolts B, riveted
to the angle bars of said posia, run dawn e
tween the two chonds nnd the two begins, and
throngh the grooved washer Y/l tie-plites
D, ax shown, Rud are seenred by washer aml
mits below the e, thus dispeasing wich
the tae of the bolis 22 and besan-pdeces §in
Figw, 24 and 235,

Having thns fully deseribed ourinvention,
what we elaim thereinr k2 new, snd desire to
srcure by Letters Patent, is—

1. The cambination of #an iron lattice hrace-
post with the sareh and hinieebesim af an iran
Dowstring bridge, said post hnvings a vertiezl
adjnstment civher at the srelior chord end, oy
ut both al said points, salistangially as and for
the pnrpose sueeitivd,

2 the dltin gpedate Vi eombination with
the Dent pavts of thie sidde s of a latliee
brace-poat, F, for the parpose of jaevending
the hnckling of said bent parts when the post
I8 snhjected to a compressive xtrain, sabsian-
tially as specitied.

3. The arch-bott F having n flattened heoad
6T ** benver-tail,” 77, with recexsed Giees to re.
ceive post-bars £ f, snbstan tially ns shown aud
gpeciticd,

4. 'the chond-bolt E with braad head e, in
com!inatian with the inside burs £ aof the lat
tice hriace-post of o baw.string bridge, substan-
tially naand for the purpose specitied.

5. The combination, with the arches of
how-airing bridge, of an iran Iattice-girder,
Fig. 5, placed betweéen said arches, nnd rigil-
ly secored thereto by plicteso o attuched to
jt corners, and secnred above and belaw the
arch hy a bolt yun throangh said platea and
freh, suvstantially asnndd for the purpose apec-
itled.

G. The combination, with the end of g raised
Iattice-girder for bow. string bridges, of un
arch-boh, H, rigilly secnired tornid girder, and
extending down through the arcles of said
bridge, subistantinlly as and for the parpose
spegitied.

7. A raised lattice-girder for bow . string

bridges, having itaend hara g/’ arranged with
‘| bearings on the extrewmie liorizontal parts of
the arch A, and with a Dolt, 11, rigidly secnr-
ing it to anid arch, subatanual!_) as specifed.

R. The combinntion, with the raised luttice
girder, Fige. 7, sud arch A, of a tie, M, or strut
MY tor hulding aatid ginler nEninst thie nction
of the luternl tier I', subatantianlly as specified.

9, The combiuntion, with the a’rcbes and
biruee-paats ot an iron bow-string bridge, of the
ey iron luttice-girder, Figs. 6 und 13, secured
to the archiea at its upper cormers by a plate,
o or ', and nt its lower corners to the posts at
points econsiderably below the arcbes by one
or more boltx, 16 or 17, substantially as sud for
the pnrpose apecitied.

10. The girder-ldock G7, recured on the fow-
er cornera of the deep lattice-girlers apecitied
in preceding elansexs, subatantially as and for
the pnrpose specitied,

11. The combinution, with the brace-beam,
pest, sl uverheaxd lattice girders of A bow.
atring bridge, of a tensiou-nul, 8, extending
fram the nuter post of brace-beam feruss the
post to the averhend lattice ginder, anbistan-
tially axand for 1he purpose spuecitied,

& The luterd hiteh-block s N for the attach-
ment of the lateral ties to the hirace-beas or
nverhesd givders, gaid Dlocks having holes ar-
ranged for the passage on bath dies and bev
eled e frees for the nims of said tics, and be-
ing secared ta gaid beanar girder iy holtsor
rivets pasxing thimugle the body ot the hlock

“and tee angesot the beaw or girler, sulwmtan-

tinlly as wpecified.

E5. The Eneral comnpreasive strut Q, secared
i the soches at w tow. siring Wridge st the
s of tie digermedinte postx, nnd connect-
ol atits conteer by Laderal ties ta the ends of
the lkteml sirng oF gander xt the head of the
hraiee- post s, nabstantixlly as and tor the par-
pHase sprecitied.

14. The srch-block W, rigidly secured to
the arch A, und baving an eye or hole, in
which the end Lolt of the katerul atrut Q can
e wecared by janmnuts, substantially as spec.
ified.

15, The prooved washer Y‘ and wronght-
iron tie-pdate 13, incombination with the chords
C nnd post-balt E or clamping-bolt 2Z, sub-
stantially ux and tor the jmrpose specified,

16. The tie-plate Y, consisting of & short
piece of flanged iron pate or ite equivalent,
having its welr ent away at y y, and with holes
formed 1 ity flanges fur the insertion of the
tic-pina @, substantinlly as specified.

1%. Tbe cant cndl thinble ¢, having its end

“of the foriu of tlie section of the brace-Lean

T, and seenred thereto by strap ¢, Gtting into
the recessed part of thimble- IH)(]), snd to the
web ot the brace beam, substantially as speci-
tied.

18. The cast side thunble ¢, iaving & Tear
Aauge, 13, fitting between the Hanges at the
brace besin T, aud secnred thereto by strap
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14, Atting into recesaed part of thimble body,
subatantiully as upecitied.

19, A wronght-iron double tabular arch,
baving as the base of construction a horizon-
tal pinte, with two column-segments at ench
ride, il base having combined with it suit-
able plates, channel-bare, and segments, to
form an arch of the required cross-sectiov and
Interal capacity, asbLstantially as is herein
specified.

20, The combination, with the lower chorda
and Lrace-posts of a bow-utring Lridge, of &
pair of rolled X or chonoel beams, trussed Ly

& hog-chain ou the uuder side, and held from

upward deflection Ly 8 tousion-rod on the up-

per vide, snbstantinlly an nud for the prpose

specitied.

An evideunce of the foregeoing, wituess onr

hnndy this 23th dday of September, A, 1. 1872,
DAVID HAMMOND, .
MICHAEL ADLER.
JUB ABBOTT.

Withesnes:
JERNNIE M. GRAXT,
GEORGE E. BUCKLEY.
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JOB ABBOTT, OF CANTON, OHIQ, AS8SIGNOR TO WROUGHT [RON BEIDGR
- QOMPANY, OF BAME PLACE.

IMPROVEMENT IN METALLIC ARCH-BRIDGES.

Speecification forming part of Letters Pstent No. 164,490, dated November 21, 1876; spplicstion filed
Auguast 19, 18576,

To all whowt it may concern:

Be it kvown that |, Jor AmnsBoTr, of
Canton, in the connty of Stark and State of
Obio, have inveuted eertain new and nsefnl
Luiprovemcuta in Arch-Bridgres: aml that the
following is a full, clear aud exact specifica-
tion thereof, which will eanhle others akilled
iz the art to wake and wee thoe said invention,

My invention is designed to obviate the
dificulty experienced i coustructing  fong-
spau  urch-bridges, of getting the diagonal
ties to lic nt or near the proper angle, to se
cnre stittvess il eveuony without making
the punels of too great length, as well as Lo
cffect a saving ol materiul by redncing the
tunumber of posts required ; and to this end it
conzisty in connecting the diagonal ties in
wach panel of an nreb-bridge at or near the
center of the pagel susl uniting this point of
support with the upper aud lower chords of
the girder; also in securing the center of -the
intermediate post of an arch - bridge by
eans of rodn trom said eentral dizgonal-tie
connections, thins reducing the effective length
amd increastug the stiffneas of said post, us
is hereinafter more tolly shown,

The nconupunying drawing is & view of the
ceutral panels of an arch-bridge ewbodying
wy invention.

A 13 dn urch of any desived form of section.
L is the lower chord, and © D © are the gird-
er-posts, which are usoully wade widest lat.
erally, to aid in bolding the arch against lat
eral detlection. K i= the center diswgonul con-
nection, which 18 here shiown as bLeing wade
of two plutes of cirenlar larm, butwoeu whiclh
the eyes on the disgoual rocls are secured by
Imlts run throngh the plutes wnd eyes, al.
though a pin-und-eye counection may be nsed
inatewl, if preferred, especiaily when double
ties are nsnl, The diagouul ties ¥ F G U
are wade iu two lengths, the lower parts B G
Leing secured by eyes to the lower chords I
il center plates K, wnd the upper purts F H
being secured by e_\'ea in said center plates,
sl baving their upper ends ron through the
arch A with wanber sud uut above for tight-
ening up the rods.  The suspension-rods 1 are
secured to the center-plate K aud lower chorda
B, und thus serve as supports for the chords
midway between the posts, aud the rods J
ruu from the esuter plate K to the arch A

Rl serve to liold the arch against bnckling
upward, as well as to trmnsfer . @ portion of
the lowd ow the chords to the arch. 'The rod
I s its enda secured between the plates K,
and is rau through and secired in the web of
post 13 hy jam-outs, thas bholding asid post
traan bending longitudioally at the center.,
The wlvautages reseiting from this con-
steuction will be awore readity seen on wpply-
ing it to a long apau of two bmmdred feet or
more, althongh it ean be economically used
in spans ot one hundresd feet and over,
- A twohutdred - foot spau is ondinarily made
with fourteen panels, of about fourteen feet
fength, and is usually twenty-five feet deep,
s0 that the center tics bave s vertical beight
of about twenty-five feet in fourteen feet, in-

wtewd of ruming at the economical angle of

forty-five degrees, aud each girder requires
thirteen jprosts.

If tho eight central panels be made into
four double panels, as woald bs dons iu ap-
plying this plan of construction, it is seen
that four of the posts will be replaced by
light suspeusion . rods 1J, thus rednciug the
number of posts to uins, that the three long-
est rewaining posts will be held at the ceuter
by roda L, tbhus balviag their length snd rve
duciug their cross-section, and that the cen
tral diagonal ties will be lail down at an au-
gie of uiuch nearer the ecovomicul ungle, be-
sides being much redoced in total length, thus
materially lesgoning the cost of the girder,
and at the same time jncreasing its stiffuess,

What I claim herein as pow, sud desire to
secure by Letters Pateat, is—

1. The conuection of the diagonal ties in
paiel of a Low-string arch-bridge with each
other, and with the arch awd chond of said
Lridge at their intersection, substantially as
aud for the purpose specified.

2. The attachwent of the ceuter of an arch-
post with the connection of the diagunal ties
at their intersection, sobstantislly »s aud for
the purpose apecifisl.

As evideuoe of the foregoing, wituers my
haud this O6th day of Aogust A. D). 1876.

JOB ABROTT,
Wituessos:
ELvira SNYDER
Rurr K. ABBOTT.
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DAVID HAMMOND, HENRY G. MORSE, AND JOB ABBOTT, OF CANTON, OHIO

IMPROVEMENT IN TRUSS-BRIDGES.

Bpeocification forming pert of Lottors Putent No. 184,530, dated November 21, 187G; application Gled
Angust 19, 1576,

To all whowm itmayconcern :

e it Known that we, DaviD 11AMMOND,
HENRY G. MORSE, mud JOoB ABBOTY, of Can-
ton, in the cannty ol Btark and State of Ohio,
haveinventedcertning new and useful Improve-
mearts it Tenws-Bridges ; amd that the tollow.
ingrisa tnll, clear, snd exact xpecitication 1here-
of, which will enable otbhers skiliml in the art
to wake nnd nse the said invention,

Qur invention relates to certaiu improve.
menta in the conatruction of truss-ginders for
bridges and other structures, by which greater
ccouomy amd stiffness in construction is re-
cired.

Said improvewents consist in the construc.
tion of 0 trnss-gicder with pin-connections,
huving the posts held lougitudivally at or
nenr their centers by weans of diagounl ties,
which ron throngh and have jawm-nbis and
wausfiers an each side ot the post, thus balving
the length aud increasing the stiftiiess of posts
withont the addition ol nseless or unsightly
rous in tbe girder; also, in arrangivg the
screw end of the diagonal tie which passes
throungh the post 80 a8 to serve both as the
screw Jor the nots hy which the post is held
ut the ceuter, mudl 88 1 serew for the sleeve-
nnt, hy which the length of the rod is adjosted ;
also, in the constructiou of & truss-girderin
which the main ties run from the hewl of one
post ta the foot of the next post, or acrors one
pavel, aud the connter-ties run from the hend
of one post acruss the next post to the foot ol
the secand pont, or across two panels, by which
arraugement the posts ot a single iutersection-
truss can be held longitndinally at the ceuter
by the conuter-tied; also, in the construction
of a truas-posthaviug the cross-sectiqu below
the floor-heain grester than the cross-section
above raid Dbenm, thins adapting the post
ecanvmically to purtinl-deck spans; alaso, iu
the construction of the lower chord-bars of
a truss-girder in pairs rnoning aeross two or
more panels, with secondary chord-bara run-
ning aver single panels, and taking up the lon-
gitndival stranfrom theintennedixta diagousl
ties, thus redncing the unmber of beavy har
heads and chord-pins; alao, in the constrae.
tion of the npper cornery of 3 wronght box-
chord truss-girder by planing the ¢nd post to

fit vuder the end of the upper chord, nud !

vuiting the two posts by inside plates snd
carner-pin, with additional Leveled bescng:
plates Tor buttered end Lrusses, thes formiong
st economical all wronghit-iron cormer-connee-
tion, all of which is bereinatter more fully
shown.

In the accompanving diawing, Figure 1 is
an clevatian of half-girder crubodying onrim.
provements. Fig.2is s partinl plan ol lower
chords. Fig.3 13 s cruss-section through the
linez z in Fig. 1, and Fig, 4 i3 s view of cor
ner-connection.

A is the npper chord, and B the end post,
mads of chanbel-bara and plate, in the ordi-
nary form.  The upper eud of post B is planed
off to it under theend of chord A, and inside
plates F f are riveted in the post and vp be
tween the chard channel-bars, as showu, The
chord ends are re-enforeed by plates d when re
quirec!; and the corter-jiin s rins throngh the
cliord ends anu the plates f £, thus uuitiug the
c¢bord and end puosts, the Leariug-plutes ¢ ¢
Laing riveted ou the ingide of the chord-chmn.
vels against the plutes ff, 1o take np part of
the langitadinal thrast of the post.

The diagonals D DY D? are eyehars of o
dinary torm, as also srethe chor.l-bars E F @,
the end chord-bars E being run over tire two
etd panels, in the asual mavuer. .

Instead of rooning the chord-bars in the
intermediate paneis in single leugths, as las
beenr the previons practice, the bars F F run
aeross two panels, of from post C to C, and
an intermediste bar, G, is put in between
posts C and C?, to take up the longitudinal

“strain from the diagoual tie I, thne saving

the four lirge bar-beads and beavy pin uso-
ally required &t post C, and using only a short
pin aud lighter barbead for bar G at said
point,

The posats § C! (* are made of two channel-
bara as principal inemberd, and are arranged
to receive the ficor-besns M for a ¢ partial-
deck™ truss, baving the floor midway between
the upper and lower cbhords. Above the
beamns M the posts are mudo of proper cross
section 1o austain the vertieal strain from the
ties ' F, tho channels being nnited by donble-
riveted cross-bars & b, while below aaid hesms
the cross-section ol the post I8 ncreass] by
means of the plate K putliciently to sustsin
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the additional load brmught upou It by the
beam M.

Tie coanter-ties H H run across two panels,
as sbowu, being sccured to the apper amd
lower chords st their ends. They are run
through the posts C C near the ceuter, and
have the siceve-nuts kb placed near the post,
a8 shown, 8o that the screw end ou the upper
balf of the tie serves ns a screw end for the
sleeve-uut A, and wlso forms a screw for the
jam-uuts a @, whicl, with tl:e oblique washers
¢ ¢, act to clamp the tie in the post.

In the donbjeintersection form of truss,
where both dingonul and counter ties ruu
Acrons two panels, the posta near tho ends,
where to counter-ties are required, can be
ecopowically held at the center by » rod
placed between the main dingousl ties, which
¢au be reduced iu sectiun to Wi amount equal
1o the section of this center rud.

The sdvantages resnlting from securing the
centers of the posts fu a pin-connection triss
will e more evident by noticing that the
posts bave rounded ends in the longitudinl
direction, in which they are licld hy the ties,
while their beariugs in 8 lateral divection, or
in the line of the ping, are square-ended ; and
a4 the strength of w romd-ended post ia equiv.
aleut to 8 square-endes] post of twico its
leugth, with aaine diaweter, by making the
post twice as wide Iaterally as it is longi-
tudinally, wmnl holding it at the cevter,asspeci.
fied, it will bave the s:oue strength as a rgnare-
euded puat ol the sawe section, and with both
ita lateral and longitudinal diwensions equal
to the lateral dismeter of the eentrally-hehl
post, The strain on the center post C* of the
truss is useally so0 sinall as to wmke it bunec-
eszary to bold said post iu the center, iu which
case the ceuter conuter-tie I is orly ruu across
Que panel.

What we claim ierein as pew, and desire to
secure by Letters Patent. is—

1. A pin-connection trosshaving the posis
beld Jongitudinally at tho eeater hy dingounl
ties rnn throngh and gecurwd by jam-nuts wnd
wasbiers in the poats, substastiully as atd] lor
tlse purpose specified.

2. The comhination, with a truss-jost, of a
diagonanl tie baving sleevepnt wljustment,
amid with one screw and for suid sleeve-nut se-
chred by jua-nuts and obliqee washers in aaid
post, suhstantizlly as aud for tho purpose
apecified.

3. A trussgirder hiaving the main Jiagonal
ties rup across one panel, and the counter-tics
rut: acroas two anels, and secared to the posts
al the center, substautially as aud for the pur-
pose apecitied.

4. A truss.post for partial<deck apang, hav-
ing the section helow the floor-beawms greater
than the section above &aid beams, substan-
tially as amd for the purpose specitied.

5. The coustruction of the lower chiords of
» truss-girder in paim, ronnieg over two or
more panels, with intennediate bars to take up
the atrains from fulermediate dingonal ties,
subsstantially as amd for tho parpose specitiedl.

6. Tho within-described comer-conuection
for box-cliord trusses, forined by fitting the
el post under the chard end, and uniting the
same by inside plates, bearing-plates, and cor-
ner-pin, snhsjautially as aud for the purpose
apecified,

As evidence of tho foregaing, witness our
hauda this 26th day of July, A. 1), I87G.

DAVID HAMMOXND.
H. G. MURSE.
JOB ABBOTT.

Witnessesa:

WM. BRITTOR,
E. W. ECKERT.
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UNITED STATES PATENT OFFICE.

DAVID HAMMOND, OF CANTON, OHIO, ASSIGNOR TO WROUGHT IRON
BRIDGE COMPANY, OF SAME PLACE.

IMPROVEMENT IN WROUGHT-IRON POSTS.

Bpecifioation forming part of Letters Patest No. 184,581, dated November 71, 1676 ; application filed
Aungust 19, 1876,

To all whowm it may concern:

Be it kuown that {, Davip HaMMOND, of
Cantoun, iv the county of Stark and State of
Oliio, buve inveuted certain new and useful
Lmproveinents in Wronght Iron Posta; and
that the followiug is n tull, clear, and exuct
specitication thereof, which will euable others
skilled in the sart to muke aud nse the said in-
vention.

My invention consists in tue construetion
of a wronght.irou post eomposed of & ceutral
plate or lattice-wel aud two T-bhars, pro-
vided with ribs on the iuner edges of the
- heads, as is hereivafter more fully shown,

In the accompanyivg drawiong, Figure 1 is
a view of poat embxdying my improvement,
and Fig. 2 ia a section of same on line z z.

A is the web of the post, and B B are the
T-bars, the legs C of wlich are secured hy
rivets a to webr A. The T-heads B sre made
with tlat backs, being made Hat to ullow of
additioual plates D being riveted on, to increase
the cross-section of post, as iudicated in dotted
lines in Fig. 2.

The legs C can be made on ove side of the
center of the bead 1. if Jdesired, 80 as to
bring the well A iuto the nxis of the post.

When used io bridges the chord-counec-

tions for the post ends are easily made by
riveting ou pilates E and drilling them to re-
ceive the pins F.

Tue advantages resalting from this form of
construction consist in a4 rednced cost, the
plate amd T-bars being eheaper iron thun
the rolled I beam, and the lubor being leas
than that of nuiting & weh with fonr angrles ;
also, in the increased width of head and coun-
ocentration of metal at the edges of the head,
which increases the stiffuess and strength of
the same amonut of cross-section over the I-
beam post form,

What [ claim as vew, and desire to secure
by Letters Patent, is—

1. Tue T-bare B €, baving a fiat head,
with riis b b on the inner eldges theresf, anh.
stautislly as and for the purposes specitied. |

2. The within Jdescribed post, consisting of
the webh A and T-besds B B, baving ribs b
b ou the inner edgex of their heads, sulistan-
tially s and tor the parpose specified.

As evidence of the foregoing, witueas my
hand this 7th day of Aagust, A, D. 1876,

DAVID HAMMOND.

Witnesses :

Wu. BRITTOX,
JoB ABBOTT.
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UNTITED STATES PATENT OFFICE.

DAVID BAMMOND, OF CANTON, OHIO, ANSIGNOR TO WROUGHT 1RON
BRIDGE COMPANY, OF SAME PLACE

IMPROVEMENT IN WROUGHT-IRON GIRDERS.

Specifiomtion forming part of Lotters Fatent No. 1 84,89%, dated November 2L, [576; spplication filed
Auguat 19, 1876,

To all whow il may concern: leg B of the npper head A, aud thelower head
Be it kuown that I, Davip Hamxonn, of | of the girder can be made of a second T-bnar,
Canton, in the connty of Stark and State of | AY, or of 1wo nugles, D D, with a plute, E, if
Obin, have invented certain new and wsefol | desired, for extra section, as shown,
Tipravewsents in Wronght-lron Ginders; and The widvantages of this construction will e
thut the tollowing is x full, clear, sud exact | evideut on consiblering that the npper bead of
specilicition thereof, which will enable others | the girder acts under compression, amd when
skilled in the art to make il use the said | the girder is loaded this bead bas s tewlency
invention, to grive way by beding sidewise. Consequent.
My invention consists in tle constractionof { Iy, by wuking such bead wide and iu one
a wronghtiron girder composed of a T- bar, | solid piece, and then concentrating the metal
upper bead wade with rilis on its under edges, | in the ribs on the edges ot the bead, where it
aidd of & plate or lattice-wel with lower head | has the greatest effect to prevent erashing or
af T bar, anglen, or angles and plate, us is | cockling the bead, the same amount of Lead.
hervinafter mare: flly showan. . { section will maxke a moch stronger gicder than
In the accompanying drawing, Figuro 1 is | when used in the onrdivary I Ueaw or angle-
a view of girder msde with lattice wel und | bar forul of bead.
T-bary, upper il lower heailr; and Fig. 2 is What I claim as pew, and desire to secore
n view ol ginder made with T-bar, upper | by Letters Patent, is—
Lead, plite, wel, aud angle, pud plate lower A wrought-iron gieder baving av npper T- ~
head. bead made with fiat top and ribs on its nuder
The llead A consists of 3 T- bar made with | edges, iu combination with u plate or lattice.
leg B, und baving its bead flat on top, und | web and T or angle lower beal, substantiaily
provided with ribs a a on its ander edges. | as and for the purpose apecitied,
The leg B cun be plaved at one side of the As evidence of the foregoing witness my
center of the head, to secare & symmetrical | band this Tth day of Aoguat, A. D, 1876.
appearance, if desired. The bead, beiog made

fiut ou tops, allowa the addition of cover-platos DAVID HAMMOND,
when desired, lor addditional section at tbe cen. Witneasses:
ter or ulong the whole length of the hggd. The Wi, BRITTON,

web C of plate or lattiop-bar ia rivetsd to the JOB ABBOTT.
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