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Introduction 

This article provides an introduction to network arch bridges and is an excerpt from (Chan and Romanes 2008). 
 
 
Network Arch Bridges 
A network arch is an arch structure where the hangers supporting the lower tie are inclined and arranged in 
such a way that they cross one another at least twice. Generally, the lower tie forms the deck supporting a 
roadway, railway or footpath. The inclined hangers with multiple intersections distribute forces such that the 
bending moments and shear forces are distributed to the upper (arch) and lower (tie) chord, just like in a truss. 
Therefore bending and shear actions in the chords longitudinal direction are usually less important than those in 
the transverse direction. 
 
This form of structure was developed in Norway during the 1950’s by Dr Per Tviet with the first network arch  
bridge constructed at Steinkjer, Norway in 1963 (Tviet, 2008). Although many examples of network arch bridges 
have been constructed in Japan, where they are often (incorrectly) referred to as Neilsen-Lhose bridges, 
network arch bridges have not been adopted widely around the world until recently. This is being changed now 
with a number of network arches in design and construction in recent years across Europe, the United States 
and now in New Zealand with the Mangamuhu Bridge on the Mangawhero River north east of Wanganui City 

and the up-coming Waikato River Bridge near Taupo. 
 
Like any tied arch, the network arch can be seen as a beam with compression carried in the top chord and 
tension carried in the bottom tie. Increasing the rise of the arch gives smaller axial forces in the arch chords. 
The majority of the shear force is taken by the vertical component of the arch top chord force, with any 
variation in the shear force taken by the hangers. Network arch bridges tend to act like a truss with a light web.  
 
The arrangement of the inclined hangers offers significant advantages to the network arch form of structure 
compared to tied arch structures using a vertical hanger arrangement. Under a uniformly distributed load across 
the entire span length, vertical hangers are the most efficient arrangement. Actions in all the chord elements are 

predominantly axial forces. By inclining the hangers the arch can be made to look somewhat like a truss. When 
the span is subjected to a distributed load on only part of the span length, some of the hangers will tend to 
relax as can be seen in Figure 1. Increasing the distance between hanger nodes reduces the tendency for the 
hangers to relax but this creates increased bending in the arch chords requiring larger chord elements. 
 
 
 
 
 
 
 
 

Figure 1 Partial Loading Causing Relaxation of Hangers (Tviet, 2008) 
 
As the arch top chord tends to deflect upward and the bottom chord downwards between the arch hanger 
points under loading, introducing a second set of inclined hangers between the first set helps to reduce the arch 
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chord deflections and bending actions as seen in Figure 2. The crossing of the inclined sets of hangers forms the 
network arch configuration. Several sets of inclined hangers can be introduced to decrease the distance between 
hanger points further. 
 
 
 
 
 
 
 
 
 

Figure 2 Additional Hangers Added to Original Layout (Tviet, 2008). 
 
By decreasing the distance between hanger locations, bending actions in the arch’s top and bottom chord 

elements are reduced. The shorter length of the arch top chord also increases the buckling strength of the top 
chord element. By minimising the bending component of action in the arch chords, greater efficiency can be 
realised from a given chord element section. Compared to similar span arches using vertical hangers, reported 
savings of up to 50% of the structural steel weight can be realised through a network arch structure (Tviet, 
2008). 
 
The arch top chord can be profiled to follow the line of thrust of forces within the arch. For simplicity of 
fabrication, it is easy to adopt a circular geometry for the arch top chord profile. While compressive actions 
dominate in the arch top chord, good support is offered by the hangers reducing the tendency of the chord to 
buckle in the vertical plane. Therefore greater stiffness is provided in the transverse direction, leading to the 
adoption of UC or H-profile sections for these elements in a number of bridges, where heavy rolled UC or H-
profile sections are available, such as in Europe and the United States, these are very efficient choices for top 
chord elements. As heavy hot-rolled UC sections (upwards of 400 – 600 kg/m) are not generally available in 
New Zealand, some fabrication of the top chord will likely be required. 
 
The bottom tie is ideally constructed from post-tensioned concrete – the tensile force carried in longitudinal 
post-tensioning tendons. The compression provided to the concrete slab limits cracking of the bottom tie 
member. Depending on the width of the bridge between arches, the bottom concrete deck tie may be 
transversely post-tensioned as well. 
 
Depending on construction methodology, some form of temporary bottom tie may be required (for example, if 
the steelwork tie is erected and lifted into place prior to the bottom concrete tie being completed). For 
Mangamuhu Bridge project, it was found that it was appropriate to utilise a ladder form of deck construction 
with a steel UC longitudinal tie and transverse transoms at regular centres (Chan and Romanes 2008). The 
precast deck slabs were made composite with the transoms and bottom tie with an insitu topping. Longitudinal 
post-tensioning is provided within the deck slab to provide a residual compressive stress and control the variable 
tensile stresses due to live loading. 
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