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Dear Readers
In the first article of this issue, the authors, Luke Tarasuik and Ayed Yamin from Arup, focus on the
design and construction of the Tawatinâ Bridge in Canada. It is a 260m long extradosed light rail and
pedestrian bridge over the North Saskatchewan River. The pedestrian part of the bridge opened on
12 December 2021 and the LRT part will open next year.
The next article was prepared by Étienne Cantin Bellemare, Eng., PMP, Principal Engineer
Bridges and Tunnels Department, The City of Montréal, Canada. He describes the usage of innovative
concrete - 10% of cement was replaced by recycled glass power, also called ground glass pozzolan
(GGP), for construction of the two pedestrians and cyclists Darwin Bridges which are located on Nun’s
Island in Montreal.
In the third article, Pedro Pacheco, André Resende, Alberto Torres and Hugo Coelho from the Faculty
of Engineering of Porto University (FEUP) / BERD S.A., Portugal look back at the Segmental
Construction of the Anita Garibaldi Bridge Viaducts in Brazil using the LG50-S Launching Gantry. This
launching gantry was the first launching gantry equipped with the Organic Prestressing System (OPS),
which led to significant advantages in productivity, reliability and construction cycles. Thanks to this,
the construction of the viaducts was finished ahead of schedule.
A Hybrid Trail Bridge Solution to Fight Rural Isolation is described by Nicola Turrini and Alan Kreisa,
Bridges to Prosperity. After finding more and more examples of rejected sites with a hilly side and a
plane one that could not fit either their standard suspension or suspended design, the engineering
department at B2P has been working on the details of a hybrid solution, with a simple idea in mind: the
walkway hung from a suspended abutment on the high hilly side and a suspension steel tower on the
low flat side.
On the following pages, you will also find information about our new magazine e-BrIM and our
partnership offer.
I would like to thank all authors and companies for their cooperation, and also Ken Wheeler for
reviewing this issue; Guillermo Muñoz-Cobo Cique for his assistance with the final check of the
magazine; and Paraskevas [Paris] Mylonas, CSCE Toronto Section Chair for his time and cooperation.
I would also like to thank our partners for their continuous support.
The next e-mosty will be released on 20 March 2022, and the first e-BrIM magazine will be released
on 20 February 2022.
We wish you a Happy, Prosperous and Healthy New Year 2022.

Magdaléna Sobotková
Chief Editor
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DESIGN AND CONSTRUCTION
OF TAWATINÂ BRIDGE, CANADA
Luke Tarasuik, Ayed Yamin; Arup

Figure 1: The sun sets over the Tawatinâ Bridge

Credit: Andrew DS Photography

PROJECT CONTEXT
Tawatinâ Bridge forms part of the 13km, CA$1.8bn
Valley Line Southeast Stage 1 LRT P3 project in
Edmonton, Alberta, Canada, see Figures 2 and 3.
The scope of the works consists of a low-floor
urban transit line that connects the southeast
of the city to the downtown core.

The new line also includes a twin bored tunnel, an
operations and maintenance facility, two station
complexes, 11 stops, park and ride facilities and
1.5km of elevated guideway structure.

Figures 2 + 3: Location of the bridge on the map (left)
and overview of the Valley Line (right).
Source: Google Maps, www.edmonton.ca
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The detailed design of the bridge began in 2016
and its construction was completed in 2021 with
the LRT line anticipated to open in 2022.
The bridge alignment runs parallel to and is roughly
coincident with the previous Cloverdale pedestrian
bridge which was demolished at the beginning of
construction to make way for the Tawatinâ Bridge.
OVERVIEW OF BRIDGE
Tawatinâ Bridge is a 260m long extradosed light
rail and pedestrian bridge over the North
Saskatchewan River.

Two planes of inclined cables support a
prestressed concrete box girder which in turn
supports bar hangers for an orthotropic steel
pedestrian bridge below it.
The box girder supports two direct fixation tracks
and carries a suspended shared use path for
pedestrians and cyclists: pedestrians on timber
decking on the outsides of the hangers and cyclists
on asphalt within.
An extradosed form was chosen for its aesthetics,
to be a landmark structure within the river valley it
sits, and to serve as a symbol of the enhanced
connectivity the new LRT line brings to Edmonton.
The primary advantage of suspending the
pedestrian bridge from the rail bridge is that it
allows pedestrians and cyclists to tie into the
existing surrounding low-level infrastructure
without the need for excessive and unsightly
ramps.
The cables allow a box girder deck that carries two
tracks of rail and an 8m wide pedestrian bridge to
use a slender, constant depth cross section.
The constant depth cross section enhances the
clarity of the bridge’s aesthetics by retaining two
parallel lines in elevation for the upper box girder
and lower steel girders of the bridge.
The concrete bridge is monolithically connected at
the central tower location with the abutment and
piers utilizing pot bearings free to translate in the
longitudinal direction of the bridge and fixed in the
transverse direction.

Figure 4: Two level cross section with rail on top and
pedestrians/cyclists below

Bridge expansion joints are located at each end of
the bridge and the rail is continuous across the
structure.

Figure 5: Span arrangement
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Figure 6: Bridge articulation

Figure 7: South River Valley guideway (left), Tawatinâ Bridge (centre), hill that was stabilized with a row of drilled shafts (right), portal
entrance to mined tunnel (right). Note view is from opposite side of bridge to Figures 5 and 6.

The suspended pedestrian bridge is articulated
in a similar manner.
The north abutment of the bridge is integral with
a portal entrance to a mined tunnel that connects
the bridge with the light rail alignment to the north.
The bridge at this location is founded on a large
row of drilled shafts (piles) whose primary purpose
is to stabilize a problematic slope which has been
slowly shifting towards the river.
On its southern bank, the bridge links into the
South River Valley Guideway, a seven-span open

through girder viaduct via a unique architectural
transition. The final pier here supports both
Tawatinâ Bridge and the Guideway and is founded
on drilled shafts.
FOUNDATIONS
The foundations for the two river piers consist
of 305mm diameter pressure-grouted micropiles
with a reinforced concrete pile cap.
Micropiles were used in these locations in lieu
of larger diameter drilled shafts (piles) as they were
able to be installed using a small drill rig which was

Figures 8a and 8b: Micropiles in pilecap being load tested (left),
reinforcement for pilecap and first lift of substructure within the coffer cell (right)

4/2021

Figure 9: Isometric view of bridge showing the different substructure elements, note the vertical elements
on the deck are the poles for the light rail’s overhead contact system (OCS)

SUBSTRUCTURE
lifted into the temporary cofferdams that were built
to construct the foundations.
Each micropile is comprised of a central steel
reinforcing bar, 89mm in diameter, and an annular
ring of concrete grout with the upper 6 meters
encased within a 15mm thick steel casing.
The outer 1.6mm of the casing is considered
sacrificial steel and acts as corrosion protection,
while the remainder of the steel casing is
considered to act structurally to help resist bending
moments and shear.
A load test was done to ensure the as installed
micropiles had adequate capacity.

The substructure consists of the North abutment,
the tower (Pier 1), the southern river pier (Pier 2),
and Pier 3.
When seen in elevation, the inclined tower pylons
taper in width from 3.5 meters at deck level, to 2.5
meters at their maximum height, 30 meters above
deck.
Saddles support the cables as they transition
through the tower which minimized the required
cross-sectional
dimensions
and
simplified
construction compared using anchor boxes as has
been historically done in North American cable
stayed bridges.
As the tower pylon legs were slender they were
heavily reinforced at their base to carry the
eccentricity of the cable loads caused by the
difference in angle of the cables and pylon.
The outward leaning pylons were expected to
deflect transversely outwards during construction
under their own self weight and an inward camber
profile was built to ensure the saddles were
installed to known reference geometry under the
tight tolerances required.

Figure 10: Stay cable saddles lying on their side in an erection
frame (43 Strand, VSL SSI 2000)

Only the deflections of the self-weight of the pylon
itself was cambered out and the additional
deflections that the pylon undergoes, up to 430mm
4/2021

Figure 11: Cross section through bridge at tower, the pylon legs initially deflect outwards under their
own self-weight but deflect inwards when the cables are installed (left), slender pylon legs with
integrated access ladder (right)

Figure 12: Mimicry between pier shapes, widening of suspended bridge around piers
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inwards at the top at the end of construction, were
not cambered as they did not adversely affect the
aesthetics.
Cyclists using the suspended deck pass through
a central void in the tower and piers whereas the
two pedestrian paths are widened around these
elements to allow the pedestrians to move around
the outside, to sit on benches provided here and to
enjoy the view.
Pier 2 and Pier 3 are similar in shape to Pier 1
below the level of the deck and the mimicry used
between the piers creates a cohesive aesthetic.
Because Pier 3 is an expansion pier, supporting
the Tawatinâ Bridge to the north and the South
River Valley Guideway to the south, it is wider in
width than Pier 1 and 2 to accommodate the
bearing seats and movements from both bridge
structures.
The monolithic connection at Pier 1, a thick
diaphragm in the superstructure that forms
a crossbeam between the upper tower legs,
required a high density of reinforcement to transmit
the force from the deck to the tower.
The governing load case was the torsion in the
crossbeam between pylon legs due to unbalanced
cantilever loads during deck construction.
A 3D strut and tie model was built to better
understand the flow of forces from the
superstructure, pylon legs and prestressing
anchored at this location and how the access
opening through the crossbeam affected this flow.

An integrated 3D BIM model was used by both the
design and construction teams to minimize
conflicts and to plan out how to build the
crossbeam efficiently.
CABLE STAYS
A total of 7 cable stays are spaced at 10m centres
along the deck. The stays are anchored in blisters
on the concrete deck and run continuously through
saddles in the tower. The angle of the stays varies
from 26° for the stays closest to the pier to 17° for
the longest stays.
Design of the stays was done to PTI DC-45.1-12
Recommendations for Stay Cable Design, Testing,
and Installation and as the bridge is an
intermediary between a girder bridge and a cable
stayed bridge, an increased strength resistance
factor Φ on axial stress was able to be used as the
cables undergo relatively low live load stress
fluctuations.
The longest cables on this bridge were able to
use Φ=0.75 while the shortest used 0.7.
The stay cables are comprised of individually
waxed and coated strands that are fully
replaceable and friction dampers were provided on
each cable for rain/ice/wind induced vibrations.
8 reference strands are provided in the bridge that
can be removed for inspection and testing without
reducing the capacity of the bridge.
To provide additional capacity for future increases
in loading only 40 strands were installed in 43
strand anchor heads and the saddle and deck
anchorages designed for the full number of
strands.

Figure 13: Tower cross beam 3D strut and tie model (left) and integrated BIM model (right)
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Figure 14: Stresses and Φ of cables (left), PTI DC45.1-12 Φ determination curve (right) in which a lower live load stress allows
for a higher resistance factor and therefore higher capacity

BOX GIRDER CROSS SECTION
As shown in Figure 15, the box girder has the
cable stays closely aligned with the slope of the
webs of the box and the stay anchorages in
blisters adjacent to the top of the webs.

bottom slab is thickened from 250mm to 500mm at
the tower to deal with the sharp increase in
negative moment at this location.

This allows for an efficient transfer of forces
between the webs and the cables and only
requires the blisters to be small and of relatively
simple construction (similar to that of PT blisters).

The first two spans of the bridge were built cast-inplace segmentally in balanced cantilever around
the central pier.

BOX GIRDER CONSTRUCTION SEQUENCE

A segment at the abutment, the span between Pier
2 and 3 and a small cantilever from Pier 2 were
built on falsework.

This arrangement removed the requirement for
a transverse rib or strut within the box which
simplified the construction of the deck and
formwork traveler operations.

The bridge is split into 5m segments with 1m
closure pours at each end.

Two thicknesses of transverse cantilever slabs
were used with a slight thickening used in the
cable supported zone to help spread the load from
the stay anchorages in the cable loss/replacement
scenario.
A fascia downstand is used to cover the cable
anchorages from an external perspective to retain
a neat external aesthetic.
The webs are thickened at their top to
accommodate the larger moments on the inside of
the box that develop because the tracks are
located between the webs.
Although a uniform depth of cross section was able
to be used along the length of the bridge, the

Figure 15: Direct load path from webs to cables, note the
angle of the webs aligns with that of the cables reducing any
net resultant force to be resolved in the box
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Figure 16: Balanced-cantilever construction

Cantilever tendons, in the top flange of the box
girder, were used for the first five segments on
each side of the tower and were arranged
asymmetrically in plan to facilitate the casting
sequence of south then north segments.
The remaining fifteen segments alternate between
cable and non-cable supported segments giving
a 10m spacing between cables.
The bridge was only allowed to be constructed one
segment out of balance at any given stage.
After the 6th segment was cast (call it segment ‘n’),
and the traveler had moved to (n+1), the 1st cable
stay was installed in (n) to around 50% of its final
value when the segment strength reached 25MPa
cylinder.
The stressing was split into two stages to put
sufficient compression in the top flange of the box
girder to allow for cantilevering of the subsequent
segment but to prevent tensile stresses in the soffit
from developing due to the cable pulling the
cantilever upwards.

removed after the following cable stay was
stressed.
The analysis showed however that the bars were
required to remain installed for a significant length
of time with their removal not possible until
7 segments further. This allowed only limited reuse of the bars in the structure.
It was not planned that the stays would require
a final stressing after the cantilevers were closed
but minor adjustments were made to several of the
stays because of construction tolerances and
issues so that forces were within 5% of their
planned values.
The pedestrian bridge was originally planned to be
installed in balanced cantilever with the segments
but was eventually erected after the box girder
closures had been made. Further details will be
provided later in this article.
BOX GIRDER DESIGN CHALLENGES

After the following segment (n+1) was cast, its
weight puts compression into the soffit of the
previous segments which allowed the 1st cable to
be stressed to its final design value.
In addition, 3 x 65mm prestress bars anchor
segment (n+1) to the cantilever to support the
weight of the 2nd cable stayed segment (n+2) until
the 2nd cable stay is installed, see Figure 17. After
the 2nd cable stay was stressed, the cycle
repeated.
The bars were stressed to 50% of their UTS to
allow them to be re-used and initially it was hoped
that the prestress bars would be able to be

As can be seen in Figure 18, the bridge was
essentially cantilevered for the entire span each
side of the central pier. This led to low dead load
on the abutment and low superstructure dead load
negative moment over Pier 2.
Due to concerns with bearing uplift, the
superstructure diaphragm at the abutment was
widened to increase the lever arm between
bearings and therefore reduce the force put into
them by a transverse wind event.
Although there is low dead load negative moment
over Pier 2 there is significant live load moment
from the large span and large bending stiffness of
the box girder.
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Figure 17: Prestress bar arrangement

The arrangement of PT at this location was
carefully defined to avoid top tension issues due to
live load and bottom tension issues under
prestressing and dead load.
To assist in the fine tuning of the geometry of the
prestress a parametric process was developed
that used influence lines for secondary prestress
moments in order to rapidly provide feedback on
different prestress arrangements without needing a
time-consuming full run of the staged analysis
model.
A 3D model of the tendons was generated in Rhino
using the Grasshopper parametric plugin and a
script created to interface with the parametric
calculation spreadsheet for the design iterations.

After the prestress arrangement was finalized it
was pushed to Midas Civil for final verification.
In the design of a stiff deck extradosed bridge the
designer has a choice to make with regards to how
much vertical load is taken by the cable stays and
how much is taken by the flexural stiffness of the
deck.
On this project the cables provide most of the
precompression required and the two main spans
used relatively small amounts of internal continuity
PT, see Figure 20.
Internal tendons were used rather than external
tendons at the preference of the contractor and
the owner specified that two draped continuity
tendons extend to the adjacent pier or abutment to
prevent areas with low or no prestressing which
have been known to be problematic in bridges built
in balanced cantilever.

Figure 18: Bridge at maximum cantilever prior to closure.
Note that the length of cantilever is similar to that of a bridge
with twice the final span length

Figure 19: Change of shape of abutment diaphragm
to eliminate uplift in bearings
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Figure 20: 3D tendon layout in Rhino

SUPERSTRUCTURE
LOWER
LEVEL
- SUSPENDED SHARED USE PATH
The suspended shared use path is a lightweight
steel structure that is comprised of longitudinal
stringers, transverse floorbeams and high strength
steel bar hangers, see Figures 21 and 22.

Structural steel was galvanized for corrosion
protection with a stringent Charpy notch testing
requirement of 27J @ -40°C to ensure ductility of
the steel in the frigid Edmonton winters.

The typical width is 8m with the central 3m being
devoted to cyclists and the outer 2.5m devoted to
pedestrians.

The hangers are used for gravity loads only and
stiffness in plan is derived from diagonal bracing
between the edge and internal stringers and
through diaphragm action in the orthotropic deck.

Cyclists using the suspended deck pass through
a central void in the tower and piers whereas the
two pedestrian paths are widened around these
elements to allow the pedestrians to move around
the outside.
The transverse girders serve as the main loadcarrying elements and are attached to hangers
spaced at 5m centres which are connected to the
bottom soffit of the concrete box girder.
As shown in Figure 21, the central cycleway is an
orthotropic steel deck overlaid with asphalt and the
outer walkways are an open deck grating system
with wood panel surfacing.

The hangers use pins at their lower connections
and bearing nuts/plates on elastomeric pads at
their upper connection to the box girder.
Concrete infill was used at pier locations, with the
steel plate being shifted from the top to the bottom
of the longitudinal stringers to form a tub. This was
done to prevent the hangers going slack and
bearings uplifting under unbalanced live load
patterns.
One interesting element of the design was the
pedestrian comfort criteria and the need to control
both the vertical and horizontal vibrations on the
suspended bridge.
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Figure 21: Cross section between floorbeams

Figure 22: Cross section at floorbeams

There are two primary sources of vibrations for this
structure; first the vibrations coming from a train
passing on the bridge overhead, and second the
vibrations caused by pedestrians walking, running,
and jumping on the bridge.

The effects of the train were assessed using a LSDYNA time history analysis which involved
modelling a train with an accurate representation
of its suspension system running over the
structural model of the bridge.

Figure 23: Bracing arrangement
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Figures 24a, b. c: Hanger top support on elastomeric bearing inside box girder (left), length adjustments of hangers during
construction using jack (middle), hanger bottom connection clevis at deck level (right)

For the pedestrian comfort, a footfall analysis was
carried out in Oasys GSA, an analysis software,
based on the modal response of the bridge and
accelerations were checked against both the CSA
S6-14 Bridge Design Code and the Sétra
Technical Guide on Footbridges (Assessment of
vibrational behaviour of footbridges under
pedestrian loading).
Additionally, the owner requested that testing be
done on site at the end of the construction using
joggers and trains to validate that the bridge was
compliant.
The hangers do not provide lateral stiffness so the
span length in plan is effectively from pier to pier,
110m in the central span.

Although the steel grillage bracing makes the
suspended deck stiff in plan, the additional in-plane
stiffness of the grating under the pedestrian
decking was required to be mobilized to meet the
Sétra acceleration limits.
Pretensioned steel bolts and a clamping plate were
used to provide the robust connection between the
grating and the steelwork required to mobilize the
stiffness of the grating. The timber deck will
provide additional lateral stiffness but was not
assumed to do so in the analysis.
The steel grillage was then overlayed with a timber
deck to provide a walking surface for pedestrians
and to clearly differentiate the walking surface from
the cycling surface.

Figures 25a and 25b: Grating and decking overlay (left), indigenous artwork on the underside of the box girder (right), drainage pipes
from the box girder are integrated with the hangers at two locations (right)
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The wood species and plank appearance were
chosen to mimic the decking on the previous
Cloverdale pedestrian bridge that had been
demolished to make way for the new bridge.
Presently the timber colour is quite light, but it is
expected to darken as it ages and weathers to
better match the previous bridge’s decking.
In an effort to promote sustainability in Edmonton,
the timber planks from the old bridge were
repurposed by local craftsmen to produce furniture
both for public parks and for private purchase.
The Tawatinâ Bridge seeks to honour the heritage
of Edmonton and its Indigenous Peoples not only in
its name, which comes from the Cree word for
“valley”, but also in the artwork that is featured on
the bridge, viewable from the lower level.
A local Métis artist David Garneau and his students
contributed around 400 pieces of art which were
fixed to the underside of the box girder as shown in
Figure 25b.
WIND
The two-level cross section was tested in the wind
tunnel at the Boundary Layer Wind Tunnel
Laboratory at the University of Western Ontario to
ensure no unexpected interaction between the
upper and lower levels of the bridge.
The presence of the lower bridge increased the
drag on the section but did not result in any
undesirable dynamic phenomena developing.
A wind buffeting analysis was run in RM Bridge
which showed that the first longitudinal mode of
the bridge was being excited by the vertical
turbulence of the wind during cantilevering.

Figures 26a and 26b: Sectional model test

The first mode was a long period (6 seconds)
swaying of the entire cantilever longitudinally which
would have resulted in large moment demands at
the base of the central pier in a wind event.
To resolve this a temporary tie-down was added on
the north side of the bridge that was anchored into
the abutment of the suspended pedestrian bridge.
This decreased the period to 2.3 seconds which
favourably shifted the bridge out of the band where

Figures 27a and 27b: Comparison of first mode at maximum cantilever during construction without (left) and with tie-down (right)
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Figure 28: Wind stability tie-down, foundation (left), sleeve through deck (right)

the wind had its most energy and therefore
reduced the moment demands on the tower
considerably.
Additionally, the prestress force of the tie down
countered the load on the tower foundation from
the imbalance of segments on one side of the
cantilever.
The tie-down was periodically destressed and
restressed to account for the shifting loads on the
deck and to avoid the scenario where its force
would be detrimental, when the symmetric
segment had been cast and the cantilever returned
to a balanced condition.

The tie-down was made using several strands in a
PT anchor head with sufficient pretension to avoid
them going slack under a ULS wind event.
CONSTRUCTION
Foundations
Two temporary construction berms were used to
build the river pier foundations. Cofferdams were
constructed in the berms on each side of the river
to allow construction of the piles and the pile caps
in dry conditions, while also facilitating demolition
of the former pedestrian bridge piers which sat in
the same location.

Figures 29a and 29b: Temporary berms placed in an icy river with driving of the cofferdams under way (left), existing bridge
pier to be demolished (center of left image) and construction of the micropiles in the cofferdam (right)
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Sheet piles were driven 9 to 14 meters into the
berm and the existing concrete piers were
demolished while excavation proceeded.
Upon complete removal of the existing piers,
micropiles were installed and the reinforced
concrete pile caps placed.
One of the side effects of the berms being placed
in the river was that a beach formed on the south
bank of the river downstream from the site due to
the altered stream flow.
This became a local attraction in Edmonton that
was hugely popular with the community during the
summer inspiring headlines previously thought
unbelievable in one of the coldest major cities in
North America:
'It's like Waikiki : Sandy beach surfaces along North
Saskatchewan River
City will look into maintaining 'secret' beach
beyond bridge construction
We think it's a first: The all-new beach-lovers' guide
to Edmonton

approximately the size of a car nine metres below
the surface of the river.
There were no records to indicate what it was or
where it came from and the mystery of this
obstruction inspired a local author to write a short
fiction horror story entitled “The Concrete Below
The River” in which the concrete found is a
haunted cube that drives people to madness.
We hope that our bridge continues to further
inspire local authors although we hope that in any
sequel the bridge can be the saviour of the city
rather than the villain.
After additional measures were made to keep
water out of the cofferdam, an excavator was
placed inside and the concrete mass was broken
down to allow construction to continue.
SUBSTRUCTURE
Structural steel frames incorporated into the piers
allowed for the reinforcement to be prefabricated
offline and placed with a 300-ton crawler crane in
sections up to 14 meters tall, see Figures 31a and
31b.
This allowed multiple crews to work on advancing
the pylon jump forms and setting rebar
simultaneously and had the added safety benefit of
minimizing the amount of work done at a significant
height.
Cold-weather concrete-placing techniques were
crucial for proper placement of mass concrete in
temperatures nearing -30 degrees Celsius,
including extensive hoarding and application of
constant heat during cure.
Due to spatial constraints, the first segments on
either side of the tower (the ‘pier table’) were cast
in-situ on top of falsework.
Pier table falsework was mounted to the side of the
pier to reduce its construction footprint,
repurposing steel girders and beams from another
project.

Figure 30: Edmonton’s “Accidental Beach”, note the bridge
foundation and berms in the background
Photo credit - Fish Griwkowsky /Postmedia

A major issue was encountered during the
construction of the cofferdams which led to several
months delay.
During driving of the sheet piles the team on site
encountered a large mass of concrete

The assemblies were fastened to the tower with
pre-stressed high-impact threaded rods.
Completion of the pier table allowed for enough
space on the bridge deck to install both mobile
form travelers.
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Figures 31a and 31b: Aerial view of Pier 1 substructure construction, showing cofferdams and steel reinforcement cages
with integrated structural steel frames (left), prefabricating a rebar cage (right)

Figures 32a and 32b: Pouring of tower crossbeam in a heated and hoarded enclosure (left), construction of tower with rebar
cages (right) with pier table falsework being removed on the left side and first form traveler being erected on the right side
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Figure 33: Balanced cantilever construction. Note the portal entrance to the mined tunnel in the background on the right

SUPERSTRUCTURE
A formwork traveler was used to support the
formwork and rebar during segment casting.
The system advances on a set of rails anchored to
the top of the deck and is progressed
incrementally segment by segment until the final
closure segments are cast, which were partially
supported by the traveler and partially by
secondary bracing and falsework.

The heating was required to keep the ambient
temperature above 5°C to prevent the wet
concrete freezing while also providing warmth for
the construction team and the required
temperature and humidity during the concrete
curing period.

The traveler used on this project was repurposed
after having built two projects already which was
both cost effective for the project and
environmentally sustainable as it eliminated the
need for fabricating new single-use equipment.

Segment Construction Time
(no. of days for a pair of segments)
80
60

The cycle time for a single segment varied along
the bridge due to the crew’s learning curve as well
as the added complexity of the cable stressing
once the cantilever reached segment 6. This
varied from as much as 30 days for the initial
segments to as little as 11 days once routine
set in.

40
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Figure 34: Segment cycle time, segment 2
includes the time to demobilize the pier table
falsework and erect the form travelers

In the winter season, the travelers were hoarded
and heated to allow construction to continue
unimpeded by the cold weather, see Figure 35.
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Figure 35: Formwork traveler heating and hoarding in winter, note Span 3 being erected on falsework in the background

Care had to be taken in storing fuel for the heating
of the bridge due to environmental concerns with
the potential for a spill in the river.

Firstly, geometry control on the box girder was
meticulously planned to get the bridge in as
good a position as possible.

These restrictions also extended to fuel for other
equipment used during construction.

Testing was done on the Youngs modulus, creep
and shrinkage properties of the concrete mix to
improve the accuracy of predictions.

To achieve the required rail geometry a multiple
step process was executed which progressively
reduced possible deviations.

Figures 36a and 36b: Concrete lock blocks placed on the deck to empirically measure the stiffness of the completed bridge (left),
rail, walkway and overhead contact system installed (right)
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Figures 37a and 37b: Erection trolley running on rails on top of the concrete box girder (left), core steel segments (right)

The camber curves were found to be sensitive to
Young’s modulus but not particularly sensitive to
variations in creep and shrinkage.
Secondly an empirical test was done to gather
information on the stiffness of the completed
bridge using measurements of deflections taken
when several concrete blocks were loaded on the
deck, see Figure 36a.
This stiffness was then used to create the camber
curve for the rail plinths which were then poured.
Finally, shimming of the rail clips that hold the rail
was used for the fine tuning of the rail profile.
The installed rail profile was assessed on the
relative change in gradient of the rail rather than
trying to hit an absolute elevation, an impractical
task for a long span bridge that moves more daily
under thermal gradients than the tolerances used
for on grade rail construction.

SUSPENDED SHARED USE PATH
Galvanizing of the structural steel required
longitudinal and transverse field splices on the
steel grillage to allow the segments to be dipped
into a galvanizing bath.
Local galvanizers in Edmonton did not have
sufficiently large facilities to handle the full 8m x 5m
deck segments so they were shipped to British
Columbia to be galvanized.
These splices created a small core steel segment
that could be erected first which then allowed the
contractor to “stick build” the remaining framing
and bracing elements.
Erection trolleys were used to move the steel
segments from cranes on land into position using
rails anchored to the top of the concrete box girder
above.

Figures 38a and 38b: Hauling cart to take a core steel segment along from the land at Pier 3 (left)
along Span 3 for erection onto Span 2 using the erection trolley (right)
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Figures 39a and 39b: Suspended bridge being constructed

The erection trolleys were unable to move past the
piers and hence for the central span over the water
the segments were delivered to the trolley by using
a hauling cart that used the protruding top stringer
of the suspended steel deck as a rail.

CREDITS
Owner – City of Edmonton
Owner’s Engineer – ConnectEd Transit
Partnership (AECOM, Dialog, Hatch, ISL)

A series of lifting beams were used to transfer the
steel from the hauling cart to the erection trolley,
see Figure 38b.

P3 Partner and Overall Contractor – TransEd
Partners (Bechtel, Ellis Don, Alstom, Fengate
Capital Management Ltd)
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Photos courtesy of Arup, TransEd Partners
and American Bridge unless noted otherwise.
Design was done to CSA S6-14 supplemented
by AASHTO LRFD BDS 7th Edition for
balanced cantilever construction and PTI DC45.1-12 Recommendations for Stay Cable
Design, Testing, and Installation for stay
cables.

Figure 40: The first test train runs over the Tawatinâ Bridge
in October 2021
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THE DARWIN BRIDGES – THE WORLD’S FIRST BRIDGES
MADE OF CONCRETE WITH RECYCLED GLASS POWDER
Étienne Cantin Bellemare, Eng., PMP, Principal Engineer
Bridges and Tunnels Department, The City of Montréal, Canada

Figure 1: Aerial View of the complete Darwin Bridges

INTRODUCTION
The two Darwin Bridges are located on Nun’s
Island in Montreal (province of Quebec, Canada),
see Figure 2.
They were built in 2020 and 2021 by the City
of Montreal.

Figure 2: Location of the bridges Source: google maps
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These structures enable pedestrians and cyclists
to cross under the boulevard’s four traffic lanes
safely and enter West Vancouver Park located
right next to the St. Lawrence River. The bridges
have an overall length of 37 m.
DESIGN
The architectural signature of these bridges was
designed by Provencher-Roy, a Montreal based
architectural firm.

The goal was to design a bridge that would fit well
with the Corot Building located right next to the
Darwin Bridges, designed in 1967 by the famous
German architect Ludwig Mies van der Rohe.
The detailed design of the bridges was performed
in-house by the City of Montreal’s Bridge
Department.

Figures 3 – 5:
Plan View, Elevation
and Cross Section.
Click on the image
to open it in full.
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GROUND GLASS POZZOLAN (GGP)
Behind the elegant curves of these signature
bridges, innovative concrete was used. 10% of
cement was replaced by recycled glass power,
also called ground glass pozzolan (GGP).

by Professor Arezki Tagnit-Hamou at Sherbrooke
University in Canada.

Glass recycling has become an issue in Canada as
well as elsewhere in the world.

The various studies from Sherbrooke University
have shown that GGP, due to its amorphous
structure (amorphous silica), has pozzolanic
properties.

Unfortunately, a large portion of the glass cannot
be recycled and ends up in landfill. Therefore, the
use of glass powder in concrete is a way to reuse
this material.
Since 2011, more than 35 km of concrete
sidewalks with GGP have been built in Montreal
and they perform very well.
Recently, the Canadian standard on cement and
supplementary cementitious material (CSA-A3000)
was revised and now it also includes GGP.
Apart from that, the ASTM C1866M-20, “Standard
Specification for Ground-Glass Pozzolan for Use in
Concrete” now includes GGP.
The Darwin Bridges project is realized in
collaboration with the SAQ Industrial Chair on
Ground Glass Pozzolan created in 2004 and held

The Bridges are the world’s first bridges built of
concrete with recycled GGP.

As a pozzolan, the GGP reacts with portlandite
obtained during the hydration of the cement
leading to the formation of calcium silicate hydrate
(C-S-H) and to the strengthening of the
mechanical properties of concrete.
When ground into a fine particle powder
introduced in concrete, GGP reduces
permeability and increases durability.
supplementary
cementitious
material
increases the strength.

and
the
This
also

Those properties are beneficial for bridges in harsh
climatic conditions. Apart from that, Portland
cement is an energy-consuming material.
Therefore, we can reduce the environmental
footprint of concrete by using recycled GGP.

Figure 6: The Darwin Bridges – Construction in the North direction
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CONSTRUCTION WITH GGP
The GGP was produced locally in the Montreal
area.
The glass was ground into a very fine powder of
the size of a few microns. The result was white
powder, see Figure 7.

The concrete used is a C-XL as per the CSAA23.1 Canadian Standard. A blended ternary
hydraulic cement incorporating slag and silica
fume (GUb-S/SF) was used.
To reduce early-age cracking of the concrete,
early formwork removal at 7 MPa (based on
maturity meter data) was performed on certain
bridge elements to begin water curing, which is
essential to the performance of the shrinkage
compensating admixture added to the mix (6% by
binder weight).
On bridge elements where early form removal
could not be done for structural reasons, a
shrinkage compensating admixture (4% by binder
weight) combined with a shrinkage reducing
admixture (2% by binder weight) was used.
Synthetic fibres were also added (2.3kg/m³) to all
bridge elements to control shrinkage cracking.

Figure 7: Recycled glass powder

For the construction of the two Darwin Bridges,
more than 40 tons of cement has been saved and
replaced by glass powder.
The equivalent of 70 000 wine bottles was utilized
in the two bridges and the carbon dioxide emission
has been reduced by 40 tons. The use of GGP in
the concrete did not have a significant impact on
the cost of the project.

In order to control the concrete temperature
increase during hydration, its fresh temperature
was determined using a semi-adiabatic box and
concreting was done at night.
For architectural reasons, several tests were
conducted to develop the whitest concrete
possible.
The selected mixture was made up of aggregate
without coloured minerals. The glass powder also
helped whiten the concrete.

Figures 8 and 9: Environmental impact is positively enhanced by various plants and flowers planted around the bridges
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Figures 10 and 11: Complete Bridges

The anti-graffiti coating was selected by the City of
Montreal following performance tests done inhouse.
The contractor, Tisseur, succeeded in building the
curved formwork and the rounded architectural
patterns.
Geometrically complex retaining walls in precast
concrete are placed between the bridges to create
vegetated plantation levels.
The project also required the removal and
replacement of deep concrete manholes and main
sewers located directly under the bridges.

This pilot project will be instrumented for one year
and closely monitored by the University of
Sherbrooke and the City of Montreal for the next
10 years.
It is also one of the first bridges in the province of
Quebec reinforced exclusively with stainless steel
rebar to improve durability.
The lifespan of the bridge is 125 years. Finally, it is
aimed to obtain the Envision environmental
certification for this $11M project.
In October 2021, the Darwin Bridge was rewarded
internationally by winning the American Concrete
Institute (ACI) 2021 Excellence Award in the
Infrastructure Category.

Figure 12: Lighting of the bridge

Figure 13: Plate Acknowledging the Companies involved
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SEGMENTAL CONSTRUCTION OF THE ANITA
GARIBALDI BRIDGE VIADUCTS IN BRAZIL USING
THE LG50-S LAUNCHING GANTRY
Pedro Pacheco, André Resende, Alberto Torres, Hugo Coelho
Faculty of Engineering of Porto University (FEUP), BERD S.A., Portugal

Figure 1: LG50-S in operation

INTRODUCTION
The Anita Garibaldi Bridge over “Canal das
Laranjeiras” is located in Laguna, Santa Catarina
State in Brazil, see Figure 2. The bridge is a part of
the Brazilian Highway BR-101 which connects
Northern and Southern parts of Brazil and also
connects Brazil with other Southern American
countries.
The 2,830m long Anita Garibaldi Bridge comprises
a 400m long three-span cable-stayed concrete
bridge with a semi-fan system, a 1,640m long East
Viaduct and a 790m long West Viaduct, see
Figures 3 and 4. It is the first cable-stayed bridge in
Brazil with plan curvature. The bridge was
completed in 2014.

Figure 2: Location of the bridge on the map Source: google maps
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Figure 3: Elevation of the Bridge

Figure 4: Aerial View of the Complete Bridge

MAIN CHARACTERISTICS

The bridge replaced the pre-existing road which
could not handle the increased traffic and frequent
congestion, especially in the summer months from
tourism.

CONTRACTOR: CONSORTIUM PONTE DE
LAGUNA (CAMARGO CORRÊA/
CONSTRUBASE ET GRUPO ATERPA)
DESIGN: STRÁSKÝ, HUSTÝ & PARTNERS

It was decided to use the segmental construction
method for the viaduct spans to accelerate
construction works and bring the opening of the
bridge forward.

SEGMENTAL CONSTRUCTION: BERD
Number of spans:
Spans built by LG50-S:
Minimum plan curvature:
Maximum longitudinal slope:
Segments per span:
Weight of a segment:
Length of a segment:
Height of a segment:
Width of a segment:

Both East and West viaducts were built by the LG
50-S overhead launching gantry provided by
BERD.
In this article construction using the launching
gantry and its Organic Prestressing System is
described.
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Figure 5: Deck Cross Section

DESIGN REQUIREMENTS FOR THE LAUNCHING
GANTRY (LG)

THE VIADUCTS
The deck cross-section of the viaducts is a single
box 8.5m wide (9m at the bottom slab level).
Precast concrete planar brackets support precast
slabs which were later made integral with cast-insitu deck slabs, see Figure 5.

The main requirements of the design of the Anita
Garibaldi Bridge focused on shortening the
construction cycle, reducing the need for
segments pre-suspension to deform the LG, see
Figure 6, enabling a moderate level of provisional
prestressing of the LG and achieving an overall
solution that was reasonably tolerant to operator
inaccuracies.

The central box segments were lifted and placed
by a launching gantry and subsequently, the full
width of the bridge of 25m was completed by a
continuous cantilever.

Figure 6: Pre-suspension of the segments
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Figure 7: Storm at the site during construction. Photo Credit: Camargo Correa, Aterpa M. Martins e Construbase

There were also some specific challenges for the
design of the LG50-S following the requirements of
the Contractor:
-

The Contractor and the Designer were not
experienced with this construction technology
and it was the first BERD Launching Gantry;

-

The Contractor requested that the launching
gantry could work under normal service wind
velocity up to 60km/h as winds 50-60km/h
were frequent at the construction site.
The Contractor even asked for an increase in
the service wind speed, however, due to safety
restrictions and load elevation it was not
possible. For winds up to 160km/h, the
launching gantry had to be supplied with extra
bracing which could be assembled very
quickly as strong winds without previous
warning are quite common in this region;

-

The launching gantry had to be able to build
one 50m span in 5 calendar days which was
very challenging especially due to the climatic
conditions at the site and the need for a fast
learning curve;

-

The launching gantry had to be first used on
the East Viaduct, disassembled, and later
reassembled on the West Viaduct in less than
10 weeks in tough conditions;

-

As it is one of the stormiest regions in the
world, the Contractor required that the
launching gantry had to be supplied with a
lightning rod connected to the ground.
It was challenging because the gantry is
equipped with several electronic devices and
their possible malfunction may negatively
affect its reliability and productivity.

DESCRIPTION OF THE EQUIPMENT
For the construction of East and West Viaducts,
the LG50-S overhead launching gantry equipped
with the Organic Prestressing System (OPS) was
chosen. It was the first launching gantry equipped
with an OPS system.
The gantry moved and placed precast segments
weighing up to 90 tons each. The main
components of the gantry are shown in Figure 8 on
the following page.
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Figure 8: LG50-S elevation and components identification

ORGANIC PRESTRESSING SYSTEM (OPS)
The OPS control is governed by an algorithm that
adopts the launching gantry mid-span deflection as
the main control variable.

The OPS is an automatically adaptive prestressing
system that forms part of the launching gantry
which can increase or decrease prestressing
forces in the gantry according to load variation.

The mid-span deflection is monitored by pressure
transducers (sensors) continuously transmitting
signals to the control unit (PLC).

The system was initially inspired by the behaviour
of organic structures found in nature: the muscle. It
can be described as a prestressing system where
the tension applied to cables is automatically
adjusted to the actuating loads through a control
system to reduce the structural deformations and
minimize tensions.

The control algorithm computes actuation
decisions (hydraulic cylinders stroke variations)
which consequently affects tension in the
prestressing cables.
Actuation decision is based on mid-span deflection
changing tendency, filtering out instantaneous
deflection noise due to vibration.

The OPS was developed back in 1999 and after its
experimental stages, it was successfully
implemented in cast-in-situ bridge construction
equipment commonly known as MSS – Movable
Scaffolding System.

To ensure an adequate reliability level, the OPS is
provided with distinctive and extra sensors with
measures. They are permanently checked to
guarantee that the algorithm decision is always
based on accurate information.

The first application in bridge construction goes
back to 2004 when it was used for a relatively
short span of 30m.

If any inconsistency or incoherence is detected,
there are several alarm combinations (buzzer and
colour light) warning the operator to check the
real-time data available on an intuitive screen
interface.

Since then, the system has been progressively
developed and implemented in various types of
MSS which has resulted in a significant increase of
spans constructed.

The use of bridge equipment with OPS provides
the possibility to design lighter and more efficient
temporary works structures.

The OPS main elements are:
-

Actuator and the active anchorage
Unbonded prestressing cables
Sensors
Electronic controller in the girder control
unit
Passive Anchorage
Deviation Shores

It also increases the safety factor of the gantry
structure because the operator has actual
information about the structural behaviour and can
take immediate action when necessary.
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WORKING PROCESS
The launching gantry started first at the East
Viaduct, after that it was disassembled,
transported to the West Viaduct and again
assembled there. In total, the LG50-S gantry built
43 spans each of 50m.

Supports are provided by Deck Frames. The
overhead crane is actively present in both
phases, performing segment placement and
deck frames relocation in the Stationary Phase
and performing launching gantry movement in
the Launching Phase.

During operation, the LG50-S went through two
phases:
-

-

Each span was constructed using 14 deck
segments.
An
illustrative
working
cycle
chronogram is presented in Figure 9 below.

Stationary Phase: it included all operations of
span (n) deck construction. The Front Support
during the stationary phase comprises the
front leg seated directly on the leading pier.
The Intermediate Support and Rear Support
are seated on the completed deck by Deck
Frames.

Span construction began with the pre-load of the
launching gantry, see Figure 10, through
suspension of half of the bridge segments in the
front area of the launching gantry.
New bridge segments are delivered either on the
previously constructed bridge deck or they are
lifted from a lower level – here the segments were
mainly delivered by a vessel, see Figure 11.

Launching Phase: it comprised all operations
between the LG50-S fixed on span (n) and
span (n+1). During this phase, the LG

Tasks

Day 1

Day 2

Day 3

Day 4

Launching Stage
Segment Positioning
Deck Prestressing

Figure 9: Synthetic working cycle chronogram

Figure 11: Lifting of a segment from a vessel and subsequent
positioning operation. Photo Credit: Camargo Correa, Aterpa
M. Martins e Construbase

Figure 10: LG50-S girder preloading
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Figures 12 and 13: Launching Gantry in Operation

During the suspension stage, the OPS was
working passively with minimum required tension
installed in OPS cables and without actuator stroke
increments.

After positioning all 14 bridge segments, the
permanent deck prestressing operations could
begin. As the prestress was installed, the
segments’ weight was gradually transferred from
the launching gantry to the permanent structure.

The permanent span erection itself started with the
positioning of the first two segments at the rear of
the span; the first segment had to be stabilized in
its position. It required an accurate geometry
control because the position of these two
segments set the final plan and vertical alignment
of the erected span.

Unloading the launching gantry could give rise to
undesirable upward deformations, however, it was
duly compensated by the OPS which was also set
in active mode during deck prestressing.
Gradually, the OPS cable tensions were reduced.

Each newly positioned segment is glued to the
previously erected segment so that the gap
between segments is filled. Afterward, temporary
prestress is applied by provisional prestressing
bars between segments compressing contact
joints to achieve a minimal contact pressure of
150kPA for an adequate epoxy glue cure.
With the third bridge segment raised to be
positioned, the OPS was set in active mode to
compensate for further gantry deformations. It
remained activated until the last non-preloaded
segment is positioned.
Assuming the first two segments were accurately
positioned, the OPS minimises deviation in the
vertical alignment of the erected deck. Thus, the
dependency on the deck geometry control system
for position correction could be reduced.
The OPS also allowed for maintaining the stress
across segment glued interfaces within an
allowable range, safeguarding epoxy glue adhesion
and preventing cracks.

Figure 14: Launching Gantry in Operation
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Figures 15 and 16: Construction of the main bridge with the launching gantry on the approach

As soon as the deck became self-supporting, i. e.
no longer supported by the launching gantry, its
vertical and plan position was adjusted through
combinations of vertical and transversal
movements executed by the geometry control
hydraulic systems that are located on top of the
piers under the end segments.
Launching preparation began after the termination
of previous deck prestressing operations. The rear
deck support was relocated by the overhead crane
to a frontal position, near the front leg, which was
disassembled after the load transfer.
After disassembly of external bracing, the
overhead crane was fixed to the rear deck support.
The longitudinal movement was provided by the
engines of the overhead crane which also acted as
a stabilizing counterweight throughout launching.

The Launching Gantry achieved a consistent span
construction cycle of 3.5 days which surpassed the
Contractor´s requirement despite unfavourable
wind conditions practically every cycle.
CONCLUSION
The LG50-S built 43 spans of the East and West
Viaducts of the Anita Garibaldi Bridge, each of
50m length, composed of 14 segments weighing
around 90 tons each.
This launching gantry was the first launching
gantry equipped with the Organic Prestressing
System (OPS), which led to significant advantages
in productivity, reliability and construction cycles.
Thanks to this, the construction of the viaducts
was finished ahead of schedule.

Figures 17 and 18: The complete bridge
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Read more about Movable Scaffolding Systems, Organic Prestressing and other BERD
equipment used for bridge construction in previous editions of e-mosty:

M1-70-S MOVABLE SCAFFOLDING
SYSTEM (MSS) FOR THE D4R7
THE DANUBE BRIDGE
Pedro Pacheco, BERD;
André Resende, BERD;
Hugo Coelho, BERD;
Filipe Magalhães, CONSTRUCT – Faculty of
Engineering, University of Porto

BOWSTRING MOVABLE
SCAFFOLDING SYSTEM WITH
ORGANIC PRESTRESSING
SYSTEM
Magdaléna Sobotková
In cooperation with BERD and Slovak
Technical University (Peter Paulik)
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SOLUTIONS FOR
BRIDGE CONSTRUCTION
INNOVATIVE | SAFE | SUSTAINABLE | FAST

Photo Credits: D4R7

MSS M1-70-S @ BRATISLAVA BYPASS | IN SITU CONSTRUCTION

Photo Credits: Stephane Ciccolini

LG 36-S @ CAIRO METRO LINE 3 EXTENSION | PRECAST SEGMENTAL
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A HYBRID TRAIL BRIDGE SOLUTION
TO FIGHT RURAL ISOLATION
Nicola Turrini and Alan Kreisa,
Bridges to Prosperity

Figure 1

I. INTRODUCTION TO BRIDGES TO PROSPERITY
When your world is not limited because of the lack
of infrastructure, it is easy not to feel the need to
stop for a second when you cross a bridge and
acknowledge the impact that structure is having on
your life.
When a bridge is missing in the spot where
needed, the lives of the people living in
surrounding area do their best to adapt to
situation, and the pace of the development,
pursuit of prosperity, is slow.
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Longer travel time to, or sometimes even the
impossibility to reach, essential services like

education, healthcare, and markets become part
of daily life.
This isolation becomes a root cause of poverty,
and it affects 1 out of 7 people in this world1.
Bridges to Prosperity (B2P) partners with
governments and rural communities, globally, to
build trail bridges to better lives.
Since its founding in 2001, Bridges to Prosperity
has designed and built over 370 trail bridges, see
Figure 1, that provide year-round safe access for
over 1.3 million people in 21 countries.
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II. TRAIL BRIDGES FOR TRANSFORMATIVE
CHANGE
Pedestrian, bicycle, and motorcycle bridges (or
trail bridges) connect rural communities with
critical resources and services like healthcare,
education, and economic opportunities, serving as
a cost-efficient, scalable intervention that
addresses a myriad of symptoms of poverty.
Our research partners at Yale University and the
University of Notre Dame published a 3-year
longitudinal study on the effects of flooding for
Nicaraguan communities connected by a trail
bridge compared to control communities without
access2 and, more recently, a pilot study of
another Randomized Control Trial research
program on the impact of trail bridges in Rwanda
showed powerful results3.
Communities with trail bridges showed, on
average, a 60% increase in women entering the
labor market, a 75% increase in farm profits, and a
25% to 36% increase in labor market income.
These and other ongoing studies show how a
simple transportation infrastructure, a trail bridge,
can create transformational change for entire
communities, leading to prosperity in the long term.

excavations, and the steel wire-rope cable
walkway hanging from them drawing a goodlooking hammock in the skyline.


When, generally in floodplains, the difference
in height between the two sides of the valley
and the riverbed is not enough to permit the
previous solution to fit well, a suspension
bridge design is generally needed. Here the
walkway curvature is raised, with the help of
concrete pedestals supporting up to 10m high
steel towers, to accommodate an adequate
clearance on top of the highest recorded
flooding level (which B2P calls high water line).

IV. SUSPENDED TRAIL BRIDGE DESIGN
The standard suspended bridge design consists of
two abutments forming the substructure composed
mainly of rocks, mortar and reinforced concrete.
Due to the nature of the valley profiles where this
kind of bridge is built, often involving 10% to 25%
slopes, the consequent dimensions of the
abutment excavations are generally important,
occupying a big part of the construction schedule
of the entire project, see Figures 1, 2 and 3.

III. SIMPLE, COST-EFFECTIVE AND SCALABLE
SOLUTION
Due to the scale of the demand for eradicating the
problem of poverty caused by rural isolation (1
billion people, globally), the only way to make this
mission possible from an engineering point of view
was to work on a standardized design concept that
could be replicated with a minimal investment in
drafting and calculation time.
This is how Bridges to Prosperity (B2P) developed
standard designs for long-span steel wire-rope
cable trail bridges, characterized by a light
walkway system that permits the structure to span
across wide valleys with no need for midspan
supports.
The main criteria against which the two primary
B2P design concepts are evaluated is the shape of
the river valley:


When the side banks are high enough to fit a
hammock-like hanging walkway profile, B2P
would proceed with a suspended bridge
design with two massive abutments composed
mainly of rock and concrete built at the sides
of the valley needing equally impressive

Figures 2 + 3
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The frontal foundation excavation is generally
completed first being the shallower point of the
abutment. This leads to the foundation being the
first element to be constructed, see Figure 4, with
its perimetral 30cm masonry wall filled with
crushed rock and topped with a concrete slab.

The two main reinforced concrete elements of a
suspended abutment are the back anchor beam
and the front towers which lie on top of the tiers
system.
The anchor beam is 3m wide and is composed of a
standard rebar cage and a series of hoses to
accommodate the main cables, all cast inside a
concrete beam, see Figure 7.

Figure 4

The entire sequence of tiers on top of the
foundation, with the same design as the foundation
itself, is constructed until reaching the top level,
see Figures 5 and 6.

Figure 7

The backwall, built on top of the reinforced
concrete anchor, guarantees an adequate height
of rockfill on the structural element allowing it to
withstand the vertical component of the forces
coming from the main cables, see Figure 8.

Figure 8

Figures 5 + 6
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On the other hand, the horizontal component of
the cables is resisted by the entire abutment
behaving like a rigid body, thanks to the ramp walls
that connect the anchor to the frontal foundations
system, see Figure 9.

The main cables, upcycled* port crane steel wirerope cables, can weigh up to 5 kg/m, making an
average 150m long piece of cable a complicated
item to transport to the often extremely remote
sites where this kind of trail bridge is needed.
After the cables are transported by truck as near to
the site as possible, they are unspooled and
transported by hand by a line of workers down to
the valley and laid across the river from one
abutment to the other, see Figures 11 and 12).

Figure 9

The front towers are two simple reinforced
concrete columns topped with a car wheel frame
used as a saddle for the main handrail cables,
while the walkway cables are laying at the base of
the towers, see Figure 10.

Figures 11 +12

*Upcycled here basically means re-utilized in
the same form, with no transformative process,
while for a material to be recycled there is the
need for a transformative process.

Figure 10
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They can be eventually looped and fixed with clips
to the anchor of one abutment, ready to be pulled
with a winch (or cable-puller) connected to the
anchor at the opposite abutment, with the goal to
reach the design hoisting sag before fixing the
cables at the second abutment with some more
clips as well, see Figures 13 and 14.

As last details, the lateral wire-mesh fence will be
installed supported by the handrail cables at the
top and a fixation cable at the bottom, while the
two ramps can be filled with rock and topped
with a concrete slab and lateral fence, see Figures
15 – 23.

Figures 13 +14

Once the main cables are up and ready, the
superstructure elements are the only part missing.
The hangers, composed of a steel channel
crossbeam and two rebar suspenders, are
assembled on the ground before being launched
from both abutments after connecting them to the
main cables.
Once all the hangers are launched, two
construction teams, well-secured to a safety line
with fall-protection systems, will start installing
locally produced steel decking panels from both
abutments, bolting them down to the crossbeams
one by one until meeting at midspan where they
will be connecting the two sides of the deck.

Figures 15 - 17
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Figures 18 - 23
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V. SUSPENSION TRAIL BRIDGE DESIGN
B2P’s suspension trail bridges generally fit in
floodplains with an anchor beam designed to be
deep in the ground and a consequently very big
excavation area, in particular when the terrain has
a 5% to 10% slope.
The anchor system for this kind of design is
composed of a reinforced concrete anchor beam
with two reinforced concrete arms to reach the
surface and provide the anchor point for the main
cables with two steel tubes installed at the extreme
of the arms.
The soil itself in this case provides both vertical
resistance (overburden weight on top of the beam)
and horizontal resistance (passive pressure in front
of the beam) to the forces transmitted by the main
cables, see Figures 24 – 27).

The riverside part of the substructure is composed
of a standard reinforced concrete footing with two
reinforced concrete pedestals whose function is to
raise the walkway profile to leave space for
adequate clearance on top of the river.

Figures 24 - 27

A ramp formed by two lateral masonry walls filled
up with rocks and topped with a concrete slab
allows access to the walkway level at the height of
the pedestals.
Two steel bases are fixed at the top of the
pedestals to support the steel towers, creating a
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hinged mechanism that avoids the transmission of
longitudinal bending moments to the pedestals
while helping the installation of the towers, see
Figures 28 – 31.
It is worth highlighting that the tower's main steel
pipes, together with the main cables, are upcycled
materials to reduce the climate footprint of our trail
bridges.

The steel towers are assembled on-site in a
horizontal position with the base hinged on top of
the pedestals.

Figures 28 - 31

A scaffold structure with a pulley system on top is
installed in front of the pedestals to lift the tower
with a winch, making it rotate against its base until
4/2021

reaching the design vertical position and eventually
being secured to the same scaffolding structure:
differently from the suspended design, here each
hanger has a different length as long as the profile
of the walkway does not follow one of the main
cables, see Figures 32 and 33.

After that, the hangers, composed of a steel
channel crossbeam and two rebar suspenders, are
assembled on the ground before being launched
from the top of both scaffolding structures after
connecting them to the main cables, see Figures
34 – 36.

Figures 32 + 33

Once the heavy cables are transported to the site,
laid across the valley, and secured on top of the
two towers, they can be raised to the design height
following the procedure described for the
suspended design.
Figures 34 - 36
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Here as well, after launching all of the suspenders,
two construction teams secured to a safety line
bolt decking panels to the crossbeams, starting
from both sides and meeting at midspan to
connect the entire deck.

The finishing detail is again the lateral wire-mesh
fence, in addition to concrete lateral curbs with the
function of increasing the stability of the walkway
system with their weight while protecting the
bottom of the fence, see Figures 37 – 42.

Figures 37 - 42
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VI. A NEW SOLUTION - HYBRID TRAIL BRIDGE
DESIGN
For both of the previous standard concepts, the
height differential between the two towers is a
critical and capped parameter to be respected.
When its value is greater than 2% of the span for a
suspension trail bridge, and 4% for a suspended
trail bridge, the forces acting on the lower side of
the structure start increasing in horizontal
component, destabilizing the towers while not
guaranteeing an optimal and serviceable slope of
the walkway: This calls for either customization of
the bridge design, for a forced change in position
(when possible), or the rejection of the project
when neither of the previously mentioned solutions
is possible.
After finding more and more examples of rejected
sites with a hilly side and a plane one that could
not fit either our standard suspension or our
suspended design, the engineering department at
B2P has been working on the details of a hybrid
solution, with a simple idea in mind: have the
walkway hang from a suspended abutment on the
high hilly side, and have it lifted by a suspension
steel tower on the low flat side, see Figure 43.

Figure 43

Below is a summary of the main and most
interesting characteristics and changes of the
hybrid trail bridge design compared to the
suspended and suspension design options:


It was clear since the conception of the idea that
the major changes introduced by this new design
option would have been mainly affecting geometry
and dimensions of the structure, needing only a
couple of design details to significantly change.

CABLE HEIGHT (SAG)
The sag value of a tensioned cable,
suspended between two supports, is defined
as reported in the following sketch, see
Figure 44.

Figure 44
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The absence of the lower set of walkway
cables creates a necessity for framing the
walkway laterally, in addition to the lack of a
stabilizing set of forces helping to avoid the
overturning of the suspended foundation.

The average dead load sag value for B2P’s
standard suspended bridges is SPAN/22
(4.55%), while it is around SPAN/12.5 (8.00%)
for suspension bridges.
The ideal value for a hybrid solution should fall
between the two, if it was not for the need of
the walkway to not have an excessive slope on
the suspended side, for serviceability reasons.

To increase the resistance to the overturning
of the tiers foundation system induced by the
horizontal forces acting on the top of the
suspended towers, while also lowering the
bearing pressure on the soil and improving the
sliding resistance of the structure, every tier
was increased in longitudinal dimension, and
the reinforced concrete towers section
dimensions were also increased to improve its
resistance to overturning.

This brought the SAG value for a hybrid bridge
to be in the same order of magnitude of the
one for a suspended bridge, pretty much half
of the normal value for a suspension bridge.
Some of the consequences of this detail are
reported in the following points:


INCREASE
IN
SUSPENSION
ANCHOR DISTANCE

TOWER-

With the sag value is smaller than the typical
suspension bridge value, the distance between
the anchor system and the tower (also known
as backstay) needs to increase for the
difference between the riverside and the
anchor-side cable’s angle to be kept into a
permissible range, avoiding the tower system
to be pushed towards the river by the cable
forces.


INCREASE IN
DIMENSIONS

SUSPENSION

These design changes have then been
transferred to an update of our standard
suspended abutments as well, to simplify the
work of our construction team with a unique
set of details for suspended abutments, not
depending on the bridge type.


The other problem to be solved, as mentioned
above, is the lateral framing of the walkway
which is now hanging from the handrail cables
only.

ANCHOR

In the standard suspended design, the
walkway is adjacent to the towers and the
framing effect is given by the walkway cables
connected to the crossbeams.

The decrease in sag value compared to a
standard suspension bridge makes the main
cables more tense and the horizontal forces
transmitted by them to the anchor system
bigger than usual.

For the hybrid design, it was decided to let the
walkway land between the two towers, inspired
by the suspension walkway landing detail,
installing U-shaped lateral re-bars to keep the
walkway from moving laterally and having two
embedded plates at the bottom of the walkway
to work as hard-support points avoiding the
concrete base wearing off too quickly.

This makes the standard suspension anchor
dimensions, related to that precise span
range, obsolete and forces each hybrid design
to have custom anchor dimensions on the
suspension side.


SUSPENDED WALKWAY LANDING DETAIL

INCREASE IN SUSPENDED FOUNDATION
DIMENSIONS
On the suspended side of the bridge the main
difference is the absence of walkway cables as
long as only handrail cables are compatible
with the suspension design, being able to hang
from the tall steel towers.
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Figures 45 – 60 showing the construction and complete bridge
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VII. CONCLUSION
The addition of the hybrid bridge to our set of
design possibilities is already showing promising
results.
Three hybrid bridges have been successfully
constructed to date across our Rwanda and
Uganda programs.
Moreover, seven more trail bridges of this kind
have already been designed and await contracts to
be signed by the districts’ representatives before
construction can start.
While the hybrid bridge is still a solution limited by
the steepness of the hilly side, and/or by the high
water line height in the floodplain side of the
bridge, it has expanded the B2P design options for

some challenging typographies allowing for the
possibility of providing a functional design on some
previously rejected bridge locations, connecting in
this way thousands of people to the other side of
the river.
B2P’s engineering department will keep working
on improving our construction technology and
design standards to continue fighting poverty
caused by rural isolation all over the world, and
this is just one step of the continuous effort to
connect isolated communities to better life
opportunities.
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We envision a world where
poverty caused by rural
isolation no longer exists.
Corporate Partners make this
vision possible.
Join Bridges to Prosperity in helping isolated
communities gain safe access to healthcare,
education, jobs, and markets through simple,
sustainable, trailbridges. Together, we can
build more than a bridge; we can build a
pathway out of poverty.

+60%
Women Entering
the Labor Force

+75%

+35.8%

Farmer
Profitability

Labor Market
Income

*Wyatt Brooks and Kevin Donovan - "Eliminating Uncertainty in Market Access:
The Impact of New Bridges in Rural Nicaragua," 2017.

info@bridgestoprosperity.org
/bridgestoprosperity
@bridgestoprosperity
@b2p

bridgestoprosperity.org

BIGGS CARDOSA ASSOCIATES, INC.
Better Bridges through Advanced Design

We design bridges

Ada Bridge over Sava in Belgrade, Serbia
Winning competition design/Preliminary/ICE for final and detailed design

Millennium Bridge over Morača in Podgorica, Montenegro
Final/Detailed design

Ponting inženirski biro d.o.o., Strossmayerjeva 28, 2000 Maribor, Slovenia

ARCHING THE WORLD

SANTANDER
MADRID
LIMA
BOGOTÁ
BUENOS AIRES

Calle Marqués de la Ensenada, 11 - 3º. 39009
Calle Bravo Murillo, 101 - 4º. 28020
Calle Coronel Inclán, 235 - Oficina 313. Lima 18
Cra. 14 # 94a - 24. Oficina 307, Edificio ACO 94
Calle Rodríguez Peña, 681 - 4º Dpto. 8. 1020

Tfno. +34 942 31 99 60
Tfno. +34 91 702 54 78
Tfno. +51 1 637 56 47
Tfno. +57 1 467 48 10
Tfno. +54 911 5709 3252

www.arenasing.com

Allplan
Bridge 2022

The evolution of modeling for precast girder bridges
Allplan Bridge enables bridge engineers to work with one single
solution from the creation of a parametric 4D model to structural
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