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HISTORIC AMERICAN ENGINEERING RECORD

BENTON STREET BRIDGE

Benton Street over the Towa River in Towa City, Jowa

15: 621740: 4611780

Iowa City

1949

City ol lowa City

Highway bridge, scheduled [or demolition in 1989

Crossing the lowa River in the south-central section of lowa City, the
Benton Street Bridge is an all-welded, continuous, five-span, deck,
plate-girder highway bridge. Although all-welded bridges appeared in
the United States as early as the 1920s, welding was not widely
advocated for new bridge construction un(il immediately alter World
War [I, when a number of state highway departments began preparing
all-welded, deck, plate-girder pluns. Designed in 1947 and crected 1n
1949, the Benton Street Bridge introduced all-welded bridge
construction to the State of lowa, and was nationally recognized as one
of the most notable examples of the new genre. An early champion of
welding, the bridge’s designer, Edward (Ned) L. Ashton, had
previously cnginecred several major Mississippi River crossings, and
would subsequently be responsible for the world’s first welded
aluminum highway bridge, complcted in Des Moines, Towa in 1058,
Ashton lias justifiably been called "the most distinguished bridge
engineer in the history of lowa,”

Jeffrey AL Hess and Robert Hybben, October 1989
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Introduction

Crossing the lowa River in the south-central section of Iowa Cily, the Benton Strect Bridge is

an all-welded, continuous, five-span, deck, plate-girder highway bridge. Although all-welded bridges
appearcd in the United States as carly as the 1920s, welding was not widely advocated [or new bridge
construction until immediately after World War 11, when a number of state bighway departments
began preparing all-welded, deck, plate-girder plans, Designed in 1947 and erccted in 1949, the
Benton Street Bridge introduced all-welded bridge construction to the State of Iowa, and was
nationally recognized as one of the most notable examples of the new genre. An early champion of
welding, the bridge’s designer, Edward (Ned) L. Ashton, had previously engineered several major
Mississippt River crossings, and would subsequently be responsible for the world’s first welded
aluminum highway bridge, completed in Des Moinces, Towa in 1958, To appreciate properly the
significance of thc Benton Strect Bridge in the history of bridge engineering and in the life of its

designer, it is necessary to understand something of the general development of welding technology

and its application to bridge construction,

History of Welding As Applied to Bridge Construction

Welding is the joining of materials through "a localized coalescence of melals or nonmetals
produced either by healing the materials to suitable temperature with or without the application of
pressure or by application of pressure alone and with or without the use of a filler material."! Is two
most common styles are fuston and pressurc welding. Fusion is the "process of welding metals in the
molten or molten and vapor state, without any mechanical pressure or blows." In other words, the two
items are melted together. Examples include the electric arc and oxy-acelylene techniques, Pressure
welding, on the other hand, involves heating the weldments to malleability and then forcing them
together, In its most important subtype, resistance welding, the welded items are softencd by their

resistance Lo an clectiric current. Resistance welding is divided into spol, projection, scam, flash, and
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butt welding. In the first three, lap joints are used, while in the latter two, the items arc pressced
together end-to-end in a butt joint.?

Welding’s origins are unknown, but evidence shows that the Indians, Romansg, and Egyptians
all used a forge-wcelding technique during the Classical Age. Generally limited to gold, iron, and lcad,
it was, by today’s standards, a relatively simple process: heating one picce of metal and then
hammering it to another.® 1t was not until the ninetcenth century, as a result of growing interest in
clectricity, that welding moved beyond the blacksmith’s shop. Key to this was the discovery of the
clectric arc phenomenon in 1801 by England’s Sir Hummphrey Davy. Upon separating two contiguous,
electrified carbon rods, Davy found that the electric current "jumped” the gap, forming a visible arc of
incandescent vapor, Davy’s discovery was first successfully applied o illumination. Althongh electric
are lighting was cventually supplanted for most purposes hy incandescent filament lamps, the
phenomenon found an enduring and widespread application in welding.!

Electric are welding began in the early 18380s, with the work of France’s Auguste De Meritens
and his Russian pupil Nikolai N. Benardos, D¢ Meritens found thatif he replaced one of Davy's
carbon electrodes wilh a stack of metal plates, the heat [rom the resultant arc welded the plates
together. Later, Benardos added a metal rod as a source of "filler” material. He obtained the [irst
welding patents in England in 1884, and in America in 1887.° Two other important methods of joining
mctal were also developed during this period. In 1886, the American inventor Elihu Thompson
introduced resistance welding, and (wo years later, the first gas welder was built in England, although
a practical torch did nol appear on the market until about 1900.°

The next advance in arc welding oceurred in 1889, when rescarchers in the United States and
Germany simuliancously introduced the metallic arc process. In this technique, the carbon welding
rod is replaced by a metal one. During welding, the electric cerrent melts some of the rod and "ares" it
over Lo the weldment where it serves asfiller. The next year, the Germans added an electromagnet to
their machine Lo gain better control of the are. This device, called the "electric blowpipe,” received

some usc in Europe as a means of repairing broken castings.” In 1891, the world’s first welding plant



Benton Street Bridge
HAER No. 1A-30
Page 4
opened in England and, cleven years later, Baldwin Locomotive Works began the lirst commercial
welding in the United States.3

During the carly 1900s, the metallic arc process was improved by the introduction of
chemically-coated electrodes, Bare melal rods lended to produce weak, oxidized welds and unsiable
arcs, but by using certain chemicals that vaporized during welding, an oxygen-frec atmosphere was
temporarily created, thereby eliminating oxidation problems. This is often called the "shielded are”
process. The high cost of such cleetrodes, however, restricted their use for many years.”

[n the United States, welding [irst attracted national attention during World War I, when it
was uscd Lo rchabilitate a large number of confiscated German ships, rapidly rendering them
scaworlhy [or the Allied cause. At the same time, the government organized a welding commitlee to
standardize technigues, helping to dispel several myths about the process while muking it saler for
general use. Although the federally funded committee disbanded at the end of the war, scveral of its
members regronped as the American Welding Society, whose Journal was to be instrumental in
promoting welding technology.’® Overall, however, welding was still considered “little more than an
artisan's process for repairing broken castings and other metal parts.” The technology faced two main
obstacles to widespread acceptance, cspecially in new construction, First, there were few qualified
welders and little proper equipment. Sccond, and perhaps most basic, welding had not yet passed the
tcst of time. The [ew welded structures in cxistence simply had not been around for very long, so little
was known of welding’s long-term reliability.!!

For those engincers who explored the matter, welding scemed to offer several advantages
over riveting, not only in repair work, but in new construction as well. Welding did not weaken metal
members with rivet holes, nor did it necessarily require the various connecting picees such as angle
sections and gussct plates which were a traditional part of built-up, riveted construction. As the noted
welding advocate, . F. Lincoln of Lincoln Electric Company of Cleveland, pointed out,"any structure
whicli is made of riveted steel and depends on the strength of the joint [or its efficiency must have

(rom 30 to 100 per cent inore steel in it than would be necessary were an arc-welded joint used. Whal
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this would amount to in the aggregate is a stupendous sum.”"  In addition (o savings in malerial,
welding also appeared to require less labor than riveting, and there was no guestion that it was far
quicter, an tmportant consideration in urbun construction projecls.

For the most part, test results from the 1920s supported welding’s structural soundness. The
American Bridge Company, the Carnegic Institute of Technology, and The American Architect all
reported positive lindings. Still, in a stress test sponsored by The Mechanical Enginger, unexpected
breaks in weldment did occur, highlighting the impaortance of inspection.  Although there were
advocates of visual inspection, it was gencrally conceded thal defects might occur beneath the surface
of the weld drops. The most common field test of the period was to tap the welded ilem with a small
hammer. Il the weld were properly made, the ringing sounded identical to that of a solid picce of the
same malterial, Less subjective inspection procedures included x-ray analysis and clectrie-resistance
mcusurcment of the welds, While such tests were more reliable, they were also more cumbersome
and expensive.!?

In contrast to industry, where welding found widespread 2cceplance in the manufacture of
cars, pipelines, airplanes, and gas holders during ihe 1920s, the building profcssions trealed the new
tcchnology with a great deal of caution. Beginning with England’s solitary Olympia Stahles in 1920,
welded buildings numbecred, ninc years later, only 70 structures world-wide. In the United States, the
mosl prominent examples were the 12-story, 550-1on Homestead Holtel in Hol Springs, Virginia, and
General Electrie’s 987-ton West Philadelphia works., By the end of the decade, however, several
Amcrican cities --most notably Atlantic City, Delroit, Providence, Youngstown, and Berkeley -- had
modificd thetr building codes to allow welded construction. And several more, including New York,
Chicago, and Dallas, werce considering the move. At the samne time, there was an effort to include
welding in the engineering curriculum of A merican universitics and technical schools. ™

The 1920s also saw the first applications of welding to bridge repair and construction. In 1920,
a gus welder repatred the lower chord of a 60-foot, Pralt pony truss on an unidentificd highway in

Chester County, Pennsylvania. The county engincer had heard of welding’s sunccessful use in the
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automobile industry, and decided to give it a try. It held very well. Seven years later, arc welding
made its debut in bridge repair on the Chicago Great Western's three-span, through truss over the
Missouri River at Leavenworth, Kansas, New members were welded into the hip verticals, and cover
plates were added to langes of floor beams and stringers -- with no interruption to train service. Such
repairs were notably cheaper than replacing an entire bridge.'?

The lirst welded bridge cver built appears to be a foolbridge, erected in 1921, between two
buildings of the General Electric plant in Schenectady, New York. The {irst of any significance,
though, was a 53-foot, arc-welded, twin-girder railroad bridge huilt hy the Westinghouse Electric and
Manulacturing Company over Thompsons Run in Turtle Creck, Pennsylvania. Completed on
November 5, 1927, the bridge carried rail traffic between the company's Linhart Works and East
Pittsburgh Works. Interested in promoting virtually any new technology allied with eleetricity,
Westinghouse was a leading proponent of ¢lectric-are welding., The company had showeased the
tecchnology in its all-welded lTuctory completed in Sharon, Pennsylvania in 1926, and it considered the
Turtle Creck Bridge to be "an excellent example of the confidenee of our company in are welded
construction."

In 1928, Westinghouse also sponsored the nation’s second all-welded railway bridge, as a
means ol providing spur-track access to its plant in Chicopee Falls, Massachusetts, This, too, was an
arc-welded affair. To develop comparative cost data on welding and riveting, Westinghouse based the
134-Toot, single-span structure dircctly on the design of a riveted, Warren, through truss originally
intended lor the site, "the only interference with true comparison [being] the substitution of rolled
shapes for the built-up scctions shown in the riveted design." The welded bridge even employed
convenlional gusset plates for pancl conneclions. At the completion of construction, Westinghouse
claimed a "substantial' savings in cost: "The welded structure used about two-thirds of the guantity of
steel required by the riveted equivalent, due to saving most of the connection materials, to avoidance

of holes in tension members and to continuity of floor stringers.""’
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Arc welding also produced the world’s first all-welded highway bridge, completed over the
Sludwia River, near Lowicz, Poland in 1929, Like the Chicopee Falls Bridge, the Polish structure -- a
39-foot, Warren pony truss ol camelback confliguration -- was putterned alter a conventional, riveted
truss Lo permit cost comparison. According to the designing engineer, Stefan Bryla, welding saved
about 21 percent in materials, although total project cost proved roughly equivalent to riveted
construction --a reselt of having to inelude the expense of the welding cquipment in the (inal
bookkeeping. "In the course of time," Bryla affirmed, "the proportion of costs of the two types of
bridges will be changed in favor of the are-welded design.”®
Although welding became a common repait techrique for bridges during the 1930s, it charted
only modest advances in new bridge construction, cspecially in the United States. By the end of the
decade, there were approximalely 1,000 welded bridges in the world, and almost all were in Europe.
Recognizing that welding called into question certain assumptions based on riveting about the "shape
und arrangement ol joints,” European engineers quickly moved beyond the truss-inspired design of
Bryla’s Sludwia River Bridge to investigate forms specifically suited for the new technology. The
Vierendeel Lruss, named (or the Belgian engincering professor who ¢reated it, was perhaps the mnost
striking example. TFeaturing a ticd-arch design "in which the verticals have a stiffness comparable with
the chord,” the Vierendeel truss reputedly placed joint welds "at the points carrying the smallest stress
and where the distribution of stress could he caleulated without ambiguity." Making its lirst
appearance in the partially welded, 68-meter Lannaye Bridge in Belgium in 1931, the Vicrendeel
design was soon applied Lo several all-welded, Belgian bridges. The success of its basic design
principles also encouraged European experimentation with similarly conceived, all-welded, rigid-
{rame construction in both buildings and bridges."®
During the 1930s, European enginecrs probably madc their greatest contributions to welded
bridge technology in the arca of "solid web," or girder, design. Much of the work was done in

Germany, which huilt over 300 all-welded, railroad girder bridges during the decade. When German

State Railway engineers began designing welded plate-girder bridges in 1929, they originally used the
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conventional "web plate, {lange plates and angles as employed in riveted plate girders.” Deciding
almost immediately thal anglc-section conncctors were an anachronism in welded construction, they
experimented with welding [lange plates directly to the web., This innovation led to the development
of new fiange and web sections specially designed to alleviate stress concentrations in the welded
plate-girder joints. AHthouogh the new components were avallable as standard rolled sections in
Eurape, they were slow in coming to the United States. indeed, the 1949 Benton Street Bridgee in
Iowa City was apparently one of the first structurcs on the North American continent to utilize
them.?

A handful of "European-style," all-welded, rigid-frame highway bridges were consteucted in
the United States prior to World War IT, but, for the most part, American enginecrs ignored
European experimentation with welded bridges. When Americans designed welded bridges at all,
they generally [ollowed "the beaten path of riveted construction, the thought heing that welding was
replacing riveting.” The most publicized Americuan welded bridge during the 1930s was notable
primarily for its 400-foot length, Which placed i first in the country’s longest, welded bridge category.
In most other respects, it was a highly conventional structure. Completed over Rancocos Creck in
Burlington County, New Jersey, the highway strocture comprised two fixed spans and one swing span,
all of the Warren pony trussvariety. By European standards, the bridge was not cven interesting [or
1ts tength. In 1932, German engineers had built an all-welded, 13-span, plate-girder highway bridge
near Dresden that was two-and-one-half times as long.21

The Rancocos Creck Bridge was [abricated by the shielded-are method, which was generally
considered to produce the soundest welds. As measurcd by the sale of coated clectrodes, the shiclded
arc method had advanced quite rapidly 1n the United States, increasing its share ol the metallic
clectrode market [rom about 15 percent in 1927 to more than 75 pereent in 1932, Indeed, the method

became so dominant that, by 1937, it was "the process generally referred to when the word ‘welding’ is

used." Confidence in shielded are welding is one major reason why, by the end of the decade, New
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York, Chicago, Boston, and San Francisco, along witlt well over 100 otlter American cities, had
approved welded construction in their municipal building codes.®?

Given welding’s acceptance by the American engincering profession in general, the scarcity of
all-welded bridges in the country before World War 11 should not be attributed to any lack of Taith in
the technology by bridge engineers in particular. Most bridge construction was controlicd by statc
highway departments, which, typically, had spent the previous two decades preparing and promoting
standardized pians for reinforeced conerete and riveted sicel bridges. These agencies had an
nnderstandable vested interest in maintaining their old designs, especially since lew had any engincers
on staff who were familiar enough with the new technology actually to design an all-welded bridge.
Witen the Nebraska highway authority, flor example, embarked on its lirst all-welded bridge project in
1934, it sent "a member of the designing force to a famous school of welding located in Cleveland
where he completed with credit a course in both design and operation of weldiug details, operation
and fabrication."?

If World War I ushered welding onto the American stage, World War IT made the bit player a
star, Everything that could be welded was, including 90 percent of American ships under
construction, Despite popular images of Rosey the Riveter, the global conflict was cssentially a "war
of weldments.," As one writer explained, "This war has been one of mechanization and movement.
Lightncss coupled with strength has been of paramount importance in weapons as well as transport
equipment. It was to attain these features that welding has been so extensively used." By the early
1940s, welding could be deseribed as "the most important method of joining steels.'™ Curiously,
welding suffered a temporary setback immediately following the war, triggered, it seems, by the
public’s general weariness with "military” practices. But post-war shorlages of consiruction malerials
encouraged the realistic appraisal “that welding had come (0 stay" as au appropriate peacctime
technology. Atthe end of the 1940s, an informed obscrver noted that "practically all structural shops
are prescntiy equipped [or services in welded constructioa. . . . In contrast, it is becoming increasingly

more dilficult to obtain lacilities, equipment and skifled labor for riveted construction.®
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All-welded bridge construction, primarily of the deck, plate-girder varicty, made particularly
strong gains in the United States in the immediate post-war period. Between 1946 and 1948, the State
of Connecticot alonc completed cight all-welded bridges, and placed another cight nnder contract or
design. During these sume yoars, the statles of Kansas and Texas preparcd plans and took bids lor all-
wclded girder bridges, while the states of Ohio and New York apparently contemplated similar action.
In fowa, on the other hand, all-welded bridge construction was inaugurated by city rather than state
authority, as is evidenced by the municipally-sponsared, plate-girder Benton Street Bridge, completed
in towa City in 1940, These activitics were encouraged by the [ederal Public Roads Administration,
which, having studied the issue during the war years, had recently announced its approval of federal
funding for welded bridge construction il "the tatest methods of design and workmanship are
cmployed.” With an eye toward the possibility of future roadway widening, the [ederul agency also
strongly promotcd deck-style construction, decrecing that "new bridges should be designed to permit
tralfic to pass over rather than through the structure.” Itis therefore nol surprising that when the
federal government funded its (irst all-welded state highway bridge in 1946, it was a deck-girder
structure.”®
Whether the impetns for welded bridges originated on the federal, state, or [ocal level, the
thinking behind it seems to have been essentially the same. As a bridge engincer with the Texas
Highway Dcpartment cxplained:
Immediately Tollowing the war, we were of the opinion that welding had come of age.
We believed that the great strides made during the war in its gencral use and the development
of new techniques -- together with the nrany new facilities and the greatly increased number of
qualified welders -- indicated that postwar construction would adopt welding s being more
economical than riveting. Also, there were good chances that welding might prove superior 1o
riveting [rom a structural standpoint. In an effort Lo keep abreast of developments. . | we
revised plans and specifications to permit welding as an alternate to riveting in several
instance of standard construction, and we began the development of plans for particular
welded jobs?’
The initial welded bridge projects of the post-war period were soon followed by a host of

others throughont the country.?®  In 1953, the engincering press reported that "welded girder bridges

are now gencrally used by most of our state highway departments” -- a clear sign that "the welded
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girder has advanced to a place of competitive importance in highway bridge construction.” Despite
chronic steel shortages in the 1950s -- a result of the Korean War, a nation-wide building boom, and a
steel strike -- the all-welded highway girder increased in popularity throughout the decade, To a
cerlatn extent, the scarcity of steel actually promoted the use of welding. As the Calif ornia State
Highway Department explained, "Qur stalf has had difficulty for so many years in obtatning rolled
shapes that we have widely adopted welding. Plates being more readily available, we have been able
to design cfficient scctions for our needs."”

When state highway departments did explore alternate forms of bridge construction during
the 1950s, they generally turned to presiressed concrete, cspecially for short spans. Although the
country’s first prestressed highway bridge only dated from 1949, there were mare than 250 examples
nationwide by 1958, the majority containing spans under 50 feet. The development of prestressed
concrete bridge designs, however, was ham pered by the fact that many states "have not as yet
developed a flourishing market for commercial casting yards." When stecl supply loosened toward
the cnd of the decade, some states, such as South Dakota, cancelled their prestressed concrete
programs and "restorced steel as a purcly economic choice." As a state bridge engineer for South
Dakota explained in 1957, "with ready supply of plate .. . now assured, plale girders are again highly

competitive."?

History and Significance of the Benton Street Bridge

Dry crossings of the Towa River at Towa City dale back to Benjamin Miller’s ferry serviee of
1839, and the Folsom Pontoon Bridge of 1853. Benton Street, however, was not bridged until about
1905, when the cily erected a double-span, Parker, through truss with timber-trestle approaches to
accommodate horse-drawn and pedestrian traffic. Known us the Ryerson Bridge, after the nearby
Ryerson Mill, the structure was the city’s southernmost river crossing, focated in a relatively

3t

undeveloped area.” Perhuaps because of its remote location, it reccived only minimal maintenance,

and suffered anccordingly. When Edward (Ned) Lo Ashiton (1903-1985) joined the enginecring [aculty
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0 at State University of Iowa in Iowa City in 1943, he found the bridge in distressed condition. As he
luter explained:

When 1 came to Jowa in 1943 to teach. . . , 1 used the Bridge as an example of what to do and

what not to do in bridge design. .. Probably the ... most serious thing that happened Lo the

old bridge is the fact that birds nested in the recesses of the Taney tatticed portals and caused .

. rusting away ol portions of the main posts that hold up the whole span .. . . Some of the
members have also been hit by traffic and, of two member sections, only onc of them is
carrying all of the load.??

In 1944, the City Council placed restrictions on automobile traflic over the bridge, eventually
triggering public outery for appropriate repair or replacement of the structure. The [irst petition to
that effcet was submitted in June 1946, prompling the council to obtain a repair estimate from the Des
Moines Pittsburgh Bridge and Iron Company. In Qctober of the same year, this com pany reported
that the bridge was no longer safe [or use and would require at least $30,000 for rehabilitation. The
council responded by closing the bridge to all vehicular traflic and appointing a commillee Lo
investigate building a new structure. Although the council received another bridge-replacement

. pelition in Janvary 1947, it postponed acltion until late May, when it commissioned loeal engincer Ned
Ashton to prepare preliminary plans and cost cstimates for a new bridge. As Ashton later told the
story in a public lecture, the council had originally considered hiring a consulting engineer [rom Des
Moines, until "in some {ashion, [they] [ound out that I also used to be a bridge engincer and designer .
..and came Lo see If T would be interested and able to do this work or them to keep the work in Towa
City."™

Ashton’s sell-effacing description of himsell as a bridge designer was a kindness to the city
politicians who had almost passed him by. When he addressed his peers in the cngineering profession,
as he did at a section meeting of the American Society of Civil Engincers in Davenport in 1944, he was
more dircet aboul his qualifications: "Since graduation in 1926 from the [State] University of ITowa, I
have spent most of my time designing medium and long span bridges ...." After leaving the
university with a master’s degree in both structural and hydraulic engineering, Ashton found

employment with the prestigious bridge engineering firm of Harringlon, Howard and Ash in Kansas

. City, Missouri. His lirst major responsibility was as resident engineer of the combined highway and
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railroad bridge over the Mississippi River at Vicksburg, Mississippi. Tt was during this project that
Ashton first began to consider the advantages of welding in bridge construction. As he recalled for an
interviewer many years later, the stimulus was an offhand comment by the [irm’s senior partner, Louis
R. Ach: "If we could only extend one plate through another -- welded together. How much better it
woufd be."

In 1929, Ashton moved to St. Louis to become an associate engineer in the firm of James A.
Hooke. Although only 26-years-old, he was put in charge of the $20 million 8t. Louis Electric
Terminal Railway Company project, which entailed the demolition of nine city blocks and the
construction of a six-track subway. When this project lerminated four years later, Ashton jnined the
United States Bureau of Reclamation in Denver wherce he worked on large concrete dams,” designing
such appertenances {si¢] as the intake tower bridges, the hoist houses and the arch bridge over the
Arizona Spillway at Boulder Dam and similar details on Grand Coulee and many others.” Finally, in
1935, he returned "exclusively to bridge building,” rejoining his original Kansas City [irm, since
renamed Howard, Needles, Tammen and Bergendoff (HNTB). During the next seven years, in which
he rose to the position of chiel designer, Ashton worked on approximately 20 bridges, including the
main spans of such major Mississippl River crossings as the [ive-span, tied-arch, Rock Island
Centennial Bridge at Rock Istand, 1linois; the triple-span, continuous, through-truss Ben Humphrey's
Bridge below Greensville, Mississippi; and the triple-span, continuous, through-truss Julien Dubuque
Bridge at Dubuque, Towa, with its highly unusual, through, ticd-arch truss in the center span.>®
In his work on these major bridges, as well as on many smaller ones, Ashton emphasized the

reduction of what he considercd unneecssary "detailing” -- a term generally used to describe the
"smaller parts” of truss construction.®®  Ashton estimated that in conventional, heavy, highway trusses
of the 19305 "the lacing bars and gusset plates constilule approximaltely 35% of the weight .. . and
represent a considerable waste of malterials.” By fabricating truss bracing and chords out of solid web

sections, instead of the customary channel and angle scetions, he found that he could "eliminate all

lacing bars" and cut the weight of detailing by almost hall, effecting a considerable savings. The
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reduction of detailing was also one of the potential advantages of welded construction, which may
ciplain why Ashton "used the welding process in bridge construction whenever he was ree to do so,"
employing it, for example, on the open, steel, roadway curbing of the continuous-span Manchester
Avenue over the Bluc River in Kansas City, Missouri. During his stay with HNTB, Ashton also
authored three papers on welding. Althongh no copics appear te have survived, the tities signal his
arcas of interest: "Arc Welded Steel Plate Floors Applicd to Bridges and Viaducts,” "Arc Welding in
Design Manufacture and Construction,” and most significantly -- "The All Welded Steel Bridge of
Tomorrow."’

Ashton completed his preliminary design and cost estimates for the Benton Street Bridge in
mid-June 1947, This initial cllort gave no indication that the completed structure would indeed be
Ashton’s "all welded steel bridge of tomorrow.” As published in the local press, the design called for a
nine-span, deck-girder bridge, with a central, 348-foot-long, river-channcl scetion consisting of three
continuous, variable-depth steel girders. The bridge’s overall length was cafeulated at 572 feet, its
width at 33 feet (24-foot roadway plus flanking sidewalks), and its cost at $215,000. There is no
mention of welding by the contemporary press, or by Ashion in his own description of the
structure. To a certain extent, the design reflected Ashton’s work on the Grand Avenue Viaduet in
Sioux Cily, lowa -- a HNTB project, which, according (o Ashton, was responsible for "introducing and
proving the cconomy and beauty of long span variable depth plate girder constraction.” The gently
curved arch of the variable-depth girder not only prescnted an aesthetically pleasing profile, but also
cfficiently distributed the metal according to the actnal lines of stress. The City Council accepted
Ashton’s preliminary study, awarded him a fee of $250, and commissioned him to prepare final plans
and specifications for "a fee not Lo exceed five (59%) of the contract price of such bridge."®
For his preliminary work, Ashton had assumed that the new Benton Street Bridge would

occupy the site of the old crossing. But after considerable debate, the City Council decided to swing

the bridge diagonally across the river, directly Linking East and West Benton Streets. Although the

new route increased the estimated construction cost by about ten percent, it seemed to provide better
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traflic access to the state highway system. With site selection concluded, Ashton began [inal design
work in Auguost and delivered the completed plan in November. This plan retained l.hc Dasic principle
of continuous-span, variable-depth, plate-girder construction on concrete substrocture, but it reduced
the original nine-span layout to a symmetrical, five-span configuration, measuring approximately 480
feet in length between abutments, with span ratios of 78-100-120-100-78. The bridge’s overall width
remained the same. From the perspective of the local press, the most remarkable feature of the {inal
design was that its estimated cost was about $30,000 Iess than the preliminary design, despite the route
change. From an engincering standpoint, however, (he design was most remarkable because it
specified all-welded construction, the lirst example in Towa. and a rarity even [or the nation. At that
time, there were probably fess than 100 all-welded bridges of any type in the United $tates.®
Shortly alter the completion of the Benton Street Bridge in the summer of 1949, Ashton would
declare that "the deeision to adopt a welded design was made in the beginning since 1t 1s the best
modern method of joining metals and it offers a considerable cconomy of material.” Since his
preliminary design did not call for all-welded construction, Ashton was presumably referring to his
work on the final design. The Deginning of this project coincided with his attendance at a conference
at Dartmoutb College in August 1947, where he served "as one of twenty judges charged with the
selection of the 400 or so winners of . .. cash prizes awarded in the latest $200,000 James F. Lincoln
Arc Welding Foundation Award for [the] Progress [in Welding] Program.” If his jury duty for the
foundation did not actually inspire him to choose an all-wclded design [or the bridge, it certainly
strengthened his resolve. As he later recalled, "On this assignment, T read papers about six hours a
day and designed the Benton Street Bridge in between and obtained many useful and valnable
ideas."*?
Given his familiarity with the ficld, Ashton probably knew that several state highway
departments were simultaneously preparing all-welded, plate-girder bridge designs. He did not
attempt, however, to justify his own position in the vanguard by citing developments in other regions.

Indeed, he did not alludce to the innovative nature of his work at all during the carly stages of the
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Benton Street Bridge projeet. He apparently discussed the matier with his good friend Fred Gartzke,
the city engincer, who advised against giving the impression thal the bridge was in any way

experimental, The new Benton Strect Bridge was to be funded by city bands, and, as Ashton’s son-in-

law Marshall McKusick later observed, the iwo men saw "no reason to make the bond holders

4
nervous."

After the Benton Street Bridge was up and open, Ashton was more than willing to discuss its
innovative [eatures. As he explained for Welding Journal, the struocture was most notable simply for
the fact that it was an all-welded, plate-girder design:

Probably the greatest advancement in design in this structure is in the design of the girders

themselves, Not only were the girders I'abricated of three plate scctions by {shiclded-are,

shop] welding, but also all of the licld connections and the main girder splices were madc both
in the shop and in the field as 100% penctration butt welds.
Ashton also emphasized that his welded girders introduced the European practice of employing
specially shaped [ange plate seetions designed to reduce stress in the weldments:
The author also wishes to call the attention of the American mills to the special flange plate
sections that are rolled with 4 small projection of web attuched for welding Flange to web
sections that have long been standard rolling mill sections in European practice. These
seclions were designed to help alleviate the shrinkage and warping problems in the Ianges,
and have been in use for a long time in foreign welded girder construction but they have not
yet been made available {from our own American mills.
Despite his vse of the special sections, scveral of the girders buckled during shop Tabrication,
requiring careful heat treating to straighten them out. Ashton did not attribute this problem to the

flange sections, but rather to his failure to specily a thicker web section for "more inherent

s,lability.“42

Since all-welded bridge construction was such an infrequent occurrence in the United States,
few contractors had any experiencc in the area and, cousequently, few were willing to take on the risk
of the Bentou Street Bridge project. When the city issued its call [or bids in the spring of 1947, it
received only two proposals: an offer of $257,814 from Jensen Construction Company of Des Moines,
and one ncarly 70% higher from L. Morris Mitchell, Inc. of New York. The city sclected Jensen, u

family-owned-and-operated company that had specialized in bridge building since its founding in
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1912. Among the company’s recent projocts was a girder-bridge job involving some degree of
welding. For its major subcontractors, Jensen selected the American Bridge Company (Gary Plant)
for fabrication, and the Teleweld Corporation of Chicago for field welding. Jensen’s handling of the
contract would win high praise from Ashton:
Their work on [the Benton Street Bridge) project was not only superior in quality but it was
handled so expeditionsly that there was notl a single extra work order on the entire projeet. It
was not only completed on time 1n {ull accordance with all requirements of the plans and
specifications but also at a cost that was $6,500 less to the City than the amount of their
or.iginal contract agrccm?nl. ()f.all the contractors | have ever had the pr_ivilcgs of workinﬁ
with, I regard the Jensen’s as being the ones who were gentlemen of the highest character,™
Construction ol the Benton Street Bridge commenced on October 2, 1948, Benefiting [rom
unusually low water levels for Autumn, the concrete crew pourcd the entire substructure by the end of
December. The project, however, significantly slowed during January and February, when the shop
experienced difficulties both in procuring the steel and l'abricating the girders. Tnlate February, the
first carloads of superstructure steel finally arrived at the bridge site, but lloodwaters almost
immcedialely put construction on hold for four weeks. This fime was partly spent dismantling the old
truss bridge. The erection of the superstructure resumed on April 4, and the last girder was put in
place a week later, when final "closure was made . . . by jacking Span 5 horizontally from the west
abutment.” The cnsuing installation of [oor beams, stringers, cantilevered sidewalk brackets, railing
sections, and light poles was all "morc or less conventional.,” On May 12, the contractor poured the
{irst concrete for the deck, and the bridge was ready {or traffic eight weeks later, although it was not
officially dedicated until July 28, 1949,
The American engincering press was quick to recognize the significance of the Benton Street
Bridge. In March 1949, whilc the superstructure was still under construction, Enginecring News-
Record hailed the bridge as one of three current projects representing "relatively new concepts of
bridge design in the United States.” As the article went on to explain, "More welding is being used on
bridges, both in the ficld and in the shop, but fully-weldced bridges are the exception.”
During the next few years, others writers would also point to the Benton Street Bridge as a notable

example of the welded-bridge genre.™
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The bridge’s appeal, however, was not simply that it was an all-welded structure, Its

construction also embodied several other important design trends of the post-war period. In 1947,
Raymond Archibald, hcad of the bridge division of the Public Roads Administration, outlined the
"best practices” in "modern bridge design” for Muture Federally funded highway projects. In addition to
advocaling welded construction, he recommended deck-girder design, as a means of lacilitating future
roadway widening; "good architectural treatment,” which was generally interpreted in terms of clean-
lined, modernist acsthetics; and continuous-span construction, which "usually is morc cconomical as it
requires less material [and] has the further advantage of eliminating expansion joints -- the bane of
the matntenance engineer -- and providing a smoother roadbed, thus contributing to the comlorts of

driving."*® The Benton Street Bridge displayed all these characteristics, which is perhaps one reason

why 1t was singled out [or recognition by Engincering News-Record, instead of any of the half -dozen,

multi-simple-span, all-welded girder bridges construeted by the Connecticut State Highway
Commission during the same period. It was possible to praise the Benton Street Bridge for its all-
welded construction, withoutl apologizing for any other aspecets of its design. Ashton himsell scems to
have understood this when he characterized his creation as a "modern” highway bridge.""

Ashton strongly promoted the Benton Strect Bridge, preparing a paper on its design for
Engineering News-Record, as well as a4 somewhat longer treatise for publication by the Lincoln
Electric Company of Cleveland, a distributer of welding equipment. In return, the bridge promoted
Ashton’s consulting career, [irmly establishing him as an anthority on welded construction and
garnering him additional bridge commissions. After Benton Street, his most notable bridge project
was the design of the world’s [irs( all-welded, aluminum, highway bridge -- a continuous, four-span,
deck-girder structure built in Des Moincs by the Iowa State Highway Commission in 1958, a year after
Ashton had officially retired from teaching. When one considers this structure in the light of Ashton's
Benton Strcet Bridge and his earlier work on Mississippi River bridges for HNTB, there is good

reason (o concur with the assessment of Towa bridge historian James C. Hippen that Ashton "in all

likelihood was the most distinguished bridge enginecr in the history of Towa." Ashton himself hoped
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that his crowning achievement would be "to design the {irst long span aluminum bridge across the
Mississippi River for Towa,” but the opportunity did not present itself.*®
Ashton remained active in the bridge lield throughout the 19605, receiving national attention
lor his reconditioning of filled-spandrel conerete arches in Cedar Rapids, Iowa. During this periad,
he also pursued a long-standing interest in the siructural engineering of radio telescopes, designing a
major instrument built by the National Observatory in 1965 at Green Bank, West Virginia., As a result
of failing health, Ashton gradually closed down his consulting practice during the 1970s. He dicd in
lowa City in 1985.%
The Benton Street Bridge outlived its designer by only a few years. In 1985, the City of lowa
City commissioned the local engineering firm of NNW, Inc. to study the feasibility of widening the
two-lane bridge into four lanes. As parl of their structural survey, the consultants noted that the
bridge incorporuted certain clements of design that might lead to catustrophic lailure by virtue of
metal (atigue:
Atthe time of the design of this bridge, little was known about [atigue in bridges. While the
1948 design was in uccordance with the then current specifications, it should be noted that the
specifications did not nclude fatigac constraints. Inlact, it was not until 1971 that fatigue
design was included in AA S H.T.O. (American Association of State Highway and
Transportation Officials) specifications. . . . The detail which first attracts attention is [that]
intermediate stiffencrs arc welded to the flange of the plate girder. This particular detail is no
longer seen on welded plate girder bridges because it has been founded to induce fatigne
problems into girders at rather low stress ranges . .. If afatigue failure should oceur, would
the effcets on the structure be a serious matter? The answer is a simple yes,*®
On the basis of these initial [indings, the Benton Street Bridge was targeted for replacement,
This decision was foreefully opposed by local historic preservationists who argued that the bridge was
of sufficient historical significance to warrant more detailed study of its condition and possible
retention. Subsequent investigation, however, supported the probability that the bridge was a latigue-
sensitive struetnre without realistic potential for rehabilitation and prescrvation. In consideration of

the bridge’s historical significance, the City of Towa City agreed that, prior to demolition, it would

document 1he bridge according to staudards set down by the National Park Service, "including a
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writien narrative placing the structure in engineering and historical perspective.” The present study is

intended to fulfill that obligation.”
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A Modern Steel Deck Girder Highway Bridge

At right is & general view of a
modern all welded steel deck girder
highway bridge that has just recently
been completed across the Tows River
in Tows City, lowa.

The design and econstruction of this
bridge is being used as the subject of
this series of Studies in Structural
Arec Welding since it is typical of
hundreds of other small highway
bridges that are needed all over the
country to bring our highweay systems
up to date for modern traffic. The
simple graceful beauty of this bridge
speaks for itself and the praise of its
builders attest the wisdon of desigm-
ing for welding in the fields of bridge
engineering. Therefore it is bhelieved
that a detailed description of this
structure will be of material use to
others who have similar problems in
this field of Civil Enginecering.

A general cutaway cross sectional
drawing of the bridge is shown in
Fig. 2. The view shown is taken at
one of the interior river span piers.

This drawing shows a bridge in
which the two lane eoncrete roadway
is supported directly on top of the
main girders while the sidewalk is
cantilevered on the outside of the
girders on brackets extended from
the floorbeams.

The sidewalk is a 3% inech thiek
conerete slab that spans transversely
from the faseia itc the eurb channel
except that it is thickened to &
inches near the eurb so as to contain
:cihe electrical and Rell Telephone con-

uits,

The pedestrian traflic is separated
from the roadway traffic by means of
a safety curb and all of the curbs and
handrails are made of steel

A special feature of this design is
that all of the curbs and handrails
were prefabricated in the shop so as
to erect as complete units in the field,
each prefabricated unit being twenty
feet long.

The girders also are three plate
weldments  made  in | econvenient
lengths for shipment and erection in
the shop by means of automatic weld-
ing processes and then these pieces
are buit welded together in the field
to make continuous girders 476 feet
long on each side of the roadway ex-
tending from end te end of the bridge.

Other advanced features of the de-
sign include the use of tec.ghaped
stiffeners and speeianl hiph strength
line bearings made of weld metal de-
posited on the surxfaces of the strue-
twillra] weldments that form the bridge
shoes.

The first steps in making a desgigm
suzeh a8 this, of coeurse, is to deter-
mine the volume of traffic and adopt
suitable roadway and sidewalk widths
to carry the traflic. Then locate the
strocture properly with respect to the
stream and determine the span
lengths and clearances to suit the re-
quirements of the waterway,

Copyright 1952, The Lincoln Clectric Co.

Fig, 1

In this respect the above bridpe is
considered to be one half of a future
dizal four lane highway hridge of
which one half has been built pres-
ently to replace an older two lane
highway bridge at the same site that
had beern econdemned and closed to
traffic and the other half can be
added in the future whenever it is
justified by the traflic.

'I'he particular span arrangement
that was adopted for this bridge is a
symmetrical layout consisting of 78.
100-120-100 and 78 foot continnous
apans located so that the ceniral 120
foot gpan is in the middle of the river,

The bridge is supported at the ends
on the two abutments and runs eon-
tinuously for 480 feet over four other
intermediate piers. All of the pilers
and abutments are made of concrete
and are founded on stee! foundation
piles driven te rock.

e g e s,

i
I
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The structural! framework was laid
out as shown in Fig. 3. In this plan
the girders are lecated wunder the
roadway, spaced at 20°-3" centers, so
as to act directly as stringer supports
for the roadway slab in addition to
framing with the floorbeans and can-
tilever brackets. This procedure saves
two lines of roadway stringrers, re-
duaces the span length of the floor-
heams and saves masonry in the foun-
dations by reducing the lengths of
the piers.

Fig. 2



Following the determinations of
span lengths and floorbeam spacing
the details of the cross section as
ghown in Fig, 2 are next worked out
by the designer including the slabs,
handrails and eurbs.

Since the handrails are ordinarily
shipped as a multitude of small pieces
that consume a great deal of time for
assembly and final alignment in the
field it was decided to prefahricate
these rails as complete units in the
shop.

Figure 4 is 8 detailed trimetric pro-
jection of the sidewalk and sidewalk
handrail with portions cut away to
show the construction of the curhs
and hanpdrails.

This outside railing was pre-fabri-
cated integral with the 12-inch 25-1b.
fascia channel to ereet in 20 foot
units complete except for the end
connections and the conneetions of the
intermediate channel brace at the bot-
tom of the interior posts.

tion ping or bolts through the plates
in the ends of the channels.

These holes provide for holding and
for the adjustment of the posts to
vertieal and horizontal alignment be-
fore welding. The holes in the web of
the half channel end posts also insure
that the ends of adjacent sections
must be in the same alignment.

For the 16 middle panels of the
handrail the top rails were increased
Yr inch in length and cambered %
inch for the vertical curvature., And
at the end of every third panel both
the top rail and the intermediate rails
were connected to the end posts with
3% inch round button head bolts in %
inch long sloited holes to provide for
the differential expansion and con-
traction of the rail with respeet to
the rest of the deck.

The top member of the railing is
designed  to  sustain a  horizontal
force of 150 1bs. per linear foot acting
together with 2 simultaneous vertical
load of 100 }bs. Yer linear foot applied
at the top of the railing. It is sup-
ported by means of intermediate 67 x
6" x 15.5 1b. “H" section posts spaced
at 10'-0” ¢enters and by 6" x 3" x W
bent plate channel half post sections
at the ends. Additional vertical sup-
port of the top rail is alse provided
by means of the alternate twisted
spindles which are welded to it at
2.2%” intervals throughout ils
length. Henee the whole railing acts
to sustain the vertical loads and the
top rail has only the horizontal lead
to sustain as a beamn while acting on
the 10’-0" span between posis.

The ends of the prefabricated sec-
tions are held together with the hall
post channel seetions, Thus the whole
section erects as a single unit eapable
of spanning the twenty foot panel
length hetween cantilever brackets.
During ereetion it is held upright by
the %" plates that insert between the
ends of the fasela channels on top of
the brackets and engapge three eree-

Tigure 4 also shows the details of
the sidewalk curb, the safety eurb and
the edge channels for the slabs that
were all assemhled together to make
the second series of prefabrieated
units.

The regular curb consisis of a
standard §” channel at 9 lbs, that is
anchored to the edge of the sidewalk
slab with % inch round ancher rods.
Thizs channe! also supports the edge
of the sidewalk and it in turn is sup-
ported vertically every 5°-0” by means
of brackets from the 7" edge channel
on the roadway slab.

The brackets from the roadway
slab are made of 2 inch plates
welded in the form of flanged sections
that extend on up above the sidewalk
to support the rafety eurb.

The safety curb extends nine inches
above the surface of the sidewalk and
is located six inches back from the
face of the repular 10-ineh roadway
curh. I consists of another standard
H-ineh channel welded to a 3 x 2% x
%" angle,

“+ Benton Stréct Brig

HAER No. IA.30
Page 41

Thus both of these curbs have open
spaces between thc posts that per-
mits the wind to blow through under
the horizontal members and helps
facilitate the cleaning of the roadway
surfaces of loose snow and dust and
prevents  large  accumulations  of

debris on the roadway sgurfaces ad
jacent to the curbs,

The end posts of the curb sections
are made as half post ehannel sec-
tions with plates in the ends of the
T-inch readway c¢hannel to engarge
with bolts for holding it in alipnment
with the holes in the 3-inch snpport-
ing plates on the floorbeam brackets.

For design this type of roadway
curb has the backing of the concrete
sidewalk to resist lateral loads and
needs only be designed for the grav-
ity loading of the sidewalk.

The advantage of this construction
for extending the stringers through
the openings under the curb so that
they ¢an be supported on the edpge of
the roadway slab is shown on Fig. 6.

The other end of the ferm is
blocked up from the bottom of the
faseia stringer.

The weight of a typical 20°-0” sec-
tion of the sidewalk handrail is 63.5

tbe, per lin, #t, of railing including the
fascia channe! and support for the
edge of the sidewalk.

The sidewalk curbs and the struc-
tural metal in the edge of the road-
way slab weighs 47.0 lbs. per linear
foot including the anchor rods that
are imbedded into the concrete.

The upper safety enrk and the up-
per eurh supports are designed for a
load of 300 lbs. per linear foot applied
hor!i}znntally at the top of the upper
curb,

The diaphragm webs at the upper
curb supports are clipped 50 as to
simplify thle conneection and also 30
that the space inside the upper curb
can be used for the location of an
additional electrical conduit running
the Tull lenpth of the sidewalk if
neCcessaATy.

Figure 6 is a cutaway trimetrie
projection showing the detaijls of the
steel refuge sidewnlk eurb and the
handrail construction on the other

side of the roadway.

gc



The handrail on this side of the
roadway is made of the same basie
seetions as the handrail on the side-
walk side except that it is all assem-
bled together with both of the bent
plate curb sections and with the can-
tilever brackets to form the prefabri-
cated assemnblies which are shown
again in the pictures on Figs, 7 and 8,

On this detail the roadway curb is
made of n 26" x 4" plate with the
edges bent up and down into the form
of an 18-inch wide zee bar.

The upper curb is also a G-inch zee
bar formed from a 10" x <47 plate.
This member also forms the bottom
rail of the handrzil and supports the

handrail spindles.

The six-inch width of the upper
curb ig designed to give arin elear-
ance with the top of the handrail as
a person uses the 18-inch lower curb
as a sidewalk, This increases the

effective width of the roadway surface
by setting the face of the handrail
farther away from the face of the
curb barrier,

Thus the useful width of the road-
way 18 considered to be equivalent to
the 26'-0" elearance between the faces
of the upper curbs,

On the roadway side of the bridge
the large cantilever brackets are pro-
vided at 10°-07 centers while smaller
brackets asre provided in between to
support the curbs from the channel
along the edge of the slab at B'-0"
intervals. These brackets were de-

S

signed in the curved shape 1o en-
hanee the general appearance of the
bridge and the bottom flanges of the
brackets are left open so that there
is np place to accumulate debris from
the roadway.

Fig, 8

Tignre 7 shows a picture of one of
these twenty-foot prefabricated see-
tions assembled in a jig in the shop
for the shop welding. In the assembly
two main brackets go with each pre-
fabricated unit and the other end is
fitted with a regular half post ehan-
nel section at the end and 2 hbent
piate channel half section of one of
the sinaller brackets for the field
splice. This detail is also shown on
the right of Fig, 6.

4
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Fig. 10

Figure 8 also shows a picture of
one of the typical 20-foot seetions of
the roadway curbs and handrail as it
wns being erected. The units were
temporarity supperted by means of a
single rope sling and lowered into
place so that the half post end sec-
tion could be made endwise with the
previously erccted section and then
the large brackeis at the far end
were engaged with bolts through the
stiffeners on the girder by pulling
them inte place with a comealong
ratchet, The holts provided the neces-
sary temporary support until it was
field welded in final position. The
erection of these units proved to be
very easy and very fast and the shop
work was so accurately done that the
field aligmment of the rail was auto-
matic. As soon as full holes were
made in the stiffeners no further ad-
justiment was necessary.

The fully assembled weight of one
section of rail as shown in Fig, 8
was 2,250 lbs, per 20-foot section or
118 Ths, per linear foot including the
brackets and the edge channel on the
rondway slab.

The final operation in the erection
of the handrails was the final weld
around the two half post sections to
join the adjacent sections into a
single post.

Figure 9 shows a welder at work
making ihis weld on the sidewalk
railing.

Figure 4 also shows jhe detail of
a typical cantilever bracket under the
sidewallk, These brackets were made
by welding 6" x %" flange plates to
a 3%-inch web plate. The elevation of
the top flange of the ecantilever
bracket was set ao as to go over the
top flange of the girder and butt weld
to the top of the bracket on the flaor
heam, The bottom flange was curved
for appearance.

These brackets were spaced at
20°-()" centers and are temporarily
held in place during creection with
bolts and drift pins engaging the web
of the bracket with the §" x %~
stiffoner plates that are provided at
contiection points on the girders until
field welding.



The roadway slab is designed as a
typical transverse double reinforced
conerete roadway slab with one half
inch of extra thickness allowed on
the top for wear

Two lines of stringers are used to
gupport the glab in between the gird-
ers making the interior slab spans 3
equal spans at 6-9" 20°-3" center to
center of girders. At both edges of
the roadway Lhe slab extends 1°-10%"
beyond the center lines of the outside
girders to the curbs where it is fin-
ished with a steel channel securely
anchored to the edge of the roadway
slab,

Thease channels function both as
sereeds for finishing the smrface of
the slab to proper longitudinal eleva-
tions and also as edge supports for
the loads on the edge of the roadway
slah.

The required arca of steel iz made
up of welded reinforcing bur irusses
spaced at G-inch centers as shown in
Fig. 10. Bach truss consists of four
one-half inch round longitudinal bars
spaced properly by welding o a
three-eighths inch recticuiine web bar,
The one-half jnch wearing surface is
negleeted in the computations. The
steel is transformed into an equiva-
lent area of concrele and the stresses
are computed as follows. All eonerete
in tension Iz neglected.

In the above computation the
amoun! of concrete in eompression is
assumed at f{irst and then is finally
determined by the eomputation for
“kd” which also is the location of the
nentral axis and the center of gravily
of the effective section.

The compnutation is made first
about an axis through the compres-
sion edge and then # is transferrved
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Fig, 12

ta the center of gravity axis after
“kd” is determined. In this fashion
the distances {o the extreme fiber are
obtained at the same time for use in
the bending formula.

For estimating purposes each trans-
verse reinforcing truss weighs 76
Ibs. and there are 49 lines of ¥-inch
ronmd longitudinal distribntion bars
running lenglhwise of the bridge in
the roadway slab.

The quantities of cancrete and re-
inforcing steel in the slab per foot of
hridge are summarized as follows:

Rein-
Concrete  forcing

Roadway Slab 565 c. yds. 190 1bs.
Sidewalk Slab 060 e. yds. 10 1bs.
Total 63 eovds. 200 1bs.

= 17,900 Ibs. / sq. inch

The roadway stringers are designed
as continuous bheamns for the full
length of the bridge. All interior
spans are 20°-0” while the two end
spans are 18°-0” svith short eantilever
projections at each end of the bridge
for the support of the expansion
joints.

The stringers are spaced at 6'-9”
cenlers and each stringer is designed
to carry S8/6 Hnes of wheels or
6,76/5 == 1.35 lines of wheels in ac-
cordance with the 1949 A S H.O. Spe-
cifications for two lanes of traffie on
a concrete floor.

They are delailed te run eontinu-
ously over the fleorbeams and are
fabricated in 60-foot lengths with
field splices at the one-fifth span
points In every third panel.

A detail of the field splice is shown
on Fig. 11, The splice is located 4'-0”
frorm the center line of the floorbeam
and is made as a full penetration
weld. The flanges of the beams are
"Vee" beveled by flame cutling in
preparation for welding and are held
i place temporarily by means of 6”
x %" plates which are shop welded
to the end of the cantilevered beam
and engage the end of the other piece
with two % -inch erection bolts.

Two 4" x 34" stiffener plates are
provided on the web of the floorbeams
under each stringer 1o reinforce the
top flange of the floorbenmm for the
hearing loads. Thus the length of
bearing area on the stringer web is
increased to the full width of the
floorbeain flange.

Figure 12 iz the detail of the end
of a typieal 27" WF 34 lb. floorbeam
at the north girder where it connects
opposite the sidewalk cantilever
brackets.

Figure 13 is a sketch of the floor-
beam showing the distribution of the
dead loads to the neorih and south
girders.

Theze beams are designed for a
maximum moment of 353,600 ft. 1bs.

For maximum shear on the connec-
tion to the north pirder the live load
is added on the sidewalk., This in-
creases the reaction on the girder by
47,500 ft. 1bs./20.2 ft. or 2350 Ibs.



Fig, 14

The connections to the main girders
are desigred for 59,100 1bs. shear. See

formula at top ofuﬁage 7.

The end comnections of the floor-
beams te the main girders were also
investizated for a fixed end moment
of ——258,000 ft, ibs.

This was done because there is the
possibility thal the girder shoes and
the roadway slab will react against
the bracketed ends of the floorheams
and make them be fixed ended. The
cantilever hrackets also contribute {o
this and the roadway slab resisls the
,thrust of this action.

Thus with the top flange butt
welded to the cuntilever bracket strap
plate as ghown on Fig. 12 the connee-
tion is good for either the simple
beam or fixed end condition.

All of the floorbeams are made
alike and they all carry the same
loads excepting the end floorbeams.

Figure 14 shows the arrangement
of the end floorbeams and the expan-
sion joint details at the abuiments.

The main girders rest on ten-inch
dianmieter segmental rollers that are
made of a single piece of 5" x 1'-4"
structural slab nine inches high. This
slab is buill up to ten inches high by

depositing high strengih weld metal
on the surfaees to form the line bear-
ings, Similar bearing surfaces are
also deposited on the top surface of
the masorry plate and on the under
side of the girder sole plale,

The roller iz held upright in all
positions by means of the 212" x 1"
toothed bhars that are pressed into the
end of the roller and engage both the
masonry plate and the sole plate with
standard stub teeth.

The masonry plate is set on &
ground surface finished with red lead
and canvag and these roller bearings
support the whole end of the bridge.

Direetly over the rollers there are
two 6" 2 74" end bearing stiffeners
that transfer the reaction into the
web of the main girder and which
serve also as eonneetion plates for the
end floorbeam and the cantilever
bracket,

The end floorbeams are made of the
same section as the intermediate
floorbeams and serve to support the
ends of the intermediate siringers and
all of the rest of the end of the
bridge.

The break in the roadway slab is
formed with an all-welded toothed
plate expansion joint that provides
for threc inches of expansgion and con-
traction at each end of the bridpge.

6
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This type of joint is most success-
fully made by building both sides of
the entire joint, all welded to the
under surface of the common 16" x 1
top plate before cutting the two
halves of the 'joint apart. The flame
cutting of the toothed profile is the
last operation and by then the joint
is strong enough to avaid all of the
usual  twisting and warpage. The
teeth are spaced at four-inch eenters
and each tooth is six inches long. This
provides for 8 inches of movement
with a minimum of 1% inches eclear-
anee and 1% fuches of lap in the ex-
treme positions. The teeth are 1%
inches wide at the ends and taper to
2% inches wide at the base, The flame
cutting is done with the aid of an’
eleetronic traecing machine to guide
the torch.

The understructure of the joint
consists of two 8" x 4% x %“ stand-
ard structural angles that are first
cut to conform to the curvature of
the transverse crown of the roadway.
Kach tooth is supported by means of
n 5" x %" web plate and the anchor
bolt brackets are spaced at 16-inch
centers along the back of the joint.
These brackets engage with jacking
bolts in the abutment and are em-
bedded inte the readway slab on the
other side lapped with suitable re-
inforeing steel, The end of the road-
way slab pours inte the pocket
formed by the eight-inch angle and
the surface plate and both the end of
the slab and half of the expansion
joint are supported by means of the
12" channel that spans betiwveen the
ends of the main girders and the
roadway stringers across the end of
the bridee.

The sidewalk expansion joint is
shown in the upper left of Fig, 14, 1t
is simply a sliding plate and angle
joint supported with a 5.inch channel
across the end of the slab and a
6" x 3" %" angle on the edge of the
ahutment.

The roadway curbs are finished at
the ends in the same fashion by lel-
ting the ends of the hent plate curb
seclions slide over the angle sections
on the abulment and the end of the
handrail is supported as a simple can-
tilever beyond the last steel end post.

Additiona] provision is alzso made
for the differential expansion and econ-
traction of the handrails at the end of
every third panel by means of bolted
connections in slotted holes to the
handrail posis and at th: light poles.

A temporary lateral system is new
added in the plane of the bottem of
the floorbeams to serve until the deck
slab is poured and the designer is
ready to summarize the loads and
begin the design of the main girders.

The laterals were made of standard
5" x B structural tees designed for
nominal “1” over “r” ratios not to
exceed 200 for secondary tension
members. They are supported once at
the center and are eonnected to hori-
zontal gussets at the ends with ribbed
bolts for a nominal stress of 25,000
lhs, . .
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Shear Moment The section modulus required is
Dead Load 175504 4 85390 ft. Ibs. 253,500 x 12
Live Load 30150# x 650 203000 ft. 1bs. - — 37
Imp. 305 9050 61000 ft. 1bs. 18,000
and the 27" W 94 floorbeam section
Total 5676504 + 363390 ft. tbs. provides 242.8, . T -
_— -—Il--—llﬂrnmlunu Xt ,/ ]
— f
Summary of Weights and Loads North South st ot "“""';‘, it
Item Total Weight  Unit Wt Girder Girder A A A
Sidewalk H.R. & fasein 28,478 |b, 61 3 /1f, - A= e
Sidewalk Curb & Bdge . | g A 24 ¢
of Slab 22,0963 1h, 48 # /11, 168 j /11, —34 # /1f. : /“ l,,v‘ -] 4L e+
Sidewalk brackets and : < g:‘/YJ),// e "f:’ ¥ I
H.R. Braces 11,948 Th, 2 5 Pl o M P
Roadway Curb, IL.R. and F ,éy//f—a!‘-/\,l'-‘ £ A | 3y
Brackets 54,426 1b. 113 —18 131 Pl et 4e LE
Roadway Strinpgers 48,024 1, ion 50 50 3 ;,-a"'_, "'..,/’/ Ll g
Filoarheams 54,802 1, 166 i A3 - ::j:‘/cﬁ;':.f-,"" :'
Lateral DRracing 16,068 1b. 34 17 17 s g
Expansion Joints 6,884 1b, 14 - .
— —_— ® 20 0 i) 0 (2] wd
Total Floor Metal 240,593 1b. 501 270 217 e e MErL omen e
Concrete Sidewalk 134,300 1h, 250 349 —69 Fig. 16
Concrete Roadway 1,070,000 1h, 2230 1115 11715
Total Except the Girders 1,444,893 1, 3011 # 11, 1784 # /11, 1263 # /1.
As the next step in desipn the sizes T o e 3o S TR TY. S
and weight of the main girders have
to be determined in some faghion. s " RESISTING STRENGTH DF THE GIRDER
This can be done in several ways ,,,- iy €OV A4 Bt g
such as by applving the theorem of .
three moments for the given loads R |
and the live load, assuming a constant e
moment of inertia and a weight for . o
the girders and then arbitrarily in- 1 T 1 L 1 1 1 J.'*‘
creasing the negative moment values e I T—— Y
by about 15% to allow for the vari- r e J . e ) ol reta l vt 3
able moment. of inertin over the in- 9 w0 M iz
terior piers sectioningr the girders and Fig, 15
figuring the weights. Tl_le correspond- '
u;g;)ﬁs:t!\m moments will only change and the general areas in which fleld Tor, these girders 4'-0", €'.0” and
sagatly. splices should be located. ®'-0” depths were ealculated with one-

half-inch web plates and with 18" x
17, 18" x 27 and then 18" X 3" eover

1t is at this point where it is be- )
plates in each depth,

. s . "ho d red 1 hrok line
lieved that the record of this desipn Jhe upper curved and broken lines

are the ecorresponding resisting mo-

will be of greatest value to anyone  ment strengths of the girder that The results are then tabulated and
faced with a similar bridge problem  have heen provided in the girder see-  plotted as the fine Hnes on Fig. 16.
since in the following analysis all pre- tians, The moment of inertia is given in
liminary trials are omitted and the inches to the fourth power and the
design begins with the fnal desigm The data for plotting the resisting resisting moment is given in foot-
moment curves that were developed mement of the girder is taken from a pounds as shown below,

for the sidewalk side of the bridge. set of enrves such as shown in Fig, 17.

Then by the comparison of the de-
sign moment. curve Tequirements with
Therefore, the influence lines de- These curves are made for the pur- the resisting strength of various pos-
veloped herein and given on Figs, 23 pose by first ealenlating the moment sible sectjons interpolated from these
and 24 should be especially usefu! for of inertiz of three different depths of calculated values the desigher selects

future proliminary designs sinee these the girder with two or three thick- a final tentative section for the gird-
eurves pare all dttermgur:ad from the nesses of flange plates for each depth, ers,
elastic properties of the final sections —
and all trial computations have been Momentl of Inertia (inches")
eliminated. %" Web Plates 40" 50" 80"

The smooth curves on Fig, 15 are 18 x 1" Cov. yls. 23,930 59,602 115,800
the design moment curves for the 18 x 2" Cov. pls. 41,649 101,200 - 191,450
120-foot mmiddle span of this structure 18 x 3" Cov. pls. 57,887 140,780 264,315

in which the wvariation of both the
positive and negative moments have

Leent plotted above the base line for Resisting Moment at 18,0004# /sq. in,

convenience. The intersections of the 18 x 1" Cov, pls. 1,495,000 2,480,000 3,620,000
negative curves at the ends with the 18 x 2" Cov. pls. 2,600,000 © 4,220,000 §,980,000
positive curve in the central portion 18 x 3" Cov. pls. 8,610,000 5,850,000 8,270,000 #s

thus define the points of least moment

-1
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At this same time the curvature of
the girder flanges and the variation
in the depth of the girders must be
established in a definite manner be-
fore the finpl reigisting strength of
the girders ean be established. In both
the 100-foot and in the 120-foot spans
the top of the girders parallel the
crown of the roadway on a 820-Teot
vertical rurve. The top of the girder
is thus established at Elevation 67.07
at the ends of the 120-feot span and
at Elevation 67.35 at the center. The
girder depths were then selected as
8-0” over the piers and as 4'-0" back
to bneck of flanges at the center of
the 120-foot span so that approxi-
mately the same size flange i3 re-
quired in bolh the maximum negative
and positive moment areas. These
depths are alse chosen so as to give
a nicely propertioned appearance
without increasing the roadway grade
too much in the interests of the most
economieal depth which is somewhat

deeper thun four feet for the center
and end spans.

The enrvature of the bottom flange
hetween these points is then taken as
a parabola with a 4.28.ft. rise in a
horizontal distance of 53 feet, begin-
ning at a point of intersection 2°-0”
from the center line of shoe and end-
ing tangent to a 10'-07 straight sec-
tion symmetrical about the eenter line
of the span, Thus at ten-foot inter-
vals from the center outward the
girder depths are 4°-0%, 4’0847, 4'-35; ",
4°-10%", 5°-9”, 6'-10%" and 8’1" re-
spectively for the 120-foot span as
measured back to back of the main
flange piates of the girder. The re-
sisting  moments of the mirder at
these various points is then inter-
polated on the graph of Fig. 16 and
used to construct the resisting stength
of the girder as shown on Fip. 10,

The corresponding depths of the
girders ot the 100-foot spans at cor-
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respending  intervals are 8-17, €
105" and 5-11%" for the first
twenty feet from the deep end to
4-10" at 40', 4’-1" at 70°, and 4'-0” at
the shallow end. The shape of the bot-
tom ftange curve for the first 60’
from the shallow end is circular with
a middle ordinate of 4%~ while the
remainder of the curve is parabelic
fym]n a common tangent with the
cirele.

The 4'-0” constant depth continues
throughout the 78-foot end spans to
the abutments.

Having thus assumed and estab-
lished & tentalive girder section to
fit the preliminary design moment
curves the designer is now ready to
caleulate the properties of these vari-
ous girders, drow infiuence lines, de-
termine the bending moments, shears
and reactions and design the final
seetions,

The commputations for determining
the properties of the girders are
shown on Figs. 17, 18, and 1% for
vach separate span.

The sidewalk girder of the 78-foot
end spans is shown on Fig. 17, These
girders are simply supported on rol-
lers on the abutments at reaction R,
and are continuous with the 100-foot
spans over simple roller supports at

.

Figure 18 is similar for the side-
walle girder of the first interior 100-
font span. These girders are simply
supported on roilers at R, and on fixed
shoes at R. and are continuous with
both the 78-foat end spans and with
the girders of the 120-foot center
span.

Figure 19 is for the 120-foot center
span which is symmetrical about the
center line of the bridge.

These threc figvres show the flange
sections of the girders, the locations
of the field splices, the final design
moment curves, the resisting atrength
of the girder, and the general dimen-
sions and localions of the floorbeams
throughout the full length of the
hridge, on the sketches at the top. The
floorbeams are numbered, from 1 to 12
to define their locations and the seale
of the bending moment diagrams is
indicated at the left using the top
flange us the base of the diapgrams.

Just below these figures the varia-
tion in the moment of inertia of the
girder is plotted as another curve to
a scale measured in foot uynits. The
base line of ihe moment of inertia
cerve is alse the centerline of another
irregular fipure that is plotied with 2
width of one divided by the corre-
sponding value of the momenl of
inertia.



This figure is called the elastic
area of the girder. Hts width repre-
sents the relative stifiness of the vari-
ous portions of the girder ag meas-
ured graphically by the angle change
per unit of length along the girder
that is caused by applying a unit
bending moment to each unit of
length of the girder.

In reality, though, this area has no
measurable width aince all of these
relative valuves have to be divided by
“E” (the modulus of elasticity of the
material) te obtain  real angle
changes, thus reducing the real width
of the elastie area to the width of a
single imaginary line for the full
length.

The properties of these areas on
Figs, 17, I8 and 19 are thus used only
for visualizing the computations that
are involved in the methods of the
column analogy and of moment dis-
tribution,

They are also used, however, to de-
termine the fixed end moments for
each span for all conditions of load-
ing by applying the corresponding
statically determinate moment dia-
grams for the loads as a load on the
imaginary elastic area,

The relative stiffness and carry-
over factors for each separate span
and the common distribution faetors
for each joint are also determined
from the properties of these areas,

The computations are shown in the
tabulations at the bottom of Figs. 17,
18 and 19 These are explained as
follows bepinning with Ihg, 17 for
the 78-foot end span.

The area and moment of inertia of
the elastic area are first computed
under the heading of the properties of
the grirder. The divisions of this tabu-
lation are so selected that divisions
begin and end at load points and also
so that the real values of “I" apply
throughout each real “ds" length.
Thercfore the product of ds/I for
sach increment can be considered nas
an area and the distances X are mens-
ured from the centroid of the individ-
ual area to the center of gravity of
the whole area.

In this case the center of gravily
of the whole area is on a line through
the left hinged support since the mo-
ment of inertin of a hinge is zero and
one divided by zere is infinite, Thus
the elastic area has an infinite width
at the hinge and therefore its center
of gravity must alse be on a line
through the hinge.

The last two eolumns under “prop-
erlies of the girder” give the moment
of inertin of the elastic area about
the line of the hinge. The value of “I™
of 85,897 thus ealeulated is also egual
to the relative deflection of R, with
respect to R: for = one pound reaction
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applied upward at R, and resisted at
R, sinee “x™ equnls “Ms" at the same
point for a one pound upward re-
action applied at the hinge, when the
span is held against rotation at R,

Therefore the magnitude of R, can
be determined for any loading condi-
tion by first determining the free de-
fleetion of I, with the load eanti-
levered from R; and then dividing
this value by 85,897 to find out how

*ds M x ds many times the unit reaetion would
and therefora equals for  have to be applied to push the free
deflected condition back to, zero de-
one pound V. flection at R..
Thus
x's Ms x ds
N R
' EI f EI
st x ds st x ds
Bl I
Ry = — = - when "I0" is a constant
f x! ds f «t ds
1Ll 1




The final moments for the beam as
fixed, at R; are then determined by
adding the value of R, to the canti-
Jever mament diagram, Thus

M = Ms -+ EH,x for the fixed end
moment corve with the beam fixed at
R: and hinged at R,

The next twa columns on Fig. 17
are the determination of the free de
flection of R, with respeet to R: for a
uniform load of ane pound per linear
foot using the free cantilaver diagram
with all the laad cantilevered from .

The calculated value of {his deflec-
tion is 2,431,125 which if divided hy
"E™” would be a real value of the de
flection as measured in feet.

In the tabnlation it is wisualized as
being obtained by wsing the cantilever
moment diagram as a lead en the
analogous column area, writihg mo-
ments nbout the elastic center of the
“4TeH,

Fror these values R, is found to be
284 1bs,, R. = 49.6 1bs. and the fixed
end moment at R. is — 830 foot-1bs.
The maximum positive moment oecurs
28.4 ft. from R, at the point of zero
shear and is equal to 402 foot-
ponnds,

The relative stifness of the end
span girder against rotation at R. is
calenlated as the fiber stress of 0709
g, per sq. ft. that would be caused
by placivg a unil load on the elastic
area at K. This vajue is used in com-
bination with a similar fignre obtained
from the secomdl span to delermine
the distribution faetors for the com-
mon joint at R, for the final distri-
bution of any unbalanced fixed end
moments.

The last gix columng on Fig, 17 un.
der the heading of “Unit Concen-
trated loads” similar data is given
for three positions of a unit load, in
positions over floorbeams 1, 2 and 3.
In each of these cases the statie mo-
ment diagram is taken as a free can-
tilever beam fixed and supported at
R.. Then R, is determined by making
the free deflection of R, be equal ta
zero and the valueas of +M, —M and
R: fellow from staties as tabmlated.

Figure 18 is similar to Fig. 17 ex-
cept that it is for the 100-foot inte-
rior spans and the span s considercd
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as fixed at both ends. This agsumption
makes the moment of inertia infinite
at each end and the width of the elas-
tic area becomes zero at both ends.

Therefore the narea becomes definite
and the elastic center or center of
gravily of the figure is located 41.8
Teet from the left end of the girder.
The relative area of the 1/1I figure is
equal to 45,62 sq. ft. and the moment
of inertia of the figure is 26,610 ft.
about the elastic center.

The value of 45.62 corresponds to
the angle change that would be
cavsed throughout the length of the
girder by a unit moment applied at
the ends and the value of 26,610 ft.'
corresponds to the vertical deflection
that would be eaused by transferring
a ene-pound vertical reaction from R,
te R, while the ends of the girder ure
fixed against rotation. They would be
real values if they were divided by the
modulus of elasticity of the material.

10

These properiies of the girder are
used to determine the relative stiff-
ness and carry over facters for the
girder. This iz done by applying a
unit rotation to the end of the girder
and considering it as a unit eccentrie
load on the elastie area.

The stiffness at the end where the
load is applied corresponds to the
stress as computed from the formula

Mc,
f _— + —] THF‘ proportlon of the

applied moment that carries over to

T Me
— — —. These
A 1

values are given as 0876 for the stiff-
ness at R and —.0697 as the stress at
the far end on Fig 18.

Therefore the carry over factor
from R: to R, is —.795 of the distrib-
uted moment from the shallow to the
decp end as computed on Fig. 18.

the far end is f =
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MOMENT CURVES, SHEARS, B REAGCTIONS FOR VARIOUS POSITIONS
OF UNIT UmiFORM LOAD

Fig. 20

The corresponding stifness factor
of 149 for the 100-foot span at R, is
found by placing the unit load at R.
and the carry over factor is —.467 for
maments distributed from the deep
end at R, to the shallow end at R..

The eamputations for the fixed end
moments for a uniform load of one
pound per linear foot on the 100-font
span are shown on the next three col-
unmns of TFig. 18, The wvalues of "M”
are first calculated as if the girder ig
a simple heam. Then these simple

M ds

beam angle changes are used

as loads on the elastic area. The tabu-
Mx’ds

lation of is thus visualized as

N mpe e A

the mwoment of these loads abeut the
elastic center whereas in reality it is
the vertical deflection of R: with re-
speet te Ri for the given moment
diagram.

Then hy applying

f r Me
= <+
A T

in the column analegy the fixed end
moments at K. and I, are determined
ag 769 and —1142 foot-pounds for
the given uniform load.

The walues for the unit concen-
trated load in positions 5, 6, 7 and &
are dlso delermined from simple heam
moment diagrams that are labulated
for unit reactions on Fig, 18.
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Thus if a one-pound load is placed

at point 5 the simple beam reactions
are 8 |b. at R: and .2 1b. at Ri There-

M ds

fore the angle changes and

M x ds

deflections are obtained by

taking .8 of the values between R.
and 5 for 1 Ib. R: and adding them to
.2 of the values between 5 and R: for
one pound at R,.

Likewise the values for point § are
obtained by taking .6 of the values
hetween R. and 6 and combining them
with .4 of the values between 6 and
Ry, since a unit load at point 6 canses
ﬁ.G Ib. reaction at R, and .4 b, at

”

Then by using these values as loads
and moments on the elastic area the
fixed end moments are obtainad from

P Me

— * —« as tabulated in the lower
A I

right hand corner of g, 18],

Likewise, on Fig. 10 the stiffness
and earry over factors are given as
1305 and —-.617 for the properties of
the 120-fool span girders. The fixed
end moment for a oue-pound per
linear foot uniform Jload is --1363
foot-peunds and the values for the
unit concentrated load in positions
10, 11 and 12 are caleulated.

In this case all values can be taken
by preportion from the values of one
pound reaction at R, due to symmetry,
The required computations for the
120-foot span are shown on Fig, 19 to
complete the determination of all the
required properties and wvalues of
fixed end moments.

Then as the next step the final
hending moment curve for the full
length of the five span eontinuous
girder iz found for ecach eondition of
loading by the method of distributing
the unbalanced moment at any joint
in proportion to the stiffness factors
of the joint beginning with the fixed
end condition and continuing until alt
joints are balanced.

The method of mowent distribution
ig illustrated at the top of Fig, 20 for
a load of one pound per linear foot.
The stiffness and ecarry over factors
are taken from the previous computa-
tions on Figs. 17, 18 and 19. The dis-
tribution factors for each beam are
obtained by dividing the stiffness fac-
tor of the beam by the sum of the
stifTnesses of all members entering
the joint. Thus the distribulion fac-
tor for the 78-foot span at R. is

H709
= .447.

. .0876
Likewise it i§ ———~ — 553
0709 4+ 0BTG

for the 100-feot span at R..

0700 + 0876



The pum of all the distribution fae-
tors at any joint must always add up
to onc.

The process begins with the unbal-
anced fixed end moment of —830 ft.
lhs. on the 78-foot span side of the
joint at R;, Thiz 830 foot-pounds is
then distributed in the ratio of .447
x 820 — 371 foot-pounds to the 7R-
foot span and .b53 x 830 — 459 fool-
pounds to the end of the 100-foot
gpan. Thus the end moment of the
T8-foot span reduces from ~—830 foot-
pounds to —453 foot-pounds by being
relieved of 371 foot pounds of ma-
ment while the end moment of thae
100-foot span builds up from zero to
—459 ft, Ibs. on the other side, Thus
joint R, is balanced but —.795 X 450
ft. lbs. or 365 ft. 1bs. of moment car-
ries over to the other end of the 100-
foot span at R, and causes joint R,
to be unbalanced.

As the second step the 365 ft. lbs,
at R, is distributed in the ratic of 534
% 365 = .—195 ft, Ibs, to the 100-feot
span and 466 x 365 — --170 ft. Ths.
to the 120-foot span, The end of the
100-foot span is thus relieved from
365 by —185 to +170 ft. 1bs, while
the end of the 120-foot span builds
up from zero to 170 ft. lhs. and the
joint at R.: is balanced bHut im this
process — 467 x —135 or +91 ft.
Ibs. carries back to the other end of
the 100-foot span at R. while —.617
X 170 or —105 ft. Ibs. carries on to
the far end of the 120.foot span at R.

This causes both R; and R. to be
unbalanced but in a much smaler
amount than the original —830 ft,
1bs. at R, and the process is converg-
ing toward a final answer.

As the third ste% joints R. and R,
are balanced. At R: the 91 ft. lbs.
reduces by 50.3 to 4-40.8 ft. Ibs. while
+40.5 carries back to R, and the
—105 ft, lhs at I, reduces by 49 to
—56.,0 lbs, while —320.3 carries back
to R, and 4261 carries ahead to R..

As the fourth step joints R, and R.
are balanced and this time only +17.6
ft. 1bs, goes back {o R: and so on the
process continues unti the carry over
portions as indieated by the arrows an

Mg, 20 hecone of insigmificant
amounts.
The final values of the balanced

moments at the reactions are found
to be —409 at R., 4171, at R,, —062.7
at R. and -+181 ft, lbs, at I3 by
simple addition,

The 39-pound simple beam reac-
tions on the end span are then medi-
fied by the moment at R. divided by
the length of span (—409 -+ 78 ==
—5.25 at R, and 4 525 at 1) to
obtam the 33.75-pound reaction at R,
and the 44.25 pound shenr on the 78-
foot span side of R..

The shear on the 100-fool span side
i¢ obtained by the general formula

M; — M. —40% — 171
or
L J00

equals ~-5.80 lhs, at R, and +5.80 lbs,
at ., This shear is then combined
with the 44.26 pounds shear on the
ather side to give the 50.05 1b. re-

which

action at R,,

As soon as the magmitnde of the
end renction at R, is known the peint
of maximum positive moment in the
end span is located at a point the
same distance away from the end
reaction as the magnitude of the re-
action in pounds, since this is the
point of zero shear for & uniform
loading of one pound per linear foot.

The maximum value of the positive

3375

moment is 33.75 x = 4570 ft.

Ibs. at a point 83.75 feet from the
end reaction. The inflection point in
the end span is twice thiz distance
from the end reaction or 67.50 feet
from R, and the rest of the moment
curve is a scries of straight lines
throughout the length of each con-
secutive span,

The final moment eurve sliown on
Fig. 20 for span No. 2 is determined
in the same way for a uniform load
of one pound per linear font. Begin-
ning with the full fixed end moments
of —764 ft. |bs, at R, and —1142 ft,
Ibs. at R, as determined on Fig. 18
and by following through this same
process of distribution.

Again the point of maximum mo-
ment oceurs 48,57 feet from R. and

48.57

is equal to {48.57 x y 550 or

4628 ft. lhe, Then setting this value

w I’

equal to for the simple heam

moement between inflection points and
golving for 1 the distance between
inflection peoints is found to he 70.88
feet, Therefore the first inflection

"

g
or 1312 feet

point iz 48.57 —

™
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from R: and the second one is 16 feet
from R, Otherwise these same dis-
tances can be solved for ns the point
where M — O in terms of “x” begin-
ning with the negative wvalue of the
bending moment at the reactions. Thus

wox'
—580 — ——— 4- 4857 x = O from
2

which x == 13,12 feet.

Likewise the final bending moment
eurve for one pound lnad per linear
foot on the center span is determined
as shown on Fig. 20,

From these three curves in combi-
natien with the first two curves re-
versed for loads on the fourth and
fifth spans the following *Summary
of Design Caefliconts for Unit Uni-
form Leads” is tabulated for various
possible combinations of uniformly
distributed loads for both moment
and shear at all eritical sections and
for the reactions,

The tabulated summary of design
coeflicients for unit uniform loads are
all obtained from the three moment
curves on Fig. 20 of plate 120, The
summations of corresponding values of
the same sign give the maximum
positive and negative eoefficients for
equivalent uniform live Joads while
the tota] smamatiens with all spans
leaded simultaneously apply to the
uniform dead loads,

When multiplied by the real values
of the wuniform loads these values
give design values for the correspond-
ing sections of the main girders at
each floorbeam connection.

Figure 21 is a detail of the connec-
tion of a typieal intermediate stiffener
to the web and flanges of the main
girders,

g

o

u -
L~ 5 ST 127

T vt sTIFE.

Fig., 21
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SUMMARY OF DESIGN COEFFICIENTS FOR UNIT UNIFORM LOADS

Location

of Load X M. M. M, Ry, m™ R R op M. M,
Span 1 - 33.76 44456 + 501 +274 + 4425 —400.0 + 50,00 4 5.80 -—203.0 —177.0
Span2 — T7.05 —127.0 —2G8 —409 4+ 7.05 ~-H50.2 + 8662 -+ 48.57 -$-228 +591.6
Spand + 321 4 678 4122 4186 — 321 +-250.2 - 1826 — 12.08 + 52 ~-231.8
Span4 .- 0,82 — 157 — 311 — 475 + 082 — 63.8 -+ 401 4+ 319 0 + 63.7
Spanbd + 0.21 + 3.7 + 784 + 120 — 021 + 161 — 100 — 0.7 + 3 — 1b.3
Max.-+ -+ 37.17 ~+-606.5 +(80.8 +472 -+ 5212 -+266.3 +109.7 + bB7.56 +231.6 -+655.3
Max.— — 787 —141.7 —*a.1 —456,5 — 342 —1023 -— 1620 — 1284 2930 —424.1
Aims £ 2030 3648 43SLT & 155 4 4870 —750T 4 9344 4 4472 — 15 42312
M- M, v R.L M, R. R, v R.R Mo My M.
Spanl - 66.0 -+ 550 — b.80 +171.0 — 7.9b — 1G5 +4131.9 4+ 52.9 —+ 63.8
Span 2 +561.5 —+131.0 + Bld4y —603.0 + 59.14 4+ 791 —535.0 —3774 —Z19.0
Span3 —4729 ~-713.9 + 12.05 —-956.0 -+ 72,05 + 609 + 45.0 +-645.0 -+845.0
Spand +127.56  +191.2  — 219 42548  — IL10 ~ 791 4 97.0  — 610  —219.0
Span 5 — 311 — 46.9 + 079 — 627 4+ 274 + 105 — a3 -+ 148 -} 53.3
Max.+ +40689.0 +377.2 + 64.27 4256 -+-134.13 + G9.86 +273.9 +TH2T +952.6
Max.-~ —-570.0 —T603.8 — 899 -—17107 — 1285 —  0.86 —558.7 —438.0 —438.0
é}"'ﬂns 41190  —-583.6 -+ 3528 —12857  +11528  + 60.00 - +2848 3147 5146
Figure 22 shows the results ob. RS S S S S S ST
tained by distributing the fixed end ! v 05 i e ] 100! w j
moments for ten separate positions Ry SN0 Ry shWMRZ gy Di"l"“ EN EC O N L
of the unit concentrated load. Dach -m
curve is a geries of straight lines be. —— e r“"
tween the points of maximum mo- 2:52:..,..:73‘3'\/"“" sons -ty oz +0281 soio0e ~oo0t Loorr 100z
ment and the values of shear and re- e .,m
actions are also tabulated helow each L1en
moment curve, v 297
: ::ig \/‘;‘:.:0‘0‘5 |005 05(: * .Ol‘e.gs‘ll ?I!!T -DN_S-TN.-!GD oMl I| .gg:::
By reversing the valunes of Fig. 22 tea
corresponding moment curves are oh- ! /f\“\h L1ote
tained for all positions of the unit \}/ iy - VrTE
load on the other half of the bridge Mt A 1% e ® - e 44t
and thus complete data is obtained '"‘?. -ns .
for the construction of any desired in-
fluence line. g ez e °.=::,';'.-"’=’3 e e
s Al
The same data, of course, can be .
obtained from Tig. 22 without re. W 1 ]
versing the curve by simply reading g AN e e o
the values down the Jeaded end of ieer aler
the Dridge and back up the unloaded -

zide for the reversed loading wvalnes
at corresponding locations.

In this manner the following “Tab-
vlation of Influence Line Coefficients
for Concentrated Loads™ is obtained
for design purposes,

Partial graphs of the influence lines
for the reactions are shown on Fig. 23
while the influence jines for shear
adjacent to the interior reactions are
indicated by the dotled lines.

Figure 24 shows a siimilar series of
influence lines for moment at the
various lead points. These curves are
useful for locating the load divide
points fer maximum positive and
negative moment values at the floor
beam councetions nearest the re-
actions and otherwise indicate maxi-
mum loading conditions.

T~ ]
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MOMENT GURVES, AHEARS, 8 REACTIONS FOR
VarIGUS POSITIONS OF & UNIT LOAD

Fig. 22
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TAEULATION OF INFLURNCE LINEFS V0l COXCEXTTRATED LOADR
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I'hey can also be used for the con- N
struetion of a preliminary design e ~
moment curve for other similar gird- Tes
ers of different span lengths, For
concentrated loads the desigh coeffi.
cients for- moment vary directly in
proporlion to the lead and to the
ratio of the span lengths and in the
ratio of the area under the curve
times the ratio of the span lengihs
squared for uniform loads.
For shears and reactions the ordi
nates of Fig. 23 can be used directly
at corresponding points for any ror
length of span to obtain approximate
preliminary design values. The influ- ~
ence lines are simply stretehed out or N o
shortened up 1o fit the required -
lengths of the new series of spans. 89
o - i
As soon as the influence lines are wF - -
determined the designer is ready to -2
apply the desipn loads to the girder o a0
and determine the final values of the Y span 30,1 [ st wo £ e Sean w3

bending moment at all eritieal see.
tions for whieh the girder must he
desigmed,

The desipn moment curves shown
on Figs 19, 18 and 10 are determined
as follows:

First the average weight of the
main girder is estimated for each
span by multiplying the length times
the weight per foot of each item and
applyving a small percentage for vari-
ations, such as 5% for welds and
variations.

Thus the Estimated Weight of Onc
Girder is:

Twe 58" End Spans at
24,160 == 48,320 Ibs.
Tweo 100" Spans at
31,000 = 62,000 1bs,
One 1207 Span al
43,630 = 413,630 1bs,
Total 158,050 1bs,
=470 ft. — 3723 thesling T

nf one pgirder

INFLUMENGE LINES FOR REACTIONS
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The average weight of the girder is
then added to the previously calcu-
lated weight of 1734 lbs. per linear
foot of girder to obtain a total dead
Toad of 2,067 lbs. per lin. ft.

This fizure multiplied by the panel
1en§th of 20 feet gives a total panel
lead of 41,320 1bs, per floorbeam
whereas the actual figured bracket
and floorbeam remction is only 22,650
Ibs, for dead lead. Therefore, the dif-
ference of 18,670 Ibs, is & uniformly
distributed deud Jond of 933 Ibs./lin.
ft, which is applied directly to the
girders by the sjab.

The live loads on the girder consist
of two len-fool lanes of I7120-516
equivalent uniform live leads placed
eccentricatly on the roadway adjacent
ta the curb, plus the effect of the
sidewalk live loads and impact.

The two lanaes of H20-S16 in the
eccentric pasition are equivalent to
1.2 lanes per girder or TGS lbs, per
lin. Ft,

12.125

2 x 640 x == 7685 lbs./lin. ft.

20,25

The concentrated live load for mo-
ment therefore is 1.2 x 18,000 —
21,600 lhs, and for shear is 12 x
26,000 = 31,200 1bs.

A live load of 60 1bs./sq. ft. on the
five-foot cantilevered sidewalk causes
380 Ibs./lin, ft. on the girders for
single span leading conditions.
25%-71e"

203"

Gofr x5 x =— 380 Ibs./lin. ft.

When the loaded length is greater
than 100 feet the fellowing formula
wag used to determine the intensity
of the Jive load on the sidewallk in
pounds per sguare foof.

3000
=30 + —
L

in which 1. is the Inaded lengih,

&0

e W BSCd
L + 125
for impact to make an allowance for
the dynamie effect of the moving tive
load. "Thus Lhe impact factors were
25%., 2222 and 20.4%% for the 78,
100" and 120° spans respectively.

The formula § —

Then with these loads and the influ-
ence lines or the Labulations of mao-
ment caefficients the values of the
bending mmnents are caleulated as
follows:

The dead load weight factor of 2067
Ihs,7lin. ft. multiplies by the unit uni-
form load coefficients for all spans
loaded for values in the 7R-foot and
100-fool spans, while a weipht factor
of 2120 lbs./lin. ft. is used in the 120-
foot span to allow for the greater
weight of the girders.
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DESIGN MOMENTS IN FOOT KIS FOR THE MAIN SIDEWALK GIRDERS
Span No. 1 = 78" Span (Sidewalk side)

+M, +M. -+ M, —M, —M., 4+M
Dead Load—
2006% # /11, -+ 758 -+ 784 -+38 +738 —1639 —1/39
U.L.L.
1684 /1.1, 389 522 368 —350 —786 -+ 204
C.L.L,
21600/31200 272 a20 208 —141 —363 + 76
Impact 25% 165 213 143 —123 —288 + 70
Sidewalk
3BOF /1L 192 258 179 —173 —380 +101
Design SH19T6 4 2106 4521 —740 3365 —1088
Span No. 2 =— 100’ Span (Sidewall side)
—M; + M, +M. +M. +M, —M. —M, -+ M.
D.L.
2066 # /1.1, 127 —127 +476 + 245 —784 —T780 —2650 __2650
Sidewalk
380 # /1.1, —111 4+ 88 4248 4264 +148 —289  —GH0 4-161
U.L.L.
7684 /Lft. —225 4177 4503 4530 290 585 —1313 4326
CLL—
21.600 ~119 41865 429 +317 43199 —213 —526 4 89
Impact
2220 — 76 + 83 4177 -+ 188 +13) ~—177 —408 + 92
—658 +4175 1699 1544 — 26 --~2053 —5546 —1982
Span No, 3 == 120/ Span
+M,, —M +M, +M.:
DL,
2120 # /1t. — 604 — 604 + 665 41090
Sidewalk
aboE UL, + 96 — 195 + 263 + 333
U.L.L. 768 + 210 — 428 + 577 4+ 731
C.L.L.
21600/31200 4 181 — 152 -+ 32 + 383
Tmp. 204% -+ B — 108 -+ 184 + 227
Total +1171 —1387 +2013 +-2764
Design Values for Reactions and Maximum Shears
. R, V.l R: V.R V.1 R, V.R
nD.L.
2120 ¢ /11, +61.0 +99.6 +185.0 +93.3 +117.0 +244 41273
Sidewalk
380 14,1 108 41,6 21,9 24.4 47.0 244
U.L,L, 768 28.6 30.9 83.6 440 49.1 102.5 532
C.I.L.
31200 31.2 mn.2 31.2 31.2 ar.e 31.2 31.2
mp, :
20.4% 15.0 7.8 255 16.7 17.8 27.3 174
41408 42083 +376.9 2071 52095 +452.0° +2535




Both the 768 1lbh./lin. ft. uniform
live load on the roadway and the 380
1b./lin. fi. on the sidewalk multiply
by the maximum pesitive or negative
uniform load coeflicients while the in-
fluence line ordinates are used for the
concentrated live load.

These values of moment are the
ones that are plotted on Fipgs. 17, 18
and 19 and they arc used in combi-
nation with the resisting moment and
moment of inertia curves on Fig. 16
to determine the final sections of the
girder,

The thickness of web plate is gov-
erned by the 208,300 lb. shear in the
end span adjacent to the first interior
reaction R, This requires 19 sq.
inches of web at 11,000 lbs. per sq. in.
and the 44 x 1£&” web plate at this
section provides 22 sq. inches, At
other critical sections the web s
either mueh deeper or the shearing
stress is smaller se the one-half-inch
thickness of web plate is used
throughout the full length of the
bridge,

Intermediate 5”7 at 12.7 1b, tee sec-
tion vertical stiffeners arc provided on
the inside surface of the web plate to
prevent the web from huckling. These
are needed the most where the wweh
has the greatest depth and where the
shear is greatest adjacent to the re-
actiong over plers two and three. The
maximum values of shear at these
points are 253,500 Ibs, on the 120-ft.
span side and 239,500 1hs. on the 100-
foot span side of RE Since the
girders are 8-1" back to back of the
18” x 1% " flanges, the clear distance
between flangee ig 93.5 inches and the
one-half inch web plate meets the
minimum requirement of 1/20 v 935
—= 48",

The spacing of the Intermediate

stiffeners is determined from the for-

9000 t
muia d = — in which
vy
d == the eclear distance between

stiffeners in inches

t = the thickness of the web plate
in inches

v == the unit shearing stress in the
web,

The wvalue of the unit shearing
stress is determined from the usual
formula.
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Section A ¥ Ay Ay! 4+ L
57 Tee at 127§ — 2.65 3.8 14,05 53.5 7.81
10" x 3" web pl. = 5.00 —.25 —1.25 31
8,69 12.80 61.42
12.80
cg = = 147" x 1230 — — 18,90
8.69 JA—
I = 42,52
Section Modulus — ——. = 12,1
3.53
V m This compares to a section modulus
v = —— in which of 5.8 for a pair of 2 angles 5 x-3 x
1t +% stiffeners and the Tee flange is

YV = the external shear at the sec-
tion
m = the statical moment ahout the

neutral axis of the portion of the
girder section that lies beyond the
herizontal section that is being inves-
tigated for shear,

I =— the moment of inertia of the
whole girder,

At this peint the maximum inten-
sity of the shearing stress between
the web and the 18 x 1% ” flange is

253,500 x 1500
V== e = 4200 1bs./sq. il

176,800 x .h

At the centerline of the web the
unit shearing stress is

254,500 x 2045

= D00 Ybs./sq. in,

176,800 x .5

From this the maximum spacing of
the intermediate stifferers is found to
be 58 inches at this peint,

9000 x .
d— oo =
V5900

o
o

The delails of an intermediate stif-
fener are shown on Fig. 21, It con-
sists of haif of a standard 10" I at
25.4 1bs. welded to one side of the web
plate. Tt acts as an 1-beamn ip conjunc-
tion with part of the web plate and is
about twiee as strong as an ordinary
two-angle pair of stiffeners.

Counting only ten inches of the web
plate ay flange the moment of inertia
of one of these stiffeners is 42.5 cal
culated as shown above:

16

much safer against a buckling fail-
ure.

The Tec flange can alse he safely
welded to the girder flange since it
runs parallel to the flange stresses
rather than only at right angles to
the flange as in the case of ordi-
nary plate or angle stiffeners. The in-
side corner of the tec is notched on a
two-inch radius in the corner of the
flange to avoid causing triaxial con-
ditions of stress and the subsequent
logs of ductility at the junction of the
stifener with the web and flange
weld,

The main bearing - stifTeners over
piers two and three, as shown in Fig.
25, are also made of T7 at 37 lbs.
structural tees, These tees are each
half of a2 14" x 10" WF at 74 ibs. -
beam column section so that when
welded back logether again on oppo-
gite sides of the web these two tees
form a regular ¥H-section column that
bears against the hottom flange as
the stiffener in combination with the
web plate which is also in bearing
over the reaction,




The maximum required bearing
area over pier two at 27,000 1bs. per
sq. in, for the 452,000 . reaction is
1G.8 sq. inehes, The maximnm section
required as a column at 15,000 lbs./
5q. in, is 30.2 sq. inches and the two
stiffeners acling in combination with
18 inches of the ¥:-inch web plate
provide 30.76 sq. inches,

At piers 1 and 4 und at the abut-
ments 6" x 1” and 6" x %" plates are
used as hearing stifeners on account
of the shallow depth of the girders
and for the floorbean connections,
Likewise 6" x 12" connection plates
were used as stiffeners at all other
floorbeam and bracket conncctions,

The design of the flange to web
welding is alse governed by shear and
the minimum sizes of welds that are
practical for the relutive sizes and
thicknesses of the parts.

The unit is alzso powered by a suit-
able tractor nnit of its own that is
sel al the proper traveling speed that
corresponds to the rate of welding
and travels at abont 36 inehes a min-
ute more or less,

As the unit moves along the flnx
adjacent to the are melts and floats
on the surface of the molten metal
then solidifies as a slag on tep of the
weld. This blanket of flux protects the
melten metal frem contaet with the
air and assures the maximum quality
of the welded metal,

Y
'
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Y=

208,300 x 1140
66,7560
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= 4200

The direct Joad on the top flange is approximately 1390 lbs, per inch consist-

ing of dead load, live load and impact.

D.L. = 650#/lin, ft. = 12 =— 54

H-20 Live Load 16,000#

Impaet 50%%e

= 18" — 890
= 416
1380 # lin. inch

Resultant = v4200° 5 13907 == 4400 1bs. per lin. inch

ure length. Direct cnrrent, supplied
by a meter generator weider, pro-
duces the are hetween the clectrode
and the joint and the resultant are
heat fuses both the electrode and the
parent metal to produce the welded
joint,

Fig. 27

These welds wera all made by the
autematic process ag shown in Fig.
26, The essentiats of the hidden are
process are as shown in Fig. 27. Gran-
vlar fAux is deposited on the joint
deep enough te cover the completed
weld. Then a bare metallic welding
electrode is power-fed into the blan-
ket of flux at a rate of feed con-
trolled automatically by the proper

To meet the maximum require-
ments for shear it is sufficieni to de-
termine the intensity of lwrizontal
shear adjacent to the reactions and
comhine these wvalues with the wver-
tieal load on the top flange,

At R, the value of external shear
is 208,300 lbs, I = &6,750™ and m =
1140 for the four foot girder with
18" x 2" flange plates and with one
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17" x %" cover plate, Therefore the
horizontal shearing force is 4200 Ibs,
per linear inch between the tap flange
and the web.

This requires a minimum of tweo
%-inch fillet welds with a desipn ca-
pacity of 4800 lbs./lin, in,
stresses but this size wes increased to
two %" fillet welds for the 18 x 1%
flanges and to two %" fillet welds for
the 1%” and 2" thick flange plates
ta meet the minimum size of weld

for the

specifications, Therefore the connee-
tions of web to flange were the equiv-
alent of 100% pcnetration welds
throughout the entire length of the

girders and all of these welds were

by the automatic process,

During  fabricalion these welds
cause & transverse warpage or bend-
ing of the flange plates which
amounted to an angle change of ap-
proximately %” in % inches for the

18" x 1%~ flange plates

This in turn was cempensated for
by poestheuting the opposite side of
the flange plate with another longi-
tudinal bead of heat to shrink it back
into the flat position,




The comhined effect of both the
flange to web welding heat and the
campensating heat causes 21 longi-
tudinal  shrinkage of the girder
flanges with respect to the web which
amounnts to approximately one inch of
length in sbout 50 or 60 feet of
length of the girder, This can he com-
penssled far by either prehenting the
eeniral portions of the weh during the
welding process or hy postheating the
web to shrirk any undesirable buckles
back inte alipnment after welding.

Figure 28 shows one of the com-
pleted seetions of the main girders
and the details of a typical Aeld
gplice. The girder shown is the cen-
ter section of the 100-foot span as it
was belng erected hetween pier 2 and
pier 4

e ———

Fig. 29

The splice at the right clearly
shows how two 2% -inch diametler pins
woere used to hold the ends of the
girder in  alipnment for welding.
These pins engage 1he web of the ad-
jacent girder section hetween twe Y-
inch pin plates that are welded to the
web on the other side of the joint,
The pin holes were made 24% inches in
diameter to give 2 small amount of
adjustment at the time of erection and
for ease in the entering of the pins.

Fipure 29 is a picture of a typical
field splice after ercctisn znd before
welding, The joint shown is an 18 x
1% flange prepared for butt welding
to an 18 x 1% flange. The 14" side is
huilt up to the same thickness as the
1% " plate by fillet welding tapered
end sections of cover plate o the un-
der side of the lanpre so that the weld
ean be made of the full thickness of
the thicker plate. Thus & considerable
margin of safety is given to the joint
sinee the actual stress in the weld
must originate in the thinner plate
and will pass thraugh the weld at in-
tensities that are in proportion to the
area of the thicker jilate,

In the field welding procadnre two
welders hegan simulianeously weld-
ingr on the webs of both girders as
shown in Fig. #0 attuching the pin
plates permanently #rst and then

working outward from the center of
the weh toward the flanges,

The root of the flange welds were
made in the overhead position and
finally the hulk of the U-prooave filled
in in the dawnhand position fram the
top anfter chippin% and rewelding the
root as required. The downhand weld-
ing being shown in Fig, 31 and the
completed weld being shewn for one
end of the center girder section GR in
the 120-faat span on Fig $2,

Thus the field splices were made in
this bridge withont the aid of awxil-
iary splive plates and for 10094 of the
strength of the girder. A typical
splice such as this required spproxi-
mately from 14 to 16 man hours of
welders time to make the complete
splice,

The entire project required only
528 man hours of welding time, 320
man hours of riggers time, 160 man
hours of foreman’s time and 1485 lbs,
of clectrodes for all of the field weld-
ing. The field weiding was done as a
separate sub-contract by the Teleweld
Corporation of Chicago and all weld-
ers were certified and qualified under
the American Welding Soclety Code.

As an alternate procedure for weld-
ing the girder splices Mr. Gardon
Cape of the Dominion Bridge Co. of
Canada recammends the fullowing se-
quence of welding for deep girders
from their experiences in making
welded plate girder field splices.

1, Weld the top and bottom flanges
for ane third to onc half of their
thickness, The amount of welding on
the flanges at this time is intended to
result in a purtial contraction of the
joint to such an extent that the re-
mainder of the Aange welding will
cause ahout the same amount of con-
traction as the web welding. It has
heen found that the totu] contraction
of an open-payp butt weld made in the
downhand posilion with backing bars
is about +f» inch.

2, Weld 12 to 15 inches at the top
and bottom of the web splice for the
full thickness, These portions of the
weld will then be under tension due
to the weld shrinkage,

3. Complete the welding of the top
and bottom flange joints, This reducces
the tension in the web and resulis in
soine weh huckling,

4, Complete the welding of the re-
maining mid-height portion of the
web joint, The shrinkage of this weld-
ing removes the buckling in the web
which oceurred during step 4.

The measured amount of weld con-
traction on the Benton Street girder
splices was found to vary from 0,10"
to 0,17" total contraction in five
inches gage length across the splice.

Following the desigm of the side-
walk girder ihe same influence lines
and other data was used for sectian
ing the pirder on the other side of
the roadway. Thig girder carries ex-
actly the same loading from the road-
way but has a lighter dead load and
only mnegative loads from the side-
walk,

A dead load of 1600 s per in. ft,
of girder was used for design pur-
poses neglecting the effect of the
sidewalk, The results of this talmla-
tion follows for the Main Girders on
the Reoadway side. 78" Span.

i8
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Fig, 31

Figure 33 is similar to Fig, 106 ex-
cept thal it gives the resisting me.
ment and moment of inertia for vari-
ous depths of girders with wvarious
thicknesses of 14-ineh wide flange
plates,

1t is used with ihe above (able of
design moments to select the proper

sizes of pgirder sections as shown in

Fig, 34, using cxactly the same
depths of girder at alt points as were
previonsly  used for the sidewalk
girder. Thus the two girders are ex-
actly the same in all details except
for the width and slight variations in
the thickness of the fange plates.

This completes the design of a1l the
superstructure metslwork except for
camber, the temporary lateral system
anl the bridge shoes.

The final shop weights of the main
girders are tabulated as follows, gird-
ers Gl te G4 are the roadway girders
a.téd G5 to G& arc on the sidewalk
side.

Mark Weight Mark  Weight
G1%. 25364 GSR 30135
GPL 11658 GGR 133056
G3L 20750 GTR 23598
G4 15680 G8 19820
G3R 20750 GTL 23741
G2R 11367 G6L 13350
G1R 25465 G5L 29985
131,034 # 162,934 #

= 4RV =2Th the./lingt, 320 Ibe./Tin g,

’
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/1 RESISTING MOMENT !
(\ DESIGN MOMENT AL 3
Ed el 7
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i, FIELD SPLICE 540" e Lyt FLELDLJPLI.GL_,
78-0" SPAN 1 i_ 10007 sraN 2 i 120'-¢" CENTER SPAR 3 _l

ROADWAY GIRDER

Fig, 34
., The table illustrates the practical
78" Span use of influence lines and the great
saving in iime that is made possible
Loads R, -+ M, + M. +M, —M, —M, +M, by having this data available.
Dead Load 000 ‘
1600 # /lin. ft, 48,0 4 B85 4 640 4+ 45 4+ 45 —1180 —118D —— HopENT !
UILive Lﬂad ““- MQK(N? i "‘““'u’__v_:__iii .
768 # /lin, fi, 286 4 38% - 522 + 363 — &0 — TRE 4+ 204
C.L.L. a
21600 312 4 272 4 320 4 208 — 141 — 363 4 76 2 'E
Impact 160 + 165 -+ 213 4 143 — 123 — 288 + T i .
Total 1228 41421 41704 4 759 — AGO 2617 — 330 g f
-
100" Span S ol .
—M.  +M. M. M. M. —M. —MN, AT .
[d -l £ T L] L1v) 0o
Dead Load DEPTH OF STLIL GIADLA  {INGH)
1600 # — 101 — 101 + 368 -4+ 201 — 607 — 607 —20580 .
Fig, 33
Unif.Live
Load 768 — 225 + 177 4 603 4 530 4 290 — B85 1314
e, Live o e 15 shows the oxetion of one
101 — 110 961 205 4 ! 99 — 213 — §op e Ly € oes on
Loa 19+ 1965 + 5 o4 BT 439 v top of Pier 3, All of the shoes were
Impact — 76 4+ 83 4 IT7 + 1B8 A4 131 — 177 — 408 designed as structural weldments and

were get on ground bearing areas on
three plvs of red lead and canvas.

Total — 521 4 3555 +1343 183G <+ 13 --1582 .-4296

These shoes are 24" x 29” in plan
and 10 inches high and are desipmed
B to support a direet load of 453,000
120" Span Ibs. on a hardened steel line bearing
surface 17 inches long acting in com-
bination with .a longitudinal friction

Loads +M,  —Me  +Ma My M. R: R, force of 61,000 Ths. which is 28% of
the desd load reaction.

Dead Load 2060 — 4547 -~ 454 -+ 510 4 823 150 184
U.LL. -4 326 — 428 4+ 210 + 577 4 731 83.6 102.5
C.LL. + 89 — 182 4 181 4 324 4 342 1.2 a2
Impact. 4~ 92 — 108 + B0 4+ 184 4 229 255 27.8
Total —1543 -—-1142 -+ 17 41585 2164'K  200.3K 3450

in



These forces cause a wmaximum
pressure of 870 lbs. per sq. in. on the
masonry computed as follows:

4563000
R = 4650 . per sq. in.
24 x 9
61000 x 10 x 6

20 x 24 » 24

=220 Tha, per sq. in.

Total +8%50 Jbs, per sq. in.

A one and one-half inch thick base
plate is provided in the shoe to dis-
tribute this pressurc to the masonry.
The plate is supported with two 1%
inch web plates and one 1% inch
web plate each way and the shoe is
capped with a 147 x 2" x 1-5” top
plate.

The crossed web plates were half
dapped, as shown in Fig. 36, before
being  assembled togethar with the
top plate in the upside down position.
Thenr after all interior welds were
made 2t the crossed intersections of
the webs and to the top plate inelud-
ing the anchor holt nuts the whole
agsembly is turned over and welded
all around the outside of the webs fo

. the base plate as shown in Tig, 87,

Thig figure also shows the pad of
high strength weld metal that was
deposited on the top of the shoe by
manual welding to give high yield
point characteristics in the line hear-
ings. This pad was built up % inch
and finigshed flat while a similar pad
deposited on the asle plate on the
girder was built up and finished on a
10-inch bearing radius for the line
bearing contact,

The dimmreter of the bearing circle
is determined by equating the re-
quired intensity of bearing pressure
per lineal inech to the formula

Therefore a radius of 10 inches was
used for the beaving surface,

On top of the shoe a three-inch
thick sole plate is used on the bot-
tom flange of the girder to distribute
the Joad from the line bearing hinge
to the area of the H.beam stiffencr.

The thickness of thic plate is de.
termined by eantilevering a propor-
tional part of the bearing load out
from the line bearing to the bearing
area under the flanges of the stif-
feners.

Thus an 18" x 17" x 3* sole plate
with a one-half inch hardencd steel
line bearing surface was provided on
the bottom flange butt welded in he-
tween lwo pieces of a 17" x 1" hot-
tom caver plate.

These plates are also welded to the
girder flange sufficienlly to compen-
sate for the loss of metu] caused by
the twe 2" round anchor belt holes
through the botltom flange for the
13" reund anchor belts and they also
provide substantial reinforeement for
the reversed curvature in the hottom
flunge plate of the girder,

Fig, 37

P— 13000
20000
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Fixed shoecs of this type were used
at both ends of the 120-foct center
span on hoth piers 2 and 3 for sym-
metry and ene inch of expansion and
contraction movement in this span is
provided for by sliding a limited
amount on top of the shoes in the
oversize bolt holes.

The fixed shoes under the roadway
girders were made in exactly the
same manner excepting that they are
made four inches narrower to fit the
14-inch wide pgirder flange in place of
an 18-inch flange. Thus the roadway
side shoes are 24" x 25" x 10" high
designed for a 345,000 )b. reaction.

Al fixed shoes are anchored to the
masonry with four 1%-inch round
anchor bolls east with an embedment
of 18 inches into the masonry.

Expansion roclker shoes were pro-
vided over Iers 1 and 4 for the com-
mon reactions between the 100-foot
and 120-foot spans and single seg-
mental rolller shoes were provided on
the abutments 25 shown in Fig. 14,

Figure 38 is a photographic study
of the rocker shoe on top of Pier No.
1 including the sidewalk cantilever
bracket, hundrail post and fascia.

x 3000 v d

in which p == the yield point of the
material in tension in the roller and
= the diameter of the roller.

Thus assuming p = 55,000 lbs. per sq. inch
458,000 55,000 — 13,000 _
= x 3000 v o d from which
17 inches 20,000
27,000 1bs./Hn. in,
v d = and d — 185" diameter.
6300

The total henring srea is 30.76 sq. inches,

14 WF at T4 1bs
18 x 3" Web

2176 sq.
9.00 sq.

30,76 sq.

453,000 1bs. = 80.76 = 14,800 bs./sq. in.

The half flange and web areas equal 120 sq.
© 178,000 1bs. of the reaction.

Two half flanges § x
Web 9 x

Cantilever Moment = 178000

inches , and therefore earry
% T.5
% 4,

5

12,0 x 14,800 == 178,600 Tbs.
x 25" == 445,000 inch lbs.

G M
Therefore from i = T at 18,000 Jbx./sq. inch
bat
G x 445,000
do= Y ———— == 2,05 inches
18000 = 17




Thia rocker shoe is a struetural
weldment made entirely of plates as
shown in Fig. 39,

This shoe is designed to support a
total reaction of 380,000 lbs while
providing for a longitudiral move-
ment of two inches plus or minus
one inch ench way from a normal
vertical pasition.

A ten-ineh radius was used for the
high strength line hearing surfaces
on hoth the top and hotiom surfaces
of the rocker so that

55000 — 13000

3000 v d = 28,000
20000

1bs. per lin, inch pressure is permis.
sible in the design of the rollers. This
requires only 13,6 inehes of length of
linebearing surface whereas 18 inches
of length is provided at the top and
21 inches net length is provided on
the masonry plate after deducting for
the two three-inch round dowel pins,
The roller is eighteen inches high and
the two {en-inch radit overlap two
inches at the center to save height.

The shoe rests on a 20 x 3" x 3-2"
masonry plate erected on three ply
red lead and canvas on a ground con-
erete bearing surface. This plate is
held in pesition by means of four
14 -mnch anehor bolis engaged in the
masonry, This plate is designed as a
double cantilevered beam from the
line bearing to support a masonry
pressure of 500 lbs, per sq. in.

Tweo 3-inch round dowel pins hold
the shoe in place on top of the
masonry plate and two 124" x 24"
standard involute stuly toolh  bar
guides engaged with the sole plate on
the girder hold the shee in place at
the top.

The rocker itself consists of #fwo
8%" x 2 top and bottom flange
plates welded to a 14" x 13" x 27"
web plate which is in turn reinforced
with eight 3%" x 1" wvertical stif-
feners as shown ou Fig, 39. The web
plates and atiffencrs are finished 1o
bear on the flange plates and the
welds are standard fillet welds as in-
dicated.

The other rocker shoes on Lthe road-
way side of the bridge are made in a
similar fashion except four inches
narrower to fit under the 14-inch
girder flanges, They are designed far
a load ef 200,000 ibs. per shoe, the
rockers are only 2'-3” long and the
mg’sonr,\- plates 2'-10" in place of
32",

At the abutments the segmental
roller shoes are cut from a piece of
5 x 9" x 1'-8" struetural slab fin-
ished to 10 inches in diameter by
adding one-half inch of weld metal
on each edge for the high strength
line bearing. They are held in place
by means of 234" ¥ 1" tooth bars that
are pressed into the ends of the rol-
ler. These burs engage with tooth
slots in both the musonry plate and
the girder sole plate,

Benton Street Bridge
HAER No. IA-30

These rollers are designed to pro-
vide for three inches of expansion and
contraction movement while support-
ing a 150,000 1b. girder reactions on
the sidewalk side or 122,000 1bs. on
the roadway side. The masonry plates
are 12" x 2" x either 2'-0" or 2'-4*
long,

14 x2' %7 97 Py,
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Fig, 40



I'bis cowmpletes the design of the
superstrueture and establishes the
final dimensions from crown of road-
way to masonry for all portions of
the substructure as follows:

These elevations were all consid-
ered satizfactory since the recorded
elevation of extreme high water is
Elev, 57.7 as recorded from the exist-
ing old bridge and a flood control
dam is already under construction
just nine miles further upstrenm for
the control of future floods.

Fig. 40 is a sketch of one of the
typical buried pier abutments.

Fach abuiment is founded on eleven
10% x 10" al 42 1bs. per foot steel
bearing piles that were driven ap.
proximately sixty feet through sand
andkgravel to bear on salid limestone
TOTK.

The piles were fitted with steel
armored points filled with concrete
and have channel beam caps welded
to the tops as shown in Fig 40,

Figure 41 is a picture of the rein-
foreing steel in the base of the East
Abutment. Thiz  heavily reinforced
beam is founded in patural ground
and retains the end of the embank-
ment that is filled in behind the back-
wall after consiruction. These bheams
are also designed to distribute the
bridge and embankment laads to the
piling.

The bridge shoes are each sup-
ported direetly over four of the pil-
ings on the two small pedestals that
project eighteen inches ahove the rest
of the bridge seat. This projection is
intendaed to keep the shoes clenr of
any future accumuiation of debris
that may oceur on the rest of the
bridge seat.

The approach slab over the back-
fill is a2lso reinforced to prevent set-
tlement of the approach paving,

The abutmenis are designed hnth
as retaining walls and as piers. The
volume of concrete, ifs weight and
the location of its center of gravity
arc caleulated first and then the pile
loads are delermined for various
stages of construetion,

The plan arrangement of the piling
18 shown in Fig. 42 upon which the
corner piles are designated as A, B,
C and D. The loads on these piles
are summarized as follows for the
various stages of construction.
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At Abutiments At Plers 1&4  AtTiers24&3
Elev. C./R. G4.15 66.10 67.82
C./R. to bk. of Girder 9% HE A 9"
Bk. to bk. of Girder 4.0" 4.0 : g.1"
Sole plate 2" 24" 3"
Roller 10* 1.6
Masonry plate 2% " 3% le~
Total 6-0% " 6-9% " 911"
Elev, of Masonry 58.13 59.29 57.84
12,05’ z2.23"
e . . - - h
Q ot | % 113" § :’ D
o
] ] 2" g
< § < *’“E‘Eiﬁr?r PILES g
& ] —r —
] . : 2
Gl 1 .t 1"
_ __ﬁ él___ 3_0.'3; las’ ‘o . 1¢t BEANING =7
- . \__]-_L_ P
e ] e
67" 40" -1} 8-13 Ku0" s
. 12 47" wry'
Fig. 42
A B C D
1. Dead Load of Abutment 42,500 19,600 25,080 51,710
2. Earth Pressure —24,400 11,000 11,000  —24 400
3. Dead Lead of Bridge 1,100 12,650 14,250 3,750
4, H-20-516 Live Load 5,830 17,280 14,710 5,450
5. Sidewalk Live Load 2,550 2,870
T otal 24,930 60,630 69,590 38,570#

For safety against sliding the base of the abutment extends three feet below
the natural surface of the ground in front of the abutment for passive resist-
ance, the top of the abutment is anchored to the approach pavement and the
front row of piles is battered 4” in 12 inches.

The Final Cost of Twoe Abutments

Item East Abut. West Abut. Total Unit Cost
Steel 1'iles 26,400 lbs, 22,400 48,600 1bs.  $ G138 § 6,734.40
Conerete 80.6 c.y. 8l.cy. 16l5c.y. 52.50 8,478.75
Reinforeing 6,000 1bs. 6,000 1bs, 12,000 1bs, 154 1,848.00

Total 217,601.16

The Man and Machine Hours
East Abnt, West Abut, Total ’

Foreman 124 hrs, 105 hrs. 229 hrs,
Carpenters 70 hrs. 38 hrs. 108 hrs.
Lahorers 233 hrs, 278 hrs. 511 hrs.
Crane Qperators i81 hrs. 107 hrs. . 288 hrs.
Welder 30 hrs. 24 Wrs. 54 hrs.

1190 man hrs.

Cranes 69 hrs, 65 lrs, 134 hrs.
Steam Hammer 11 hrs, 5 hrs. 16 hrs.
Pump 6 hrs, 6 hrs, 11 hrs.

181 machine hrs,

Fip. 41

(2]
L0




Fig, 43

Figure 44 is a shetch of the inler
mediale bank pier #4 located between
the 78 ft, and 100 £t. spans,

This pier was designed with a split
hase so as to straddle the twin 14-
ineh east iron sewer siphons that
cross the river at this point.

Tier #1 in this same positien on
the enst bank was made the same as
pier 4 for symmelry and dnplication,

These piers are founded on twelve
12" ul 534 sleel bearing piles that
were driven to rock ander each pier.
The piers ure protected aguinsl seour
by riprap and the bottom of the bases
were set at elevation 35, Since this
was only three fect below the low

Fig. 44

water surface in the river these exca-
vations were unwatered by pumping
and the bases were poured in the dry
as shown in Fig, 46 without the use
of sealing courses,

The Toads are delivered to the tops
of these piers through expansion rol-
ler shoes as shown in Fig. 3%,

Bince these are expanston shoes and
since they are located directly over
the center lines of the pier shafls
these piers are designed only for the
direct gravity loads and the eap beam
functions as a rigid frame only for
its own welght and for transverse
winds, These loads were determined
as Okay hy inspection and by com-
parison with the previously figured
loads on piers 2 and 3.

R
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A maximum direct load of 46 tons

per pile was computed as follows for
the shaft on the sidewalk side.

Also 2820 hd., ft. of lumber was
reqnired for the consiruction of the
forms for pier 1 and the same forms
were reused for pler 4,

The simplicity of the form con-
struetion is shown for Pier 1 in Fig.
46,

Figure 47 shows the construction of
Pier 2 within a temporary cofferdam
in the river just as the nosing forms
had been removed. Thus by dredping
up the sand island around the pier
everything above the sealing course
was bnilt in the dry just the same as
if these piers had been on dry land.

This picture alse shows the nosing
forms in the foreground. The large
chamfered corners are simply ex-
tended to form the point and a large
slice iz blocked out of the form for
the upper part of tha pier shaft.




The loads on the piles are sum-
marized as follows for the various
conditions of louding:

Direct Loads

Conerete hase 13.3 c.yds.
Conerete Shaft 16,0 c.yds.
Vs Concrete Capbcam 6.0 c.yds.
35.3 e.v. at 4060 = 143,000
Earth on top of base 30,800
Dead Load Sidewalk Girder 195,000
Live Lond on Sidewalk 41,600
11-20-8-16 Live Load 114,800
Tmpact 25,500
Teotal load 550,700
Divided by zix piles — a1 200

or 40 tons per pile,
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hs.

1bs.
Ibs.
1hs.
ths.
b=,

Ths.
ibs. p

er pile

The piles are battered 1127 in 12" for lateral stability against possible unbalanced baunk loads against the pier and the
end piles arc also battered 114" in 12” up and down the river to resist the thrusi from frame action and the transverse

wind loads on the bridge,

Figure 48 is a typical sketch of the
two river Piers 2 and 3.

These piers are fourded on twenty
12" WI* 53# steel bearing piles un-
der each pier that were driven to rock
within temporary timber sheet pile
coffer dams. The material from with-
in the cofferdam was excavated to a
depth of fourteen and a half feet be-
low the low water surface and then
a four-foot thickness of tremie con-
crete was placed all over the bottom
of the excavation to geal off the
water, The interior of the cofferdam
was then pimped ont and the rest of
the pler construction was in the dry.

Tiers 2 and 3 are desigmed to sup-
port the combined reactions of the
108 and 120-foot spuns and alse to
funetion as  the longitudinal fAxed
points for the whole bridge. The pier
shafts are battered from 4°-0” wide at
the top to 6-1” wide at the fop of
the base and stand £5°-10” high above
the base. The pier base is 10°-6” wide
by 81'-6” longz by 8-6" thick includ-
ing the thickness of the seal. The
piles are spaced ai 4707 cenfers lon
gitudinally and at 3’-9” centers trans-
versely in the pier base, An edpge dis-
tance of 1'-9” was maintained on the
piling from the edge of the concrete
to the center of the piles at the bot-
tom of the sealing course. The piles
are also battered 2”7 in 127 for sta-
bility as shown on Fig. 48,

The actual cost of these two piers was §15,186G.40
The Cost of '{"wo Bank Piers #1 and 4

Item Pier #1 Pier #4 Total

tee]l Piles 17,600 12,0004 29,600 4
Concrete Bases 27 ey, a3 ey 60 ¢
Concrete Shafts 42,5 c.y. 44.5 cy. 88 ev.
Reinforcing Steel 4,700 % 4,700 ¢ 9,400 #

Total cost of both piers

The actual labor and muchine honrs:

One One Total Total
Man Hours Pier Base Shaft Pier 1 Pier 4

Foremen 73 45 118 109
Cuarpenters 130 i 215 15
Laborers 169 118 287 354
Crane QOperators 76 41 117 122
Welder a6 - 36 a4
Cranes 68 40 108 T
Steam Hammer 14 14 10
Pump an =0 50

24

Unit Cost
$0.138 $ 4,084.80
23,90 5,024.00
52,50 4,620.00
0.154 1,447.60

215,186.40

Total
Two Plers

227 hrs

2171

641

236

0
1408 Man hours

178

24

60

262 Machi'ﬁe' hours
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Summary of Pile Loads

Upstream Piles Downstream Pile

1. Dead Leoad 55,600 ths./pile* 47,600 lbs./pile*

2. H-20-S16 Live Load 11,208 * 11,200 *

3. Live Load Sidewatk 5,500 ¥ — 1,800

4. 30# Transverse Wind 2N B0 » + 23,600 *

5. 304 Transverse Wind *22,000 + 23,000

6. River Current — 720 + 79 *

7. Ice Load —a2,800 * + 22,800 *

8, Traction +10,200 ¥ +16,200 *
Max, Load 106,100 lbs,/pile* + 116,120 Ths./pile™

Min. Lead

4 12,000 1bs./pile

Say 60 tons per pile maximum.

The piles are 12 x 12" W.F. 53#
bearing pile sections with seven six-
teenth-inch thick web and flanpe. The
area of the section is 15.58 sq. inches
and the average stress in the pile for
_thehmnximum lead is 7,500 Ybs. per sq.
inch,

In addition to the above forces
these piera are subjected to some
variatiens in stress dne to tempera.
ture changes in the leugth of the
120-foot span since tixed shoes are
used on the tops of both piers at both
ends of the span.

FProviston is made in the size of the
bett holes in the girder flanges so
that the girder can slide back and
forth a limited amount on top of the
fixed shoes. The bolts are ore and one
half inches in diumeter in two.inch
round holes thus providing for one-
half inch of movement at each end
of the span,

This provision limitg the tempera-
ture force to that which will eause
sliding under dead load or to that
which will canse a plus or minus 4 to
fa-inch deflection of the top of the
pier.

In this case the deflection foree is
the smaller and since it is about the
same size a3 the longitwdinul tractive
forece it has been neglected in the
tabulation,

Referring again to the sketeh of
the pier on ¥ig. 48 the following is
a series of actial photographs that
weve taken during construction,

Figure 4% shows the steel braeing
frame for the cofferdam for pler 3 set
up in place on the sand island.

Fig. 50

Figure 50 was Llaken during the
process of the second stage of driving
down the wakefield sheet piles. The
piles are each made of three 2 x 12 x
22°.0" timber planks bolted together
with tongue and greove edges and
special angle shaped corner piles, The
corner piles were set up first and
driven partially down as shown in this
view, then a!l the side and end piles
were set up in between and after n
whole side was in place they svere
jetted znd pushed down to the same
clevation as the corner piles with a
drop hammer,

The interior of the cofferdam ig
partially excavated as the next stage
sufficiently so that the interior brac-
ing frame can be driven down or al-
lowed to sink instde until the tep of
the frame is aboutl level with the
sand outside,

Then all of the intermecdiate piles
were driven and jetted down to final
elevation as shown in Fig. 60 and
finally the corner piles were driven
down to the finnl elevation {o com-
plete the cofferdam.

Figure 51 shows the method of ex-
eavating the material from ihe instde
by means of an ordinary clamshell
bucket. This process continues until
beth the frame and the excavation
are to final grades as measured hy
means of a sounding pole.
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Fig. 51

The armor peointed steel piles are
then driven as shown in Fig. hd. All
of the piles are first stacked into one
end of the vofferdam and then they
were driven withh a numher 1 Vulean
single acting steam lammer to re.
fusal on rock until the average peue-
tration was only % of an inch under
the last ten blows. The battered piles
are spotted on the bottom in the ver-
tical position and then leaned over to
the proper hatter as measured with a
steel square and hand level, The driv-
ing leads and the pile are then held
in this position throughout the rest
of the driving.

Fig, 52

After the pile driving is completed
the excavation is checked again for

- grade and the sealing course of con-

erete is poured over the avea of the
bhottom of the cofferdam. Figure 53
shows this operation with a ready
mixed concrete truek backed right up
to the edge of the cofferdam. The
lower end of the tremie pipe is kept
m contact at all times and both the
pipe and the hopper are kept full so
that the concrete is placed with as
little disturbance and mixing with the
water as possible.




Figure 54 shows a welder at work
during the mext stage ecapping the
pites, This picture shows the pattern
of the piles at the eutoff elevation
and the layer of reinforcing steel
around the pile caps. After the waler
ts numped out the excess lengths of
piles are hurned off and portions of
the eutoffs were used to form the pile
caps, The remaining lengths of cutoff
pilings were butt welded together end
to end to form siringers for a tem-
porary ercetion trestle and other erec-
tion purposes,

The roll of building paper in the
background is for Hning the sides of
the eofferdam against the inside sur
facc of the wood to confine the lenk-
nge inte a channel around the edge of
the base to a sump in one corner
from which it is pumped until after
the next layer of the base conerete
is in place.

The base of the pier is designed as
a large concrete beam capable of de-
livering the pile reactions to the con-
crete pier shafts and the pier web,
The shafts and web are fastened to
the base with heavy steel reinforeing
dowels that are desipmed to lap with
the main vertical bars in the pier
shafts.

Above the top of the basic the rest
of the pier is built as shown in Pigs.
46 and 47.

Fig, 55

Figure 55 shows the canvas enclos.
ure that was used during colil weather
for protecting the concretea from
freezing during the curing period.
The tarpaulins were nailed to a light
framewoark of two by fours and sala
manders were used inside to furnish
the heat,
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Fig, 56

Figure 56 is an aerial! view of the
project as of Decemher 11, 1948,
showing the progress of the work
The bridge was built by ithe Jensen
Construetion Company of Des Moines,
Towa, under a genecral contract for the
whaole project, They started work on
Oetober 2, and their work was so well
organized and managed that by De-
eember 20, 1948, ail of the substrue-
ture was ecomplete and ready for
steel. This photograph shows the old
bridge on the right and the east abul-

ment under the tarpaulins in the
foreground.
The actual cost of the two river

piers was $34,718.14.

Cost of Two River Piers No, 2 and No, 3

Item Pier No.2 Dier No. 3 Total Unit Cost
Steel Piles 18,1005 25,5004 43,600 # & .188 == & 6,016.80
Concrete Bases 102.1 ey, IO15 ey, 2036y, 83,90 = 17,082.04
Conerete Shafts 8 e 77 ey, 165 ¢ 52,50 = 8,662,560
Reinforeing Steel 9000 0,600 7 19,200 # 154 =  2,956.80

Taotal Contract Cost $34,718.14
The Actual Labor and Machine Hours
One One Total Total Total
Man Hours Pier Base  Shaft Pier 2 Pier 3 Two Piers
Foremen 111 82 192 144 337 Man hrs.
Carpenters 166 148 314 165 479
Liahorers 188 171 359 439 7498
Crane Operalor 116 36 152 180 332
Welder 28 28 30 58
Taotal 2004 Man hrs,
Machine Hours
Cranes HA 36 127 132 2569
Steam Hammer 14 14 18 32
Tunip 39 39 57 96
Total 387 Machine hours

Also 3,250 hoard feet of lumber
was required for the forms for Pier
2 and the same forms were reused
for Pier &
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12,000 board feet of lumber was re-
quired for one cofferdam and the
same sheeting was reused for Pier 3.
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Due lo the difficulties of procur-
ing steel the shop fabrieation of the
superstructure did not propress as
rapidly as firsl expected and the first
shipment of steel from the American
Hridge Co, did not arrive in Iowa City
until February 25, 1949,

IMigure 57 shows the first double
ear shipment of the four end span
girders, These girders were fabricatied
in 94-foot sections and were unlaaded
and erected immediately on iempor-
ary blocking spanning from the abui-
ments to Piers 1 and 4, cantlivering
bevond the piers to the field splice as
shown on Tig, 58. Two of the girders
were uhloaded first for erection on the
cast side of the river and the other
two were left on the cars and re-
switched to another railroad siding on
the west side of the river and then
transported to the bridpe site by
means of a motor crame and track,
Otherwise all of the steel was re-
ceived for unloading and erection
from the eusl side of the river.
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This fill was still available at the
beginning but was lost during the
spring flood and erection was delayed
again from March 4 to April 4 by the
melling of the winter’s accrumulation
of snew and ice,

During this time the rest of the
stee! was received from the fabricator
and the contractor dismantled the
floor of the old bridge and built a
new temperary erection irestle out of
the salvaged material,

Frection began again on April 4,
1949, with the erection of the wvari-
able depth girders balanced over Pier
1 as shown on Fig. 60. These girdere
project only 32 feet on the far side of
the pier while they are 34 feet on
this side so they were easily balanced
with enly 7 4 x 12 bridge plank stand-
ing en end as the post,

Fig. 59

Another 1ypical shipinenl of steel
i shown on Fig, 59 The variable
depth zections of the girders were
shipped in 66-fool seelions leaded up-
side down on a single cur with the
end gates down. The idle car being
loaded with a section of prefubri-
cated handeail.
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The original plan was te crect the
superstructure during January and
Febrnary from the same sand fill as
used for the pier consiruction,




During the third stage the 50-foot
central seclion of the girders of span
two were filled in Le complete the
erection of the girders back to the
abutment. This was done first by con-
necting on to the end of the balanced
gaction and then jacking the end span
sections horizontaly to close the other
end as shown in Figs. 61 and 62.

All temporary girder connections
were made by means of two 2):-inch
pins through the webs and projecting
pin plates as previously shown on
Figs. 28 to 42 inclusive.

At this time the end sections of the
girders were also lifted and placed on

e

N
S

their permanent roller shors on the
abutment and over Pier 1 sinee the
sleelwork was uow fastened to the
fixed shoes on Pier 2. The floorbeams
and braecing members were then filled
in so that by the end of ihe second
day the stee! work was complete
clear back to the abutment as shown
on Fig., 63 except for the handrails,
curbs and stringers,.

The coniractor then extended the
trestle to Pier 2 and erceted the two
central portions of span 3 on tempor-
ary supports as shown on Tig, 64 on
April o

28
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The maost difficult phase of erection
was accomplished on April 1 in the
piacing of the north girder over Pier
3. It was first carried out to the pjer
between the two eranes as shown in
Fig, 65 and landed temporarily on top
of the wpier while the rear crane
maneuvered into the new position un-
der the end of the south girder. Then
the girder was lifted again from the
top of the pier into its final position
as shown on Fig. 66,

Figure 67 shows the placing of the
south girder over Pier 3. The light
eolored arcas on the girder weh are
newly painted areas where some ad-
ditional flame straightening of the
girder webs was done in the field to
flatten out seme slightly buckled
panels of web that were discovered
during the unlouding eperations,

The buekles were apparently eaused
Ly ihe longitudinal shrinkage of the

flange welds and were remediod by
applying vertieal beads of heat on the
convex side of the bnlge to shrink
the metal back inle a plane surface,
Severnl bnekles that measured az
much as % of an inch al the middle
were corrected in this manner unti!
the entire snrface did not deviale
mora than 3% of an inch from a plane
surface,

Fignre 68 is the begining of the
final stage of the erection of the maia
girders. The last section of the north
girder iz being earried oul and is
about to be handed across the gap to
another erane on the west bank.

T
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Figure 28 shows the erection of this
girder and Iig. 69 shows the placing
of the last section af the south pgirder
tn complete the erection of the main
pirders on April 11, 1949, The final
clesure was made by jacking Span §
horizontally from the west abutment
in the same manner as previcusly
nsed on Span 1 including the lifting
of the girders und placing of the
roller bearings on the west abutment
and over Pier 4.

The final operutions consisted of
the erection of the curbs and hand-




Tig. 66

rails and stringers as shown on Tig.
70 and previously on Fig. 8 to com.
plete ilhe bridge ready for welding as
previously shown on Fig, 1.

The field welding for the project
was done by the Teleweld Corpora-
tion of Chicago under a lump sum
subcontract far $4100.G0.

They assigned four certified wald-
ers Lo the project and begnn work
on April 18, 1948, and it required ap-
proximately 4 weeks of time to com-
plete the bridee ready for painting.
Approximately 2600 lin, ft. of aver-
age W-inch fillel welds were made in

the field in addition te the main
girder splices. :
The field welding required 528

man-hours of welders time, 320 man-
hours of ripgers time, 160 man-hours
of foreman's time and 1485 pounds of
electrodes of which approximately
107% was lost as stub ends and scrap,

In addition to this the Jensen Con-
struction Co, deveted the following
man and machine-hours on this proj-
ect in building the temporary bridge
and erecting the superstructure struc-
tural steel,

Fig. 68A

supported on short pieces of salvaged
4 x 12 bridge planks laid crossways
hetween the stecl stringers at 5°-07
centers,

The cross planks were all prefabri-
cated in one legged jack shape so

Benton Street-Bridge-
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Fig. 69
amopunt of camber was checked by
level before and after each powur,
Pour No, 1 began 20 feet west of
Pier 2 and extended west toward Pler
4 to inelude the central &0 foot sec-
tion of the 100-foot span No, 4.
Pour No. 2 began at the west abut-

River Temporary Erection of ment and extended ezst to join Pour
il Trestle Steelwork Total No. 1
Foremen 135 462 597 Man hrs. Pour No. 3 hegan at the center line
Crane Cperators &0 150 436 £95 of bridge and extended west to join
Carpenters 99 a9 Pour 1. Pours 4, 5 and ¢ were made
Lak 1187 1904 2741 in the same sequence over the corre-
ANoTers i : sponding areas on the eastern half of
H_GU 1570 "__2102 3798 Man hrs. the bridge to complete the deck.
Cranes 6O iR 311 545 Machine hrs.
Jet Pump 16 16 Machine hrs,

The field painting of the superstrue-
ture metalwork was also by subcon-
tract for $1250.00 with the Jensen
Construction Co. furnishing all of the
paint.

The welders finished work on May
16, and since they started from the
west gide the form constriaction for
the concrete roadway also starfed
from the west side as soon as all
welding was complete to Pier 3.

The forms were made of 3 -inch
plywood supported on four 2 x 12 x
22" planks laid flat between each pair
of stringers. The planks in turn were

565 Machine hrs.

that they could be carried into posi-
tion, supported directly from the bot-
tom flanges, The 22-foot stringer
planks were salvaged material from
the timber cofferdam and were still
in excellent condition even after their
use as form lumber,

The girders were cambered for full
deal Joad assuming the steel girders
to carry the entire load without any
composite deck zaction.

Therefore the sequence of pours
was arranged so that in general the
positive mement areas were loaded
first and the negative arens last, The
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Cast of the Conecrete Deck

Man hours Roadway Slab  Sidewnlk Total
All concrete wes placed on the deck Foremen 361 84 445
e eie locatiad Jurt back of the spur,  Carpenters Ju 220 o
ment at either end of the bridge as " o i
shown in Fig., 71. The pipe was car- Total 2,305 641 2,946 Man hrs.

ried out to the far end of Pour 1
first and then extended back to the Materials

abutment for Pour 2, efc, with the Forms 31,000 bd. ft. 5,500 bd. ft 36,500 bd. Tt

ipe being dismantlad as the con- o A O e

frote was poured. Reinforcing 90,600 1bs, 3,400 lbs. 94,000 Ibs,
Conerete 295.5 e, yds. 3.7 c. yds. 332.2 c.yds.

A mechanical gasoline driven vi-
brator was used to conipact and settte The concrete was deliverad ready mixed and the Pump-Crete machine oper-
the concrete and the slab profile was ated for 20 hours during the pouring of the roadway deck.
struck off transversely with an elee-

trie  wvibrati reed as shown i The following is a summary of tlhe actual eost of the whole bridge in terms
]‘(]‘]";-. 72.”:1111.?51 !‘1’5 was L;;moiyt%‘;:l-l o]f?‘ oi-' labor and materials and imachine-hours 2s purchased by the General Con-
longitudinally with a wooden plank tractor,
foat and finally finished transversely
'w;éith & canvas belt as shown in Fig, T. Substructure Actual Costs

) 1. Laher
way eowred i et brlan and Lep Foremen 753 hrs. at §200 = § 1505
moigt throughout the daylight period Carpenters 83,'8 hrs. at IEE = _1‘308
of the second day after the concrete Laharers 1950 hrs. at 135 = 2,635
was poured, Welders 600 hrs, at 1.75 = 1,080

Falem - —

The final check on ihe finished Crane Operalors 859 hrs. at 1,75 = 1,500
grade of the hridge revealed that all
spans were very_c]ose to their com- 4980 hrs. § 8,004
puted final elevations. Span 1 was %- 25% for overtime, taxes and insurance 2,000
inch low, Span 2 was fi-inch low,
Bpan § was ¥%-inch high, Span 4 was $10,004
¥ -inch low and Span b was right on . ’
grade, alt measurements being at the 2. Matlerials
?"-g?e"t of tiacthﬂ:‘fsf’ff‘t;"]e span. This Steel Piling 159,000 lbs. al $0.04 —  §$ 6,300
maicates a € (aend R Blreszes " ~ o N —_
are in close agreement with the de- Concrete EG"‘)C""dS' at 12'02 - 3’020
sign values and also seems to indieate Lumber 20,840 bd. It al 013 — 2,710
that the additional stiffneas of the Reinforcing 40,600 1bs. at 0,07 — 2,840
concrete deck over the area of the
initial pour preveuted the second and $19,930
fourth spans from recovering the full 3. Machines -
amount when the center and end s o y
spans were finally loaded. ranes 8 months at $375.00 = $ 3,000

The sidewalk slab w df Stearn Hammer 2% months at 50000 — 1,125
concrete trucks Tunning on the Toad- Jet Pump 4 months at 6000 = 240
way slab. The open type curb is ad- Pump 3 months at 1500 = 45
vantageous for supporling the side Compressor 4 menths at 100,00 = 400
\x{;a!k forms and ot(lilerwisc the eon- Raoiler 3 months at 25.00 — 5
:e;‘gg’]f;] of the sidewalk was con- Welding Machine 5 months at  50.00 — 250

In terms of labor and materials F 5,185
the cost of the deck sluhs is divided N
as follows: Sub-lotal $ 35,069

10% for supplics and incidentals 3,500
Total substrneture $ 38,569

31



’ . - Benton Street Bridge
‘ HAER No. [A-30

Page 70
11, Superstracture The entire project also included the
1. Lahor cohstruction ofhth;: approaches ]ea((li—
T . . ing to existing highways at bath ends
Foremen 1042 hrs. at $2.00 = 82,084 ng JEn th
Carpenters 1010 hrs. at  1.60 - 1,636 El;idthg l?r}]ﬁg,:'séngteammercur; vaper
Laborers 3331 hrs. at 135 = 4,500 ge hghting system.
Welders 1008 hrs. Lump sum = 4,100 The fills fer these portions of the
Crane Operators G35 hrs. at ]-;-:’ = 1,120 work were placed in the fall and the
Salvage Labor 600 hrs. at 1.35 B 810 paving was completed during the
e month of June.
T62C hrs. $14,230 T brid c by dedi
mor ; o P he new bridge was formatly dedi-
25% for overtime, taxes and insuranee 3,600 cated and opened to traflic on July
$17,730 28, 1949, The whole project required
> Material i just a little Jess thuan ten months fo;
= leti ' t
Timber Piling 1,620 Hin. ft. ut § 0.25 — § 400 ;%]E:(}Bﬁ%% ab a contract cost o
Conerete 338.2¢v. at 1200 — 4,000
Lumber 10,600 bd.ft. at 0,13 = 1,600
Structurnl Sieel 545,100 1bs, at 0142 = 77,600
Reinforcing -Steel 21,2001bs. at 007 = 1,490
Reinforcing Trusses 73,800 1bs, at 012 — 8,850
$93,740
3. Machines
Cranes o months at 8 87500 =— £1,875
Pump % monik  at ({41 — :
Pump-Crale 1 month at 10000 = 100
Compressor 4 months at 10000 = 400
3 2,405
Sub Total $113,875
10%: for supplies and incidentals 11,400
Total Superstructure $125,275
Total Substiructure 38,569
Total for Bridge $163,844

or say 165,000 for round figures of the actual costs Lo the contractor,
The contraetor then adds his allowances for the hazards of erection, floads,
. etc, and for a margin of profit to these figures and hids the job. It should also
be noled that marging of profit to the subcontractors are already included in
the items of structura) steel, reinforcing trusses, lumber and conerete.

The actual cost of the bridge to the City of Jowa Cily including the remowvul
of the old bridge was $221,928.66. The highest bid for the same portion of the
work was $375,000.60.

The Contract Cost is summarized as Tollows:

Ttem 1
Stee] foundation niles 126,441 Ibs, at $ 0,138 —= § 17,448.80
Item 2
~ Conerete in pier bases 2061.6 cu.yds. 2t 8390 = 2194824
Item 3
Cencrete—npier shafts
and abutments 399.9 cu. yds. at A2.80 — 2008050
Ttem 4
Concerete in floor 273.2 cu. yds. at 52,50 =—  14,343.00
Ttem & .
Reinforeing steel 141,768 ths. at 0,154 — 2183297
Hem 6
Structural steol 545,075 Ths, at 0.23 — 12536079
Tota) contract cost of main bridge $221,928.60
Bulletin 838 7500 2 52 32 . o



(LAY

v20-41-94-1601%

AT OV LM

G961

VMOI '183M ALID YMOI

o]
H@o %, PR SELS S Ainoy g Jp0y Ay |
. § : ,
ﬂ 7 Hiv paanidi —_ — —
/A A 11D paanidisg
[ 7
ot avwbn‘ e A A
~

o e NOHY M SSYID UvO
o %
S ~
oS 0£. 16
O Lo LRSL -y NIDWIA HOLSIH 4dANNY I¥3I00I0ID WONIING g
Sa o WOELELT - . AR e
5% 8 a S V0o
o al) ; ;@N |

R 72 i

B uwooellor

M

P

NOI

X FELT

IND

PA

Fie §2 NG
YA G

Siyf
wWox WO pUeIBOoM PUR 3cind Ul BMOYS SUDISIABY

£861 PRUpa dew  paxaud pisi 10u UOI 1RO UL
'SBN0S JA0 pue g6 | udne) sydeidojoud jeiree AS3INO3Y NO I8V UVYAY S STOBWAS O
. OrZ2S YAAD!I "ALID VYMOI 'AJAY
Z60CZ YINIOHIA 'NOLSIH HO §2208 OQVHOIO

NOHLYSOT 3VINYEGYHD SUHVANY LS ADVHNIDY dvi

. ‘\/1 [
A i ¥a0l
J

.

6261 30 WNEIVO v
1334 01 ™

i
i
[E—

NVSTITy LW
W9 ST

ol ed i
PAREY A v:.m.mdmwi " “y

AT

)
M F4)




