The Bayswater Covered Bridge Restoration
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Backg round/History Why was wood chosen Precedent for wood bridges that convinced government decision makers

Bayswater Covered Bridge, a two-span Howe truss As the original covered bridge was predominately comprised of timber WRD, with expertise in inspection, evaluation and design of timber bridges, was recognized by some
structure built in 1920, was originally designed to (other than the steel connectors and tension rods), timber was also cho- NBDTI employees who were taking a WRD course on advanced timber inspection, maintenance and
suit the traffic of that era, which was approximately sen for the restoration to preserve the heritage of the structure. In ad- restoration. They were able to see first-hand the capabilities of the reinforcing products. The NBDTI
12 tonnes. Throughout the life of the bridge, degra- dition, the lightweight nature of the material allowed for heavier glulam also realized that the cost of replacement and the loss to the community of a heritage structure ex-
dation has occurred, elements have been replaced, elements to be used in the deck and floor beams as well as a chip seal ceeded the cost of restoration.

and traffic loads have increased. From a combina- wear surface to be installed on a structure that was only intended to

tion of these factors, the structure was down rated carry 12 tonnes. Therefore, in addition to increasing the dead load on

from 15 to 5 tonnes in 2019. the bridge, the design also enabled the increase in live loads.

Wood Research and Development (WRD) was com-
missioned to complete a structural inspection and
load evaluation of the structure. Non-destructive
testing, namely Electronic Pulse Highlight and Out-
line Diagnostics (EPHOD®), revealed the extent of
internal decay of the timber elements and allowed
the assessment of their residual capacity.

A structural analysis of the bridge, and a comparison
of the results of the demand and resistance, con-
firmed that the 5 tonne load rating was accurate;
however, through the use of advanced timber res-
toration methods, the structural capacity could be
raised to 30 tonnes.

WRD provided New Brunswick Department of s I i . , MR . \ - -
Transportation and Infrastructure (NBDTI) with the
detailed design of the Bayswater Covered Bridge
restoration. The design incorporates various forms
of high- strength fibre products to increase shear

and tension capacity, as well as use high-grade e L L — ] e — a —
wood laminations to increase tension and compres- Span 1
sion capacity.

\ 28,487

In addition, some elements required replacement
because of corrosion, such as old cast steel connec-
tors and tension rods within the truss. The design
intent was to maintain the heritage of the covered
bridge while implementing modern technologies to
increase the capacity of the existing elements.

Elevation

1. The bridge in the early stages of repair. New longitudinal
glulam decking would be installed to replace the original
nail-laminated system.
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Design and Construction

The design of the bridge incorporates the original Howe
truss superstructure in conjunction with advanced timber
restoration methods, with the intent to reestablish and in-
crease element capacity. This is achieved through the fol-
lowing design features:

Tension Chord (Bottom Chord) Repairs

e Using the SWT* data collected during the inspection - N

along with information gathered during the dilapidation = \\ T ﬁ
survey (an inspection which occurs at the beginning of the " N o , :
construction phase that compares the current level of deg- - e ﬁ

radation to the inspection report), the extent of the ten-
sion chord repairs were determined. Various layers of high-
strength tension reinforcement (Retroten™) were installed 150%150x600mm No.3 Hem

on the bottoms of each element to increase tensile and grider saddle and two 1/2” rods
bending strenagth (minimum size) grade 2, 3,600mm
g gtn. = | N = length, max 50mm from grider

. . 1/2" rods (minimum size) grade 2,
e Shear reinforcement panels (Retroshear™) were also in- 3 600mm |(enlglthu ize) g

stalled along various lengths of the tension chords. Due to
the existing floor beam system, both bending and shear W0 150x150x600mm o
forces were introduced into the tension chord. This re- No.3 Hem grider saddles ] ~ i ot
sulted in some capacity issues which were exacerbated by

degradation present; therefore, shear panels were added Ul J-Max 50mm. both sides |
along various lengths of the tension chord. Shear panels f ] H: J A: .
were also installed at tension chord splice connections to
increase capacity. i ~ i
¢ A few select areas were exhibiting severe decay and loss T T
of section; thus, small portions of the tension chord were ] [
removed and replaced with a new timber bevel block. This i L127x127x13 andle
limited the extent of replacement to only the wood in poor - 1 400mm Iengthggr’ade 300W — — — 1
condition. floor beam saddle L |2 /l_é_‘
. P = I | ‘ a - ‘ ! 1
® New floor beams were installed and moved as close to gg "\\/ ' i:g A 57
the truss nodes as possible. This limited the amount of Two C 150x16. 600mm | h ST——4"x16"x1" grade 300W
bendi d shear f ithin the chord. H Il wo x10, 6U9mm lengt tension chord plate
ending ana shear torces within the chord. However, not a grade 300W, or 150x150x450mm Two C 150x16, 600mm length,
of these forces could be mitigated due to interference with 1/2" vod (minimum size) No.3 Hem floor beam slings grade 300W, floor beam slings No.3 Hem floor
' beam sling
the web elements. grade 2 800mm length
2 2. splice detail of the vertical Section through a bay during the lifting process Side elevation during the lifting process Vertical steel rod connection

steel tension rods. See drawing 1. pl50.8 x 150 x 400 (350w)

far right. 2.pl3.25" x 15" x 5" (350w)

* . 3. m57(2-1/4") x 3658mm (12') threaded rod

; Stress Wave Timer (SWT) data 4. m57(2-1/4") x 2743mm (9') threaded rod

; A 9 5. m57(2-1/4") x 660mm (26") threaded rod
velocity of a “compression” wave 6. m57(2-1/4") lock h
through the wood to determine 7. 257(2:1/4”) nouct esnet

the extent of decay.
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Compression Chord and Web Elements

* Various compression elements were reinforced using Retrocom prod-
ucts to increase capacity in areas of degradation.

Tension Rods

e All tension rods were replaced with new galvanized elements. Steel
considerations for fatigue, torque and fracture control were assessed
when sizing and determining steel grade. In addition, due to the roof on
the bridge structure, the rods had to be replaced in two halves, requir-
ing a tension splice in the rods.

Other

* New glulam splice blocks were installed in some areas where dilapida-
tion of the connection was noted. This required the temporary support
of the bridge section to safely remove these elements.

3. To support the bridge during construction, two glulam high strength fibre beams
were rolled onto each span. The elements were light weight enough to maintain
the current bridge posting for installation (5 tonnes), as well as contained sufficient
strength to lift the bridge.

Ly 5
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e Over the years, due to a sag in the bridge, the steel tendon post-tensioning (hawg jaw) system had
become engaged. The repairs to the tension chord could not safely occur without the removal of this
system. As such, the structure was lifted and supported by two fibre-reinforced glulam beams. Due to
the weight restriction on the bridge, the lifting system was largely limited. Luckily, the glulam elements,
in conjunction with the high-strength fibre, met this weight requirement. The lift girders were rolled
through the bridge on a steel track and put in place one by one. Each span was lifted individually. The
bridge was successfully lifted and the load within the hawg jaw was removed. This allowed for the safe
removal of the system as well as the reinstatement of camber.

® Vertical connections were removed wherever possible to further extend life.

® New longitudinal glulam decking was installed over the floor beams to replace the original nail-
laminated system.

e After construction was complete, a health monitoring system was installed to periodically monitor
the structure. The monitoring system was also able to report heavy overloaded trucks traversing the
bridge, and can act as an immediate notice to the clients.

4. Compression reinforcement using high-strength timber laminations (Retrocom) were adhered to the web elements
and compression chord elements in areas with decay or which required additional load capacity.

Section through Retrocom detail

1. m16 x 130 lag screw
2. m16 plate washer
3. Retrocom

Plan of Retrocom detail
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Construction

The construction phase of the restoration was extensive and involved
a considerable amount of engineering support. Several underlying
structural conditions, which were unable to be detected during the
initial inspection, were uncovered during construction. This resulted in
a dynamic engineering scenario where engineering and construction
were occurring concurrently. Several design changes throughout the
construction phase required on-site ingenuity and dexterity due to site
limitations. Some of the areas requiring considerable attention include:

® The removal of the existing splice block bolts and timber panels.

* Amputation of the tension chord for the installation of a new
timber bevel block.

® The replacement of the hanger rods, with upper and lower
bridge conflicts.

¢ Mitigating winter temperatures and weather, requiring heating
and hoarding for applying epoxies.

® The removal of existing elements, and the aversion of in place
members. [tems for removal included: the existing hanger
rods, and the hawg jaw and deck systems.

¢ General configuration issues from the roof structure above and
the embankment slope and beneath.

Several of these items required temporary support during construction,
to ensure elements or bolts could be safely removed while the structure
remained stable. Many of the elements that underwent high-strength
replacement occurred during the bridge lift, where two glulam high
strength fibre beams were used to lift the bottom chord, release the
tension in the hawg jaw system (allowing for its safe removal) and rein-
state camber in the truss.

The Milkish Inlet bridge restoration required substantial skill in both the
design and engineering phases. As a team, TRS and WRD accomplished
a successful restoration and provided the community with a serviceable
bridge that is able to carry up to 30 tonnes. This 100-year-old heritage
structure now contains the capacity and design details to continue serv-
ing the area for another 50 years or more.
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5. The existing floor beams were replaced with new glulam beams and installed as close

to the truss nodes as possible. The elements were shifted to reduce bending and shear forces
within the tension chord.

6. An overview of the girder lift system, which was designed by WRD, and built by Timber
Restoration Services. The lifting system was removed after the Span 2 camber reinstatement
and related works were completed. This view showcases the proportions of the lift beams

to the current structure.
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Corrosion protection of connections

Within the original structure, the primary connection used

was wood with some steel fastenings to hold the various Additional 7

blocks together. This strategy was maintained as much as ftional support post =
. . . . between bearing blocks

possible. The geographic location of the bridge can cause
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corrosion and section loss of unprotected steel. Thus, A=
new galvanized bolts replaced the original cast iron bolts

while galvanized steel rods, with specialty tightening con-

nections, were used in the restoration. Notch toughness Transverse beam above
and fatigue were also considerations in the design of the

steel hanger system.
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Use Of WOOd Additional 152 x 171 support post between
bearing blocks; no fastened connection
The wood replacement material of Coastal Douglas fir between beam and post
consists of the following: ®
® The floor beams are 24f-EX glulam
e The deck panels are of grade 16-CE
® The splice blocks are of grade 24F-V4 (AITC)
e Timber laminations consist of No.1
solid sawn material

— é} Tension chord above
Select elements within the structure have been treated B

with copper naphthenate. Since the majority of the struc- T HEL L £ % P Hy

ture is protected from the elements via the covered roof,

a3
ta]

ed against decay. Other items in high moisture areas are
also treated, such as at the abutment seats. iy ol i

only the first 20 feet of the deck and floor beams are treat-
L]
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Additional support post
. . between bearing blocks .
Section at support pier Plan at support pier

7. The bridge undergoing load testing. As part of the rehabilitation
some of the timbers contain borate salt rods which create a brine
solution to neutralize pH and prevent decay.
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ALBERTA WOODWORKS! 1-780-392-1952 FOSTERING A WOOD CULTURE IN ATLANTIC CANADA

BC WOODWORKS! 1-877-929-WOOD(9663) http://www.wood-works.ca/atlantic/
WOODWORKS! NATIONAL OFFICE 1-800-463-5091 www.wood-works.ca Atlantic WoodWORKS! is a program of the
US PROGRAM help@woodworks.org Maritime Lumber Bureau (MLB)

Project leadership,
funding & delivery by

Supported & funded by

Supported in partnership with

Design & construction by



