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Historical Narrative

Bridge No. J-296 over the Niangua River Arm of the Lake of the Ozarks in south-central
Camden County was designed and constructed by the Missouri State Highway Department as a
part of the relocation of Route 54 brought about by the construction of Bagnell Dam in 1929-31.
Erected in 1930-31, the Niangua River Bridge consists of a Warren cantilever through truss
flanked on either end by Warren through truss approach spans. Its total length of 1,229 feet
distinguishes the Niangua River Bridge as one of Missouri’s longer spans, and one of a relatively
few cantilevered trusses in the state.'

During the late 1920s, the Union Electric Light and Power Company’s plan to construct
Bagnell Dam on the Osage River led the Missouri State Highway Department to relocate
approximately 11.6 miles of Route 54 across Camden County between the villages of Damsel
and Roach. This section of relocation (roughly between present Routes Y and AA) necessitated a
new crossing over the Niangua River near the south end of the dam’s enormous flood pool, west
of the new county seat of Camdenton. Soon after beginning the dam construction in August
1929, the engineering firm Stone and Webster Engineering advised the highway department to
expect a high water elevation of 668 feet at the proposed new Niangua River crossing. This data
allowed the highway department’s Division No. 5, headed by Division Engineer Robert W.
Hodson, to begin preliminary surveys of the bridge site. In early January 1930, Hodson
forwarded the survey report to Bridge Engineer N. R. Sack. Hodson’s report made no
recommendations regarding the type or size of the new bridge since several possible structures
could be acceptable, depending on the road grade which Sack’s office would establish. Sack’s
bridge division soon developed sketch plans of a substantial five-span crossing featuring a central
through truss span suspended from cantilever arms and supported by anchor spans at each end,
with two through truss approach spans. The initial design allowed Sack to open negotiations
with the U.S. Army Corps of Engineers who would authorize construction of the structure under
the auspices of the War Department.?
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Sack discussed the proposed bridge with Captain H. W. Collins of the Army Corps before
submitting a formal permit application in April 1930. The War Department considered the
Niangua a navigable river and therefore required minimum horizontal and vertical clearances for
navigation under full pool conditions. The Corps held a public hearing at its Kansas City office
on May 12. In later processing the permit, Collins calculated that the pool level elevation would
reach 664 feet, not 668 as Stone and Webster had advised, and that the bridge could be safely
lowered by four feet and still meet the minimum 15 foot vertical clearance. The highway
department subsequently revised the bridge drawings to reflect this change, leading to a lower
1.58 percent grade on the approach spans instead of a steeper 2.49 percent grade as originally
designed. Meanwhile, Hodson’s crews out of Division No. 5 conducted additional surveys of the
bridge site, completing accurate plan, profile, and cross-section sheets of adjacent sections of the
new highway. The War Department and Corps of Engineers signed off on the bridge on August
8, with the stipulation that the highway department remove the existing Route 54 crossing over
the Niangua--a suspension bridge located about four miles downstream. After protests by Chief
Engineer T. H. Cutler, Union Electric eventually removed most of the old structure as part of its
clearing operations within the reservoir, while the highway department removed sections of a
suspension tower pier to ground level.?

With the approved permit in hand, the Bridge Division completed the final stress
calculations and drew up the detailed bridge design plans during September 1930. On September
19, the department sent out notices of the upcoming October 10 letting to over a dozen major
bridge construction companies in the Midwest, also sending a completed set of the bridge plans
to the U.S. Bureau of Public Roads for its approval. Eight companies bid on the bridge
construction plus short adjacent sections of roadway, designated as Section G of Federal Aid
Project 328. The Wisconsin Bridge and Iron Company of Milwaukee received the contract with
its low bid of $179,051.49.4
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Over the following month, the Wisconsin Bridge and Iron Company and the Missouri
State Highway Department finalized their pre-construction preparations. Within days after the
October letting, A. B. Walling, Wisconsin Bridge’s contracting engineer based in their Kansas
City office, met with Sack in Jefferson City to discuss the project. The company would send
down K. R. Buck as their foreman. They soon sublet the few hundred feet of adjacent roadway
work to the Gaines Brothers Construction Company of Eldon, and contracted with the
Carter-Waters Corporation to supply the reinforcing bars. By early November, Wisconsin Bridge
had ordered the bulk of the structural steel members to be rolled by the Carnegie Steel Company
using Illinois Steel Company’s Gary and South Chicago plants, with the wide flange members
rolled at Carnegie’s Homestead, Pennsylvania, plant, and additional materials ordered from the
Bethlehem Steel Company’s Lackawanna, New York, plant. Wisconsin Bridge also began
preparing the detailed shop drawings, sending the first ones for the highway department’s
approval in mid-November. Sack, meanwhile, arranged to transfer S. J. White out of Division
No. 10 to serve as the department’s project engineer, judging him “better able to handle the
Camden County project than anyone the division [No. 5] has available. Fred L. Hunt was
transferred from Division No. 9 as the assistant project engineer. Sack believed that by “keeping
the bridge men upon the larger bridge projects ... we can secure the best quality of work with a
limited amount of trouble.” The highway department also arranged for inspections and tests of
the steel as it was initially rolled, and later fabricated. The Pittsburgh Testing Laboratory was
contracted to inspect the milled standard and “Carnegie” shapes. The department chose the
Robert W. Hunt Company to inspect the cast steel shoes, expansion devices, and the milled
“Bethlehem” shapes specified for members of built up sections of four angles. The department
would send its own inspector once Wisconsin Bridge fabricated the members.’

By late November, Wisconsin Bridge and Iron had shipped most of its heavy equipment
to the bridge site and had a work force of fifteen men engaged in building tool sheds and setting
up in preparation for the pier excavations. Gaines Brothers jumped ahead on the road work by
blasting out the bluff above the river’s west bank. Before the survey stakes were set, and without
checking the plans or consulting with White, the subcontractors unwittingly placed a charge at
the site of Bent 6, loosening the bedrock there to “a considerable depth.” Foreman Buck had
planned to focus on the larger Pier 4 while simultaneously excavating for Bent 1 and Pier 2, but
now shifted his attention to removing the loose rock at Bent 6 where the changed elevation of
intact bedrock forced a probable redesign of the abutment. The company’s three Johnson
Bantam weight batchers posed another problem for the highway department. Bridge
Construction Engineer D. C. Wolfe, who would make periodic inspections of the ongoing
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Wisconsin Bridge and Iron Co., November 18, 1930; N. R. Sack to Wisconsin Bridge and
Iron Co., November 19, 1930; N. R. Sack to Robert W. Hunt Co., November 20, 1930;
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Wisconsin Bridge and Iron Co., November 26, 1930, Bridge File.



construction, found these little-used batchers very impractical, calling them “man-killers.”
Designed mainly for light work, the batchers held just two wheelbarrows of aggregate, and the
workmen had to shovel the material into hoppers over four feet high then wheel the compound
over to the cement mixer. Wolfe anticipated “a great deal of trouble” in getting the laborers to
accurately weigh the proper mix of aggregate and feared “many petty squabbles” would erupt
between White and Buck. However, Wolfe conditionally approved using the batchers. Other
equipment brought in included a steel stiff-leg swinging derrick with a 135-foot boom, mounted
on railroad tracks and powered by a 65-horsepower hoist; a two-bag capacity Ramsome concrete
mixer; two 4-inch steam pumps; a Fordson tractor equipped with a hoist; a power saw; 35-foot
arch web steel sheeting; and various hand tools.®

During December 1930, Wisconsin Bridge shipped in additional equipment, including
another derrick with a 60-foot boom, an 80-horsepower vertical boiler, a 6-inch centrifugal
pump, and a 60-foot “Inslie tower concrete placing outfit.” The work force increased to about
three dozen local laborers who completed the relatively shallow excavations and poured the
footings for Bent 1 and Pier 2 on the east bank. Freezing weather obliged them to envelop the
footings under canvas and warm the air to about 65 degrees with portable “salamander” heaters
while the concrete cured. Having removed the blasted rock at Bent 6, White submitted a sketch
of the altered ground elevations to the bridge office. A 6-foot long hole extended along the
location of the planned retaining wall to about the middle of the abutment footing. Sack directed
White to fill the cavity with reinforced concrete, avoiding a redesign of the bent. At Pier 4,
limestone bedrock appeared about three feet higher than expected, but was so cracked and porous
that numerous springs erupted into the excavation. The fissures proved impossible to plug and
kept two pumps occupied. Eventually, the column bases were redesigned from their original
cylindrical form to an octagonal shape “in order to cut off one bad spring,” while pipes driven
into the rock carried the water away from the forms. The octagonal reconfiguration, incidentally,
slightly increased the size and stability of the Pier 4 bases.’

Through January 1931, construction advanced on all the piers and abutments
simultaneously, so that by early February Abutment 1 was built up to its cap beam and Pier 2 was
complete except for the final finishing. As Inspector Wolfe had earlier feared, problems arose
out of the steel sheeting used as forms in the concrete construction. The pieces of sheeting, each
about two feet square, were held together by numerous tie wires. Curved pieces and extension
plates were used on the cylindrical columns, and it was virtually impossible to align all the pieces
properly to eliminate irregularities in the final pier forms. Exposed steel reinforcing bars had
their ends chiseled off--along with portions of the surrounding concrete. Patching the resulting
holes gave Pier 2 a “very spotted appearance.” In addition, a vertical crack appeared along the

D. C. Wolfe, “Inspection Report,” November 19, 1930; N. R. Sack to Wisconsin Bridge and
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web wall caused by the salamander heaters drying the concrete too quickly. Pier 2 therefore had
a “rough” finish and only a “fair” general configuration. The excavations at Pier 3 passed
through a hard, cementitious gravel layer to a brittle sandstone bedrock, when once again
constant water seepage threatened to fill the cofferdam. Here, the contractor built the forms up
against the rock and placed a “grout wall” against the forms to seal out the water. As with Pier 4,
‘the column bases at Piers 3 and 5 were redesigned from a cylindrical to an octagonal shape.
Abutment 6 also was completed during January except for the final rubbing.?

The Wisconsin Bridge and Iron Company meanwhile received the rolled steel shipments
and fabricated the pieces for the Warren through truss approach spans by late December 1930,
shipping the members for the western span to Camden County as the first span to be erected. By
the end of January, most of the cantilever truss except the suspended span had been fabricated,
pre-assembled in the plant, reamed, and matchmarked.’

With the completion of Bagnell Dam in February 1931, the steadily rising reservoir
became a major worry. On February 10, Sack warned the erection manager of Wisconsin Bridge,
D. K. Allinder, that the bridge site would be flooded within four weeks. It was therefore
imperative that the steel spans be in place by that time, but continual problems with the pier
construction hampered progress. The workers experienced considerable difficulties in “dressing
down” the tops of the piers at the shoe locations to the precise elevations required. Chisels and
bush-hammers tended to gouge the top coarse aggregate to below the specific elevations, while
grinding them down--a more exact process--was too time-consuming. Sack therefore instructed
Allinder to forego building up Piers 3, 4, and 5 to the required elevations only to dress them
down again. Instead, they would place an inch or more of grout under the shoes to lift them up to
the desired elevations. Abutment 1 and Pier 2, however, would still be ground down to the
proper heights, with any subsequent spalling filled with a paste of litharge and glycerine."

Wisconsin Bridge erected the west approach span within days of Sack’s warnings of the
rising waters, but soon District Engineer Hodson again admonished the company to “concentrate
immediately” on the grading and bridge work, as the reservoir pool was expected to reach the
height of the dam’s spillway by April 1. On March 6, Hodson reproached Allinder at Wisconsin
Bridge, or more specifically Gaines Brothers, for failing to work on the earth fill approaches at
the ends of the structure. Since the borrow sites for these fill approaches were within the
Niangua River bottom, Hodson advised Allinder to “insist on your grading subcontractors putting
in these approaches as soon as possible as these borrow pits will probably be overflowed by
backwater.” This oversight was more the fault of the highway department for neglecting to
supervise the grading work. Apparently since the beginning of the project, both White and Sack

8D. C. Wolfe, “Inspection Report,” December 23-27, 1930, February 2, 1931; K. R. Buck to
N. R. Sack, January 14, 1931; N. R. Sack to K. R. Buck, January 16, 1931, Bridge File.
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29, 1931; D. C. Wolfe, “Inspection Report,” February 2, 1931, Bridge File.
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had understood that another project engineer working on adjoining roadway sections was
overseeing the grading work for the bridge project, while Hodson believed White was handling
the grading. Despite this confusion, Gaines Brothers had managed to finish most of the rough
grade by the beginning of March.!!

Through March, Wisconsin Bridge completed the substructure except for the back filling
and rapidly erected the entire superstructure. False work bents remained under each panel point
to support the trusses until after the bearing plates had been grouted up and secured with anchor
bolts, and all the rivets driven. Inspector Wolfe noted with some amazement that the crews had
placed 1,000 tons of steel in fifty days. By the last week of March four crews had driven more
than half of the approximately 41,000 rivets. The concrete deck on the east approach span had
been poured, although earlier Hodson had to direct Allinder to acquire additional lumber for
more forms to speed up the work. Wolfe also remarked that the problematic Pier 2, after its final
finishing rub, “presents a very nice appearance.”'?

Riveting the massive structure continued through mid-April when the false work was
removed and the spans swung. Pouring the concrete bridge deck proceeded in a specific
sequence to avoid overstressing the structure. The concrete was mixed underneath the east
approach and hoisted up through the Inslie tower to a transport truck placed on runways. With
the east approach span, Span 1, complete, flooring proceeded across Span 2, the east anchor
span, and then to the adjacent cantilever arm of the central Span 3. The work then shifted to the
west anchor span, Span 4, followed by the west cantilever arm before pouring the suspended
span with a richer mix containing extra concrete. Finally in about mid-May the road deck was
finished with the pouring of Span 5, the west approach span, which also held a richer mix. The
concrete curbs were poured separately, after the roadway slabs were dry. Wolfe initially
commented that “The lines, workmanship and riding surface on the complete floor is good.”
Sack complimented Allinder, saying “We are very much pleased with the progress that has been
made upon this project and particularly the speed with which the floor has been placed.” The
riveting crews, carpenters, concrete workers, and the arrival of the painting subcontractor crews
had nearly doubled the Spring work force to sixty men. Most were laid off upon the completion
of the structure, on May 16, 1931.13

Several days later, on May 21, Wolfe in company with White and a Mr. Hill out of
Hodson’s division made a semi-final inspection of the Niangua River Bridge. The Beckman

D. K. Allinder to N. R. Sack, February 13, 1931; Robert W. Hodson to S. J. White,
February 27, 1931; Robert W. Hodson to Wisconsin Bridge and Iron Company, February 28,
1931; Robert W. Hodson to D. K. Allinder, March 6, 1931; N. R. Sack to Robert W. Hodson,
March 2, 1931; Robert W. Hodson to T. H. Cutler, March 3, 1931, Bridge File.

2Robert W. Hodson to D. K. Allinder, March 6, 1931; D. C. Wolfe, “Inspection Report,”
March 26, 1931, Bridge File.

BUnsigned memo, February 27, 1931; N. R. Sack to Wisconsin Bridge and Iron Company,
March 3, 1931; D. C. Wolfe, “Inspection Report,” March 26, April 16, May 21, 1931, N. R.
Sack to D. K. Allinder, May 4, 1931, Bridge File.



Painting Corporation out of Chicago had another sandblasting crew on the job and had about ten
percent of the structure painted. Otherwise, about ten workmen remained behind, loading and
shipping out equipment for Wisconsin Bridge and Iron. Wolfe reported, “For the most part this
job was in excellent condition for semi-final inspection and very few criticisms could be found.”
Wolfe noticed the railings slightly misaligned in some places, one batten plate was bent, and the
two end abutments required additional backfilling and tamping. Pier 2 needed some rubbing
down to remove spots of concrete wash, and its bevels further dressed down. The Niangua River
Bridge could have opened for traffic at that time, but the short sections of graded approaches still
needed a top gravel layer. The new stretch of U.S. Route 54 from Bagnell Dam southwest across
the Niangua River Bridge opened on Decoration Day, May 30, 1931. Sandblasting and painting
the new Niangua River Bridge continued through most of June, with a first coat of red lead paint,
followed by a second coat of brown and a third coat of aluminum. Wolfe’s final inspection on
June 29 recommended no additional work, and acceptance of the structure."

Description of Niangua River Bridge

The Niangua River Bridge (Bridge No. J-296) spanning the Niangua River Arm of the
Lake of the Ozarks at U.S. Route 54 is a five-span structure consisting of flanking eight-panel
Warren through truss approach spans, two 245°-11 anchor spans, and a central 196’ Warren
through truss span suspended from two 73°-6” cantilever arms. The total length of the bridge is
1,228°-8”. The substructure consists of reinforced concrete abutments and dumbbell piers
carried to bedrock. The structural members are rigid-connected with 7/8”-diameter rivets in the
trusses and floor system, and 3/4”-diameter rivets in the laterals and bracings. The roadway
width is 20’ between the curbs.

Abutment | on the east shore is an open abutment having two rectangular footings
measuring 7°-0” x 6’-0” x 2°-0”, centered 23°-3” apart. The footings support front-battered
columns 5’-6” x 5°-0” at the base which rise 6°-0”, being connected in the upper 3’ with a
3’-wide cap beam forming the bridge seat. The winged backwall is 1°-0”” wide x 6’-1” high x
51°-0” long. Abutment 6 placed on the west bluff is an asymmetrical stub abutment with a
20’-long retaining wall extending off its south end. Irregular in plan and elevation, the base of
the abutment slopes upward from south to north, from a depth of 9°-6” to 3°-0”. The total length
of the abutment is 32°-9”, and it is backed by a 6’-high backwall. Its bearing seat also is 3’ wide.
The adjoining retaining wall rests on a stepped footing 8°-3” wide carried to an undetermined
depth to bedrock. The wall atop the footing is 1°-0” wide and approximately 15 high.

Piers 2 through 5 are dumbbell piers each consisting essentially of two octagonal or
square bases supporting cylindrical columns integrated with adjoining web walls and topped with
pier caps. Each of the columns are centered 23°-3” apart and are battered 3/8” per foot. The
connecting web walls are 1°-6” thick, and the overlapping cap beams are 6’-6” wide x 3°-6”
thick. The piers’ other dimensions are variable. The smallest, Pier 2, has 8’-6”-square bases
approximately 5° to 8” deep (depending on the depth of bedrock), built up to an elevation of

“D. C. Wolfe, “Inspection Report,” May 21, June 29, 1931; F. V. Reagel to R. W. Hodson,
June 24, 1931, Bridge File.



647.70 feet. Its columns are approximately 5°-4” in diameter, and are 25°-6” high to the top of
the lipped pier cap, built to a top elevation of 673.20 feet. Pier 3 has octagonal bases 10°-6” in
diameter, built approximately 22” high to an elevation of 641.04 feet. Its battered columns have
a basal diameter of 7°-4” and are 35°-6” high to the top of the pier cap, at 676.54 feet. The
largest pier, Pier 4, has octagonal column footings 13°-3” in diameter and 29°-3” in height. Its
battered columns--like Pier 3--are also 35°-6” high, built to the same elevation of 676.54 feet.
Pier 5 has octagonal bases similar in dimensions to Pier 3. The height of the Pier 5 columns is
32°-27, reaching the same elevation as Pier 2 at 673.20 feet.

The two end approach spans are both Warren through truss spans, 196’ long with eight
panels of 24°-6”. The trusses are centered 23’-3” apart and are 30°-0” high. The inclined end
posts and upper chords are constructed of two 15” channels with double lacing, tie plates, and
18”-wide cover plates. The lower chords consist of two 15” channels with double lacing along
the end panels and batten plates along the interior panels. The hip verticals and vertical hangers
in tension are 9” I-beams; alternating vertical posts in compression are comprised of built-up
channels of four angles. Diagonal ties at the hip joints are two 12 channels with tie plates,
succeeded by braces of two 12” channels with double lacing, and ties in the two interior panels of
built-up channels with tie plates. Box portals are made up of portal struts of four angles with
single lacing and tie plates, and bracing struts and laterals of two angles with single lacing and tie
plates. Upper chord struts at each panel point are four angles with single lacing and end tie
plates. Interior sway frames occurring at alternating panel points have lower struts, laterals and
verticals of two angles. Intersecting upper lateral braces are four angles with single lacing.

The two anchor spans each have ten panels of 24°-6”, for a span length of 245°.
Polygonal upper chords along the four end panels reach a height at the tower panel of 46°-0”.
The inclined end posts and upper chords are built of two 15” channels, with double lacing as far
as the polygonal chords where the tensile and compressive forces are reversed and tie plates are
used. The lower chords are two 15” channels with double lacing on the end panel, tie plates
along the normal panels, and double lacing and tie plates along the four end panels where the
lower chords are in compression. Verticals alternate between 9” I-beam posts and built-up
channel hangers, with posts along the three end panels. The tower posts between the anchor
spans and cantilever arms are built of continuous plates, splice plates, angle frames, angle
stiffeners and double lacing. Diagonals alternate between ties in tension and braces in
compression. Ties are two channels with intermediate tie plates, and braces are two channels
with double lacing and end tie plates; 12” channel members are used in the diagonals in the first
four panels, and 15” channel members in the remaining diagonals up to the tower post. Box
portals, sway frames, and upper laterals are built similarly to those in the approach spans;
two-tiered sway frames occur at the tower posts.

Three-panel cantilever arms extending from the tower panels are 73’-6” long. The
polygonal upper chords, lower chords, diagonals, verticals, and portals mirror the adjoining ends
of the anchor spans. The central suspended span is an eight-panel Warren truss 196’ long. Its
web system is essentially the same as the two approach spans. It is suspended from the cantilever
arms at the end posts, using 4” diameter pins on the upper and lower chord diaphragms, and
6”-diameter pins on the cantilever arms’ end hangers.



Cast steel fixed bearings occur at each abutment and at the two tower piers; elsewhere
rocker expansion bearing are used. The floor system across the entire structure consists of 40”
web plate floor beams with two-angle stiffeners. Two outer stringers are 22” Bethlehem
I-beams, and single, center stringers are 28 Bethlehem I-beams. Cross beams, at seven per
panel, are 8” Bethlehem I-beams. Intersecting two-angle bottom lateral bracings are attached to
the lower chords. The reinforced concrete bridge deck is 7” thick at the crown of the roadway on
centerline. Reinforced concrete curbs are 1 high and 7'%” wide, with 3’-long drainage outlets.
Outer railings are two-angle posts and 2'4” gas pipe rails. The bridge has a 1.58 percent grade on
the approach spans and a 0 percent grade on the continuous truss. Cast iron bridge plates on the
end posts read, “MISSOURI HIGHWAY DEPT, BRIDGE NO J 296, 1931.”
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Camden County, Route 54
Bridge No. J-296 over

Niangua River Arm, Lake of the Ozarks
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Niangua River Arm Bridge, looking north.
West Warren through truss approach span.
Warren cantilever through truss spans.
Suspended center span.

Abutment No. 1 on east shore.

Abutment No. 6 with retaining wall on west shore.
Dumbbell piers, looking east.

Close-up view of Pier 3.

East portal.

West portal.

View through continuous truss, looking east.
Close-up view of west approach span.

Hip joint at approach span.

View of cantilever arm (on left) and anchor span tower.

Close-up view of tower post.
Detail of tower post at upper chord.
Detail of anchor span polygonal upper chord.

Typical detail of diagonals and post at lower chord.

MODOT Job No. JSP0509
Randall Dawdy, Photographer
April 1998
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20.

21.

22.
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24,

Typical detail of diagonals and post at upper chord.

Typical view of floor system.

Fixed bearing of approach span at Abutment No. 1.

Fixed bearing of anchor span at Pier No 3.

Rocker expansion bearings of approach span and anchor span at Pier No. 2.

Detail of bridge plate.
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