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HISTORIC DOCUMENTATION
BRIDGE J0021R

Introduction

Bridge JO0O21R was a 12 span 851’ long structure that carried US Highway 67 over the St Francis
River at Greenville in Wayne County Missouri (Figure 1). The bridge included an 8-panel 170’
Warren ‘camelback’ through truss river span, with a series of three 190° (60°-70’-60")
continuous I-beam steel stringer approach spans on the north side of the river and a pair of 50’
simple I-beam steel stringer approach spans on the south side.
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Flgure 1. USGS Greenville topographlc map showmg the location of Brldge J0021R southeast of ‘Old Greenville’ on
US Route 67 at the St Francis River in Wayne County, 20 miles above the Wappapello Dam.
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The approach spans of bridge JO021R were supported by 11 concrete bents while the truss span
was on dumbbell piers. Bridge JO021R had a 26” concrete roadway deck with asphalt overlay
wear surfaces. It opened to traffic in December 1941, and for the next 70 years bridge JO021R
carried Route 67 traffic over the St Francis River/Lake Wappapello. Bridge J21R replaced a 20’
wide converted railway bridge (J21) that had been modified for highway use in 1930. Bridge
JO021R was removed from service in August 2010 after a new four lane structure on the new
Route 67 expressway opened and it was demolished a year later in December 2011 (Figure 2).

Figure 2. Bridge JOO21R (left) and its new four lane replacement on the Route 67 expressway

Construction of Bridge JOO21R in 1941 was part of a series of upgrades and improvements to
Route 67 that began in 1930, when the road was realigned and provided with an 18’ graded
gravel surface through Madison Wayne and Butler Counties. The 1930 improvements at
Greenville included realignment of the highway along the southeast edge of the town (along the
abandoned W. G. & St. L. railroad grade) and modification of an abandoned railroad bridge
(J21) over the St Francis River for use by the highway. The Route 67 St Francis River bridge
constructed at Greenville in 1930 replaced a 16” wide 510° long bridge that had been built in
1911 by the Stupp Brothers Bridge and Iron Co. under contract with the Wayne County Court
(Figures 3 and 4). Further improvements to Route 67 continued in 1939 with concrete paving
projects along the highway south of Fredericktown in neighboring Madison County and with



similar paving projects in Wayne and Butler Counties in 1941. Replacement of Bridge J21 by
JO021R was made necessary by construction of the Wappapello Dam 20 miles downstream.

o
1909 Railroad Brldge
widened for use on
‘Route 67 in 1930

5TEVEN5~_-

1930 Route 67 Allgnment

Flgure 3 A portlon of the hlghway pléns for 1929 30 Route 67 Sectlon 15A |mprovements |IIustrat|ng the
realignment of Route 67 at the St Francis River showing both the 1911 highway bridge and the abandoned Pratt
through truss railroad bridge erected there in 1909, which was to be widened for use by Route 67.

History of the St Francis River Crossing at Greenville

The highway leading to St Francis River crossing at Greenville developed along the route of
earlier 19th century roads that in turn developed from ancient Indian trails (Schoolcraft
1853:139, Nuttall 1905:145). The early road/trail crossed the St Francis River a few hundred
feet below Bridge JOO21R, at a point where the river could be readily forded during times of
normal stream flow. The early road/trail extended south from the St Francis River along the
eastern edge of the Ozark escarpment as far south as Natchitoches on the Red River in Louisiana.
North of the St Francis River ford one branch of the ancient Indian trail followed the east side of
river into the St Francois Mountains where it provided access to unusual geologic materials that
can be found there, including rhyolite and diabase used to make chipped and ground stone tools
as well as salt and lead ore (galena). Another branch of the trail diverged to the east from the
river ford at Greenville toward the Mississippi River. In the 18th century during the French
Colonial Period, that ancient Indian trail likely served as the overland return route for boatmen
involved in the downstream transport of lead to New Orleans®. The road was illustrated on the

!Lead dug from surface mines in the Potosi and Fredericktown area was hauled overland to the Mississippi River
and then from Fort de Chartres/Kaskaskia/Ste. Genevieve/La Saline it was then shipped downstream to New Orleans
by flatboat. In much the way that the Natchez Trace formed east of the Mississippi, the ancient Indian trail was
probably used as the return route up the west side of the Mississippi valley by boatmen engaged in the lead trade
(Darby 1818:149, 161-62). Shinn (1908:153) has suggested that the road was in use as early as 1765.
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many early 19™ century maps of the western frontier and is described in a number of early travel
accounts (Darby 1818, Nuttall 1905, Featherstonhaugh 1844)

During the Spanish Colonial period in the late 1790’s, trails leading to the St Francis River ford
at Greenville brought the first Anglo-American settler’s to the area®. Following the War of
1812, the two overland routes leading to Bettis’ Ferry/Greenville that began as prehistoric Indian
trails were among the principal overland routes used by pioneer settlers migrating to the future
states of Arkansas Texas and Oklahoma (Figure 4) (Houck 1908:227, Shinn 1908:104, Flint
1826:149).
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Figure 4. A portion of the 1839 David H Burr Map of Postal Routes in Illinois and Missouri, illustrating the state
roads from Fredericktown and Jackson leading to the St Francis River ford at Greenville and on to Hix Ferry.

2 Early settlers were attracted to Spanish Upper Louisiana by the availability of generous land grants. Thirteen
Spanish land grants were made along the St Francis and its tributaries prior to 1804. Among the earliest settlers
were Isaac Kelly and his brother Jacob Kelly. In 1801 Isaac Kelly claimed a grant later known as US Survey 727, at
the point where two ancient Indian trails joined and crossed the St Francis River and his land grant includes the
future site of bridge JOO21R and the village of Greenville. Kelly sold his grant to Dr. Elijah Bettis and his family
who had immigrated to the St Francis valley from North Carolina in 1806. Dr Bettis and his sons Elijah Jr. Overton
and Ransom and sons in law, Ezekiel Rubottom, Elijah Matthews and William Alston formed the core of a
community first known as Bettis’ Ferry that in 1818 would be renamed Greenville.
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The roads were formally ‘marked out’ by an order from the Cape Girardeau County Court® in
November 1816 and in 1817 those routes were then designated as postal roads (Yarborough
1959). They later became “state roads” which fixed their alignment and made them subject to
regular county maintenance.

The roads that converged at Greenville, one leading west through Jackson from the ferry
crossings on along the Mississippi River in Cape Girardeau County and the other leading
southwest from the St Louis, Ste. Genevieve and Fredericktown witnessed a variety of important
historic events during the early 19th century*(Wood 1936). Early western cattle drives were
observed along these roads in 1819 (Schoolcraft 1821:86). In 1820 the road through Greenville
led Moses Austin, the father of Texas, from his home in Potosi to Little Rock and then on to
Texas where he obtained permission from the Spanish government for the first Anglo-American
settlement there. In 1820, the returning members of the Stephen H. Long Expedition followed
that road from Little Rock through Greenville to Cape Girardeau on the final leg of their US
Government sponsored scientific expedition to explore the Rocky Mountains and western plains.
By 1836 regular stage coach service operated along the road through Greenville between
Mississippi River ferry east of Jackson and Little Rock Arkansas®.

During the Civil War the road witnessed troop movements by both Union and Confederate
forces. In the last major campaign west of the Mississippi in September 1864, the road lead
5000 men in the central column of General Sterling Price’s “invasion force’” from Arkansas
through Greenville and Fredericktown to the Battle of Pilot Knob. The road remained in use
after the Civil War and on into the 20th century but with little in the way of improvements and
its importance as an overland travel and commercial route was reduced after the war by the
expansion of railroads and the reorientation of the road system in relation to them.

Prior to 1922, road maintenance and improvements were county functions. In 1905 Wayne
County began a program of bridge construction (WCC 5/18/1905). On February 22, 1907 the
Wayne County Court declared that for three miles all roads leading to the court house at
Greenville were to be made 1st class roads (which required that they have a 60 ROW and a
grade less than 5%). In tune with the growing nationwide “Good Roads” movement, a January
14, 1908 article in the Greenville Sun discussed efforts to induce the US Bureau of Public Roads

® Wayne County was part of Cape Girardeau County until 1818

* Early travel accounts document the migration of numerous pioneer settlers along the road through Greenville into
Arkansas. Between 1805 and 1830 the population of Arkansas Territory expanded from about 500 to more than
30,000 and after 1815 the majority of the new settlers arrived there over the roads through Greenville (Shinn
1908:104). Daniel Cloud and Peter Bailey travelled south down the road from Jefferson City in December 1835 on
a path that led them through Greenville and Little Rock to Natchitoches Louisiana and on to fight for the liberty of
Texas as the youngest defenders of the Alamo. In 1837 the road from Cape Girardeau through Jackson and
Greenville to Pittman’s Ferry on Current River was designated as a ‘state road’ and its alignment was documented
by a formal survey. A year later in 1838 the Benge Detachment of Cherokee passed down the road through
Greenville on their Trail of Tears journey from northeast Alabama to the Indian Territory in what is now Oklahoma.

> Mitchell's Traveller's Guide through the United States 1837, Rt 301 Little Rock Arkansas Terr. to Bainbridge Mo.
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to help the states and counties build better roads, which required trained engineers and proper
equipment, and commented that “there is hardly a road in the county worth that name.”

In response to growing public demand for better roads, the Missouri State Highway Department
was created by an act of the state legislature in 1913 and soon after, the Federal Aid Road Act of
1916 made road improvement funds available to the states based on their size, population and
postal road mileage. However, formal operations of the Missouri Highway Department did not
begin until 1921, following passage of the Centennial Road Law, which established the State
Highway Commission and the positions of Commission Secretary, Chief Engineer and Chief
Counsel. Prior to 1921 “state roads’ authorized by the state legislature, were locally “built” and
maintained by the counties. Improvements on the ‘state road’ leading to Greenville and the
county road bridge over the St Francis River were made in 1916 and again in 1918 when it was
known as the Fredericktown-Greenville Road and the road from Taskee to Greenville®. When
the State Highway Department assumed responsibility for the road in 1922, it was initially
designated as State Route 23. Then in 1927, with implementation of a nationwide system of
intrastate route numbering, the road from Arkansas through Greenville to Fredericktown
Missouri was designated as US Route 67.

Early Bridges

The first bridge across the St Francis River at Greenville was a timber structure built in 1892 by
the Williamsville Greenville and Northeastern Railroad. In 1899, after sustaining damage in a
flood, the main span of that bridge collapsed under the weight of a heavily laden train delivering
logs to the sawmill at Greenville (Cramer 1972:300). The railroad, which by then had been
reorganized as the Williamsville Greenville & St. Louis RR, replaced the collapsed main river
span of their bridge with a 100’ wooden Howe truss. The Wayne County Court contributed $750
toward the 1899 reconstruction of the railway bridge, which after being rebuilt then allowed both
wagon and railroad traffic across on the same deck. Prior to 1899, the river at Greenville was
crossed at the traditional ford located just downstream from the railroad bridge or by means of a
small two man ferry ’

The dual use railroad-wagon bridge built in 1899 served local needs for eight years. Then after
another damaging flood in 1907, citizen complaints were made to the Missouri Railroad and
Warehouse Commission that the wooden W. G. & St. L. Howe truss railroad bridge at Greenville
had become unsafe. In response to those complaints, a structural engineer William L: Mathews
was sent by the Commission to assess the safety of the railroad bridge. In a report submitted to

® Improvements were made possible by the sale of “Good Road” Bonds (WCJB 1/27/1916).

" The St Francis River ferry at Greenville was licensed by the county. Ferry service was first provided by Dr Elijah
Bettis and his extended family who settled there in 1806. The nearby town that would be named Greenville in 1818
was first known as Bettis’” Ferry. Thomas Wight acquired the ferry and neighboring land from Elijah Bettis Jr.
around 1830. Wight and his sons Andrew Wight and later James Henry Wight operated the ferry prior to the Civil
War and for 40 years after the Civil War, the ferry license was held by Henry Wight’s widow Caroline Reeve
Wight. In the 1870s, the widow Wight’s ferry was manned by Joe Lutes and John Gibson. Rates varied from 10
cents for a man on foot to $1.00 for a four horse team and wagon. The ferry was controlled with a steering oar and
relied on the river’s current and a sweep oar for propulsion. The ferry, located adjacent to the ford, operated mainly
during the winter months when fording the river was impractical due to high water or cold weather (Greenville Sun
March 7, 1940, Cramer 1972:251, Schroeder 2002: 348-49).



the Commission on Dec 15, 1907, Mathews described repairs made to the bridge that rendered
the structure temporarily safe and stable (albeit at the very slow speed of 3 mph), but concluded
that the wooden railroad bridge had ‘lived its limit’ and needed to be replaced®. The Railroad
and Warehouse Commission subsequently required the W. G. & St. L. railroad to construct a
new bridge across the St Francis River at Greenville.

In January 1908 as railway officials began to plan the bridge replacement they met with Judge
Johnson of the Wayne County Court to discuss the possibility of building a combination railway
and road structure that would maintain the kind of dual railroad/wagon use that had been in place
since 1899. When Judge Johnson reported that the County Court lacked funds necessary for its
share of a new joint road - railroad structure, the railroad proceeded to replace the deteriorated
wooden bridge with a steel railway-only structure®.

Newspaper articles in January of 1908 noted that the cost of a new steel span with concrete piers
and new timber approaches was estimated to be between $16,000 and $18,000 and that WG & St
L railway officials were negotiating to acquire a ‘second-hand’ bridge from the Missouri Pacific
Railroad, which could result in a considerable saving. A letter dated October 30, 1908 from the
W. G. & St. L. Railroad to the Missouri Railroad and Warehouse Commission reported that
contracts had been awarded to construct the promised new bridge and that work was progressing
rapidly on the concrete piers and that rail traffic was expected to be routed over the new structure
by February of 1909 (MRWC 1909:149-51).

The 180’ pin connected 7-panel Pratt through truss railroad bridge with concrete piers and new
timber pile approaches was erected over a four month period in 1908 and early 1909 by the
Edward Crebo Construction Co. of Kansas City.
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Figure 4. A view facing upstream of Bridge J21 on the St Francis River. This pin connected 180’ 7- panel Pratt through
truss span and concrete piers were erected in 1908-09 by the Crebo Construction Co of Kansas City for the WG & St L
RR at a cost of $12,000 (WCJB 2-18-09). Following demise of the railroad, the abandoned railroad structure was
widened and converted to highway use in 1930 by S. J. Cohen Co and the St Louis Structural Steel Co. In 1941 after it
had been replaced by bridge J0021R, this structure was moved to Cross County Arkansas where in 1944-45 it was re-
erected as the main span of Bridge No. 2011 on Arkansas Route 42 over St Francis Bay Ditch west of Parkin.

® Greenville Sun 1/7/08 and 1/21/08



Progress on the bridge construction was closely followed in the Greenville Sun and Wayne
County Journal Banner newspapers and when it was completed in February 1909, the ‘new’
steel bridge was the focus of considerable local pride as well as relief that the bridge was now
safe. A photo of the new steel bridge appeared on the front page of the Wayne County Journal
Banner on Sunday Feb 18, 1909. The accompanying article reported that the bridge had been
built at a cost at $12,000 (or only 2/3™ the original estimate), suggesting that the ‘new” steel
truss span was in fact a “‘second-hand’ structure.

The steel railroad bridge at Greenville was erected during a period of economic turmoil when the
nation was beginning to emerge from a deep recession and a banking crisis that erupted in
November of 1907 following a failed scheme to corner the market on silver. While the owners
of the railroad had hoped to expand the line and use it in the development of the local limonite
iron mining industry, they were thwarted in part by the railroad’s existing debt and the difficulty
of selling new bonds to finance the expansion during the ongoing recession (Cramer 1972:304).

In November 1909, new owners of the railroad announced a bold plan to extend the rail line
north to Fredericktown or Chester Illinois. However, the investors were unable to raise the funds
necessary for that expansion and by 1912 the railroad was operating at a deficit (Cramer
1972:304). Thenin 1913 the WG & St L railroad failed to make an interest payment to bond
holders and entered bankruptcy. A foreclosure sale failed to attract a buyer and finally in
November 1914 the court approved a short sale. The WG & St L railroad was restructured and
returned to operation on January 22, 1915 as the Ozark Valley Railway. Reborn as an electric
railway, the renamed Ozark Valley Railway was short lived. In August 1915 a severe flood
damaged the wooden trestle approach to the St Francis River bridge and other parts of the
roadbed and track were washed out or damaged. Although repairs were made and the Ozark
Valley Railroad continued to operate in 1916, it did so at an increasing deficit and by 1918 it had
fallen into bankruptcy again and was abandoned. The bankrupt railroad was then sold for scrap.
The 60# steel rails were salvaged, but the steel span over the St Francis River was left behind™’.

On March 7" 1907, in the wake of the flood that damaged the dual-use Howe truss railroad and
wagon bridge, the Wayne County Court ordered the local road supervisor to ‘patch’ and ‘look
after’ the bridge. The court then also issued a license to Alex Upton to renew the ferry service
across the St Francis River at Greenville that had elapsed in 1899 after modifications were made
to allow wagon traffic across the rebuilt wooden railroad bridge®. In May 1911, after managing
for four years without a bridge on the main road leading south from Greenville, the Wayne
County Court contracted with the Stupp Brothers Bridge and Iron Co of St Louis to build a steel
wagon road bridge across the St Francis River at Greenville.

The 510° wagon bridge built at Greenville in 1911 was constructed at a cost of $6980.00. It
consisted of a 16° wide, pin connected 10-panel Pennsylvania through truss main span (similar to
the bridge built earlier that year by the Stupp Brothers Bridge and Iron Co. across the St Francis
River at Wappapello) with a 5 panel Pratt through truss approach span and a Warren pony truss

19 The abandoned roadbed was then converted by the county for highway use and became known as the Holladay
Highway, after Hiram Holladay the founder of the railroad (Cramer 1972:306 )

1 Minutes of the Wayne County Court March 7, 1907



approach span on the north side of the river, which in turn connected to a sharply curved wooden
approach (Figures 3 & 5). The main span was supported by four concrete filled riveted steel
tubular piers, typical of bridges built in that era.

Figure 5. A diagram of the county road bridge at Wappapello built by the Stupp Bros. Bridge and Iron Co in 1911.
This span was identical to the main span they built later that year at Greenville. The bridges at Wappapello and
'Lone Rock’ were built under a November 1910 contract with the Wayne County Court at a cost of $10,190 for the
pair (figure courtesy of James Baughn 2012, Bridgehunter.com)

Bridge J21

The 16 wide wagon bridge built by the Stupp Bros. for the county in 1911 and the road leading
to it became part of the state highway system in 1922. Planning to provide a modern highway
bridge at Greenville began in 1927 when State Road 23 was designated US Route 67. In 1928
Fred Harris, the Division 10 Engineer in Sikeston, proposed a preliminary design for a new
1160’ bridge comprised of 17 I- beam approach spans on the north side of the river and seven I-
beam approach spans on the south side that would incorporate the abandoned railroad truss for
its main span.

LOCATION SKETCH

Dretwn New 1922 By Ao
Figure 6. A preliminary location sketch for Bridge J21, which proposed replacing the 16’ wide 1911 Stupp Bros.
bridge built by the Wayne County Court, with a new 20’ wide structure that would include new approach spans
and would widen and incorporate the abandoned Pratt through truss railroad bridge erected in 1909 .
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An inspection of the abandoned railroad bridge was made on May 10, 1928 to determine the
feasibility of incorporating the existing structure into future improvements on Route 67.
Although new approach spans would be needed, the alignment leading to the bridge was
considered good and the steel truss and concrete piers also appeared to be in very good
condition. More important, the piers were wide enough to allow the bridge to be widened six
feet for highway use and enquires indicated that the truss bridge could be purchased for a price
($1000) considerably less than the cost of a replacement span (Enslow 1928).

A revised preliminary design and layout for bridge J21 was made by A. L. Googins and L. R.
Burns in March 1929. That plan envisioned a shorter 870’ structure with 9 deck-girder approach
spans on the north side of the river and 6 deck-girder approach spans on the south side. When the
final design was completed in November 1929, the bridge was lengthened to 1103’ 1” and
consisted of 13 concrete girder approach spans on the north side of the river (11-45” spans and 2-
50’ spans) and seven concrete girder spans on the south side (3-35” spans, 2-40° spans and 1-45’
span). The substructure of bridge J21 consisted of reinforced concrete column bents partly on
bedrock and partly on timber piling foundations. The final plan still called for widening of the
old 180’ Pratt through truss railroad structure along with reuse of the existing concrete dumbbell
piers supporting it (Figures 6 and 7).

Figure 7. A diagram of Bridge J21, which was completed December 1930. The S. J. Cohen Construction Co of
Blytheville Arkansas was the principle contractor while the St Louis Structural Steel Co. was the subcontractor
responsible for widening the existing steel Pratt through truss railroad bridge.

In correspondence with the US Engineer’s Office in Memphis, it was determined that the
railroad bridge had been built across the ‘navigable waters’ of the St Francis River, without
proper consultation or approval from the War Department. The War Department therefore could
not approve the highway department’s plan to reuse the existing “illegal’ structure. After
considerable discussion, they eventually agreed not to object to reuse of the bridge, provided a
public meeting was first held.

Following the public meeting in Memphis on September 18" 1929, The St Louis Post Dispatch

reported on Friday Oct 25, 1929 that the War Department had formally approved the Missouri
Highway Department*s plan for reconstruction of the old railway bridge for use by highway 67
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since there was no past or future prospect for commercial navigation on the St Francis River at
Greenville™,

The Missouri Highway Department then proceeded with the plan to realign Highway 67 over the
abandoned W. G. & St. L. railroad alignment and to build new approaches and widen and
incorporate the abandoned steel truss span that had been erected across the St Francis River by
the railroad in 1908-09. S. J. Cohen Construction Co. of Blytheville Arkansas was the low bidder
in the April 1930 letting and was awarded the contract to build bridge J21 on US Route 67 at
Greenville. The crew that built bridge J21 moved to that project after completing construction of
Bridge J92 on US Route 60 over the St Francis River at Fisk™.

. <o
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Figure 8. Bridge J21 under construction by S. J. Cohen Co. in Augﬁst or Séptemb:ar 1930-.-The 1911 Stupp Bros
county road bridge is the structure to the right. The Pratt through truss railroad bridge erected here in 1909 was
widened by the St Louis Structural Steel Co. in December 1930 (photo courtesy of C. Ellinghouse 2010)

S. J. Cohen’s work on Bridge J21 began in June 1930. The project employed between 15 and 70
men and one foreman. The contractor’s work was overseen by Highway Department Project
Engineer S. J. White and bi-monthly inspection reports documenting progress and problems with
the construction were compiled by D. C. Wolfe, the State Bridge Construction Engineer.
Wolfe’s inspection reports indicate some minor problems in driving timber foundation piles and
obtaining suitable sand from the river for mixing the concrete but overall suggest that
construction of the concrete bents and approach spans progressed satisfactorily. At one point,
the contractor was pouring one span per day (Figure 8).

12 The St Louis Post Dispatch article appeared the day after the 1929 stock market crash began

3 samuel J (Jimmy) Cohen was a Russian Jewish emigrant who arrived in America in 1913. He studied
engineering in New York and moved to Blytheville Arkansas in 1919 where he worked for 10 years for the
engineering firm Pride and Fairley building drainage ditches, levees as well as highway projects. Jimmy Cohen
founded his own company in 1929 and contracts to build bridges J92 and J21 for the Missouri Highway Department
were among the S. J. Cohen Co.’s first projects and their success was instrumental to the economic survival of that
new firm
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Then in August a significant problem was encountered, a previously undiscovered scour hole
was found undermining the old railroad pier (Pier 15) on the south side of the river. Pier 15 was
reported to rest on bedrock and was believed to be sound and stable when the project was
planned. However during construction, it was discovered that Pier 15 rested not on rock but on a
layer of cemented gravel 16’ above bedrock and that a large scour hole had formed under the
pier making it potentially unstable. Following that discovery, serious consideration was given to
modifying the contract to include removal of the old bridge and construction of a new pier along
with a completely new longer bridge. Faced with the high cost of that alternative, Cohen and
Wolfe ultimately devised a plan to stabilize the pier by surrounding it with steel sheet piling,
driving additional timber foundation piles and then filling the scoured void beneath the pier with
concrete. That plan proved successful. The S. J. Cohen Co completed the concrete approach
spans for Bridge J21 in November 1930 and widening of the 180 truss span was accomplished
by the St Louis Structural Steel Co. in December of 1930. Bridge J21, which was constructed at
a total cost of $89,712, opened to traffic in December 1930 and remained in service until
December 1941 when replacement of what was still a fairly new structure was made necessary
by construction of the Wappapello Dam**.

Bridge JO021R

Bridge J21 carried highway 67 across the St Francis River for just 11 years, from December of
1930 until December 1941. Replacement of the 1930 bridge was made necessary following the
decision to build the Wappapello Dam located 20 river miles downstream. The Wappapello
Dam was part of a depression era federal flood control project authorized by the Flood Control
Act of 1938. While bridge J21 was near the upper end of the normal operating pool of the
planned Wappapello Reservoir, the bridge deck and roadway approaches were at an elevation of
383’ and would be subject to periodic flooding during high water events that the dam was
designed to control, and therefore needed to be raised or replaced as a consequence of that
undertaking.

Public meetings were held in Poplar Bluff in December 1937 and Greenville in January 1938 to
address concerns about the effects the proposed Wappapello Dam would have on local
communities™. Early in the planning process, it was clear that not only would farm families
towns and villages need to be moved in response to the construction of Lake Wappapello, but
that state and county roads schools and the county court house would also need to be relocated.
Although some opposition was voiced in the public meetings, the dam project promised to bring
much needed work to the area and it was generally considered a positive development.

A representative of the Missouri Highway Commission attending the January 1938 public
meeting in Greenville reported that Highway 67 would probably be relocated west of the new
lake created by the dam and that a new bridge would be built across the river at or just below the
Route 34 crossing south of Patterson. Those comments led to speculation that the county seat
and town of Greenville, which would be flooded by the project, might be relocated to that area®.

147" Biennial Report of the State Highway Commission of Missouri 1931

15 Wayne County Journal Banner (WCJB) Dec 23 1937 and Jan 28 1938
®WCJB March 31938
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In February of 1938, the War Department provided an initial 2.1 million in funding for the
Wappapello Dam, which was anticipated to be a 16 million dollar project. Construction began in
August of 1938 and floodgates on the new dam were closed July 15, 1940. When the project
was completed in June 1941, the Wappapello Dam and resulting lake had displaced 304 farm
families and led to the abandonment of the Frisco Railroad and the railroad towns of Chaonia
and Taskee along with relocation of the towns of Wappapello and Greenville.

While the dam was being planned and even after its construction had begun, the necessary
changes to Highway 67 and the Greenville Bridge had not been resolved. Concrete paving work
proceeded on Route 67 south of Fredericktown in Madison County early in 1939, but plans to
pave the 25 miles of road in Wayne County were delayed by uncertainties related to proposed
construction of the Wappapello Dam and the effects it would have on the town of Greenville and
the alignment of Route 67.

By May of 1939 the Highway Department had decided to retain the existing alignment of Route
67 in Wayne County. In July of 1939, plans for relocation of Greenville still remained uncertain.
Three of the six proposed options had been rejected and the final three were all along the existing
highway, one about 1 mile north of the existing town, another about 3 miles north and the third
near Silva®’. In October 1939, the plan to relocate Greenville to the Silva area was still under
consideration. Finally, a vote was then held to decide the issue. On Dec 7, 1939 results of a vote
to extend the city limits 1.5 miles to the north overwhelmingly affirmed that plan.

On March 25, 1940, Leo F. Beckett Assistant Division 10 Engineer and L. B. Van Cleve arrived
in Greenville to assess the existing bridge (J21) and to work on preliminary plans for either
raising and widening that bridge or building a new structure upstream of the 1930 bridge, on the
old alignment of the 1911 wagon bridge. In April of 1940, while an agreement was reached to
move the Wayne County courthouse and county jail to the new town site and plans were being
formulated to build the model community of ‘New Greenville’, the Highway Department had
still not yet reached a final decision about whether to raise the existing bridge (J21) or build a
new structure on the alignment of the old 1911 wagon bridge.

Plans to close the flood gates on the Wappapello Dam in July of 1940 heightened the need to
reach a decision about either replacing or elevating Bridge J21. Consideration was given to the
cost and benefits of widening and raising the 1930 bridge (J21) which would entail raising the
main span of the bridge 17’ to reach the 400’ elevation or building a new structure. Division 10
Engineer Fred D Harris and bridge engineers returned to Greenville on Wednesday July 10, 1940
to further study the situation and concluded that a new bridge upstream of the existing bridge
was the preferred option. Federal funds for the project would become available July 1, as part of
a $4.77 million allocation to Missouri for FY 1941.

Ultimately the decision was made to construct a new bridge (J0021R) for Route 67 on a slightly
adjusted upstream alignment. In negotiations between the Highway Department and the Corps
of Engineers held in July 1940, an agreement was reached on the general design of the project,
with the Corps agreeing to pay the cost of replacing bridge J21 with a comparable structure at the
higher 400’ elevation and the Highway Department agreeing to pick up extra costs associated

" WCJB July 6, 1939
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with a wider structure (26’ vs. the existing 20’) and upgraded concrete pavement matching the
new pavement elsewhere along the highway corridor and which the public had demanded.

In late July 1940, a preliminary layout and location sketch for a new bridge was prepared by L.
B. Van Cleve with a new structure at an elevation of 400’ along with new approaches above the
flood pool of the reservoir at an elevation of 395" (Figures 9 & 10). The new bridge on Route 67
at Greenville was expected to be one of 22 projects constructed in Division 10 in FY 1941.
Unlike the 21 other Federal Aid highway projects planned in Division 10 in FY 1941, because
the new St Francis River Bridge at Greenville was necessitated by the Wappapello Dam project,
it was to be paid for in large part by the US Army Corps of Engineers.
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Figure 9. A location sketch illustrating the proposed location of bridge J21R and the existing bridge (J21) that it was
to replace

The Corps of Engineers hired the firm of Sverdrup and Parcel in St Louis to design the bridge
based on the Missouri Highway Department’s revised preliminary plans which called for 3
continuous I-beam approach spans of 190’ (each 60-70-607), a 170’ main through truss span, 2
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50 approach spans, and a 26’ roadway deck with Portland cement concrete pavement supported
on 11 concrete bents and 2 dumbbell piers.

In August 1940, the new bridge and 2 miles of adjoining new concrete paving at Greenville was
one of 22 road projects approved in Division 10 for letting in fiscal year 1941. Estimates for the
grading paving and bridge work on Route 67 at Greenville were between $350,000 and 360,000.
While design and planning for bridge J0021 was a joint venture between the Missouri Highway
Department and the US Engineer’s Office in Memphis and the major funding for the project
came from the War Department, letting, contract administration and construction oversight and
inspection were all handled by the Missouri Highway Department. The responsibilities of each
party in this unusual project were finalized in a contract signed on September 6, 19402
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Figure 10. A July 1940 diagram illustrating preliminary design of bridge J0021R with a Parker Truss

Construction of Bridge JOO21R

In December 1940 following their low bid of $323,592, the George W. Condon Co. of Omaha
Nebraska, was awarded the contract for construction of the new St Francis River Bridge at
Greenville, as well as two miles of adjacent grading and paving leading to the bridge.

'8 The September 6 1940 contract between the State Highway Commission of Missouri and the United States of
America includes 19 articles that spell out the various responsibilities and obligations of each party
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Final design of bridge JO021R was completed by Sverdrup and Parcel in late October 1940'.
Shop drawings for fabrication of the new bridge based on that final design were then prepared by
Dixon Engineering in St Louis. The George W. Condon Company of Omaha Nebraska built the
foundations, erected the spans and truss, poured the deck and constructed the adjoining roadway
approaches. The remainder of the work was done by subcontractors. Structural steel for the
continuous spans was fabricated by the Illinois Steel Bridge Co, in Jacksonville Illinois while the
truss and simple spans were fabricated by the Clinton Bridge Works, in Clinton lowa. Gray iron
alloy bearings for the 50’ simple spans were fabricated by the Spuck Iron & Foundry Co of St
Louis and cast steel bearings for the continuous spans and the truss span were made by the
Omaha Steel Works, Omaha Nebraska. The bridge was painted by Stanley Hanks Painting
Company of St Louis, with paint supplied by the Waugh Paint Co.

The George W. Condon Construction Co. had extensive prior experience with bridge
construction and highway grading projects in Missouri and throughout the United States.
Construction and grading were a multi-generation Condon family business. George W. Condon
and his brother Russell Condon began their careers working for their father and uncle in the
family construction company in Omaha and later for themselves, both on smaller projects and in
various consortiums on larger projects. George W. Condon‘s company had primary capability as
a grading contractor and had built a number of state and county road projects from lowa to New
York in the teens, 20s and 30s.

In the 1920s and 30s the G. W. Condon Co., alone or in partnership with various others including
George R. Lemmon, C. W. Cunningham, W. C. Cole, A. H. Carley, built several bridges for the
Missouri Highway Department prior to JOO21R, including: the Little Tarkio Ditch Bridge
(H457R) on US 59 in Holt County in 1926, Keytesville Bridge (H502R) over Mussel Fork in
Chariton Co. in 1927, US Route 136 bridge (H840R) in Nodaway County in 1928, US 136
bridge (J176) over Tarkio River in Atchison Co. in 1929, the Gasconade River Bridge (S327) on
Missouri Route 32 in Laclede County in 1932 and the Gasconade River bridge (T474) on Route
133 in Pulaski County in 1937. In partnership with Cunningham and Lemmon, G. W. Condon
Co. also built highway bridges at Ramsey Creek (K322) on Route 79 in Pike Co. in 1936 and
Bridge K768 at Nut Junction in Cape Girardeau Co. in 1938. In the course of those earlier
highway bridge projects, George W. Condon Co. had established a network of working
relationships with sub-contractors who fabricated the bridge superstructures. For example on
bridge J25R, a riveted Parker through truss over Sni-A-Bar Creek in Lafayette County built in
1929, Condon subcontracted the fabrication to Clinton Bridge Works in Clinton lowa, the same
firm that fabricated the truss for the Route 67 Greenville Bridge 12 years later.

By the late 1930s, in addition to bridge and highway construction, G. W. Condon Co was also a
major contractor engaged in the construction of large dam and reservoir projects. Condon was
the principal contractor for construction of the Boca Dam on the Truckee River in California and
Nevada in 1938 and was one of the principle contractors involved in 1940 in building the
Dennison Dam project on the Red River in Texas and Oklahoma. While G. W. Condon did not
win the contract to build the Wappapello Dam or the Clearwater Lake projects in southeast
Missouri, those nearby dam and reservoir jobs likely brought the Route 67 bridge project to
Condon’s attention and may have made it more attractive to bid on, since it presented the
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opportunity to position personnel and equipment for potential sub-contract work on large nearby
grading projects.

In the lead up to and during the early years of World War 11, G. W. Condon Co. in various
partnerships with the Omaha construction firms C. W. Cunningham and Kiewit & Sons, was also
heavily involved in major defense construction contracts, including the 1.7 million square foot
Glenn L. Martin Bomber plant near Omaha begun in the Spring of 1941*° and the Kansas Army
Ammunition Plant begun in August 1941. A year after completing the JO021R project on Route
67 Kiewit-Condon won a contract in February 1942 to construct Camp Carson in Colorado
Springs and another contract in September 1942 to build runways and hangers at the Kearney
Army Airbase and its three satellite airfields.

Physical Description of Bridge JO021R

Bridge JO0O21R was a 12 span structure comprised of three different sections — a series of three
190’continuous I-beam approach spans on the north side of the St Francis River, a 170" Warren
through truss main river span and a pair of 50” simple I-beam approach spans on the south side
of the river (Figure 11). The preliminary layout prepared by the Missouri Highway Department
in July 1940 envisioned an 840’ structure with continuous approach spans supported by standard
concrete bents and the main span supported by a pair of standard dumbbell piers. A continuous
approach span originally planned for the south side of the river was later changed to a pair of
simple spans, perhaps due to weathered rock in the Bent 12 area and concerns about the potential
for differential foundation settlement there. The 170 9-panel Parker through truss main span
illustrated in the preliminary layout diagram was changed by the designers at Sverdrup and
Parcel to a 7-panel Warren through truss with polygonal top chord and verticals (Figures 10 &
11). The final design also shifted the entire structure 10’ to the south to allow the point of
intersection of the vertical curve on the bridge to fall at the mid-span point, allowing for
symmetrical camber within the truss span.
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Figure 11. Sverdrup and Parcel’s October 1940 final design for Bridge JO021R over St Francis River at Greenville

ESTIMATED QUANTITIES

% While building JO021R in 1941 G. W. Condon Co. was unable to obtain aluminum bridge paint specified in their
contract because all aluminum was being reserved for the war effort, particularly for aircraft production. In the
spring of 1941, while construction of Bridge JO021R was underway, G. W. Condon began work building the Glenn L.
Martin Bomber Assembly Plant near Omaha, which turned out aluminum B-26 and later B-29 bombers, including
the B-29s Enola Gay and Bockscar that dropped the atomic bombs on Japan in 1945 ending the war in the Pacific.
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Substructure

The nine approach spans on the north side of the St Francis River consisted of a series of three
60-70-60 or 190’ continuous I-beam approaches supported by a substructure consisting of a
concrete spill-through abutment/end bent (Bent 1, photo #1), eight reinforced concrete two
column bents of standard design (Bents 2-9, numbered from north to south or left to right in
Figure 1), and a standard design dumbbell pier.

The north end bent (Bentl) consisted of a spill-through abutment comprised of a concrete beam
cap supporting the bridge seat, supported by three reinforced concrete columns, which in turn
were supported by three 9 x 12’ steel reinforced concrete footers poured atop a foundation of
driven creosoted timber piles. Footers beneath the outside columns in the end bent were
supported by nine timber piles per footing while the center column was supported by 12 piles
driven on 3’ centers. . Timber piles beneath the outside row of the footers were battered to
provide increased lateral and longitudinal support for the end bent. Timber piles were to be
driven 40’ below the bottom of the footings and were designed to support a load of not less than
30 tons per pile. The reinforced concrete columns were each 3 x 3’and supported a 3 x 4’ x 26°4”
reinforced concrete beam cap. The end bent was backfilled covering the columns and protecting
them from scour during periods of high water. The backfilled slope around the end bent was
further stabilized and protected with a rock blanket revetment (Photo #1).

For the continuous spans on the north side of the river, the Sverdrup and Parcel design for the
footings under the column bents varied depending on height of the bents and whether they
supported fixed or expansion bearings. Bents 2, 4, 5 and 7 with expansion bearings originally
called for 10 creosoted yellow pine piles per footing, which were to be driven a minimum of 40’
below the base of the footers, while twelve piles were to be driven beneath each of the footings
at Bents 3 and 6, in order to resist the greater longitudinal force exerted on piers with fixed
bearing. The design also called for additional pilings for taller piers. The foundation design
included twelve piles at Bent 8 due to its greater height (5’ taller than Bents 4-7) and at Bent 9,
which carried a fixed bearing and was another 5’ taller than Bent 8. The original plans called for
a total of 15 piles beneath each footing.

Although geotechnical borings had been made in July 1940 and test piles were successfully
driven at three of the pier locations in February 1941, during construction when the contractor
attempted to drive the timber foundation piles to the required depths, they were unable to reach
the 40 penetration specified by the design. That problem was particularly vexing at Bents 7, 8
and 9, where significant problems were encountered obtaining the designed penetration of the
timber piles. Sverdrup and Parcel had been advised by the Bridge Bureau in a letter dated
August 5, 1940 that “our experience indicates that steel piling is more desirable in this formation
and is generally more economical than timber piling and your design should be based on this
type.” Disregarding that advice, the Sverdrup and Parcel footing design persisted in calling for
timber piles. Then in March 1941, in response to the difficulties encountered during construction,
the designers at Sverdrup and Parcel were asked to reassess and revise the footing design.
Consequently, the requirement for timber pile penetration was reduced from 40° to 30° and the
footings and foundations for Bents 7 8 and 9 were redesigned; substituting 10” wide flange steel
H-piles for the timber piles (see Sheets 208 and 218). Due to the increased bearing strength of
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the steel piles, fewer steel piles were required at each footing. At Bent 7, each footing was
supported by 6 steel H-piles, at Bent 8 each footing used 8 H-piles and at Bent 9 the footings
used 10 H-piles. The top elevation of the revised footers remained the same and employed the
same system of dowels and steel reinforcing bars to tie the footers to the columns.

The 170’ through truss span was supported by two massive reinforced concrete dumbbell piers
(Bents 10 & 11) of standard design, similar to piers used for other bridges designed by the
Missouri State Highway Department and in earlier Sverdrup and Parcel designs, such as the
Hermann Bridge (K-226A, Gubbels 2005). The two footings for Pier 10, the dumbbell pier on
the north side of the river, were each supported by 16 driven steel foundation piles, consisting of
10” H-piles (Figure 2). Reinforced concrete footings poured over the foundation piles consisted
of a 3’ thick 18 x 18’ seal course topped by a 15 x 15 x 5’ reinforced concrete footer, which
encapsulated the top 2.5 of the steel foundation piles (Figure 12).
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Figure 12. View south across the St. Francis River during the winter

construction of Bridge JO021R, showing the excavations for Bents 12 and 13 on the south side of the river and the
10" steel H-piles driven to support the footer at Bent 10 (inside the temporary sheet pile cofferdam) on the north
side of the river. Bent 12 was located in the rock cut halfway down the opposite bank. The timber piles protruding
from the water on the south side of the river are the remains of a temporary scaffold used to support the drilling
equipment for the test borings and are not part of the bridge foundation.
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Pier 11 on the south side of the river supported the south end of the through truss span. The
foundation at Pier 11 rested on bedrock and consisted of a pair of 13 x 13’ concrete seal courses
poured on rock at an elevation of between 337.2 and 335.5’ that were topped by 10 x 10’
reinforced concrete footers. Above the footers, the dumbbell piers consisted of tapered
reinforced concrete columns (measuring 7° 8” in diameter at Pier 10 and 8’ 1” at Pier 11) that
were tied together above the top of the footer at an elevation of 357” by an integrated reinforced
concrete web wall 18” thick, and by an integrated reinforced concrete beam and beam cap and
bearing seat. Pier 10 was 51’ 1/8” tall from the top of the footer while Pier 11 was 58’ 5 %4” tall.

The two simple I-beam approach spans on the south side of the river were supported by a
substructure consisting of a standard two-column concrete bent (Bent 12) and a concrete end
bent/abutment (Bent 13). In the original foundation plan, the footings beneath Bent 12 were each
to have been supported by nine steel 10” H-piles driven with reinforced tips, while the southern
end bent abutment (Bent 13) was to be supported by a staggered array of 7 steel 10” H-pile
foundation pilings, which were to be driven 10’ into bedrock and secured with a reinforced
concrete footing. The four piles along the north side of the footer at Bent 13 were battered to
provide additional longitudinal stability at the end bent. Steel foundation piles at Bents 12 and
13 were designed to support a load of not less than 60 tons per pile.

During construction of Bent 12, difficulties similar to those encountered on the north side of the
river occurred. When the contractor leveled off the sloping rock along the bluff at Bent 12 and
attempted to drive the steel piles, areas of impenetrable rock and a crevice in the rock were
encountered. Irregularities in the bedrock in that area were not entirely unexpected as the revised
preliminary bridge layout (Aug 27 1940) indicated that the piles at Bent 12 were expected to
vary greatly in length and “may be eliminated in whole or in part.” Ultimately, after discussion
and approval from the designers at Sverdrup and Parcels, only 5 of the 9 steel piles planned for
the upstream footer at Bent 12 were driven and the downstream footer was placed on rock which
was deemed solid enough to forgo the use of foundation pilings altogether (Plan Sheet 218).

Superstructure - Continuous Spans

The nine approach spans on the north side of the St Francis River consisted of a series of three
nearly identical 190’ long continuous I-beam spans, which were fabricated by the Illinois Steel
Bridge Co. of Jacksonville, Illinois. Continuous spans of this type came into use beginning in the
1930s, following the development of the ‘moment distribution method” of computing the stresses
and deflections in a statically indeterminate frame, which was pioneered in the 1920s by Hardy
Cross, then a professor of Civil Engineering at the University of Illinois, Urbana-Champaign.
Cross’s method allowed for practical hand calculation of stresses in continuous beam bridges.
By spreading loads over multiple piers (4 rather than 2), the continuous span design allows for a
reduction in the size or depth of the steel stringers supporting the roadway, which helps to reduce
the material cost for both the substructure and foundation. In this example, it was possible to
construct longer continuous approach spans of 60-70-60" using 33” wide flange beams weighting
125# and 141#, as compared with the shorter 50’simple spans on the south side of the bridge that
required heavier 33” 141# and 150# 1-beams. Continuous spans also reduce the number of
expansion joints and bearings in the structure, which allowed for further cost savings in both
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construction and maintenance. In this case, the continuous spans reduce the number of bearings
from 72 to 40 (a 44% reduction) when compared with a simply supported multiple-span structure
of similar length and also allowed more of the bearings to be centered over the piers.

While continuous spans provide several advantages, they are vulnerable to differential settlement
in the foundation, a factor which probably accounts for the great attention accorded to the design
of the foundations supporting this span. Similar bridges built in Missouri just 10 years earlier
(K-112 and K-113 for example) were made of up multiple simple spans (Austin 2008:6-9). The
use of continuous approach spans in bridge JO0O21R represents a technological innovation that
contributes to the historical significance of this bridge.

In the continuous I-beam spans, the 26’ reinforced concrete roadway deck was supported by four
steel stringers spaced 7’ 8” apart consisting of an outside pair of 33” wide-flange beams
weighing 125#, which ran 2’ 77 in from the outside edge of the slab and an inside pair of heavier
33” 141# beams. Stringers were made continuous with a series of bolted splice plates connecting
both the web and the top and bottom sides of both flanges of the I-beams (see Photo #9). All the
I-beams were also reinforced in the bearing areas with cover plates that were welded in place
along both the top and bottom flanges®.

The continuous beam spans were stiffened with lateral cross-frame bracing used to resist
torsional movement. The cross frame braces consisted of X-shaped diaphragms fabricated from
riveted 5/16” thick 3 %2 x 3 2” single angles and plates, which were sized to fit tightly between
the flanges of the I-beams and were riveted to the web of the stringers at 14-15’ intervals (Photos
#7 and #9). The ends of the stringers were connected at each end of the continuous spans by 14”
wide-flange 43# I-beam floor joists or floor beams. Finger joint expansion devices were in turn
attached to those end beams.

The handrail was similar to the standard design used by the Missouri Highway Department in the
1930s (see the Gasconade River Bridges J802, K112, K113 for example — Austin 2008). It
consisted of a system of bracket plates, 4” H-posts and 6” ship channel rails. Posts were riveted
to the brackets, which were attached with rivets to the outside run of stringers below the deck
and to bolts anchored in the concrete curb and deck slab. Brackets supporting the hand rail posts
were composed of a ¥4” trapezoidal plate and %" thick 3 x 2 ¥2”” angles along the top and bottom
edges, which were riveted along the outside edge of outside stringers beneath the deck with a 3 x
2 47 5/16” thick angle (Photos #3-#8). The handrail posts were alternately spaced 6’ 10 ¥4” and
7’ 1” apart. This design differed slightly from the earlier standard design in its use of slotted
brackets which were shop welded to the rails to facilitate bolting the rails to the posts (Plan Sheet
214, Shop Drawings Sheet 8). Expansion devices were fitted to the handrails at the ends of each
span, providing for a continuous rail between the spans.

20 Correspondence identifies four welders certified to perform that work on bridge J21R. C B Howard and O K
Gaither were qualified based on earlier work at the Illinois Steel Bridge Co fabricating a highway bridge for a Boone
County project. Joseph McSherry and Walter White, the other welders on the job, were required to pass welding
certification tests witnessed by the Highway Department’s shop inspector George Morgan. They were certified to
weld on the J21R bridge project only after their sample test welds passed Morgan’s visual inspection and their test
welds were then broken in the department’s materials testing laboratory and examined for proper contour and lack of
undercutting, gas pockets and other defects. (George Morgan Arc Welding Tests Feb 14 and 19 1941, Sack to
Illinois Steel Bridge Co Feb 8, 1941)
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The surface of the deck of the continuous spans joined the roadway approach at the end bent and
the adjoining spans at bents 4 and 7 with standard fingerplate expansion devices, which were cut
from 1 ¥4” steel plate and attached with countersunk fasteners to the 14” end beams.

Truss Span

The 8-panel 170” Warren through truss with verticals was designed by Sverdrup and Parcel and
was fabricated by the Clinton Bridge Works, Clinton lowa in March and April 1941. This truss
was similar in design to a 240’ 10-panel Warren through truss that formed the northern span of
the Hermann Bridge, which was the first bridge designed by the firm of Sverdrup and Parcel 10
years earlier. Bridge JOO21R differed from the Herman Bridge span in that it incorporated more
rolled I-beams in the web and fewer fabricated box girders. While the top and bottom chords of
the Hermann span and J0O021R were similarly constructed box girders made up of riveted plates,
channels and lace bars, the vertical posts and some of the diagonal web members of the
Greenville bridge were rolled 1-beams in contrast to the earlier Hermann bridge, which utilized
fabricated girders and box beams made up from combinations of riveted plates, angles, channels,
battens and lace plates.

Sway bracing Lateral (winld) bracing

Portal strut | Struts ;
and bracing ! '

[

— Floor beams ™~~~ - Stringers

Figure 13. Anillustration of the integral members of a through truss bridge (after La Rue 1898)

Bridge JO021R crossed the St Francis River at a slight skew angle but contrary to the description
in the Missouri Historic Bridge Inventory (Fraser 1996), the bridge is bilaterally symmetrical
about the centerline of the highway and is not skewed (Figures 11). Vertical clearance was
designed to be 15° 3 7/8” from top of the wear surface of the roadway to the mid-strut of the
portals and sway braces. Over time, the clearance was reduced to 14 11” as a result of
accumulated asphalt surface overlays.
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Figure 14. Truss span of Bridge J0021R during construction in 1941 prior to removal of the falsework

The 8 ¥2” thick reinforced concrete roadway deck on the truss span was supported by two pairs
of steel stringers connected to heavy I-beam floor joists or floor beams at each panel point with
lateral cross bracing between the beams connecting at opposite panel points (Plan Sheet 214).
The inside pair of steel stringers were made from 21” wide-flange 68# I-beams, while the outside
pair were made from lighter 21” 59# I-beams (Shop Drawing 102). The four stringers were
riveted to the web of 36” 150# floor beams at each panel point with 6 x 3 ¥2” 3/8” thick
connection angles. In addition to lower gusset plates, the posts of the truss also connected at
each panel point to the ends of the 36” floor beams by pairs of 4 x 4” 3/8” thick angles riveted
between the flanges at the ends of the beams.

Forty-eight X-shaped cross frame diaphragm braces were installed between the stringers, six in
each panel. The cross frame braces in the truss span lack the horizontal angle rails used in the
similar cross frame brackets in the approach spans. These cross frame braces, each 7° 7 ¥2” long,
were fabricated from 5/16” thick 3 x 2 %2” angles riveted at each end to the web of vertical 12”
channels, which were ground to bear snugly between the flanges of the stingers. The cross frame
braces were riveted through the channel flanges to the web of the stringers at third points
between the ends of each panel (Plan Sheet 211).

Bottom lateral bracing composed of back to back stitch riveted 5/8” thick 4 x 3” angles (panels
0-1 and 7-8) or back to back 3 % x 3” 5/16” thick angles (panels 2-7) connected the ends of the
floor beams across adjacent panel points and were joined to the ends of the floor beams and
lower chord by means of 3/8”gusset plates. The bottom lateral bracing was also connected to the
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stringers above with 9” wide 5/16” thick tie plate hangers which were riveted to the braces and to
3% x 3 %" angles welded to the stringers.

Box girders for the truss span were made up of riveted plates, channels and bar lacing. The
plans, shop drawings and inspection reports all indicate that portions of the girders were also
welded. Welding was apparently confined to the ends of the girders and splices where filler
plates and reinforcing plates were tack welded and fillet welded into place to strengthen and
dimensionally pad the areas where the web members connected to the gusset plates. American
Welding Society standards for welding structural steel in highway and railway bridges were first
published in 1936 along with tentative rules for qualification and testing of welding operators
and welding was still a relatively new and innovative part of the bridge fabrication process in
1941 (Sapp 2012). The welders who fabricated Bridge JO021R at both the Clinton Bridge Works
and the Illinois Steel Bridge Co. were required to qualify by demonstrating their skills to the
highway department Shop Inspector and by submitting samples of their work for destructive
testing. Welds were a particular focus of the shop inspections made by the Highway
Departments shop inspector George Morgan in April 1941 and his inspection reports note
several “stress welds’ that had to be redone.

The lower chord of the truss was a 1’ 1” wide box beam composed of a pair of vertical back-to-
back 15” 33.9 # channels connected across the top and bottom flanges with a combination of
riveted 3/8” thick 1’ end and intermediate tie plate battens in panels 3-6 and double lacing with 2
Y by 7/16” lacing bars in panels 1-2 and 7-8. Joints in the channels were secured with splice
plates, which were attached with rivets and reinforced with welded filler plates.

Vertical posts in the truss were made from 12 wide flange
I-beams, with 45# I-beams in the panel points 1,3,5 and 7,
__Tie plate with heavier 12” 53# bearing pile 1-beams in panel points
N 2,4 and 6.

.
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The inclined end posts or batter posts and the top chord of
the truss were composed of box beams fabricated from a
20”wide 7/16” thick cover plate riveted to the flanges of a
pair of back-to-back 15” 33.9# channels spaced 1’ 1” apart,
which formed the sides of the box. The channels were
connected along the bottom side of the beam with 24 3/8”
|_- Channel thick end tie plates and 2 %2” wide 7/16” thick double bar
laces, which were riveted to the bottom flanges of the 15”
channels. The resulting box beam measured 20 x 15”

L—Lacing

VA WA

Diagonal web members at either end of the truss were made

from 12 wide-flange 53# bearing pile I-beams (Plan Sheet

213 -L1 and U7-L6). The remainder of the diagonal truss

Figure 15. illustration of a beam or members were 1’ wide box beams fabricated from two

C‘;'“mnlfab_“cﬂted fr°”; b_ac'rtg‘bac" facing 10” 20# channels single laced along the top and

fac?:ge * tle plates and single bar bottom flanges with alternating 2 %" wide 5/16” thick bar
laces. (Figure 15)
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Combination top struts and sway bracing was installed perpendicular to the trusses between the
vertical posts at each panel point. The five top strut sway braces extended between the top chords
and vertical posts of the left and right trusses. This bracing consisted of a top strut member
fabricated from 2 pairs of 5/16” 5 x 3” angles single laced to form a 1’ tall girder. Riveted below
that top strut girder by means of 5/16” gusset plates, were a pair of cross braces made from 3 %2 x
3 % angles and a vertical brace made from a pair of stitch riveted 3% x 3” 5/16” thick angles.
The pair of cross braces and the vertical brace were secured by 5/16” thick gusset plates to the
top strut and to a mid-strut made from stitch riveted 3/8” thick 6”x 6” angles. The top and mid
struts were in turn secured to the top chord and vertical 1-beam posts with riveted gusset plates
(Plan Sheet 214, Shop Drawing Sheet 102).

Top lateral X-shaped ‘wind bracing’ was installed diagonally between panel points along the top
chord in the central six panels of the truss. These six sets of lateral wind braces were fabricated
from two pairs of 3 x 3 %" 5/16” angles joined by 9” 5/16” tie plates to form girders which in
turn were attached at their crossing point in the center of each panel by a pair of 5/16” gusset
plates. The x-shaped lateral wind braces attached to the top chord at the same 5/16” gusset plates
where the top strut/sway braces attached.

The portal sections at each end of the truss span were the most geometrically complex
components of the bridge. Similar to the top struts and sway bracing, they consisted of a
composite portal top strut, a pair of X-shaped cross brace diagonals, a vertical strut and a mid-
strut?* (Plan Sheet 213, Shop Drawing 101).

The portal section top struts consisted of a composite box beam with a hexagonal cross section
fabricated from a pair of girders made from single laced 3 %2 x 3 %2” 5/16” thick angles and 9”
5/16” thick end tie plates. The two girders laced with 2 ¥ wide 3/8” thick lace bars secured
with %" rivets were attached to nine 6” wide portal strut diaphragms spaced 3’ apart between the
left and right trusses, which were in turn secured with rivets to a 26” wide 3/8” thick cover plate
fabricated to conform to the front and top sides of the strut. The portal strut diaphragms were
welded from 5/16” web plates and 3/8” thick flanges and were designed to hold one of the
girders in-plane with the inclined end posts of the truss and the other in-plane with the top chord
(Plan Sheet 213, Shop Drawing 101). The portal top strut was joined to the end posts and top
chords by means of riveted gusset plates. The ends of the pair of cross braces and the vertical
strut were also joined to the top and mid-strut by riveted gusset plates.

The diagonal cross braces and the vertical brace in the portal sections were single laced girders
fabricated from 3 % x 3” 5/16” angles with 5/16” thick end tie plates and 2 ¥2” wide 3/8” thick
bar laces. They were attached to the top strut, end posts and mid strut with % rivets by means of
gusset plates on both sides at all points of intersection.

The mid-struts in the portal sections were single laced girders made from four 3 %2 x 3” 5/16”
thick angles joined by %.” rivets with 2 ¥4 wide 3/8” thick lace bars and 9” 5/16” thick end tie

%! The double X-shaped portal sections on Greenville Bridge differ from those featured on most Sverdrup and Parcel
designs which typically employed a large single X-shaped portal brace.
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plates. The portal mid-struts were attached to the diagonals, vertical strut and the inclined end
posts of the truss with rivets and a combination of 5/16” and 3/8” thick gusset plates.

The principle members of the truss web were connected at each of the panel points by means of
riveted gusset plates. Horizontal gusset plates used in the lower chord connections were 3/8”
thick. Vertical gusset plates were 7/16” thick and gusset plates used to connect the sway braces
and cross bracing struts and lateral wind bracing to the top chords were 5/16” thick. Additional
filler plates and angles were welded and riveted to the ends of the truss members to strengthen
the areas where the truss members attached to the gusset plates.

The hand rail on the truss span was continuous with that attached to the approach spans and
consisted of a system of brackets fabricated from ¥4” trapezoidal plates and 3 x 2 ¥2” ¥4” angles,
which attached to the stringers with 3 %2 x 3” riveted angles. The 4” H-posts, to which 6”
channel rails were bolted by means of welded brackets, were riveted to the support brackets and
bolted to anchor bolts set in the curb and deck slab. As with the approach spans, the hand rail
brackets were riveted to the outside stringers beneath the deck. The hand rail was also bolted
directly to all of the vertical 1-beam post members of the truss span by means of a special bracket
(Plan Sheet 214, Shop Drawing 104).

Simple Spans

A pair of 50’ simple 1-beam approach spans were located on the south side of the truss span.
These simple spans were fabricated by the Clinton Bridge Works in Clinton lowa. They were
assembled and inspected by George Morgan in the fabricator’s shop on April 17-18 1941.
Morgan was generally pleased with the quality of the work but required the fabricator to remove
burrs from all the metal edges and to sandblast and shop paint the spans before he would accept
them.

In the two simple spans, the roadway deck was supported by four 33” wide flange 1-beams
spaced 7’ 8” apart, with the outside pair of beams weighing 141#/foot and the inside pair 152#/ft.
At the ends of each span, diaphragms made of 15” 33.9# channels and 9” wide 3/8”stiffener
plates were riveted transversely between the stringers. The cross frame 15” channels and
stiffener plates were riveted to the web of the stringers with 5 x 3 %" 3/8” thick angles which
were ground to fit and bear inside the flanges of stringers®® (Plan Sheet 212).

Cross frame bracing was riveted to the web of the 33” I-beam stringers at third points (16’ 8”
apart) within each of the two simple spans. The cross frame braces in the simple spans were
similar to those utilized in the continuous spans and consisted of diaphragms fabricated with top
and bottom rails made from 5/16” thick 3 %2 x 3 ¥2” angles and cross members made from 3 x 2
1" 5/16” angles, which were riveted to 8 x 6” 7/16” end stiffener angles used to connect the
braces to the stingers (Shop Drawings 96, Plan Sheet 211).

22 The six 15” channel diaphragms at the ends of the 50° spans where they join over Bent 12 were apparently
installed backwards, that is back to back as seen in Figurel6 rather than facing as in the plans (Plan Sheet 212 Bent
12 longitudinal sections at supports). George Morgan did not note that change or error in his inspection report and
that change between the design and the “as built’ structure does not appear to have resulted in any problems.
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Deck

Bridge JOO21R had an 8 %2” thick reinforced concrete deck slab, which was haunched to the top
flange of the stringers, floor beams and the 15” channels at the ends of each span®. The bridge
deck was reinforced with top and bottom layers of 5/8” reinforcing bars which were spaced on
11” centers. The Laclede Steel Co. supplied the reinforcing steel. The deck in each of the
continuous spans was poured in three sections of 36°, 69° and 85’ in length, working from south
to north starting at the north end of the span so that only two transverse construction joints were
present within the slab on each span (Plan Sheet 215).

il e |

Figure 16. The truss span portal and 5|mpIe I-beam approach spans at the southwest end of Bridge JO021R during
construction in 1941 showing the I-beam stringers, lateral cross-frame bracing, 15” channels and hand rail brackets
and posts on the simple spans. The approach spans of the 1930 bridge (J21) are visible in the background.

%% Reinforced concrete decks were typical of 2 out of 3 bridges built in the US after 1930 and were made possible by
research and analysis conducted by H. M. Westergaard at the University of Illinois in the 1920s and 30s (Bettigole
and Robinson 1997:3) .
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Expansion Joints

Expansion joints between the three 190’ continuous spans and the north end abutment (Bent 1)
and Pier 10 on the north side of the river were standard design finger-joint plates cut from a
single 1 ¥4” plates and were fixed to the underlying channels or beams with countersunk
fasteners.

On the south side of the river, the two 50’ simple spans were closely butted and required only
narrow expansion joints filled with %4 rubber compound.

Bearings

Specifications for the bearings for Bridge JOO21R called for use of either cast steel or gray iron
alloy and correspondence indicates that both cast steel and gray iron alloy bearings were used.

In a letter dated Dec 19, 1940, highway department bridge engineer N. R. Sack inquired of the
Illinois Steel Bridge Co. whether the bearings for the 50° simple spans would be cast steel or
gray iron alloy. In their reply to Sack, the Illinois Steel Bridge Co. responded on Dec 27, 1940
that steel castings had been purchased from the Omaha Steel Works, Omaha Nebraska and that
the V. R. Andrus Co. of Kansas City would supply the gray iron alloy bearings. Omaha Steel
Works produced the castings for the bearings used in the truss span and continuous spans and
their castings passed the physical tests conducted in the highway department’s materials lab in
March 1941.

The V. R. Andrus Co. of Kansas City was the contracted supplier for gray iron bridge bearing
plates for the simple spans but a letter of Feb 21, 1941 from Spuck Iron & Foundry Co. to N. R.
Sack, highway department bridge engineer, indicates that they were awarded a sub-contract from
the V. R. Andrus Co. to furnish the gray iron alloy bridge plates for the two 50° simple spans.

The fixed bearings installed on the north ends of the two simple spans were of a simple two piece
design that consisted of a masonry plate with a convex top surface and a sole plate bolted to the
flanges of the I-beam stringers with a corresponding concave surface. The expansion bearings
were a three piece design consisting of a flat masonry plate, a separate slotted floater plate with
convex upper surface and a sole plate with a concave lower surface (Plan Sheet 212). The
bearings were designed to rest on 1/8” lead plate bearing pads and were fixed to the bents with
anchor bolts.

When the Spuck Foundry submitted sample bars for required testing by the highway
department’s materials lab, the iron alloy from the pour they used to make the bridge bearing
plates for the simple spans was found to be below the minimum specified tensile strength of
50,000 PSI (46,500 and 49,000 PSI, averaging about 5% below the 50,000 PSI yield point for
ASTM specification for Class 50 gray iron). After some back and forth correspondence between
the Highway Department’s Bridge Engineer N. R. Sack and the president of Spuck Foundry,
Bridge Engineer Sack agreed to accept the plates produced by the Spuck Foundry, provided that
they passed visual inspection after machining. George Morgan made the visual inspection of the
machined castings at the South Side Machine Co. in St Louis, on March 19, 1941 and with minor
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additional machining to correct flatness of one surface on one plate, he accepted them for use in
the bridge®

Cast steel bearings used in the truss and continuous spans were of the pinned rocker type (Plan
Sheet 214). For the truss span the masonry plates for both the fixed and rocker shoes were
attached to the piers with four 1 %" swedged anchor bolts. The fixed bearings consisted of a
massive 30 x 20” cast steel masonry plate 14 %" tall, a 3” diameter pin and a 13 x 20 ¥ sole
plate. The rocker shoes rest on a 3 ¥4” thick 20 x 36” masonry plate and consisted of 13” tall
rockers, a 3” pin and a 13 x 20 %2” sole plate. Lead plates 1/8” thick were installed beneath the
masonry plates. Similar but smaller rocker type bearings with 3” pins and 9” rockers were used
for the continuous approach spans (Plan Sheet 212, Photo #1).

Conclusion

The St Francis River Bridge (Bridge J0021R) built on Route 67 at Greenville in 1941-42 is a
good example of a Warren ‘camelback’ through truss with verticals. Although Warren trusses
were commonly used for mid-length highway and railroad spans during the early to mid-20th
century, they were rarely employed by the Highway Department in Missouri (which more
typically built Pratt and Parker trusses) except for bridges designed by Leif Sverdrup and his
firm Sverdrup and Parcel (Guise 2006, Gubbels 2005).

Several factors contribute to the significance of bridge JO021R, including the ‘camelback’
polygonal top chord of the Warren truss, its design by the firm of Sverdrup and Parcels", whose
Warren through truss bridges dominated the landscape of major river spans in Missouri during
the mid-20th Century®, its use of continuous approach spans and technological advances in
fabrication related to use of both welded and riveted joinery, at a time when welding was
beginning to replace riveting in the fabrication of steel structures. Finally, Bridge JOO21R is also
significant for its location at the edge of the NRHP listed ‘Old Greenville’ town site and for its
role in bridging the St Francis River along an important historic transportation corridor.

After nearly 70 years of service, bridge JO021R was removed in November 2011, having been
replaced by a new four lane structure on the new Route 67 expressway, which was built by
Robertson Contractors on the upstream side of J21R (Photo #37).

* The compressive strength of cast iron is more than three times its tensile strength. While the specification for
‘Class 50" iron in bridge bearing plate applications is an industry standard, that standard may have been considered
conservative. Both Spuck Foundry and N. R. Sack were ultimately unwilling to discard and remake even the
comparatively small quantity of material (1040#) that tested short of the Class 50 specification, apparently because it
seemed wasteful and punitively costly for the foundry to remake the plates. The decision to use slightly
‘substandard’” material seems to be an example of the ‘make do attitude’ and ‘depression era mentality’ that
characterized the generations of Americans who lived through the great depression.

#Sverdrup and his firm Sverdrup and Parcels designed or managed construction of a number of Warren through
truss major river spans including the Glasgow Bridge on Route 240 in Howard and Saline Counties in 1925, the
Blair Bridge in Washington Co. Nebraska in 1929, Hermann Bridge 1929, Waubonsie Bridge, Nebraska City 1930,
Gasconade River Bridge on Missouri Route 100 in 1931, Fairfax Bridge Platte Co. 1931, Missouri River Bridge at
Washington Mo. 1934, Mark Twain Bridge at Hannibal 1936, Des Moines River Bridge St. Francisville1937, the
Amelia Earhardt and Miami bridges in 1939 and the Mississippi River bridge at Chester Illinois 1941-42 .
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" Shortly after completion of the design of Bridge J0O021R, on November 7, 1940 the five month old Tacoma
Narrows Bridge collapsed. Leif Sverdrup was hired by the Toll Authority who owned the bridge to help establish its
insurance value. Sverdrup then chaired a board of inquiry charged with investigating the cause of that collapse.

Leif Sverdrup issued the committee findings on June 16, 1941 (while bridge J21R was being erected) which
concluded that the primary causes of the Tacoma Narrows Bridge collapse lay in design flaws that made the bridge
subject to effects of wind that in previous designs were otherwise negligible.

Less than year after completing the design of Bridge JO021R and while that bridge was still under construction,
Sverdrup and Parcel partner D C Wolfe was directing a project to design and build underground bomb proof
bunkers in Hawaii (Contract W-414-eng-808). On November 16 1941 Sverdrup arrived in Hawaii and signed a
cost-plus fixed-fee contract (DAW-414-eng-511) to design and supervise construction of a series of secret military
airfields in the south Pacific, which were designed to ferry B-17 bombers to the Philippines in advance of an
anticipated Japanese attack, which was expected in the Spring of 1942,

" Sverdrup and Parcels was founded by Leif Sverdrup and John Parcel in 1929. Sverdrup studied engineering
under Parcel at the University of Minnesota in 1921 and then worked briefly for the Minnesota highway department
before becoming the Bridge Engineer at the Missouri Highway Department. The firm specialized in bridge design.
Sverdrup and Parcel was regarded as one of the leading bridge design firms in the country based on a legacy of
design excellence earned over a span of 70 years. The firm’s reputation was sullied following the August 27, 2007
collapse of the I-35W Bridge (Bridge 9340) in Minneapolis-St Paul, which they had designed in 1962. In November
2008, the National Transportation Safety Board released a report citing a ‘design error’ in the gusset plates as the
cause of the collapse, which resulted in the deaths of 13 people and injuries to another 145. The NTSB analysis
concluded that a %2 gusset plate at the U10 node in the bridge failed due to substantial increases to the weight of the
bridge resulting from previous modifications (20% increase in dead load from pavement overlays) and the heavy
traffic and construction loads on the bridge at the time its collapse (578,000 pounds of material and equipment were
on the bridge, which was about to be repaved). In their review of the bridge design, the NTSB found that 24 “under
designed’ gusset plates had been incorporated in the bridge, each about % the thickness they should have been.

Since a design flaw was cited by the NTSB as the main underlying cause of the 1-35W bridge collapse, concern then
arose that other Sverdrup and Parcels bridges might also incorporate similar design flaws. Fears about the scale of
the legal liability should another of their bridges collapse led to a nationwide program of inspection and analysis of
structures similar to the 1-35W Bridge. Although no other design flaws were detected, as a precautionary move
many Sverdrup and Parcel designed bridges were slated for replacement.

In the course of the legal battle over liability for the collapse of the 1-35W Bridge, alternate theories for the cause
have been developed, mainly related to previously identified fatigue cracks in truss beams and unmanaged signs of
strain evidenced by bowed gusset plates, which have been attributed to frozen expansion bearings. In a theory
developed in 2009 following analysis by Thornton Tomasetti Inc. (structural engineering consultant hired by
lawyers representing the victims and their families), the imbalanced overloading of the structure during the
construction project and the very high temperature (91 degrees) the day of the collapse lead to the disaster mainly
because some of the poorly maintained expansion bearings, which had previously been reported as severely
corroded and fouled with paint build up, were frozen and not functioning properly. The frozen bearings
consequently failed to accommaodate the thermal expansion of the bridge. According to the Thornton Tomasetti Inc.
theory, the bridge collapse was due to buckling and failure of a horizontal beam (L9-L11 chord) in the lower part of
the truss, caused by faulty expansion bearings, which then in turn lead to a cascading failure of the gusset plates
during the collapse of the bridge.

A lawsuit is still pending against Jacobs Engineering, which acquired Sverdrup and Parcel in 1999 and the liability
for their earlier designs. In May 2012 the US Supreme Court declined to hear Jacobs appeal to dismiss the suit,
which argued that too much time had elapsed since the 1960s design of the 1-35W Bridge. Reanalysis of the cause
or causes of the collapse during the upcoming trial may help to finally determine the extent to which design flaws,
faulty bearings or some other factor or factors caused the collapse of Bridge 9340 on 1-35W in Minneapolis-St Paul.
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#1 of 37. Bridge JOO21R. Abutment 1. View to northwest.
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#2 of 37. Bridge JOO21R. North approach spans; VieW to nortﬁWest.



#3 of 37. Bridge J0021R. North ehd. View to west.



#4 of 37. Bridge JOO21R. East side. View to southwest.



#5 of 37. Bridge JOO21R. East side. View to southwest.






#7 of 37. Bridge JOO21R. East side. View to southwest.
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#8 of 37. Bridge JOO21R. Main span. View to soufhWest.
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#9 of 37. Bridge JOO21R. Piers 10, 11 and subdeck. View to southwest.



#10 of 37. Bridge JO021R. Details at Pier 10. View to southwest.



#11 of 37. Bridge J0021R. Details at Pier 11. View to southwest.
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#13 of 37. Bridge J0O021R. South portal. View to north.
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#14 of 37. Bridge JO021R. South approach. View to north.




#15 of 37. Bridge JOO21R. South end. View to northeast.
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#16 of 37. Bridge JO021R. South approach spans. View to northeast.



#17 of 37. Bri'dge JO021R. West side. View to northeast.
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#18 of 37. Bridge JOO21R. Details at Pier 11. View to northeast.
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#19 of 37. Bridge JOO21R. West side. View to northeast.



#20 of 37. Bridge JOO21R. West side. View to northeast.




#21 of 37. Bridge JOO21R. Abutment 13. View to southwest.



#22 of 37. Bridge JOO21R. East side. View to northwest.



#23 of 37. Bridge JOO21R.
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Main span. View to northwest.




#24 of 37. Bridge JOO21R. Details at Pier 11. View to northwest.
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#25 of 37. Bridge JOO21R. East side at Pier 11. View to northwest.
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#26 of 37. ridge JO021R. East side at Pier 10. View to northwest.



#27 of 37. Bridge JOO21R. Main span. View to west.



#28 of 37. Bridge JO021R. East side. View to southwest.
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#29 of 37. Bridge JOO21R. Between bridges. View to south.



#30 of 37. Bridge JOO21R. From new bridge. View to south.



#31 of 37. Bridge JOO21R. From new bridge. View to south.
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#32 of 37. Bridge JO021R. North approach. View to south.




#33 of 37. Bridge JOO21R. East side. View to southwest.
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#34 of 37. Bridge JOO21R. East side. View to southwest.



#35 of 37. Bridge JOO21R. 1905 bridge pier in foreground. View to southwest.



#36 of 37. Bridge JOO21R. West side. View to northeast.
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#37 of 37. Bridge JOO21R. West side. View to northeast.
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Bridge Plans, Rehabilitations and Shop Drawings

St. Francis River Bridge (Bridge No. J0021R)
Route 17, Wayne County, Missouri
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