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Summary

Hansabron is a 186 m long footbridge in Kalmar, Sweden. The bridge crosses the E22 motorway
and was opened for traffic in May 2013. A clearance of only 4.7 m above the motorway complicates
the design due to a vehicular impact load of 500 kN. Unusually much steel was needed to pre-stress
the deck to handle the load. Special screws were used to reinforce the timber in areas were
crossbeams run through the 600 mm thick deck. Large deck elements were prefabricated and lifted
into position on site to minimize installation time. The bridge was subjected to extensive control by
the Swedish Road Authorities. Some rules from the Norwegian Public Road Authorities’ bridge
handbook were allowed to better the design.

Keywords: timber deck, accidental loads, reinforcement screws, prefabrication, assembly

1. Introduction
1.1 Hansabron, Kalmar

Hansabron is a 186 m long and 4.5 m wide footbridge in Kalmar, Sweden. The bridge crosses the
E22 motorway and connects the city’s pedestrian and bicycle network with the Hansa City shopping
area. It has separate lanes for pedestrians and bicyclists. The bridge also connects the new football
arena with the city. Hansabron was opened for traffic on May 17" 2013.

In 2011 the municipality of Kalmar (Kalmar kommun) developed a bridge design proposal and held
a competition to build the bridge. The Swedish construction company NCC won this competition.

The proposal showed a bridge with only 4.7 m clearance above the motorway and crossbeams that
ran through the timber deck. This complicates the design of the bridge considerably, as will be
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discussed in this paper.

The structure is divided into 10 spans with a main span of 50.4 m over the motorway between axis
9 and 10. There is an expansion joint in axis 7 which serves to separate the bridge’s two different
structural systems. All timber components are pressure treated with copper. Exposed members are
protected with steel claddings.

- Between axes 1-7 there is a continuous stress-laminated T-beam timber deck. The largest
span is 15.8 m. This part of the bridge was designed by Finnmap Consulting.

- Between axes 7-11 there is a continuous stress-laminated glulam deck which is supported by
a cable-stayed steel structure. The glulam deck height varies from 600 to 642 mm. This part
of the bridge was designed by Sweco. This paper is about this part.

Fig. 2 Hansabron looking north
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Fig. 3 Map where Kalmar is highlighted

2. Accidental actions and pre-stressing of timber deck
2.1 Accidental actions

Kalmar kommun and Kalmar kommun’s architect made the condition that the bridge deck should be
placed as low as possible over the motorway. Consequently the bridge deck was designed with the
lowest permissible clearance above the road, which was 4.7 m at the time. During the design period
Swedish authorities published new regulations with increased clearance, but this was not to be used
for this bridge. The design was done according to TK Bro 2009 [4]

Swedish bridges must be designed for accidental actions according to Eurocode 1991-1-7 [1]. The
vehicular impact load is 500 kN. The E22 motorway presently has 2 lanes in each direction, but can
be widened to 3 lanes in each direction. The impact load can hit the bridge deck within the
shoulders of the future 2x3 lane configuration.

Horizontal forces on the bridge between axes 7-11 are transferred to the substructure through the
pylons in axis 9 and 10, and the abutment in axis 11. The highest shear force was calculated to 414
kN. This force was decisive for the design of the pre-stressing of the deck.

2.2 Pre-stressing the timber deck

Chapter 6.1.2 in Eurocode 5-2 [3] specifies a method for design of stress-laminated deck plates. In
addition, rules from the Norwegian Bridge Handbook no 185 [5] are used. We have utilized the
following formula for assessment of longitudinal shear:

F,ze= V/(0,9 x deck width)

When calculating the compressive stress due to pre-stressing the coefficient of friction between the
lamellas plays an important role. The Eurocode has the following design values for pg:
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Tabell 6.1 - Dimensioneringsvirden pa friktionskoefficienten gy Fig. 4 Coeﬁicient offriclion
Vinkelratt fiberriktningen | Parallelit fiberriktningen Sfrom the Swedish Eurocode
L(Zn"‘:;':trz:f n":;?ha Fuktkvot Fuktkvot | Fuktkvot | Fuktkvot 1995-2
=12% =16 % =12 % =216 %
Sagat virke mot sagat virke 0,30 045 0,23 0,35
Hyvlat virke mot hyvlat virke 0,20 040 017 0,30
Sagat virke mot hyvlat virke 0,30 045 0,23 0,35
Tra mot betong 0,40 0,40 0,40 0,40

The Norwegian Bridge Handbook no 185 [5] states that the friction factor for glulam in bridge
decks can be taken as u4=0.30 perpendicular to grain and ps=0.25 parallel to grain. The Swedish
Road Authorities accepted that these friction coefficients could be used for the design of the bridge
deck, since they are recommended by the Norwegian Public Road Authorities. The Norwegian
Bridge Handbook also recommends a maximum 50% bar force loss for pre-stressed glulam decks
with a sealing layer. This also was accepted for this bridge.

Using these values the calculated minimum initial pre-stressing force per bar was 409 kN. We chose
to use 419 kN. This equals an initial compressive stress due to pre-stressing of 1.4 N/mm®.
Dywidag WR 26.5 bars spaced 500 mm were used to achieve this unusually high compression
stress in the deck. If we would have had to use the Eurocode only, the whole side of the timber deck

would have been covered with steel anchor plates.

Page 11 of Eurcpean technical approval ETA-05/0123
Validity from 14.11.2011 to 18.09.2015. replaces
ETA-05/0123 with validity from 19.09.2010 to 18.09.2015

coresn MRS nta| Mt o [Vesmer s
— d, Sy 0.8 " Fye 0.95 - Fok
mm mm” kN kN
Threadbar
18 WR 175 241 R 204 . 219 |
_26 WR . 26.5 252 464 499

Fig. 5 Capacity of Dywidag 26 WR pre-stressing bar
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Fig. 6 Typical cross-section of bridge deck

The allowable compression stress perpendicular to grain at installation is 3.43 N/mm?®. Channel
sections UNP 260 with a height of 530 mm were used to distribute the bar forces correctly to the
deck. See fig. 8
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3. Crossbeams through the deck

One of the main challenges for this bridge was to design the deck according to Kalmar kommun’s
bridge proposal. The deck was not allowed to rest on underlying crossbeams; hence the beams were
forced to run through the deck.

45° Fig. 7 Cut-out from the proposal drawing
\ showing crossbeams through the deck and
clearance of 4.7 m.

Initially we tried to place the crossbeam
in a recess in the lower part of the deck,
but this was discarded due to dramatically
reduced longitudinal stiffness. There was
a need for rigid crossbeams in relation to
the available cross-sectional height. We
selected to use a beam welded from 40
+5.15 +5.42 mm steel plates. We positioned the beam

W:VLJWE eccentrically in the vertical direction in
order to have sufficient support for the

glulam beams.
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Fig. 8 Detail of the deck in the area around a crossbeam

The bridge between axes 7-11 is modeled using FEM-Design 3D Structure [7]. Using this program
we could assess the stiffness of the crossbeam in relation to the deck stiffness in the transverse
direction. Since the beam is relatively soft compared to the deck, the forces are concentrated around
the deck edges, as shown in Fig. 9.
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Fig. 9 FEM-Design plot of vertical shear force in the deck

It is well known that beams with a notch at the support have reduced capacity, ref Eurocode 5
chapter 6.5.2 [2]. However, the kind of support we have in this case is not handled by the Eurocode.
We had to seek other sources to verify the solution, and chose to use SFS Intec WB threaded rod [6]
for this purpose. These screws are approved according to the German standard DIN 1052.

Proposal of design according to DIN 1052: 2004-08

The reinforcements must be calculated for the following tensile force Fgq 4
Fiaggg =13-Vg-[3-01-al-2-(1-al]

¢ h - b3
mta = —=2
h —
".lrd design value of transverse force hig ?
., h
F The distance from the fastensr |&:,‘
£.90.d 1 to the bottom edge of the beam |
= must be as small &5 possible, o
mn- HEX.C; so that no further |ateral tensis
proof is necessary.
n number of fasteners (only one fastener is permitted in the longitudinal

direction of the beam)
Racg design value of the load-bearing capacity of a fastener
Values Ry, 4 can be found in the table below

lgg = min [lyg1: lag2]

Arrangement

Minimum spacing

WB-T-16 | WE-T-20
a; 48 mm 60 mm B “!\'
ac| 40mm| 50mm l
= 40 mm &0 mm 42.c o
gz

Flease note that in the case of notching -
only one rod may be allowed in the 83 c
longitudinal direction of the beam.

Fig. 10 SFS guidelines for using WB-T timber screws as reinforcement
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System WB gemiss Z-9.1-777

Rohdichte pi [kg/m® | 350 | 380 | 410 | 430 | 450

100 127 182 1.8 207 227
= 200 274 | 323 377 #1.4] 454
= 300 Auszieh- 42| 485| 65| 621 680
= | lef | 400 widerstand 549 | 647 | 753 | 828 | 907
& |immi[_500 aus Holz 66.6 | 80,9 | 94.1 | 103.5] 113.4
i1 800 Ry k IkN] 623 | 970 113.0 1243 1361
o 700 96.0 | 113.2 [ 131.8 [ 145.0 | 158.8
= BOOD 109,56 | 129.4 | 150.6 | 165.7 | 181.4

Zugbruch Befestiger Ry [kM] 91,5

Fig. 11 Characteristic capacity of SF'S WB-T screws

By inserting 16 mm SFS WB-T screws on both sides of the opening in every 165 mm glulam
lamination, as shown in Fig. 8, we achieved a vertical shear capacity of 207 kN/m.

Fig. 12 Picture of crossbeam and bar anchor plates
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4. Assembly procedure

The bridge crosses the heavily trafficked E22 motorway. A lot of effort was put into doing the
assembly as quick and hassle free as possible. NCC, Sweco and the Finnish glulam manufacturer
Versowood chose to emphasize on a high degree of prefabrication. Versowood preferred to split the
94 m long bridge deck into three large prefabricated elements. The longest element was 36 m.

su:?m 12500 suuz 50400 sug?wu 15600 st az 15600 sus?m

+10:393 0675 10:740 0415 +10:210

2177 2171
Al D v
A

BIE Y]
1/
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Fig. 13 Elevatzon of bridge between axes 7 ]]
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Fig. 14 (left) Transportation of bridge deck elements. The elements were manufactured at
Versowood’s factory in Vierumdki, Finland and transported about 750 kilometers by truck.

e :
Vilnids. Minsk

Fig. 15 (right) The crossbeams were pulled through the deck on site before the large elements were
lifted into position by two large mobile cranes.

F ig. 16 The prefabricated elements are joined in a 3,0 m long connection zone. Not more than one
butt joint occurs in any four adjacent laminations
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Fig. 17 A detailed procedure was
developed for the installation of pylons,
deck and stays.

i [24mmoverlP ] [@mmovertP | [ZmmoverLP | ;k “’

g —

Fig. 18 The stays had to be adjusted upwards prior to adding the asphalt wearing course, to
compensate for the vertical deflections

Fig. 19 After installation the bridge deck's sides were covered with thin steel plates
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5. Conclusions

Swedish bridges must follow Eurocode when designing stress-laminated timber decks. In this
project Swedish Road Authorities allowed us to use alternative values for friction values and bar
loss. These are values that are well documented in Norway and Sweden. Future timber bridges in
Sweden should be given the opportunity to use these values in order to increase the cost
competitiveness of timber bridges.

Unusually much steel was needed to pre-stress the deck for Hansabron. This was a result of the
impact load from vehicles. In general considerable amounts of timber and steel can be saved if one
ensures that the bridge deck has sufficient clearance above an underlying road. Calculations we
have done show that by lifting the bridge to avoid the impact load, and positioning the crossbeams
under the deck, the deck thickness of Hansabron could have been reduced from 600 mm to 450 mm.

Letting the crossbeams run through the deck complicates design and installation significantly as
well as increases the costs. This is hardly a smart move to make timber bridges cost competitive
with other bridges. On the positive side crossbeams through the deck give the bridge a somewhat
smoother look, and improve the aesthetics. Kalmar kommun have gotten a nice looking bridge that
can be used for many generations to come. Congratulations!
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Chambers Covered Railroad Bridge Salvage and Rehabilitation
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Summary

The Chambers Covered Bridge was built in 1925 and is the last remaining covered railroad bridge
in Oregon, possibly the only one west of the Mississippi. Therefore, its rehabilitation was critical to
historic preservation efforts of the country's remaining covered rail bridges. Before rehabilitation,
the 27.4 m (90-foot) long timber structure was in danger of collapse after decades of neglect. In
2010 a windstorm threatened to destroy the bridge. This unique, single-span, four-leaf Howe truss
structure was dismantled and rebuilt using almost all the original iron and hardware, and 25 percent
of the original timber. The bridge was reconstructed on dry ground and launched onto the existing
concrete piers. The rehabilitated Chambers Covered Bridge now serves as a landmark pedestrian
and bicycle crossing that provides safe access across the Coast Fork of the Willamette River.
Locomotive-inspired artwork within and around the structure evoke the bridge's history.

Keywords: Howe Truss, railroad, covered bridge, rehabilitation, new use, pedestrian bridge

1. Introduction
1.1 Historical Background and Context

J.H. Chambers built the Chambers Covered Bridge as part of the development of his new sawmill in
Cottage Grove, Oregon, in 1925. The bridge carried a railroad spur from timber land west of the
city to the Chambers mill. In August 1942
the sawmill burned to the ground, and J.H.
Chambers passed away before he could
finish rebuilding it. His son sold the mill to
Warren Daugherty, who reorganized it under
the name Lorane Valley Lumber Company.
Six years later, the mill burned down again,
and Daugherty sold the railroad line to a
scrap firm in Seattle, at which time the
tracks were removed. No maintenance was
performed after 1951, and the bridge

Fig. 1 J.H. Chambers Sawmill, ca. 1928
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remained abandoned at the edge of the old mill site, suffering the ravages of
neglect, weather, and vandalism.

The City of Cottage Grove obtained ownership of the bridge in 2006 and
hired OBEC Consulting Engineers (OBEC) to inspect, inventory, and
document the structure; and to assist in the grant application process.
Funding was obtained in 2009, and OBEC was hired to design and oversee
the rehabilitation into a pedestrian and bicycle bridge. Then, after sixty years
| of unchecked deterioration and with the design process underway, a strong
¥ wind during a winter storm in early 2010 brought the Chambers Covered

¢ Bridge to near collapse. This made it even more crucial to quickly execute
the safe emergency removal of the derelict structure. Before disassembly
began, a model was produced from a laser scan as final documentation.

S i

Fig. 2 Bridge, 1975
1.2 Design

A variety of alignment and structure type alternatives for the bridge approaches were explored, as
well as options for lighting and interpretive displays. Structural modeling was done with finite
element analysis to optimize the design of the approaches and to establish the actual capacity of the
rehabilitated timber truss.

The design of the approaches had to consider impacts to the floodplain and be sensitive to the
historic context while providing a safe and aesthetically pleasing structure. The west approach also
had to fit within the tight space between the river bank and River Road. It now has a 26.8 m
(88-foot) long ramp providing Americans with Disabilities Act (ADA) compliant access for
wheelchairs as well as bicycles, and a gracefully curved concrete stairway for pedestrians. The
concrete ramp has a very thin profile and is elevated above the ground to reduce floodplain impact.
The east approach is a short, level, earth-filled ramp.

2. Physical Description of Bridge

The covered bridge spans 27.4 m between concrete piers and is a tall, massive structure originally
designed to carry loaded freight trains pulled by steam locomotives. It is the only covered bridge in
Oregon with four-leaf trusses. The Howe trusses are approximately 7.6 m (25 feet) tall with 3.8 m
panels. The floor beams are on top of the bottom chords, and originally there were six floor beams
in each panel spaced less than 600 mm on center. On the floor beams are six lines of evenly spaced
stringers. Originally there was no deck; instead, railroad ties were attached to the stringers, which
were grouped closely under each track, and tracks to the ties. All of the wood in the bridge is local
Douglas fir, and the original material was all very high quality from old-growth trees.

Where diagonal timber truss members
intersect with chords, forces are
transmitted through massive cast-iron
- hardware that is carefully let into the
timber members with precisely cut

dados, efficiently transferring forces
. while removing the smallest possible

. amount of wood. Similarly, splices in
the bottom chord are joined using
"¢ elaborate but efficient cast- and

% wrought-iron hardware that requires
minimal disruption of wood fiber. Each
truss has three hanger rods at each
panel point, varying in diameter from
50 mm at mid-span to 60 mm at the
ends. The ends of the rods have forge-
rolled upset threads that are larger than

Fig. 3 Bridge in 2008
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the rod so that the root diameter of the thread is the same as the body diameter of the rod, an
extremely material-efficient design which is no longer used.

The house siding along the sides of the bridge is 8.5 m tall and was never painted; it has no
windows. The portal openings are 4.9 m wide and 6.7 m tall measured from the elevation of the
tracks (now measured from the deck). The roof has always been corrugated metal. The metal
roofing is light and relatively inexpensive, and afforded some resistance to fire that could have been
ignited by the shower of sparks spewing from the stacks of steam locomotives.

3. Chronology of Development and Use

As mentioned above, the bridge carried trains delivering logs to and lumber from the sawmill. It
served this function for approximately twenty-five years until the mill burned and the rail line was
abandoned.

' At the bridge location, the east bank of the
river, where the mill once stood, is
approximately 1.8 m higher than the west
' bank. As long as the bridge has existed
{ there has been a frontage road, River Road,
| running parallel to the west bank. Originally
the rail line was carried by a trestle over the
road to the bridge, and the road was cut
deeper to provide clearance. Since the
river’s floodplain extends beyond River
Road, this depressed section of road was
flooded for much of the year. Eventually the
road was built up to create an at-grade
crossing, but when the rail line was
abandoned and the tracks were removed,
the road was graded level, and the west end
of the covered span was left dangling 1.8 m
above ground.

Fig. 4 Chambers Bridge before rehabilitation Before its rehabilitation, the bridge site was

an environmental hazard. From 1925 to
1951, Chambers Covered Bridge provided the railroad crossing for the J.H. Chambers sawmill in
Cottage Grove. Throughout those years toxins associated with the operation of the mill had
accumulated in soil around the east approach to the bridge. This was removed as part of the
rehabilitation project.

| For over sixty years the bridge was
neglected and attracted vandalism. Most of
the siding was kicked off, and local youths
would jump from the trusses into the river.
Twice fires were built in the abandoned
structure, but luckily it did not fall. Large
sections of roofing were missing, so the
structure was no longer protected from
weather. The 2006 inspection revealed that
at one location near mid-span of the bottom
chord, the combination of decay and
vandalism left only 7 percent of the original
material intact. It is a testament to the
original robustness of the structure that it
continued to stand after such aggressive
deterioration.
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4. Description of Most Recent Rehabilitation Project
4.1 Emergency Removal

‘ Removal of the existing bridge was an

. emergency that could not wait for the next in-
water work period. Furthermore, the bridge
spans the Coast Fork of the Willamette River,
an environmentally sensitive stream that is
very popular with boaters and anglers.
Therefore, no supports could be placed in the
active channel during removal. The design
involved construction of steel tracks attached
to the existing piers and a rolling platform
that spanned the river. The platform was built
adjacent to the bridge then rolled under it,
where it was anchored in place and used to
stabilize the existing structure and to provide
a work surface. Removal was very
systematic, and complex hardware
assemblies were kept together and in
sequence to facilitate future reassembly.

Fig. 6 Bridge being dismantled

4.2 Retaining Original Features

Almost all of the original hardware, including the hanger rods with upset threads, was cleaned by
shot-blasting, then painted and reinstalled. Unfortunately, the hanger rod nuts had to be cut off;
however, the machine shop in Cottage Grove that had fabricated the original nuts is still in business,
and they were able to make replacements identical to the originals. Though most of the timber was
in an advanced state of decay, a portable sawmill was set up on site, and all members that contained
sound wood were resawn into smaller but usable sizes. Approximately 25 percent of the wood in the
rehabilitated bridge was cut from old bridge timbers.

Every member of the rehabilitated
covered bridge is identical to the
original in size, shape, number,
orientation, and configuration
except there are now only two floor
beams per panel rather than the
original six, the stringers are spaced
evenly, and the ties and tracks were
replaced with timber decking and
bridge rail. When the bridge carried
trains there were floor beams every
600 mm to control deflection.
However, under pedestrian loading
the stringers can easily span 3.5 m,
and since there is now a solid deck
they are visible only from the river.
Installing more floor beams than

A # were needed would have been an
Fig. 7 Rehabilitated bridge being moved into position unnecessary added expense.

Because the new function of the

bridge is to serve pedestrians, the use of pressure-treated wood was deemed inappropriate except on
the corbels that are in direct contact with the concrete piers.

4.3 Rehabilitation and New Features

All timber members and the siding were coated with a clear sealant that provides the appearance of
the original bare wood but affords some protection from moisture and fire. The new roofing is
corrugated metal like the original but with a continuous strip of translucent skylight along the ridge.

10/06/2011
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The skylight is not visible from outside the covered bridge but washes the interior with natural light.

Before rehabilitation began, a set of steel tracks was erected spanning the river from the east bank
to the west pier on deep wide-flange beams. The bridge was erected on these tracks over dry land
and rolled into position after completion, then lifted with hydraulic jacks and lowered onto the
piers. Finally, the tracks and steel beams were removed, and the approach spans completed. A video
of the launching can be found at http://www.obec.com/bridge/chambers-covered-bridge.html.

High-efficiency electric lights were
added, discretely concealed above the top
chords of the trusses and controlled by
exterior light sensors. They are aimed
upward and reflect off the underside of
the metal roofing, providing pleasant,
indirect interior lighting after dark. There
are also LED strip lights tucked under the
eaves that softly wash the sides of the
covered bridge, making it visible at night
to passers-by.

To evoke images of the railroad, alternate
deck planks are stained to resemble ties,
and two continuous steel strips are
imbedded into the wood spaced at
standard track gauge. Artists from Sea
Reach, Ltd. created two full-scale
sculptures of one of the locomotives that
used to traverse the bridge. One of the
sculptures is on an inside wall and one stands
outside on a short section of train tracks that are
aligned with the track pattern on the bridge deck.
Informational placards are placed on the handrail
throughout the length of the covered bridge.

Although most residents in Cottage Grove do not
remember trains actually using the bridge, they can
appreciate the historical depth Chambers Covered
Bridge brings to their community. Part of the
rehabilitation effort included creation of an
interpretive center displaying pictures and
descriptions of the bridge and its history. This
interactive feature provides an opportunity for
residents of Cottage Grove as well as visitors to
learn the story of this magnificent bridge.

I 4.4 Awards

Since rehabilitation, the bridge has won numerous
awards and received international attention. The
bridge rehabilitation has garnered an ACEC Oregon
2013 Grand Award, 2012 Oregon Heritage
Excellence Award, and 2012 First Place Renovation
Award for Oregon top projects. That attention is
bringing increased tourism to Cottage Grove.

Fig. 9 Interior with "tracks"

5. Conclusion

When rehabilitation work began, the bridge was near collapse. The fact that such a severely
deteriorated structure could be completely rehabilitated and repurposed within the awarded budget
was a noteworthy achievement made possible by the innovative approach taken to both the
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emergency removal and the repair of the bridge, and by the amount of original material that was
salvaged and reused.

The dire condition of the bridge made it necessary to replace a good deal of the existing structure.
Careful documentation of existing conditions provided accurate detail on the original design prior to
deconstruction and was critical to the accuracy of the subsequent rehabilitation effort. Damaged
material was, where possible, re-milled into smaller dimension elements, maintaining character and
historic fabric,and retaining integrity. Any material too damaged to repair was replaced in kind.
Changes in use that required modification from the original construction, such as the installation of
a continuous deck and rail, were designed with respect to the bridge’s historic function. Translucent
roof-top panels that were installed to provide natural illumination, also a safety requirement, were
integrated into the historically-based metal roofing and held back from the eave and gable ends, to
reduce visual impact from virtually all external viewpoints.

The bridge now provides safe passage for pedestrians and bicyclists, connecting the local high
school with the rest of Cottage Grove and providing convenient access to a city park currently
under development. It has become a venue for local gatherings and weddings. In addition, as the
only remaining railroad covered bridge in Oregon and perhaps the only one left west of the
Mississippi River, it is a tourist destination and, as such, a boost to the local economy.

- _-/”./

Fig. 10 Bridge entrance after rehabilitation
5.1 Rehabilitation Project Team

OBEC Consulting Engineers — Prime Consultant

Hamilton Construction Company — Contractor for emergency removal
Heritage Research Associates, Inc. — Cultural and Historical Resources
Sea Reach, Ltd. — Interpretive Exhibits Design and Fabrication
Cascade Earth Sciences, Ltd. — Hazardous Materials

Foundation Engineering, Inc. — Geotechnical

Pacific Habitat Services, Inc. — Environmental

Wildish Construction Co. — Contractor for reconstruction
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Summary

The Goodpasture Covered Bridge, crossing the McKenzie River, is a 72.5 m (238-foot) five-span
timber structure that provides lifeline access to a large community. The main span is a 50.3 m (165-
foot) covered heavy timber Howe truss. The truss chords have three leaves, each made of segments
spliced together. Eight of the sixteen bottom chord splices were broken, and the truss sagged 100
mm at mid-span. Site constraints dictated that all repair work be performed under traffic and
without temporary support beneath the bridge. The solution was a post-tensioning system for the
bottom chords to provide an alternate load path. To lift the center of the bridge to the proper camber
without support from below, a pair of tube-steel trusses were constructed inside the house to bear
the loads. The bridge was lifted 200 mm at mid-span to achieve 100 mm of positive camber, and
held by the steel trusses while the hanger rods were tightened and post-tensioning system installed.

Keywords: Covered bridge, rehabilitation, Howe truss, post-tensioning, repair under traffic

1. Historical Background and Context

The Goodpasture Covered Bridge was constructed by Lane County at its present location under the
supervision of veteran bridge builder A.C. Striker in 1938. The main span is a housed eleven-panel,
three-leaf Howe truss. It was built using a standard design developed by the Oregon State Highway
Department, which became the Oregon Department of Transportation in 1969. The total cost for the
original construction of the bridge was $13,155.

In 1925 there were 450 covered bridges in use in Oregon. By 2003, replacement, removal and
destruction had reduced that number to 51. Among the survivors, Goodpasture is the longest
covered bridge in Oregon still open to vehicular traffic on an active roadway, and the second-
longest covered bridge in the state. It is located just south of Highway 126, making the bridge
highly visible along this popular east-west travel route.
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2. Physical Description of the Bridge

The Goodpasture Covered Bridge is a five-span timber structure crossing the McKenzie River in
eastern Lane County, Oregon. The river is one of America’'s most pristine waterways. It is home to
many protected species of aquatic life and is very popular with boaters and anglers. The bridge is a
lifeline link providing the only access to a neighborhood of approximately 300 residents. A short
approach span from Oregon Highway 126, one of the major east-west state highways, leads to the
main span, which is a 50.3 m-long covered Howe truss followed by three simple timber approach
spans. The total length is 72.5 m. It is a single-lane bridge that has served to carry logging,
recreational, and local traffic. For several years it has been weight-restricted because of structural
distress. It still carries approximately 750 vehicles per day, of which approximately 75 are trucks.

Each of the inner and outer leaves of the
bottom chords of both trusses are
four-piece members. Each of the middle
leaves is made from three pieces. Of the
sixteen resulting bottom chord splices,
& eight are broken and were repaired with
& heavy steel tie-rod and plate assemblies
B lag-screwed to the timber chord members,
¢ first in the 1970s and again in the 1980s.
The repairs were only marginally effective.
When OBEC Consulting Engineers
inspected the bridge in 2010 there were
gaps between the ends of timber members
at all of the repaired splices, some over 13
mm wide, and the bridge sagged over 100
mm at mid-span.

Fig. 1 Goodpasture Covered Bridge

3. Chronology of Development and Use

The original design was for H-10 loading. However, for many years and especially from the post-
war period until the mid-1980s, logging in Oregon was very heavy. For a few years in the late
1970s there was more timber passing through nearby Eugene, Oregon, than through any other city
in the United States. A fair amount of it was coming from the McKenzie River valley, and much of
that was crossing the Goodpasture Covered Bridge. Traffic across the bridge included many log
trucks and other heavy-haul vehicles weighing as much as 360 kN (80,000 pounds) each, four times
the design capacity of the structure. Exactly when the bottom chord splices of the bridge trusses
began to break is unknown, but the first attempt to repair them was made in the 1970s. Other repairs
in the 1980s were part of a major

e S ¥ | rehabilitation. Yet as recently as 1998
AV 4 | overloads as big as 787 kN, almost nine
N R v times the design capacity, were being
I o i ' | approved. By 2010 the overall condition
Meroo or Masws Croro Daps | had again deteriorated to the point that

. the state inspection report from that year
gave it an overall sufficiency rating of
49 out of a possible 100. That same year
aonre mEEN the existing heavy composite roofing

I65 FOOT HOWE TRUSS was replaced with a much lighter cedar

shingle roof, allowing the posted weight
H=-10 LOADING 200" ROADWAY i} Y - y ..

_ gt NERAL: DRAWING e restriction of 133 kN to remain in effect.
AR ongne 0 '?sgge. ‘2l Because of site constraints and concerns
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o e o ol of local residents, an alternate crossing
) ] was not possible even as a temporary
Fig. 2 Oregon Standard Drawing, Howe Truss, 1938 detour. Consequently, all work on the
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bridge had to be performed under traffic with only short-term night closures. To further complicate
matters, the in-water work period recommended by the Oregon Department of Fish and Wildlife is
July 1 through August 15. In other words, all work in the active channel had to be complete within a
period of only six weeks. In this location the river bottom is rock and over 10 m below the main
span. The water here is swift, carrying debris that sometimes includes large trees, and the water
level can rise several feet in a few days of heavy rain. Therefore, even if a work bridge or temporary
support could be erected during the in-water work period, leaving it in place through a rainy season
would be extremely hazardous.

4. Description of Most Recent Rehabilitation Project
4.1 Retuning

Although the bridge was originally designed to carry only an 89 kN live load, it was sufficiently
robust that only the bottom chords proved inadequate to carry legal loads. By strengthening the
bottom chords, weight restrictions could be removed. However, replacing chord members would
not be possible without closing the bridge for an extended period of time, and because this is a
lifeline bridge with no serviceable detour route, a long-term closure was not a viable option.
Therefore, an alternate load path had to be provided to relieve the bottom chords; the method
selected was to post-tension with high-strength steel strand. However, the geometry of the truss had
to be corrected before any compression could be applied to the bottom chords or the "repair” would
have magnified the sag. The challenge then, in light of access limitations outlined above, was to lift
the center of the bridge without any support from below while keeping the bridge open to traffic.

This was accomplished by constructing a pair of tube-steel trusses that fit inside the covered bridge
and had sufficient capacity to bear the entire weight of the covered bridge and live loads up to 133
kN. To make room for the steel trusses, 600 mm were cut from each edge of the bridge decking, the
bridge rail was removed, and temporary guardrail was installed. The temporary steel trusses bore
directly on the concrete piers, narrowing the roadway from 4.9 m to 3.7 m during this phase of
construction. This narrowing of the roadway
was not a major inconvenience to users as the
bridge had always functioned as single-lane;
however, this did require additional work at the
bridge rail to guardrail transitions.

Each steel truss was manufactured in three
pieces and assembled inside the timber bridge.
Then a series of lifting platforms was installed
below the floor beams of the timber bridge
suspended by steel rods from hydraulic jacks
placed on the steel trusses. The timber bridge
was lifted 200 mm at mid-span to achieve 100
mm of positive camber. While held in the
correct shape by the steel trusses, the vertical
hanger rods of the timber bridge were tightened,
and the post-tensioning system consisting of six
13 mm-diameter Grade 1200 strands on each
side of each bottom chord was installed. Each
strand was jacked to 89 kN, yielding a total
compressive force of 1068 kN on each bottom
chord. This reduces tensile stresses in the
| bottom chords enough to enable the covered

| bridge to safely carry legal loads. Then the tube
steel trusses were disassembled and removed.

Finally, a new deck was installed, damaged
siding was replaced, and the entire exterior of
Fig. 3 Jack on temporary steel truss the bridge was repainted.
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4.2 Interpretive Display and Lighting

To complete the project, bridge lighting was installed, and an interpretive display devoted to the
hlstory of the brldge was added at the top of an existing stairway leading to the river bank at the

Fig. 4 Interpretive display

southeast corner of the bridge.

Goodpasture Covered Bridge is located on a
blind curve of a heavily-travelled road passing
through a dense Douglas fir forest, which is very

i dark at night. The bridge was difficult to see at

night, and there is no turn lane and no shoulder
for west-bound traffic. Multiple accidents have

| resulted from vehicles slowing suddenly to make

the turn. Lighting was added to make the bridge
more visible at night and to improve safety.
High-efficiency LED lights were installed in the
windows, under the eaves and behind the barge
rafters at the portal ends, activated by an external
light sensor and discretely illuminating the ends
and side walls from concealed fixtures.

During the past several years local residents have established a tradition of decorating the bridge for
the winter holidays. Large wreaths are hung over the portals and colored lights were placed in the
windows making them alternately red and green. The bridge owner (Lane County) had reservations

Fig. 5 LED lighting on bridge
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Fig. 6 Portal of bridge at night

about allowing the public to install
electric lights on an old wooden
structure. To satisfy residents and
simultaneously relieve the County of

e some liability, the window lights were
& programmed so they can be changed
from white to alternate red and green
by the flip of a switch located in a
locked panel concealed behind a
hidden door in the wrap-around siding.
The residents can still hang their
wreaths and are provided access to the
switch at the beginning of the holiday
season. The installation is both safe
and efficient.

5. Conclusion

Maintaining the function of the
Goodpasture Bridge during the
rehabilitation was a key element of the
project. The design solution of
installing temporary tube-steel trusses
made it possible to raise the existing
truss elements prior to the installation
of the post-tensioning system. This
allowed the bridge to remain in use and
did not require support from the ground
beneath the bridge. All modifications
and repairs to the bridge were designed
in compliance with the US Secretary of
the Interior’s Standards for
Rehabilitation, preserving the key
design characteristics and replacing
deteriorated elements in-kind.
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Structural augmentation, the post-tensioning system, which allows the bridge to meet required load
capacity, was located on the sides of the lower chords below the level of the deck and has minimal

visual impact from most accessible viewpoints. The installation of lighting, improving the function
of the bridge and reducing the potential for future damage, was undertaken to have minimal visual

impact during daylight hours and is entirely removable.

The setting of the Goodpasture Covered Bridge is particularly dramatic and picturesque. It is said to
be the most photographed covered bridge in Oregon and is a popular tourist destination. It continues
to be a vital resource, functionally, historically and aesthetically.

5.1 Rehabilitation Project Team

OBEC Consulting Engineers — Prime Consultant

DKS Associates — Traffic Study

Heritage Research Associates, Inc. (HRA) — Cultural and Historical Resources
Sea Reach Ltd. — Interpretive Exhibits Design and Fabrication

Balzhiser Hubbard Engineers, Inc. — Lighting Design

Lois Cohen Associates — Public Involvement

David Place Consulting — Construction cost estimating and value engineering
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