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ure 1). The canal was built in 1839 as part of Indiana’s
massive internal improvements program. State bonds were used to fund
transportation improvements based on the proposition that they
would increase property values, resulting in greater tax revenue, which,
in turn, would pay off the bonds. When this did not happen, the State
defaulted on the bonds. The resulting scandal caused a prohibition
against deficit spending to be added to the state constitution, the
continuing effect of which can still be seen every time the legislature
wheedles and whittles to pass a balanced state budget.

According to local lore, the present bridge was built to replace a
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Figure 1: The Dutlk\Creek Aqueduct mrrzes Whitewater Canal at Metamom,
Indiana. The bridge spans 71 feet a 0m l 28-inch water depth.
Det X(‘;g Project Scope
The design of a fiew. bridge usually proceeds in an orderly fashion,
een repeated many times in engineering firms, and
costs bemg relatively well understood. But in preservation
1gn the structure’s owner usually comes to the engineer with an
observed problem or deficiency, and asks for help on that limited
Concern. However, that may not be the only problem, or even the
most serious one. The preservation engineer needs to quickly define
the problem(s), at least in general terms. An initial, very preliminary
inspection, evaluation and analysis of the structure is needed to permit
setting a reasonable scope for the design contract.

In 2004, the State of Indiana approached the author requesting that
a new flume be designed for the aqueduct. The flume, which is the
part of the structure that actually holds the water, had been leaking for
years (Figure 3), soaking the floor beams underneath and causing them
to decay and break. In this bridge, the flume is made of wood planks
suspended by steel rods from the trusses, which are entirely above
water level. This arrangement is doubly clever because it protects the
all-important trusses from splashes and leaks, and allows the flume to
be easily raised or lowered to maintain the exact desired bed elevation
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two-span bridge that had been washed out during
a flood. Since the canal was a private venture, there
are few records. As for the bridge, its builder and
construction date appear to be lost in the mists of
time. But a surviving letter suggests that the present
bridge was built in 1848 or 1849.

The Aqueduct faithfully carried the canal’s com-
merce until the canal ceased operation in 1866,
where after a railroad was built along the canal’s
towpath (Figure 2). In 1948, the bridge was re-
built and incorporated into the Whitewater Canal
State Historic Site. The original arch timbers were
retained and reused, but other parts of the trusses
were replicated from locally grown yellow poplar.
By 2004, the restoration exhibited distress and, as
a result, corrective work was initiated. The ensuing
repair project illustrates some issues commonly en-

countered in historic preservation.

Figure 2: The aqueduct ca. 1935. The polygonal arch was added around 1865 and removed in 1948.
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thrust, pressing on the 2-inch deep notches, had sheared
off the ends of the lower chord timbers. Steel side plates and clamping
bolts had been added in the past to reinforce those connections, but
the shear failure, arch ring spreading, and midspan sag remained.
The 79-foot long lower chord timbers were spliced at their third-
points using scarf joints with side plates, and those splices were also
examined. Steel side plates on the splices had been painted for rust
protection, and some paint fell on the adjacent timbers. A tell-tale
gap in the overspray paint (Figure 5) testified clearly that the splices
were failing also.

Fzgure 4: T pzca[ bearmg seat. Tbru:t ﬁom arch sheared top of lower chord,
splitting a bolt hole (arrows). Lower chord crushed and curved as it passed the
Jace of abutment.

A meeting was held at the bridge. The Curator of the Historic
Site, engineers from the Indiana Department of Natural Resources
(IDNR), and the author viewed the evidence, discussed the issues, and
decided to expand the project scope.

Flume Replacement

Repairs were accomplished in the winter, when the water in @e canal
is lowered to be only a few inches deep. A low dam at the upstream
side of the aqueduct kept the remaining water out.

White oak was chosen for the new materlal for th
of its superior performance in wet enyite

ume because

the tip of each
aeed against it. In contact
, completing the seal.

4-foot long floorbeams supporting

. i ology for the repairs, and
avoid lumber treated with pre @
ling the connection bétween the wooden flume and the stone
tments had e ro ematic for decades. Carefully detailed
caulked 101 trled but they quickly failed. Neoprene
co were mstalled but partially failed and left wide
g p is project a new seal was designed, consisting of a 7-inch
Tip of 60 mil EDPM roofing, clamped down along both edges
sing Ve-inch x 1-inch stainless steel bars. Although very simple, this
design has sealed the gap with no leaks whatsoever.

Truss Repair

The arch-truss was analyzed using a 2-dimensional finite element
model. The analysis indicated that the timbers were adequate to carry
the dead load and live load with satisfactory margins of safety. But
when member forces were routed though the connection details (done
by hand analysis), the lower chord splices and arch-end connections
appeared to be overstressed. This was expected, as the actual failures

had already been noticed. continued on next page

Figure 5: A failing splice in lower chord timbers. Unpainted strip at left shows
timber has slipped.
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Figure 6: ]DNR engineers inspect the s/aored, but not yet ja
are standing on the walkway for the tow horses.

the tension foree in the lower chord. This changed the structural
action from a tied-arch to more n@t of a Wernwag truss.
Such,a significant change in strudgur avior is rarely acceptable.
B this case, the bXeﬁ was so great and the visual impact so

slight that it ewedjas a reasonable compromise between the

competingggoals ieving a durable repair and maintaining the
inten original designer.

h dined weight of the canal water had started to crush the
er chords at the bearing seats. To counteract this, the existing
steel side plates were replaced with ones that extended down to the

ignore the structure’s proble
’s funding limits. Designers may have to ask that
g be increased, but they should always respect that
constraint. In preservation design, funding restrictions often
limit the choices for “best practice” design.

With so many things to balance, it is important for an engineer
who works in preservation to deeply respect the builders who
created these structures, and to preserve their original vision
as closely as possible. A designer who is concerned about our
history, and who has taken the time to learn about Theodore
Burr, Louis Wernwag, Stephen Long, Hardy Cross, and etc., will
probably do a better job on a historic restoration than one who
views the project as one more “profit center”.

In this case, the solution called for the trusses to be shored and
jacked to restore a positive camber (Figure 6). Then, the lower
chord splices would be rebuilt, and two particularly splintered
lower chord timbers would then be replaced in kind. The re-
moved timbers, each 10-inch x 15-inch x 27-foot long, would
be used as patterns. The new timbers were Douglas fir, which
(unlike poplar) could be found well seasoned in the needed size.
The new steel plates would be longer, but narrower, than the old
(1948) plates, and would have keyways to help transfer the load
(Figure 7). Epoxy adhesive would be used sparingly to assure
equal bearing in all keyways.

Repairs were also needed at the ends of the arch rings over the
bearing seats. As the truss was jacked, the sheared ends of the
lower chords were pushed back to their original positions and .
fastened in place. Then, wood blocks were added between the Figure 7: Scarfsplice in lower chord. Keyways have just been cut in wood to match
end of each lower chord timber and the abutment to partially  those on new side plate. Timbers that loosened when sag was jacked out were reseated
transmit the thrust of the arch ribs into the abutment, reducing and shimmed.
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Figure 9: Completed project just before work-dam was removed.\-B
Sflume walls help regulate the water level.

to help support the lower chord a short dis
Photos from 1935 show simi ion i

J i S o oy
igure 8: Bearing seat area, new flume, and expansion joint seal after repairs
ere completed.
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The brdge is an ASCE Historic \Civi - -
Engingetine Lndmark smuceure. ey bour | IV]OMVItOr BRIDGE Strain,
boat carries passengers 'along the canal and (0 ra ny Stl‘u Ctu ra I e I eme nt)
through the bridge, helping tens of thousands i na I I weather COI‘Id itiOI‘IS?

of tourists per year experience how much
this county and its transportation system has
changed in the last 150 years.

Project Credits:

Owner:
Indiana Department of Natural Resources,

Whitewater Canal State Historic Site So luti on.

Contractor: =
CLR, Inc., Chad Reitmeyer, President E p s ’ m e ta '

Amos Schwartz, master timber framer

10" BOWTINIONYLS MMM JISIA ‘UOIOUWIOJU| JBSILBAPY 104 - INFWASILYIAQY

Designer: e No temperature drift
J.A. Barker Engineering, Inc. ° H|gh resolution (<]_ “m/m)
e Wide range (1,000 pm/m)
e Programmable optimization
James Barker, PE. is President of J.A. ¢ Rapid response (<1 ms)
e et e Plowaigpis, e Re-mountable PTC Electronics, Inc.
Indiana. The firm specializes in the repair (800) 989-9518

of historic bridges and barns. Mr. Barker

may be reached at jim@jabarker.com. www.PTCElectronics.com
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