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SUMMARY
Design and construction of the Wairoa Cycleway Clip-on showcases how an aesthetically
pleasing and sustainable retrofit solution to a bridge close to its load carrying capacity was
added in a safe and innovative manner, whilst minimising traffic disruptions to an arterial route
and any environmental impact to Wairoa River. This paper describes the various project
constraints and challenges that shaped the design concept and construction methodology of
the cycleway extension.
The overall solution is considered a “game changer” for maximising the use of existing bridge
assets to help improve walking and cycling in and around the Bay of Plenty region.
INTRODUCTION
The Wairoa River Bridge Cycleway Clip-on, since its completion in September 2020, has been
allowing the surrounding communities to safely cross the Wairoa River as part of the Omokoroa
to Tauranga Cycleway Trail.
This paper illustrates the efficient use of steel hollow sections to retrofit a cycleway in a safe
and innovative manner, whilst minimising traffic disruptions to an arterial route and any
environmental impact to Wairoa River.
Furthermore, various detailed design considerations are discussed including the analysis of
human-induced vibration, seismic performance, articulation of the retrofitted bridge and the
structural analysis and detailing of complex tubular steelwork connections.
EXISTING BRIDGE
Wairoa River bridge is 177m long and is made up of seven spans. The deck is made
continuous over the piers with post-tensioned, hammerhead type crosshead, though it is not
integral to the pier columns, refer Figure 1.
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Figure 1: View along Wairoa River Bridge looking towards the east abutment
Each deck span of the two-lane carriageway comprises of four post-tensioned concrete
I-girders with a reinforced concrete deck. On the downstream side, the raised kerb extends to
a narrow footpath with a water pipe below. On the upstream side lighting columns are fitted on
cantilevering support brackets, refer Figure 2.
The bridge is founded on piles, with groups of five 612mm diameter steel shell concrete piles
(four raked) supporting each pier, see Figure 2. Five 612mm dia. raked steel shell concrete
piles support the eastern abutment, and two 1828mm diameter belled reinforced concrete piles
support the western abutment.

Figure 2: Cross section of the existing bridge deck and seismic strengthened piers supported
by groups of piles
In 2003, the bridge had seismic linkages installed at the abutments. When further seismic
improvements were undertaken in 2009, based following a detailed seismic assessment
(BBO 2006), the seismic linkages were encased in reinforced concrete. The strengthening also
involved encasing the pier columns and pier pile cap with additional reinforced concrete to
provide additional confinement.
GROUND CONDITIONS
Historic geotechnical investigations supplemented by investigations led by Beca were found
to be generally consistent with the published geology. The materials encountered across the
site generally comprise ‘very loose to loose sands’, underlain by ‘very soft to soft clayey silt/silty
clay’ to approximately 25m depth. This unit is typically underlain by ‘medium dense sands’ and
‘non-welded Ignimbrite’ as illustrated in Figure 3.
The NZS 1170.5 site subsoil class for this site was concluded to be ‘E – Very Soft Soils’.
Liquefaction and cyclic strain softening assessments were undertaken for the bridge site using
the CPT data. SPT-based assessments were also undertaken for comparison against the
CPT-based assessment results. The liquefaction assessment concluded that liquefaction is
anticipated to be triggered even at SLS level seismic events.
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Figure 3: Ground Profile
RETROFIT DESIGN DEVELOPMENT
Lightweight Retrofit Options
Various cycleway extension concepts had been investigated, all driven by the available spare
capacity of the bridge structure to accommodate the cycleway extensions. The options
considered comprised of:
•
•
•
•

Extending the existing bridge deck cantilevers
Providing cycleway clip-ons to outer bridge deck concrete girders with intermediate
supports by the deck cantilever, spaced at approximately 1.5m centres
Providing cycleway clip-ons connected to bridge deck transverse diaphragms with more
widely spaced intermediate supports
Installing cycleway clip-ons with a steel support substructure at the pier locations and
cycleway spanning between piers, see Figure 4.

Figure 4: Retrofit option with cycleway clip-on supported by steel support frame
and counterweight
Following an assessment of the existing structure, it was concluded that neither the bridge
deck, nor the pier columns provided adequate spare capacity for retrofitting a cycleway
extension at deck level under combined pedestrian and unbalanced traffic loading. The last
option above allowed to transfer any additional gravity loads directly to the pile cap bypassing
the pier and deck. This also allowed future provision for the installation of an upstream
cycleway by replacing the counterweight tube with a cycleway.
In all instances, Fibre Reinforced Polymer (FRP) deck elements, including FRP trusses had
been explored as contractor design element, whereas from the inception of the option study,
structural steel was considered more appropriate for the supporting pile cap frames given the
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complexity of the support arrangement. The final cycleway clip-ons comprised of steel trusses
with lightweight pedestrian decking spanning between frames. This was a contractor led
alternative adhering to the overall stiffness requirements developed for the FRP specimen
design, whilst reducing the overall weight of the walkway superstructure.
Review of Geotechnical Pile Capacities
Previously assessed geotechnical pile capacities suggested that the pier piles C to G would
have insufficient spare geotechnical axial capacity to accommodate the additional loads
generated by the retrofit arrangement in Figure 4.
However, following additional geotechnical investigations led by Beca, an increase in pile axial
load capacity for the river piers could be determined on the basis of making an allowance for
increase in skin friction for driven piles in sands for the static case, commonly known as ‘pile
set-up’, in which skin friction along the shafts of driven piles is expected to reduce during driving
and recover over time following the driving process. The supplementary geotechnical
investigations at the pier locations also suggested that for the seismic case there is no crust
layer present that would cause negative skin friction due to liquefaction on the river piers.
Based on the approach by Jardine.et.al (2005), a factor of 1.5 was adopted to allow for the
increase in skin friction of driven piles in sands due to time effects. Figure 5 suggests a factor
of 2.25 for time after driving of greater than 100 days. A reduced factor of 1.5 was adopted to
account for the presence of stiff clay between 16m and 26m bgl.

Figure 5: Increase of skin friction in sands over time
Futureproofing of Cycleway Retrofit
Throughout the design process, provision for the replacement of the counterweight with an
upstream cycleway was made. This included future provision of approach earth ramps (refer
Figure 6) and road safety considerations: The western approach of the bridge structure ties
into a T- junction which requires adequate sight lines to be provided on the bridge.

Figure 6: Future Provision for Upstream Cycleway including sightline consideration
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Provision has been made for the future upstream cycleway extension arrangements to
accommodate the horizontal clearance required for a design speed of 60kph anticipated once
this section of highway is revocated to a local road in the future.
Impact of New Substructure on River Flow and Flood Behaviour
The flood hazard to the bridge and the surrounding areas was assessed for the proposed
retrofit works, to identify any measures required to avoid, remedy or mitigate any potential
adverse effects of the structure with regard to property owned or occupied by others, and on
the natural river and flows. The projection of the steelwork beyond the thickness of the existing
concrete columns has been considered as illustrated in Figure 7, taking into account the flood
level of a 100-year flood event.

Figure 7: Flood hazard impact assessment of Structural Steelwork
As shown, the protrusion of the steelwork into the waterway beyond the width of the existing
concrete column is minor (less than 0.5m per pier). Furthermore, the soffit of the clip-on
walkway superstructure will be above the existing bridge soffit, and therefore does not present
any additional risk of obstructing flow to the river.
Therefore, the flood hazard assessment concluded that the proposed retrofit structure is not
considered to affect the current level of flood hazard to, or caused by, Wairoa River Bridge.
DETAILED DESIGN CONSIDERATIONS
Selection of Hollow Sections
As illustrated in Figure 4, all the steelwork for the V pier-shaped truss support frames
comprises of circular hollow sections. Circular hollow sections were chosen to minimise
catching of debris during a flood event and provide a pleasing aesthetic.
Similar to the substructure, hollow sections were chosen for the design of the cycleway trusses.
Rectangular hollow sections were used for the main chords, circular hollow sections specified
as the diagonal truss members and rectangular hollow sections for cross beams and
plan bracing. The walkway surface consists of FRP decking panels supported by HST joists.
Refer to Figure 8.

Figure 8: General Arrangement of Cycleway Truss
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Integral to the design development was the 3D modelling of the structural steelwork of both the
pier support frames and cycleway trusses, as illustrated in Figure 4, Figure 10 and Figure 12.
This allowed to check for clearances between the existing bridge structure and retrofitted
steelwork, carry out and coordinate the interface of the support frames and abutment
extensions with the cycleway trusses, and consider tolerances at truss-to-truss interfaces.
Simple, but well considered, detailing was employed throughout the bridge to help elevate the
design beyond being just a “functional solution”. Bold and vibrant colour selection in
combination with elegant detailing of handrails and expansion joints helped this project strike
a strong balance between economy and architecture. For some of the completed finishes, refer
to Figure 14.
Steel Work Connections
Special design considerations were applied to the circular hollow section nodes, as they are
not covered explicitly by NZS 3404:1997. The designers considered hollow section joint
specific failure mechanisms, such as joint plastification, illustrated in Figure 9.

Figure 9: Left- Joint plastification in a circular hollow section joint, CIDECT(1990),
right- Finite Element modelling of hollow section truss joints
For the design of rectangular and circular hollow section joints, CIDECT design guidelines
(CIDECT 1991, 1998, 2009) formed the basis for the analysis and detailing of nodes, and
various bespoke tubular connections in the V pier support frames, shown in Figure 10.

Figure 10: Stiffened Tubular Support Pier Connections
Finite element modelling as shown in Figure 9 was used to demonstrate that the superstructure
truss nodes did not require any additional stiffening.
Seismic Articulation
The trusses have been designed as a series of simply supported spans, seated on horizontal
elastomeric bearing pads, and fastened to the support steelwork via hold down fixings which
also act as seismic restraints and transfer seismic inertia loads to the support steelwork.
Slotted holes at the steelwork supports cater for thermal movement of each truss. The
proposed seismic design philosophy aimed to cater for the fact that the existing bridge deck is
continuous, however the cycleway trusses comprise individual simply supported spans.
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Therefore, the pier steelwork was designed to distribute longitudinal seismic inertia of seven
spans across six piers into the existing pile caps and pier piles without having to transfer any
inertia loads to the abutments. The abutments were seismically de-coupled from the remaining
cycleway extension by providing seismic longitudinal gaps and rubber bearings with a very low
shear stiffness, refer Figure 11.

Figure 11: Seismic Gaps and Low shear resisting elastomeric bearings provided at
abutment extensions
Furthermore, due to the low self-weight of the truss, the steel frame has been designed
elastically in the transverse direction, whilst checking that the resulting vertical pile demands
are within the assessed pile capacity.
The distribution of seismic base shear of the individual trusses and existing bridge spans is
subject to the stiffness of the overall analytical model which has accounted for variations in
ground conditions, columns heights, and effective embedment depths of piles with variation in
river bed levels.
The existing pier piles were assessed for the additional seismic inertia loads and design checks
to confirm that the existing pier piles can accommodate the additional loading demand.
The steel frame has been designed to allow for the existing bridge deck to articulate
independently in the transverse direction by providing a sliding interface between the new
steelwork, as shown in Figure 12, as well as horizontal and vertical seismic gaps between the
existing concrete pier and steel support frame.

Figure 12: Sliding Interface between existing pier columns and steel support frame in
transverse direction
In the longitudinal direction, the steel frame is propped by the existing concrete columns to
maintain stability. The concrete columns were also checked for the additional seismic loads
from the cycleway trusses and support frames.
For the pier frame base connection, shown in Figure 10, the base plates were sized to exceed
the overstrength capacity of the vertical fin plates, which are anticipated to yield at the
occurrence of plastic hinging in the existing concrete columns.

Sensitivity: General

The concrete infilled counterweight steel pipes on the upstream side of the bridge also provide
a longitudinal restraint between adjacent steel support frames in a longitudinal seismic event.
Furthermore, the seismic mass of the counterweight tubes, being equivalent to that of the steel
truss spans, further minimised on plan torsion effects. The combined counterweight and truss
act as a Vierendeel truss to prevent horizontal twisting of the steel support frame, due to the
otherwise longitudinal unbalanced seismic base shear of the cycleway trusses, acting on the
downstream side portions of the steel support frames.
Human Induced Vibration
The lightweight flexible superstructure (driven by load limits of the existing foundations)
resulted in a structure that was potentially sensitive to human induced vibration.
Natural frequencies for the retrofit superstructure were derived from hand calculations and
dynamic frequency analysis using the software package SpaceGass (refer Figure 13)
accounting for both the stiffness of the truss and support frames.
The bridge has been checked for the effects of vibration, as per section 3.4.15 of the Bridge
Manual, by applying the assessment methodology for vertical vibration effects, in line with
Appendix B of BD37/01, and horizontal vibration effects, in line with NA BS EN 1991-2:2003,
with structural damping input parameters provided in literature (Heinemeyer et. Al. 2009,
FIB 2005).
With a natural frequency of more than 5Hz, it was concluded that the requirements for vertical
vibration performance had been satisfied.
Frequencies for lateral induced vibration were found to be slightly less than 1.5Hz.
Subsequently, it was checked and concluded that sufficient structural damping was provided
to accommodate recommended crowd densities in line with NA BS EN 1991-2:2003,
section 2.44.6.

Figure 13: 3D frame model of Wairoa River Bridge with cycleway extensions and
counterweight tubes
Corrosion Protection
Corrosion protection requirements in line with Protective Coatings for Steel Bridges
(NZTA 2014) were applied to primary load carrying elements. In this case, a PUR5 coating
system to AS2312:2014 was applied to exposed surfaces of all primary steel elements with
the option for Western Bay of Plenty District Council of choosing the colour of the topcoat.
A PUR5 coating system with an anticipated life-to-first maintenance of 25+ years was
preferrable to a metal spray coating system with a service life-to-first maintenance of 40+ years
without colour choice available.
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Furthermore, it was acceptable to the client that galvanised and painted HST joists could either
be repainted or (if deemed more economic) replaced at the time the main structure is being
repainted. Handrails and anti-climb infill mesh were supplied in grade 316 stainless steel for
long-term enhanced public safety and aesthetics. As shown in Figure 14, the same colour
(Resene “Guru”) was chosen by Western Bay of Plenty District Council for both the cycleway
trusses and support pier frames.

Figure 14: Corrosion protection measures including PUR5 coating system with blue coloured
topcoat applied to both cycleway trusses and pier frames and use of stainless steel
CONSTRUCTION METHODOLOGY
The key construction constraint to install the cycleway truss support pier frames was the issue
that the centre of gravity of a frame half was located below the bridge deck.
Various construction techniques had been considered both by the designer during the design
phase and constructor during tendering, and it was concluded that the best approach was to
use a barge, refer to Figure 15. In this case, the barge comprised of modules which could be
delivered to site and assembled on site. The installation procedure of the support frames was
further refined by utilising the tidal ranges of the river to lower the steelwork into position onto
the pile cap. Through the steelwork erection, the barge also provided a safe working platform
reducing the risks associated with working at heights over a waterway.
The temporary works for installing the truss support frames were complicated by the need to
transfer any unbalanced loading into the existing cantilevering pier cross heads, whilst
providing enough flexibility and tolerance for manoeuvring these heavy elements into place.
Careful and accurate placement of the two halves was imperative to enable alignment of both
pier frame halves when completing the central splice connections.
The support and adjustment flexibility were provided by a series of chain blocks, refer
Figure 15. During the placement of each frame, half ballast tanks of the barge and temporary
jack supports were used to set the correct angle of the V Piers, as each V-Pier had a different
angle on the Main Outrigger leg.

Figure 15: Temporary Works to install pier support frames (left - use of a modular barge,
right – use of chain blocks to provide alignment manoeuvrability)
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During night time road closures, the cycleway trusses and counterweight tubes were delivered
onto the bridge and lifted into place via a tandem crane lift, as illustrated in Figure 16.

Figure 16: Left - Installation of cycleway trusses and counterweights via tandem lift, right –
completed installation of first cycleway truss
The erection method allowed to limit the outrigger loads onto the bridge deck by limiting the
lifting weight and lifting radius, thus the size of the cranes. Cycleway trusses and counterweight
tubes were erected during the same night-time closure to limit out-of-balance forces onto the
support frames in subsequent erection stages.
CONCLUSIONS
This project illustrates how lightweight modular steel construction was key to adding a
cycleway to a bridge already close to its load carrying capacity in a safe and innovative manner,
whilst minimising traffic disruptions to an arterial route and environmental impact to Wairoa
River.
The project also demonstrates the efficient use of steel hollow sections to provide a highly
aesthetically pleasing and sustainable retrofit solution for the local and wider community. The
project provides a vital link to pedestrians and cyclists, whilst future proofing the expansion of
the cycleway.
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