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Abstract: Two multispan concrete arches bridges that have been built in Oregon, USA are
described in terms of the architecture and structural solutions and progress of their
erection. The first bridge that has been built across a dry canyon has three spans of lengths
of 64.01 m; the second twin bridge that has been built across the Willamette River in a city
of Eugene has two spans of length of 118.88 and 126.79 m. Although the bridges have
different span lengths and widths, they have similar structural arrangement. The decks are
formed by two girders and deck slab that are supported by two arch ribs without any
bracing. The structural arrangements were developed on the basis of very detailed static
and dynamic analyses.
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1 INTRODUCTION
Recently two multi-span concrete arch bridges have been constructed in Oregon, USA. The
first bridge that has been built across a dry canyon in a city of Redmond has three spans of
lengths of 64.01 m; the second twin bridge that has been built across the Willamette River
in a city of Eugene has two spans of length of 118.88 and 126.79 m. Although the bridges
have different span lengths and widths, they have similar structural arrangement. The decks
are formed by two girders and deck slab that are supported by two arch ribs without any
bracing.

2 MAPLE AVENUE BRIDGE, REDMOND, OR

Figure 1: Maple Avenue Bridge, Redmond
The Maple Avenue Bridge provides an east-west link for the City of Redmond across Dry
Canyon, which bisects the city north-south. Dry Canyon is a scenic natural feature and
provides open space and recreation within the city. In the initial stage the designer studied
several options of girder and arch structures. From the beginning it was clear that a bridge
consisting of three continuous arch spans and two approach spans represents the most
aesthetically pleasing solution – see Figure 1. However, it was necessary to prove that this
bridge can be built within an available budget. Therefore the designer developed a very
clear and simple structural system in which intermediate deck diaphragms, transverse
beams, and transverse arch braces are absent.
The bridge has five spans of lengths 22.860 + 3 x 64.008 + 22.860 m – see Figure 2. Three
central spans are formed by continuous arch ribs supporting the double tee deck. The
girders and arch ribs have simple rectangular cross sections of the same width. At middle of
spans the arch ribs continuously transfer into the deck’s girders. Above the arch footings,
where sightseeing (or overlooking) platforms are situated, the deck is divided by expansion
joints. At the side spans the deck is fixed into the abutments.
The deck is supported by four couples of columns at each arch span. The deck of the arch
spans is from reinforced concrete, the deck of the side spans is from prestressed concrete.
Continuous arches are connected with inner footings by concrete hinges and are fixed into
the outer footings. The soil is formed by a sound rock.
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Figure 2: Maple Avenue Bridge, Redmond - a) central span, b) elevation
The arches that are supported by low pedestals come out directly from terrain optically.
Above footings the deck is supported by twin slender columns. The inner single columns
are lightened by ribs to create a similar shape. All columns are frame connected both with
the arch ribs and the deck – see Figure 2. The arch ribs have a variable depth that narrows
from arch springings to midspan. Omitting of transverse bracing (see Figure 4) not only
optically lightened the bridge, but also increased the bridge resistance to earthquake. In the
transverse direction the structure forms a ductile redundant frame.

Figure 3: Maple Avenue Bridge, Redmond – progressive erection
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Figure 4: Maple Avenue Bridge, Redmond – completed bridge
The bridge was analyzed by program software ANSYS. The whole structure was assembled
of elements SOLID45. An important portion of the analyses was also a stability and
seismic analysis. The stability analysis that considered possible imperfection was
performed for the load situated on one half and in the middle of the bridge. The seismic
analysis was done for the response spectrum given in ASSHTO. Since the structure was
erected progressively a detailed time dependent analysis was also performed.
The designed process of the construction allowed an economic erection in which already
cast structural members formed supporting elements for subsequently cast ones – see
Figure 3. After casting the footings the arch ribs were progressively cast. Closure joints of
arch ribs at mispans were connected by jacking frames. After that the columns and the
girders were cast. Then the jacking force was applied and the closure joints were cast. The
deck slab was subsequently cast in the formwork suspended on the already erected
structure.
Construction of the bridge started in March 2005 and was completed March 2007. The
bridge was well accepted by both general public and professionals. In 2008 the design
received the Award of Excellence from Portland Cement Association.

2 WILLAMETTE RIVER BRIDGE, EUGENE, OR
a)

b)

Figure 5: Willamette River Bridge, Eugene – a) north bound, b) south bound
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Figure 6: Willamette River Bridge, Eugene
In 2010 a construction of a new arch bridge has commenced in a city of Eugene, Oregon,
USA. The interstate freeway I-5 crosses here the Willamette River, a local highway, a
railroad and a junction ramp on north bound and south bound bridges of lengths of 604.9 m
and 536.1 m – see Figures 5 and 6. The bridges replace the original bridges built in the
fifties of the last century.
a)

b)

Figure 7: Willamette River Bridge, Eugene – a) cross section, b) elevation

- 345 -

Strasky & Bollman: TWO MULTI-SPAN ARCH BRIDGES BUILT IN OREGON, USA

Figure 8: Willamette River Bridge, Eugene – structural arrangement
In 2002 shear cracks were observed and detailed analysis proved that the bridges are not
able to carry the highway load. Therefore a temporary bridge has been immediately built.
Since this structure does not meet present aesthetic and ecological requirements a new
bridge is being built at present.
The final arrangement of the crossing has been developed from extensive architectural,
structural and economical studies. It represents a reasonable compromise between an
ambition signature structure required by some residential groups and a pure economy. The
detailed analysis has also proved that the arch structure is cheaper than a cantilever cast-inplace structure of the same spans.
The main bridge is formed by two arch spans of length 118.877 and 126.786 m – see
Figures 7 and 8. The deck that is formed by two girders and deck slab is stiffened by
precast cross beams, the arches are formed by two ribs without any bracing – see Figure 9a.
The arch bridges are supported by drilled shafts of 2.40 m diameter that transfer the load
into the rock.
a)

b)

Figure 9: Willamette River Bridge, Eugene – deck: a) arch spans, b) approaches
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Figure 10: Willamette River Bridge, Eugene – reinforcement of the arch ribs
The approach bridges are formed multi-cell box girders of a variable depth that have the
same perimeter as the arch deck – see Figure 9b. The substructure has a similar
architectural and structure arrangement as the arch columns.
The structural solution was developed on the basis of very detailed static and dynamic
analyses. The structure was modeled as a 3D structure assembled of solid elements. This
structure was analyzed for the effects of the live load, temperature changes, creep and
shrinkage of concrete and wind. The most important were stability and dynamic analyses.
During the nonlinear stability analysis the possible imperfections of the arch geometry with
maximum amplitudes of 100 mm were considered. The analysis was performed for
different position of the live load and wind that create maximum stresses both in the
longitudinal and transverse direction of the bridge. The analyses have proved that the
structure has very large margin of safety. Also the seismic analysis has shown that the
structure has required safety. Due to a progressive erection of the bridge, a time dependent
analysis of the structure was also performed. The jacking of the arch ribs, done before the
midspan joint is cast, creates a sufficient camber of the arch structure that would eliminate
long term deformations of the arches due to creep and shrinkage of concrete.

Figure 11: Willamette River Bridge, Eugene – arch springs and jacking frame
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Figure 12: Willamette River Bridge, Eugene – precast cross beams
The bridge was built in stages. When the south bound bridge was constructed the traffic
was transferred on it. After that the temporary bridge was demolished and the north bound
bridge was erected.
The bridges were erected progressively. At first, the arch ribs with the crown precast cross
beams were cast – see Figures 10 and 12. After the jacking, the midspan joints were cast.
Then the columns were cast, remaining precast cross beams were erected and longitudinal
girders were cast – see Figure 12. After that the deck slab was cast.
The bridges were erected without any significant problems. The south bound bridge was
opened for traffic in summer 2012; the completion of the north bound bridge is scheduled
for summer 2013.

3 CONCLUSIONS
Both bridges have been well accepted by both general public and professionals.
The client of the first bridge was a city of Redmond, Oregon. The design of the bridge was
performed by OBEC, Consulting Engineers, Eugene, OR with a collaboration of Jiri
Strasky, Consulting Engineer, Greenbrae, CA, who developed a conceptual design and was
responsible for the dynamic and stability analyses. The Project Engineer was Jim Bollman.
The bridge was constructed by Cascade Bridge LLC., Vancouver, WA.
The client of the second bridge is OREGON DOT. The design of the bridge was performed
by OBEC, Consulting Engineers, Eugene, OR with a collaboration of Jiri Strasky,
Consulting Engineer, Greenbrae, CA, who serves as a Bridge Leader. The Project Engineer
is Jim Bollman. The time dependent and stability analyses are work of Radim Necas, Ph.D.
and Jan Kolacek. The bridges are being built by HAMILTON Construction Company,
Springfield, OR.
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