
Low-damage detailing for bridges – A case study of 

Wigram-Magdala Bridge 

 
2016 NZSEE 
Conference 

P.J. Routledge & M.J. Cowan 

Opus International Consultants Ltd., Christchurch 

A. Palermo 

Department of Civil and Natural Resources Engineering, University of 
Canterbury, Christchurch. 

ABSTRACT: The aftermath of the Christchurch earthquake has highlighted difficulties 

in assessing the future performance and repair of damage to plastic hinge zones in 

conventional reinforced concrete structures.  

Low-damage ductile-jointed systems such as PRESSS-technology have been developed 

to control damage in plastic hinge regions and avoid residual displacements. These 

systems provide self-centring capability using un-bonded post-tensioning and axial load, 

and provide energy dissipation through the yielding of non-prestressed reinforcement or 

dampers. The University of Canterbury has been developing these solutions to allow 

simple replacement of the yielding reinforcement, removing the uncertainty associated 

with low-cycle fatigue in highly strained bars. The technology is material independent 

and a number of new concrete, timber and steel buildings recently built in Christchurch 

have adopted damage resisting systems such as these.  

Opus International Consultants, in conjunction with the University of Canterbury, has 

further developed these solutions for application to bridge columns and in particular for 

the Wigram-Magdala Link Bridge. The bridge was designed with hybrid joints using 

concrete-filled steel columns with special replaceable dissipaters and internal un-bonded 

post-tensioning. This is believed to be the first bridge in New Zealand and possibly 

worldwide to adopt a low-damage ductile-jointed system.  

This paper will use the Wigram-Magdala Link Bridge as a case study to describe the 

conceptual design, considerations and detailing issues leading to the low-damage details 

adopted, and summarise the design method. The bridge is currently under construction 

and the paper will also review the constructability of the low-damage details and 

highlight lessons for future consideration. 

1 INTRODUCTION 

1.1 Low-damage column connection 

Low-damage ductile jointed systems based on PRESSS-technology have been developed to control 

damage in plastic hinge regions. The hybrid system is a form of ductile joint which uses self-centring 

provided by post-tensioning and axial force, and energy dissipation provided by yielding 

reinforcement. Guidance for the design of these systems is provided in NZS 3101 Appendix B and the 

PRESSS Design Handbook.  

The University of Canterbury (UC) has been further developing this technology as part of the 

government funded project “Advanced Bridge Construction and Design”. One development from this 

project was a prototype precast low-damage connection (Mashal 2014) for bridge bents which is a 

further refinement of previous research carried out by (Mariott et al. 2009). This is a hybrid type joint 

but with the ends of the precast column armoured with steel plate casing which provides high 

confinement to the concrete at the joint enabling increased concrete strains (Fig. 1). External grooved 
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bar dissipaters are used (White & Palermo 2016), the bottom ends of which are anchored by sockets 

cast into the footing and the top ends are anchored by nuts against slotted cleats welded to the outside 

of the casing (Fig. 1b). These details provide easy access to inspect, remove and replace the 

dissipaters. A series of longitudinal grooves are uniformly distributed around the cross section of each 

dissipater to force yielding to occur over a controlled region away from the threaded portions at the 

bar ends (Fig. 1c). Steel tubes are located over the length of the dissipater to provide buckling restraint 

by bearing against the remaining portions of bar shank between the grooves. Internal unbonded post-

tensioning provides self-centring action and external shear keys provide shear and torsional restraint. 

This joint detail prevents significant concrete cracking and spalling by concentrating joint rotations at 

the interface between the casing and the footing and by ensuring that only the dissipaters yield. It also 

avoids concerns about low-cycle fatigue and strain embrittlement after an earthquake by providing an 

option to simply replace the damaged dissipaters. The prototype used for testing in the laboratory was 

a pair of reduced-scale bridge columns of 500 mm diameter (Fig. 1a) with four external dissipaters and 

a central internal 50mm diameter Macalloy grade 1030 post-tensioning bar.  

 

Figure 1 - Prototype low-damage detail tested at University of Canterbury: a) Test set-up (left), b) 

Connection at base of column (centre), c) grooved bar dissipaters and anti-buckling tubes (right) 

As a result of extensive interaction with UC through the Canterbury Bridge Group, Opus International 

Consultants Ltd. identified an opportunity to use a low-damage column connection detail for the new 

Wigram-Magdala Link Bridge in Christchurch, based on the UC prototype. Christchurch City Council 

(CCC) was supportive of the innovation for this structure and the University of Canterbury assisted 

Opus International Consultants with the conceptual and detailed design.  

1.2 Wigram Magdala Link Bridge 

The Wigram-Magdala Link Bridge connects Wigram Road and Magdala Place by crossing over SH73 

Curletts Road linking the suburbs of Westlake, Awatea and Wigram with the City Centre.  

The bridge comprises three spans of 32 m, 35 m and 32 m length giving an overall length of 

approximately 99 m. The east abutment and east pier are skewed at an angle of 30 degrees with 

respect to the centreline of the bridge in order to accommodate the geometry of the underlying road 

alignment. The west abutment and west pier are square to the bridge centreline (Fig. 2). 

 

Figure 2 - Elevation on Wigram-Magdala Link Bridge  

The superstructure comprises simply supported 1525 mm deep prestressed concrete Super Tee beams 

with a 200 mm thick insitu deck. The abutments comprise spill-through piled bank seats. The two 

piers each comprise a headstock beam supported by two 1500 mm diameter columns. The focus of this 

paper is on the design and detailing of the columns which were designed to incorporate low-damage 
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joints, enabling easy replacement of the ductile elements that may be damaged during a major 

earthquake. This was achieved by adopting a hybrid joint detail which in this case comprises (Fig. 3): 

 circular steel-cased, concrete-filled columns on piled footings 

 replaceable dissipater bolts connecting the stiffened column endplates to anchorages cast-into 

the footing and headstock  

 vertical unbonded post-tensioning across the joints 

 

Figure 3 - a) Elevation and section on typical pier showing low-damage details (left), b) Enlarged view of 

low-damage connection to pier footing (right) 

This paper will use the Wigram-Magdala Link Bridge as a case study to describe the conceptual 

design, considerations and detailing issues leading to the low-damage details adopted and summarise 

the design method. As the bridge is currently under construction the paper will also review 

constructability of the low-damage details and highlight lessons for future consideration. For ease, the 

discussion will refer to the low-damage details between the base of the column and the footing. The 

detail at the top of the column is similar but inverted. 

2 THE DEVELOPMENT OF A BURIED LOW-DAMAGE JOINT 

One of the downsides of the prototype detail developed by UC was the appearance of the external 

dissipater bolts, cleats, external shear keys and localised steel shell (Fig. 1). In order for the low-

damage joint to be acceptable to CCC on the Wigram-Magdala Link Bridge, the appearance needed to 

be improved. This prompted the development of a buried version of the joint enabling the dissipaters 

to be hidden within the concrete footing but detailed in such a way as to ensure the dissipaters are 

readily replaceable. This required several innovations to overcome the numerous challenges presented 

by this buried joint concept. Some of these challenges and their solutions are summarised below.  

2.1 Steel columns 

Rather than use of a localised steel casing at the ends of a precast reinforced concrete column (as per 

the UC prototype described above) it was expected to be more efficient and more aesthetically 

pleasing to make the columns entirely in steel. The steel casing was detailed to act compositely with 

the unreinforced concrete within and the plate thickness was sized to capacity protect it against the 

larger diameter hybrid joint, between the column baseplate and footing, without the need for additional 

reinforcement.  

2.2 Grade 500E for dissipaters 

Grade 500E microalloy reinforcing bar was proposed to fabricate the dissipaters due to its high 

strength, reliable ductility performance, specified maximum and minimum yield and tensile strength, 

and the uniform properties (throughout the cross section of the bar) which allow machining without 

changing the properties of the bar. However, the maximum diameter of 500E bar available in New 

Zealand is 40mm and thus the maximum metric thread size that could be accommodated on the 
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dissipaters was M36. 

      

Figure 4 - Dissipater profile concepts: a) M36 upper anchorage with M30 lower anchorage (left), b) M36 

fully threaded shank (centre), c) Flanged nut and load paths (right)  

2.3 Dissipater profile and anti-buckling tube for one-sided access 

By hiding the dissipaters in the footings, access for removing and replacing them would only be 

available from one side since only the upper anchorage would be accessible. The dissipaters require a 

threaded anchorage at both ends, a grooved unbonded portion between and restraint against buckling. 

The concept was to have the lower threaded portion the same diameter as the shank of the grooved 

portion and a larger diameter for the upper threaded portion (Fig. 4a). This would enable the entire 

dissipater to pass though the upper nuts and engage with lower nuts cast-into the footing. A thin-

walled tube would form a void in the concrete to accommodate the dissipater and provide buckling 

restraint. Therefore, given the maximum upper thread was M36 (see 2.2 above), the lower thread 

would need to be M30. To protect the threads against yielding, the cross sectional area of the grooved 

portion is limited to approximately 50% that of the threaded portion (Sarti et al. 2013). Consequently, 

the M30 thread put severe limitations on the strength of the connection. By modifying the detail to 

allow an M36 thread at both ends then the strength of the grooved portion of bar could be improved.  

The initial solution was to fully thread the entire length of dissipater such that the shank within the 

grooved portion was also threaded (Fig. 4b). This required the entire length of bar to be wound down 

through the upper anchorage to eventually engage the lower anchorage. The main concern with this 

solution was that the yielding portion of the bar would be threaded and hence the threads would be 

damaged when the dissipaters yielded hindering their future removal.  

 

Figure 5 - a) Prefabricated dissipater sleeve assembly (left), b) Elevation on dissipater (middle), c) Cross 

section through dissipater (right) 

The final solution was to tap a thread on the internal surface of the anti-buckling tube and machine the 

grooved portion of the bar such that its shank diameter was equal to the minor diameter of the M36 
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threaded tube (Fig. 5). This allowed the yielding portion to remain unthreaded and pass through the 

upper nuts whilst buckling restraint was provided by the teeth of the threaded tube. This detail still 

required the entire length of dissipater to be wound down through the threaded components. Also the 

dissipater was detailed so as to ensure the upper thread could not engage the threaded tube when 

installed since this would otherwise allow tension in the tube and consequent thread damage.   

2.4 Nut tightening for one-sided access 

Another issue with one sided access was how to tighten the dissipater upper anchorage nuts onto the 

column baseplate. The dissipater needs to act in both compression and tension and so nuts are required 

on both faces of the column baseplate. A tapped hole in the column baseplate or a nut fixed to the 

underside of the column baseplate (as assumed in Figure 4a & b) would enable this but since the lower 

anchorage is fixed and buried in concrete the threads of the upper and lower anchorages would be 

unlikely to align, preventing the installation of the dissipater. Therefore, the upper anchorage nuts 

needed to remain loose to ensure thread alignment with the lower anchorage nuts.  The solution was to 

fabricate a flanged nut where the flange of the nut would bear against the hidden underside of the 

column baseplate but the hex of the nut would pop-up through the baseplate enabling access from the 

top surface of the baseplate Fig. 4c). A fabricated stool is then placed over the accessible side of the 

flanged nut and a second nut clamps the stool against the top surface of the column baseplate (Fig. 4c). 

This allows nuts to clamp both sides of the column base plate but be tightened from only one side.  

2.5 Column baseplate 

A consequence of burying the dissipaters was that the upper anchorage of the external dissipaters 

needed to be provided by a stiffened column baseplate similar to a conventional flanged column. The 

advantage of this is that the effective diameter of the joint is larger than the column diameter and 

hence the effective depth of the dissipaters is larger and more efficient compared to the UC prototype 

which did not have a baseplate (Fig. 1).  

2.6 Internal shear keys 

Rather than external shear keys, hidden internal shear keys were used. These were a series of large 

diameter stainless steel pins fixed into a ring plate which itself was cast-into the column plinth (Fig. 6 

and 3b). These pins mate with matched holes in the column base plate (Fig. 3b). 

2.7 Durability detailing 

Whilst the dissipaters are accessible and removable, it was not intended that they would be removed as 

part of routine inspections. Therefore corrosion protection was important, particularly for the 

dissipaters at the bottom of the column where the cast-in tubes provide an inconvenient water trap. 

The solution was to fully galvanise the dissipaters and to fill the cast-in tubes with a corrosion 

inhibiting grease. A longitudinal groove was introduced in the threaded portions of the dissipaters to 

allow the grease to squeeze past the threads which would otherwise have prevented installation of the 

dissipaters due to hydraulic action (Fig. 4b, 4c & 6b). The reduction in cross section due to this groove 

needed to be accounted for in the determination of the maximum area of the yielding portion of the 

dissipater.  

2.8 Post-tensioning 

The post-tensioning (PT) details were very similar to the UC prototype. The PT bars have been 

detailed to be replaceable by anchoring them in the footings using cast-in proprietary threaded end 

plates and debonding over their length by placing them in grease-filled ducts. Replacement and 

jacking would be undertaken from the PT anchorages in the headstock (Fig. 3a). 

3 DESIGN METHOD 

The hybrid joints were designed generally in accordance with the requirements of NZS 3101 
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Appendix B (NZS 3101, 2006) but as supplemented by the guidance in the PRESSS Design Handbook 

(Pampanin, 2010). The Direct Displacement-Based Design procedure was used incorporating the 

recommendations of the Bridge Manual 3 Draft Section 5 and the following clarifications:  

 The diameter of the section at the hybrid joint was taken to be the diameter of the column end-

plate 

 The dissipaters were designed to yield but remain within strain limits at ULS and MCE. The 

post-tensioning was designed to remain elastic at ULS but permitted to yield in an event larger 

than ULS.  

 Self-centring was assured by providing a moment contribution ratio  ≥ 1.5 as defined by Eq. 

B-1 (NZS 3101, 2006) 

 The refined damping equation of Eq 6.11 (Pampanin, 2010) was used as follows: 

 

Where (Ramberg-Osgood) since this is considered to represent the damping 

behaviour of externally mounted steel yielding dampers where the anchorage of the damper to 

the mounting is stiff.  

4 CONSTRUCTABILITY AND LESSONS LEARNT 

The bridge is in the process of construction and the low-damage details have now been installed. This 

has provided an opportunity to review the success and constructability of these details. 

The main issue is the increased cost of the detail compared to a reinforced concrete column with 

conventional plastic hinges. There is therefore a premium to pay for the benefit of low-damage and 

ease of replacement that may be difficult to justify from purely an economic perspective when taking 

account of the relatively low probability of a design level earthquake. Nevertheless, there are 

definitely refinements which can be made to the details used on Wigram-Magdala Link Bridge to help 

the detail become more cost competitive. Some of these refinements are summarised below.  

Machining the dissipaters to form the grooves was complicated by the fact that if too much material 

was removed from one side at a time then the bar would tend to distort or „banana‟.  Furthermore, the 

deformations on the 40 mm diameter grade 500E reinforcing bar used to make the dissipaters were 

very difficult to machine and would have been much easier if round bar had been available.  

The machining difficulties and the limitations on the availability and size of a suitable grade of steel 

for the dissipaters resulted in them being a relatively significant cost item in the low-damage detail. 

Further development is required to explore ways of minimising the cost of producing the dissipaters. 

The availability of alternative grades of steel (other than 500E) with suitable material properties and 

supplied in larger diameters of plain round bar would increase the options for the size and profile of 

dissipaters, reduce the costs of machining and enable the use of a lesser number of larger dissipaters. 

Further research is required to maximise the net cross sectional area of the grooved portion of the 

dissipater whilst still reliably avoiding yielding in the threaded portions as this would further increase 

the efficiency of the dissipaters. 

It had been recognised during the design that to ensure the threads align between the multiple threaded 

components fixed by welding (Fig. 5a), a threaded bar would need to be temporarily installed to set 

the thread alignment. However, it had not been appreciated that the thread alignment would be 

disrupted by the heating and cooling effects of the welding itself which tended to jam the bolt within 

the tube and nuts. A better detail would avoid welding by fixing with screws or clamps. 

Some of the fabricated components such as the flanged nut and nut stool had been detailed with the 

intention that they would be welded. However, the Contractor‟s preference was to machine these 

components out of solid steel billet. This was considered a more efficient way to fabricate them and 
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also provided more reliable quality assurance by avoiding welding.  

It was assumed that sizing the steel case to avoid the need for reinforcement in the column would be 

more efficient but it may be worth exploring further an option to use a thin non-structural steel case 

and reinforced concrete infill or exploring options to improve the aesthetics of the UC prototype idea 

of using local steel casing at the ends and precast concrete column between. 

 

Figure 6 - a) Prefabricated dissipater sleeves and shear keys (left), b) Installation of dissipaters on site 

(right) 

 

Figure 7 - Columns installed showing the near-finished appearance of the low-damage details 

Notwithstanding these issues, the onsite installation was successful and straightforward (Fig. 6 & 7). 

Match-fitting of the column base plate, shear key ring plate and dissipater tubes was required but this 

was done in the fabrication workshop and was not a major issue on the project. The prefabrication of 

the columns and anchorages also provided programme benefits by enabling faster construction of the 

piers which were on the critical path. The final appearance of the piers is similar to a conventional 

steel column or pole and is considered an improvement over the UC prototype appearance (Fig. 7). 

5 CONCLUSIONS  

This paper has presented details of the low-damage hybrid joint system used on Wigram-Magdala 

Link Bridge. This is based on a prototype tested at the University of Canterbury but has been modified 

to enable the detail to be hidden within a reinforced concrete footing or headstock for aesthetic 

reasons. The paper has summarised the reasons for the various features of the detail and the primary 

considerations addressed, particularly those arising due to the proposal to bury the low-damage details. 

These are: 

 Ease of replacing the dissipaters and PT 

 Durability of the dissipaters, PT, shear keys and hidden steel interfaces 

 Buckling restraint to the dissipaters 

 The availability and size limitations of a suitable steel grade for fabricating the dissipaters 

 Avoidance of thread damage (as this would hinder dissipater removal in a buried detail) 
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 Increased efficiency of the dissipaters (compared to the UC prototype) due to their increased 

effective depth as a result of stiffened column base plates 

The design method for this type of low-damage joint is relatively well established and described in 

detail in NZS 3101 Appendix B and the PRESSS Design Handbook. 

The cost of this steel column with low-damage details was higher than that of conventional reinforced 

concrete columns. However, there were specific conditions on the Wigram-Magdala Bridge which 

created a favourable opportunity to explore this detail regardless of the higher cost. Notwithstanding 

this, the increased cost of these details still represented a very small proportion of the total bridge cost 

and can be partially offset by the increased speed of erection opportunities created by the use of 

prefabrication. As well as reduced cost of repair of any damage due to an earthquake, the replaceable 

dissipater details provide further benefits in terms of speed of repair, significantly reduced traffic 

disruption and improved safety during any future repair. 

There is scope for further refinement of the details and the paper has highlighted a number of these. 

Further research is required to identify alternative steel grades suitable for use as dissipaters which are 

readily available in New Zealand as larger diameter round bars. This will create efficiencies in 

fabrication and reduce the number of dissipaters required. Research should also focus on maximising 

the net area of the grooved portions of dissipater whilst providing reliable protection against yielding 

in the threaded portions.  

A number of complications were introduced into the detailing as a knock-on effect of the desire, for 

aesthetic reasons, to bury the low-damage detail in a concrete footing. Other configurations are 

available to hide the details without burying them and may be considered aesthetically acceptable. 

Whilst this paper has identified a number of issues, the onsite installation of the low-damage details 

was straightforward. The final appearance is considered a significant improvement over that of the UC 

prototype, looking similar to a conventional steel column, and yet retains the major performance and 

repairability advantages offered by low-damage technology. 
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