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SUMMARY 

 
Perry Bridge is a 130 m long network arch pedestrian bridge, which carries the Te Awa River 
Ride walk and cycleway over the Waikato River, near Horotiu. The technical challenges that 
were overcome in designing this long slender span are presented, and the design of a unique 
cableway launch method used to install the bridge across the river is discussed. Comment is 
also provided on the development of further network arch bridge solutions around New 
Zealand, which are building on the efficiency and success of the Perry Bridge project. 
 
 
INTRODUCTION 

 
The Te Awa River Ride walk and cycleway stretches for some 70 km along the banks of the 
Waikato River in the central North Island. The new pathway has been developed by a 
charitable trust. When planning the final section of the route between Ngaruawahia and 
Hamilton, the trust was faced with having to cross the cycleway over to the other side of the 
river due to land access permission issues along the riverbank near Horotiu. 
 
The Waikato River is New Zealand’s longest river and the largest in the North Island – at the 
above site it is around 100 m wide. The river and river bed are also culturally sensitive for the 
local Maori people, making significant disturbance from the construction of piled foundations 
or piers within the river very undesirable from this perspective. The cycleway trust needed to 
develop a significant long span bridge solution, but also a solution relatively low in cost, given 
their budget had not originally envisaged requiring a river crossing.  
 
The cycleway trust’s original concept for the crossing (by others) was a timber suspension 
bridge – low in cost, but basic in appearance, and flexible, presenting a lively response for 
bridge users. Holmes Consulting partnered with Emmetts Civil Construction for the design-
built contract, and together presented to the client an alternative design proposal involving a 
sleek network arch bridge. Featuring inclined steel tube arches spanning 130 m and a post-
tensioned concrete deck, the proposal offered many benefits over the specimen design, 
including enhanced durability, facility, and performance, all for a modest additional cost. 
 
The design team developed a 3D CAD model visualisation (Figure 1) to effectively 
communicate the alternative design to the client and stakeholders. The cycleway trust and 
local council recognised the opportunity offered by the striking network arch proposal to make 
a bold and attractive statement that would draw attention to the cycleway, attract public 
support, and help with fundraising. 



  
Figure 1. Rendered view (left) and completed bridge (right) 

 
THE NETWORK ARCH FORM 

 
The network arch form of structure was first developed by Norwegian engineer Per Tveit in the 
1950s and 1960s. They are a type of tied arch bridge characterised by having inclined hangers 
that cross over each other more than once (Tveit 2009, 2010). These inclined hangers 
distribute the effects of concentrated loads on the bridge deck outwards along the arch, leading 
to significantly reduced bending effects in the arch chord and deck tie compared to a 
conventional arch with vertical hangers. In effect, the inclined hangers act like the web of a 
beam, making the overall structure behave more like a truss. A comparison of the relative 
magnitude of bending in the chords of a network arch and a conventional tied arch under 
asymmetric patch loading is shown in Figure 2 (shown at the same scale), highlighting the 
considerable difference in behaviour. 
 

(a)  

(b)  

Figure 2. Relative magnitude of bending effects in the chords of a network arch (a) and a 
conventional tied arch (b) under asymmetric load 

 
The reduced actions in the arch and deck tie allow for the design of much smaller, efficient 
chord sections. The inherent slenderness of these optimised sections demands a high level of 
design effort, but the associated savings in materials make the network arch a very competitive 
bridge form for spans ranging from about 80 m to 250 m. 
 



DESCRIPTION OF PERRY BRIDGE 

 
Arches 
 
The Perry Bridge features steel tube arch chords formed of 457 CHS sections and spanning 
130 m with a rise of 18 m (Figure 3). The arches are braced together by folded channel 
vierendeel plan bracing and inclined towards each other for added stiffness and stability (2m 
apart at the crown, 9m apart at their base). Most network arches have a rise between 15 % 
and 20 % of the span (Tveit 2010). A larger rise will increase the efficiency of an arch; however, 
the ratio tends to be limited for aesthetic reasons. The arch rise on Perry Bridge is 13.8 % of 
the span. This was chosen to balance the efficiency of the arch against its appearance within 
the low surrounding rural landscape; to optimise the chord length to the nearest multiple of 
typically available 12 m long CHS sections; and to accommodate the height reach limitations 
of likely future maintenance access equipment. 
 
Deck 
 
The deck tie comprises steel UB stringer beams, and fabricated T-section transoms, which are 
fully composite with a 3 m wide precast concrete deck that is made continuous with in-situ 
concrete stitches. The deck is longitudinally post tensioned and integrally connected to the 
abutments with no joints or bearings, further reducing maintenance requirements. 
 

 
Figure 3. General arrangement 

 
Hanger arrangement 
 
The deck is supported from the arch by high strength steel hanger rods which are inclined and 
crossing in a network pattern as is characteristic of this form of structure. Clamps are provided 
at the hanger crossing points to reduce the effective length of the hangers against local wind 
induced vibrations. 
 



The optimal hanger network arrangement is a radial pattern, whereby the hanger intersections 
lie on radii of the arch circle (Brunn and Schanack 2003). However, often a simpler 
arrangement with all hangers at the same angle to the deck is used (intersections lie on 
horizontal lines), particularly where the hanger connections need to be regularly spaced along 
the deck to align with transoms. For Perry Bridge, the hanger angles were carefully varied to 
provide some of the benefits of a radial arrangement, while also maintaining regular connection 
spacings along much of the arch and aligning with transoms (Figure 3). A pleasing visual effect 
is also achieved. 
 
Substructure 
 
The reinforced concrete abutments are supported on driven steel tube piles, founded on dense 
sands between 27 m and 34 m below ground level at the river banks. 
 
DESIGN DEVELOPMENT 

 
By utilising the efficient network arch system, the design was able to significantly reduce the 
materials used on the bridge – with only 73 tonnes of steel in the superstructure. This is around 
1/3 less steel than was estimated to be required for conventional steel arch or truss bridge 
options considered at tender. However, to realise such a light and efficient design presented a 
number of complex engineering challenges. 
 
Arch buckling analysis 
 
One of the primary challenges of the network arch structure is the potential buckling of the 
slender arch chords acting in compression. Accordingly, detailed assessment of arch buckling 
was a governing aspect of the design. A full 3D finite element model of the bridge and its 
foundations was created, used first to undertake a linear elastic eigenvalue buckling analysis, 
from which the arch bracing layout and arch chord wall thicknesses were refined. The buckling 
load factors obtained were significantly lower than 10, so a second order analysis was also 
undertaken to verify the results, as recommended by BS EN 1994-1-1 (2004). This involved a 
full non-linear buckling analysis, including both material and geometric non-linearity in the 
model (Figure 4). The shapes of the critical eigenvalue modes were used as initial geometric 
imperfections, with the amplitude being based on guidance from BS EN 1993-2 (2006) 
Annex D. This required some interpretation, to equate the relevant length of the buckling 
profiles to the sinus and parabola shapes assumed in the code. 
 

(a)  

(b)  

Figure 4. Analysis diagram of a critical arch buckling mode (a) general view (b) plan view 



Pedestrian vibration 
 
The network arch form has the advantage of providing a stiff vertical response. However, with 
a 3 m wide deck over a 130 m span, Perry Bridge is most flexible (lowest frequency mode) in 
the lateral direction. This meant that careful consideration of lateral effects was required, in 
particular the potential for lateral pedestrian induced excitation or ‘lock-in’ as was famously 
demonstrated at the opening of the Millennium Footbridge in London. The effect was assessed 
using dynamic analysis and checked against the requirements of the National Annex to BS EN 
1991-2 (2003) and against European Guidance (JRC-ECCS Joint Report 2009). The latter 
reference allowed a more refined assessment of lateral acceleration and levels of user comfort 
appropriate to different situations, such as in general use or during rare events such as the 
crowds on opening day. 
 

 
Figure 5. Crowds crossing the bridge on opening day 

 
Improvements to the lateral stiffness and mass damping in the structure were made until a 
satisfactory level of theoretical performance was achieved. This included filling the end 
sections of the arch with concrete, making the arch bracing stiffer, and refining the concrete 
deck cross section by increasing the size of the kerbs – enhancing in-plane stiffness. The 
design was borne out on opening day with a very stable, static response as hundreds of people 
walked across the bridge (Figure 5). 
 
Seismic design of foundations 
 
The bridge has been designed to remain elastic under ultimate limit state inertial seismic 
demands. However, geotechnical analysis also identified the potential for between 200 mm 
and 400 mm of seismically induced slope movement at the abutments. For the upper bound 
scenario, the piles are designed to hinge (within the steel code limits for unidirectional plastic 
rotation), so protecting the superstructure above. 
 
Detailing and urban design 
 
The network arch form was chosen for the crossing for its structural efficiency, however it is 
the overall slender proportions of the structure that also provide its striking appearance. A 
similar approach was taken to local detailing – using simple, functional but minimalist 
connection details (Figure 6). This allowed lower cost fabrication in keeping with the project 
budget, but also achieved details that disappear visually against the overall scale of the bridge 
while still telling the story of its construction. The clean lines provided by the use of vierendeel 



plan bracing for the arches, and the inwards inclination of the arch chords, further contribute 
to the elegant appearance of the bridge. 
 

(a)  

(b)  

Figure 6. Arch splice (a) and bracing connection (b) details 

 
Opportunities to build on the landmark nature of the bridge and enhance the urban design 
around the crossing were recognised early in the design. The vibrant paint colour scheme, 
woven-flax inspired patterned surfacing, and bridge up-lighting were developed by the 
cycleway trust working with local artists to reflect the themes and story of the Te Awa River 
Ride pathway. Community involvement was also realised through mosaic artworks at each end 
of the bridge designed by local schools on each side of the river. 
 
CONSTRUCTION TEMPORARY WORKS AND LAUNCH 

 
In addition to the permanent works design for the new bridge, Holmes Consulting also 
undertook temporary works design for the Contractor. This extended from considering how the 
components of the bridge would be erected, to the launch of the structure itself. 
 
Arch erection 
 
One critical aspect was the offline erection of the arch chords. The arches had to temporarily 
span self-supported over their full 130 m length before the hangers, which act to vertically 
restrain the arches, were installed. This proved to be a critical case for arch buckling, due to 
the potential for ‘snap through’. A simple but effective method of restraining the quarter points 
of the arch was devised, using tension-only tie down straps attached to concrete waste blocks 
on the ground. This allowed the Contractor’s erection sequence to be undertaken safely and 
quickly.  
 
Cableway launch 
 
A solution for installing the bridge across the river needed to be found that kept temporary 
works out of the river bed, and worked in terms of the Contractor’s budget, their available plant 
and materials, and programme and safety risk. Initial options, such as heavy cranage or 
barging across the river, did not meet these criteria for this site and were rejected. The 
designers then conceived a novel solution where the bridge was launched across the river by 



sliding the leading end along tensioned cables (Figure 7) – to the authors’ knowledge, the first 
time this has been done for this type of structure.  
 
The cableway was formed of thirty 15.2 mm diameter prestressing strands (fifteen strands 
under each arch), anchored to six inclined screw piles behind each abutment, and stressed to 
a total base load of 2350 kN to support the weight of the bridge steelwork. The main cost was 
in the ground anchorage, so the key was to balance the selected cable tension against the 
amount of sag that would occur during the launch and the pull load required to slide the bridge. 
These parameters were evaluated using non-linear cable analysis, along with checks on 
stability and establishing monitoring criteria. Using lubricated launch shoes and pulled by a 
simple tow line to a tracked excavator, it took just two hours to get the bridge in place. 
 

 
Figure 7. Bridge launch 

 
PROJECT OUTCOME AND RECOGNITION 

 
The Perry Bridge network arch was completed for a construction value of NZ$ 2.4 million, thus 
providing the client with a landmark structure for exceptional value, far exceeding their initial 
expectations for a basic functional crossing of the river. The opening of the bridge was a big 
community celebration, with music, performances, speeches, and over 1000 people attending. 
The community’s involvement has given them a genuine sense of ownership of the bridge, 
reflected in the strong support for the crossing and a 400 % increase in the number of cyclists 
using the cycleway. 
 
Since completion in November 2017, the project has also won numerous industry awards, in 
New Zealand and internationally. Notably, the bridge structural design was presented with the 
Award for Pedestrian Bridges at the Institution of Structural Engineers’ (IStructE) prestigious 
Structural Awards in 2018. 
 
DEVELOPMENT OF NETWORK ARCH BRIDGES IN NEW ZEALAND 

 
Holmes Consulting and members of the design team were involved with introducing the 
network arch structural form to New Zealand, with the first network arch bridge in the country 
being the Mangamahu Bridge, Whanganui, completed in 2009 (Chan and Romanes 2008). 
This bridge, along with a sister bridge opened nearby in 2015, is an 85 m span single lane 
rural road access bridge. A larger 100 m span highway bridge was subsequently designed and 
built in 2010 as part of the East Taupo Arterial project, carrying State Highway 1 over the 
Waikato River (Presland and Gulley 2011). 
 



The designers drew on this experience to develop the concept and design of the Perry Bridge. 
Perry Bridge is New Zealand’s first network arch designed specifically for pedestrians and 
cyclists and is the longest span arch bridge in the country. 
 
Subsequently, Holmes Consulting has been involved with the development of several other 
network arch bridges around New Zealand, building on the success of these earlier projects 
and the efficiency of the structural form. In Cambridge, a 118 m span network arch pipe bridge 
was installed over the Waikato River in late 2018, replacing an existing wastewater pipe 
bridge – the long span of the new bridge avoiding the need for costly ground improvement 
works on the steep river banks. At Upokongaro on the Whanganui River, a sister bridge to 
Perry Bridge will carry the proposed Mountains to Sea/Nga Ara Tuhono cycleway across the 
river. The steelwork has been erected on the west bank of the river and is currently awaiting 
final installation. Design has also been completed for a new 60 m span single lane access 
bridge over the Mangawara Stream in Taupiri, to provide safer passage to the sacred Taupiri 
Urupa. Construction is proposed to start in August 2019, with completion expected by 
early 2020. 
 
CONCLUSIONS 

 
The Perry Bridge design, featuring the longest arch span in New Zealand and a unique 
construction launch method, required careful analysis and engineering finesse to realise. 
Developed as an alternative structural solution for the project, the efficiency of the structural 
form kept its costs within a practical budget, while also producing an extremely elegant 
footbridge. The bridge has proven a great success for the local community, and for the many 
people visiting from other regions. The client is delighted with the outcome and considers the 
bridge one of the best features of the Te Awa River Ride. 
 
This internationally award-winning design has provided a significant technical contribution to 
the New Zealand bridge engineering industry. The success of the design and the efficiency of 
the network arch form is now being further realised through the application of similar long span 
network arch bridge solutions at several other locations around New Zealand. 
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