Seismic Evaluation of a Historic
Concrete Arch Bridge.

Depoe Bay Bridge
Sean White P.E. Oregon DOT



A little historical
background:

e Coastal communities accessed by
highways from the Willamette Valley or
the Sea.

* In 1913 the entire Oregon beach
established as a public highway.

* Although the Oregon coast highway
(Roosevelt Highway) was envisioned, it
was not largely developed.

* A 1918 trip from Marshfield (Coos Bay)
to Crecent City took over 50 hours.
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The Mail must get through, circa 1915 #598T
e and persistent mailcarriers from the past race the
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The‘QriginaI Depoe Bay bridge was designed in 1926, built in 1927.
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One of the early Conde McCullough bridges.



1927 biennial report on the original construction.




1927 Bridge

* Original bridge had two 10-foot
travel lanes and no sidewalks.
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Photograph and Postcard of the early bridge.
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Some is good, more is better!

* After the major river crossings were built during the Depression, the need
for more capacity was clear. Yaquina Bay bridge (Newport) was completed
in 1936.

* Widening designed for Depoe Bay Bridge in 1939, built in 1940.

* Widening structure was twice the width of the original, 20-foot roadway
became 50-foot, plus two 5-foot sidewalks, for a total of 60 feet.

* The widening is a separate structure. The two are adjacent but not
attached.

 McCullough had left the State Bridge Engineer’s position in 1936, but his
influence is clear.



1940 widened bridge. BR

2459
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1940 biennial report on the widening construction

OREGON STATE HIGHWAY COMMISSION 115

REPORT OF BRIDGE DEPARTMENT

G. S. PAXSON, Bridge Engineer

Depoe Bay Bridge Widening: Depoe Bay is one of the most
interesting and spectacular spots on the Oregon Coast High-

way. The Spouting Horns and the narrow inlet to the bay at-
tract thousands of spectators each year. The original structure
over the inlet was built in 1926 and had an 18-foot roadway
with no sidewalks. People would congregate on the bridge to
watch fishing boats enter the inlet to the bay. This created an
extreme traffic hazard, both to the spectators on the bridge
and to the vehicular traffic crossing the structure. To correct
this condition, the original structure was widened by the con-
struction of new arches and a roadway alongside the existing
structure to give a 48-foot roadway and two 5-foot sidewalks.
A walkway under the north end of the structure makes it pos-
sible for pedestrians to cross from the business section on the
east side of the highway to the State park on the west side
of the highway without danger. This is only one unit of the
contemplated improvement at this site. The entire improve-
ment, when completed, will include widening of the roadway
in the vicinity of the site and the provision of parking areas for
sightseers.

The contract for the bridge construction was awarded on
December 8, 1939, to the Odom Construction Company of Ore-
gon City, Oregon. Construction was completed on November 15,
1940, at a cost of $60,367.



Channel House

Depoe Bay Bridge today (Google Maps).




View from the water.
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A pretty little Bridge.



The need for seismic evaluation.

e The primary work on this bridge is to update of the Cathodic Protection system and repair the bridge railing.
* The need to replace existing seismic restrainers provided an opportunity to revisit the design.

* The scope of the seismic work is limited to Phase 1 life safety retrofit.

Figure 1: Example of corroded seismic restraint cables. Figure 2: Example of corroded nuts and anchors



Life Safety Criteria.
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Building the model.

oordination:

ontrol lines parallel
ut running in different
iIrections.

wo different elevation
datum.
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Starting simple:

Simple block elements between control points.
Beam end releases to model joints.
Ridged links to tie sections together.

Section properties overwritten with hand calculated values.




Adding arch ribs. Entered complex shapes which allowed
software to calculate the section properties. Modified
concrete stiffness to cracked section properties.

Refining the model
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About 3.5” lateral movement at the Pier Column to

Spandrel Column supported deck joint.

INg It move.

Watch
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Concrete Hinge (unreinforced concrete
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Adding complexity:




Looking at displacement at the restrainers.
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Isolating the widening structure.
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Tying the two together.
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Take a look at the displacement demand

on the lightly reinforced columns.

As long as we are here...
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Full scale tests give data to compare to.




Full scale laboratory research of similar details.

SEISMIC PERFORMANCE DESIGN
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(a)

Figure 6.7 shows the lateral load vs. displacement response of the tested RC square column and
Table 6.5 lists material values for specific performance parameters.
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Figure 6.7: Circular RC column performance. (a) Force-displacement hysteresis curve and
(b) force-displacement envelope [Dusicka & Lopez (2016)]

Table 6.5: Bridge Performance Parameters (Limit States) for Circular RC Columns
[Dusicka & Lopez (2016)]

#5 Bars (@ 64"
cic

Level Limit State Steel Concrete % Drift | Ductility
Strains (s;) strains* (g) (n)
I Cracking 0.0002 0.0004 0.20 03
i First Yield 0.0013 0.0008 0.68 1.0
I Effective Yield - - - -
v Onset of Spallng | 0.0117 0.0046 2.55 3.8
v Buckling/Rupture | 0.0402 0.0099 4.08 6.0

- #5 Bars (@ 6% " C/C B

(C)

Figure 4.2: (a) Column-footing longitudinal section details (b) Column cross sectional

details (Section A-A), (¢) Tie bar details, (d) Foundation cross section details

4.4 MATERIAL PROPERTIES

The specimens were built using a normal weight normal strength conerete and Grade 60

deformed steel bars. The specification for the material properties as obtained from the available
bridge drawings were ‘Class A’ concrete mix with intermediate Grade 40 steel reinforcing bars.
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* The extreme concrete compressive strains of the columns were obtained using the results from
the strains i the remforcing steel and a linear stram profile for a circular section. The actual
values of conerete strain in the confined section are expected to be lower sinee these values are
the maximum compressive stramn and not the strain m the confined section.

6.3.4 Square RC Column Tests (This Research) (4 - #8 Rebar)

The current experimental program investigated the seismic performance of square RC column-
footing sub-assemblies consisting of three test specimens as illustrated in Figure 4.2. All three
specimens had the same material properties. cross-sectional dimensions, and reinforcement
ratios. The variables in the testing program include lateral and axial loading protocols. The
longitudinal reinforcement in each prototype column consisted of 4 - #8 rebar in four corners.
These were combined with #3 stirrups with 90 hooks, at 12 inches center-to-center spacing. and
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Conclusions:

* The existing restrainers are unneeded as the movement demand at
the joint is less then the capacity of the beam seats. Deleting the
restrainers simplifies the Cathodic Protection system.

* Tying the two structures together will reduce the predicted lateral
deck displacement, but not enough to affect the results.

* The concrete hinges will be damaged by the deck displacement but
are unlikely to fail to support the span. If span drops enough to block
traffic the widening structure can accommodate.

* Based on ‘drift” alone, it is likely that the columns will survive the
design earthquake.
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Questions?
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