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ABSTRACT: The new Gateway Building for Victoria University of Wellington (VUW) 

will contain extensive and complex laboratory teaching and research spaces designed to 

be flexible and adaptable for the ever-changing needs of Biology and Biochemistry. The 

VUW briefed included Importance Level 3, some form of Damage Avoidance, and 3D 

co-ordination of Services, Structure and Architecture. 

The structural response has been a steel seismic frame with removable/replaceable 

hysteretic dampers. The beams of the frame being vierendeel trusses to allow maximum 

services flexibility. This required innovative detailing to ensure proper articulation of the 

joints, which is described in detail. Extensive testing of prototype dampers illustrated 

potential limitations and complexities of using small bucking restrained brace units.  

The services and ceiling bracing systems were master-planned as part of the primary 

structure and in several locations provided as part of the base-building, a key part of 

damage avoidance for the non-structural elements. The complexities of this building yield 

many important lessons in seismic restraint for ceilings and services. 

1 INTRODUCTION 

The new Gateway building at Victoria University is the second phase of the expansion of the science 

precinct at the university’s Kelburn campus in Wellington. As a long-term institutional owner, 

Victoria have a policy to consider damage-avoidance techniques as part of their major buildings, with 

phase one being the PRESSS structure of the Alan MacDiarmid building. Due to its size, Gateway is 

required to be an Importance Level 3 (IL3) structure, but its importance to Victoria means some form 

of Damage Avoidance is beneficial too. The building comprises a large basement, 140m long by 50m 

wide, and three 4-storey buildings above. These are linked to form the L-shaped floor plates as shown 

in the plan layout below.  

 

Figure 1 - Building Layout 
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The existing Culliford Drive, which provides service and emergency access to much of the South end 

of the campus, was temporarily diverted then re-established running through the building (over the 

basement but under the main research floor). The building geometry was set by the existing 

boundaries, roading requirements, and the requirement for a sunny and inviting courtyard between the 

new building and the existing science blocks. This led to many complex geometries in both plan and 

section, including column transfers and many cantilevers.  

As part of the damage-avoidance strategy, thoroughly addressing the seismic bracing of services was 

an essential part of protecting the valuable contents of the buildings. The strategies for this were 

master-planned by the design team throughout the design phase, and only the detail aspects left to 

contractor design.  

2 STRUCTURAL FORM 

To achieve the clients ambition of flexible and adaptable laboratory spaces that would respond to the 

ever changes needs of science teaching and research, modular lab planning was employed. This 

required large open spaces unencumbered by shear walls or services risers. This was a significant 

structural challenge, as there were few regular frame layouts and the building’s grid was large. It was 

important that the cantilevers did not create asymmetry to the seismic system and result in a ratcheting 

effect as had been seen in Christchurch, with the likes of the Grand Chancellor. Deep beams to 

accommodate the large spans and cantilevers were going to be significant impediments to the services 

distribution. Risers were located only at the ends of the large lab spaces to give the required planning 

flexibility. This resulted in a higher volume of services in the ceiling space due to long duct runs 

having to run on top of the already congested services present for the labs. 

The structure conceived was to use steel trusses in both directions to create moment-resisting frames. 

The long-span transverse trusses were paired so they could run out past the columns to form the 

cantilevers without inducing gravity moments on the columns and hence risking ratcheting. The 

trusses were square vierendeel form in all but the sections adjacent to the columns where the high 

gravity and seismic shear forces required the trusses to be diagonalised, to ensure the trusses remained 

stiff. The longitudinal trusses frame in each side to stabilise the bottom chord of the main transverse 

trusses. An axel through the column connected to the top chord of both trusses allows a pin-joint 

rotation. Dampers connect the bottom chord of the trusses to the columns in each direction to provide 

the moment-resisting requirements and hysteretic energy absorption. A joint arrangement is shown in 

exploded form below. 

 

Figure 2 - Typical Exploded Frame Joint 
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The frames rock on top of the basement columns, which remain elastic as part of the rigid basement 

box. A number of additional internal shear walls are required within the basement due to its large plan 

size. The rocking connection between the upper frames and the basement columns provides moment 

resistance through the axial load in the column alone. This assists in providing restoring force to the 

building but is not sufficient for it to be a full self-centering mechanism. A shear key is provided with 

a small steel tube spigot as shown in the detail below.  

 

Figure 3 - Column Shear Key 

There are regular arrangements of frames in the South building, and in the East building. However, the 

complex geometries of the North building meant many of the frames meet at angles other than 90 

degrees, adding extra complexity. However, the base design form of the joint remains the same, with 

the column connections becoming trapezoidal to adapt to the geometry as in the figure below. The 

form of the entrances’ stairs and lifts limited the positioning of a “typical” frame at this end. Instead, a 

frame formed from heavy i-sections was introduced behind the lifts, but still utilised bottom-chord 

dampers to provide moment resistance and energy absorption.  

 

Figure 4 - North building Joint 
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Similarly, in the East building, where spaces were predominantly offices and hence the services 

requirements low, traditional i-sections were used but again bottom-chord dampers continued. A 

typical East building frame joint is shown in the image below. 

 

Figure 5 - East Building Joint 

The building’s floors are formed from precast ribbon infill to allow flexibility around the coring of 

future services through the infill sections. With seismic frames in both directions spread throughout 

the buildings, diaphragm demands are low. Mesh reinforcement is typically sufficient, supplemented 

by saddle bars, perimeter starters and additional trimmers around openings and risers. 

3 DAMPERS AND BUILDING PERFORMANCE  

The dampers between the trusses and the columns are required to undergo plastic deformations in both 

tension and compression, and hence are like small Buckling Restrained Braces (BRBs). Their 

performance is similar to a bottom flange of a steel beam in a conventional moment frame, only the 

strain demands are significantly higher as the “top flange” of the trusses doesn’t yield, and the trusses 

are deeper than conventional beams would be. An appraisal framework for the performance of these 

dampers is not effectively covered by New Zealand, or even international codes, for this type of 

application. Performance at ULS is simple, and the analysis of the building can be carried out by 

conventional linear means, with allowance for the effective ductility provided by the dampers. The 

ductility selected for the building is effectively 4 for a conventional structure.  

With ductile frames in both directions, and the building’s being rectangular (the South building being 

the most oblong), concerns stemming out of the Canterbury Earthquakes Royal Commission needed to 

be addressed to show torsional ratcheting did not occur. Pushover analyses were used to show both the 

changing centre of stiffness as the various frames yielded and that the longitudinal frames were not 

forced into yield in providing restoring torsional resistance. 

Resilience beyond ULS also needed to be demonstrated. For an IL3 building, simply doubling the 

ULS demands would be excessive. The number of cycles each damper should undergo is also not 

defined explicitly by code. Discussions with the peer reviewer BECA resulted in a hybrid framework 

between using appendix K of AISC341-10 for the damper testing regime in terms of total numbers of 

cycles, and using pushover analysis to demonstrate a number of “what-if” scenarios as the building 

was pushed beyond ULS. A lower-bound “worst-case” was established where frames would lose 

capacity if all of their dampers broke and pushover tests carried out to show that the building would 

remain stable (including under P-Delta effects) as the centre of mass was pushed through to twice the 

ULS displacement. Although it would be highly unlikely that all dampers in one frame would fracture 

at the same time, it was shown that the building would retain a base shear capacity of half its initial 

yield capacity, even in this scenario. 
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Figure 6 - Push-Over Curve 

4 DAMPER DESIGN AND TESTING 

The following section describes the specific issues considered in the damper design, especially those 

which may not be immediately obvious from published material to date.  

4.1 Overall element buckling 

The dampers provided for the Gateway project are quite stocky relative to those from previous tests 

carried out at the University of Canterbury for ones of a similar scale, and with respect to large-scale 

proprietary BRBs. The outer confinement tube was selected to provide an axial compression capacity 

well in excess of the damper overstrength load. Practicalities of how to fill the damper governed this 

item more than cost.  

4.2 Yielding rod 

As strain demands are quite high, a grade 300 material was selected. All dampers were milled from a 

single “heat” and this proved to provide consistent yield properties. The rods were necked down 

sufficiently to ensure that the overstrength actions from the narrower portion did not exceed the yield 

strength of the cross-section at the threaded portion each end. Gentle transition radii were used at the 

neck. 

4.3 Adjustment and end blocks 

Right- and left-hand threads were used at each end so that once fitted up into place, the damper could 

be rotated to provide suitable adjustment to slide its locating bolts home. This fine adjustment allowed 

close-tolerance holes to be used in the locating bolts. This is important to retain a high initial stiffness 

in the building before yield and hence control local ductility demand in the dampers. The end block 

bolts work in double shear to ensure loads placed on the damper are symmetrical. Bolts are fitted 

vertically so that as the beams move relative to the columns in both X and Y directions, additional 

bending is not induced in the individual damper units.  
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4.4 Central locating bulge 

A bulge was left in the centre of the necked region of the inner rod to ensure the rod remained centred 

in the confinement tube. This is important, because if the confinement tube remains stuck at one end 

of the inner rod during a tension cycle, as this reversed into compression, an excessive buckling length 

could remain between the end of the confinement tube grout and the end block. 

4.5 Void former and compression dilation 

In order to provide adequate compression stroke, a void needs to be created around the transition to the 

necked portion to allow it to move through the compression stroke without bearing on the grout body. 

This is fairly simple to calculate and in our case we used the restraining tube to control this length. The 

inner rod must be debonded from the confining grout, but this void must also allow for the 

compression dilation of the debonded length (conservation volume). Though the dilation is not big, 

testing showed that it was not always uniform along the length of the rod. Especially during large 

strains or after a large number of cycles, the yielded portion would tend to “bunch” towards the end of 

the necked length. Fracture predominantly occurred towards the centre of the debonded length, i.e. the 

material was tending to “walk” towards the ends. Dampers with various ways of providing the dilation 

space were tested, shown in the figure below. There is a fine balance between providing adequate 

lateral restraint and allowing compression dilation. This is particularly so towards the outer ends of the 

rod, where the material is tending to “bunch”. This bunching was seen to cause premature 

compression “lock-up’’ at large strains/cycles for options that provided only a single layer of heat 

shrink over the necked length. This is a natural quandary, as this is the region which requires the most 

confinement against lateral buckling due to the voided region made at the transition to the necked-

down portion. 

 

 

Figure 7 - Damper 

4.6 Strain to fracture 

Initially the dampers were sized using 4% ULS plastic strain to determine the debonded length. In the 

final design, actual demands were less than this, which was fortunate, as we discovered that the 
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sectional area affects the number of cycles before fracture. Rods that were smaller in diameter had 

lesser cyclic capacity. This is a phenomena we discovered is studied in mechanical engineering. 

Although early plastic straining appears to occur uniformly along the member, after hardening, strain-

to-fracture occurs only over a specific length related to the diameter. This means that for small bars, 

providing a longer yielding/necked length only slightly increases the strain capacity. It is certainly not 

a linear relationship. In the Gateway building, the smaller diameter dampers were used longitudinally 

and in the annexe building, where ULS displacement demands were less. This countered for the 

smaller cyclic strain capacity. 

4.7 Testing 

The testing regime used was a variation based on the procedure in appendix K of AISC341-10, with 

increasing displacement over a number of cycles. Key to this criteria was ensuring that the dampers 

were plastically cycled over 250 times their elastic strain. Though we believe this testing is appropriate 

in the case of this Gateway building, it does not necessarily relate damper local ductility demands to 

global building ductility demands. We eagerly await the updates to NZS1170.5, in which cyclic 

building capacity will hopefully be addressed.  

4.8 Services coordination 

It is all very well providing low damage design to the structure, but the main functionality of a 

laboratory building is its building services (and certainly a higher proportion of the building’s initial 

cost). For the laboratory and teaching areas, we provided an integrated structure and services design, 

where the bottom chord of the vierendeel trusses was used to assist with the stability of the low-level 

services and the ceiling elements. A cross section through a typical bay of the ceiling is shown in the 

diagram below. This was divided into three zones vertically: Zone 1, an upper level, where ducts ran 

longitudinally to the risers at the ends of the building: Zone 2, a middle zone below this (at vierendeel 

bottom chord level) for transverse distribution: And the third, lower zone, against the ceiling for 

diffusers, electrical and other localised distribution. Due to the large number of services travelling 

longitudinally in zone 1, it was going to be difficult to hang both the services in zones 2 and 3 and the 

ceiling without significant bridging around these elements. Intermediate hangers were provided in the 

“shadow zones” of the vertical vierendeel trusses members to provide this bridging. Heavier droppers 

were used mid-bay to provide connections for current or future re-agent droppers (i.e. the shelves hung 

above the lab benches/desks). These elements together were designed to have sufficient capacity for 

the lateral restraint of the services load, the ceilings, and an allowance for partitions that would be 

connected up to the ceiling. In this way the ceiling voids would remain semi-rigid during seismic 

shaking: the drifts concentrated between the floor and ceiling below. This meant no specific 

movement allowances were required within the ceiling spaces, simplifying the already complex 

problems for coordinating the services both initially and in any future alterations.  

4.9 Riser exits 

There is significant congestion at the riser exits, as would be expected in this heavily serviced 

building. Additional structural columns were placed around the risers to allow beams shallow enough 

that they could remain within the slab depth. Once the detailed services coordination occurred, 

combined frames bracing mechanical, electrical and plumbing would be provided. This highlights two 

key strategies in achieving an economic and safe services bracing scheme.  

Firstly, by providing combined services hangers, the braced items will move together during seismic 

shaking and the clearances normally provided between the various trades can be reduced. This is 

particularly important at the riser exits. 

Secondly, although great in theory, these combined hangers were at the mercy of any change to any 

service in their positioning before the sub-contract designs were “locked in”. Although services 

engineers BECA had drawn their designs to an LOD300 level, the selection of the final equipment by 

the various sub-contractors caused significant reshuffling of the planned design. As such it is 

suggested that the strategy of using combined hangers at riser exits is used, but that the final design 

cannot realistically be carried out until well into the shop drawing phase.  
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Figure 8 - South Building Ceiling Services Zones 

4.10 Basement ceiling 

The large basement area has a number of very specific laboratory areas with specialist functions, with 

the basement plant room on one side and the riser exits to the top of the building at the opposite 

corners of the basement. There was always going to be a large number of horizontal runs for all 

services. A walk-through ceiling space was used over the labs with an average depth around 2.5m. 

This varied due to the varying levels of the basement roof slab to accommodate the plaza design, the 

road through the building, and the different interfaces with the surrounding typography and buildings. 

Bracing was to be provided by conventional means (diagonal struts) in areas of low congestion, but 

cantilevered-down combined services frames in areas of high congestion as describing above (about a 

quarter of the basement). This has proven to be a long and iterative process to achieve the design 

intent.  

Two additional strategies that we employed structurally that have been successful in the basement 

services space are:  

1. The timber planking to rib-and-infill slab increased to 50mm thick. This allowed all the 

services to be hung from these infills without the need to drill into the concrete above and 

hence possibly compromise the underfloor heating.  

2. In the locations where shear walls were required within the basement area, rather than 

designing for the services of “today”, we employed a grillage of openings that suited 

somewhat the initial services installation, but also provided more openings than were needed 

in the initial services design. By locating these in a structurally organised manner, this could 

be done economically and still provide flexibility for future alteration and adaption. The 

turning of a shear wall into effectively a series of diagonal truss elements can be seen in the 

elevation of one of the shear walls in the figure below. 

 

Figure 9: Perforated Basement Shear Wall 
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5 CONCLUSION 

The Gateway building is an extremely complex and challenging project because of its geometric form, 

and because of the multitude of services requirements. The structural strategy has been to attempt to 

provide an integrated solution to both the architecture and the services. To include damage-avoidance 

design is challenging structurally, but must also include full protection of the building services content 

if it is to be truly “low damage”. Key learnings from the overall process have been: 

* The use of the vierendeel truss arrangement has been successful both in its ability to adapt to the 

non-rectangular forms, providing cantilevers up to 5m and providing a ceiling space within 

which services may move as freely as possible. 

* Hysteretic dampers are an affordable technology but their detailing is extremely important. 

Whilst research covers many of their engineering requirements, the intricacies around confining 

the yielding elements in compression were more complex than expected. The diameter-to-length 

ratio of the yielding elements was discovered to be more important than previously recognised 

in structural publications and must be carefully considered. Testing of any units is an essential 

part of their verification and should be mandatory, although this is implied already within the 

standards. 

* Resilience beyond ULS and the number of cycles a building must undergo is not yet clearly 

codified or generally agreed. A framework providing principles around compliance would be 

extremely useful even if details cannot be provided that can apply to the wide number of 

different building applications.  

* For heavily serviced buildings, the structural engineer has an extremely important role in 

assisting with the master planning of the services distribution. Simple strategies that can be 

clearly diagrammed/articulated to the sub-contractors are crucial.  

* The advancement of 3D modelling tools allows early planning of the services restraint strategies 

in a very graphical manner. However, as the services installation relies on equipment whose 

model/manufacture may change, detailed design must wait until the construction period. 

Providing brackets that restrain multiple services allows more compact installations. However, 

there is greater onus on the designer to integrate multiple services disciplines and any of the 

changes they require whilst carrying out their shop drawings.  
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