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Abstract 

The new students’ association building for the University of Canterbury replaces the original 

building which was damaged in the Canterbury Earthquakes.  Situated adjacent to the Avon 

River in Christchurch NZ, the building is to be a multi-use facility with offices, a full theatre, 

two bars, and a function space.  The building is key to the University’s re-vitalisation post-

earthquake, and the architectural form is the winning entry to a design competition. 

This paper will outline the key project aspirations, challenges and outcomes.  It will share the 

technical details of the structural engineering approaches implemented to provide sound and 

cost effective, buildable solutions.  The paper will also capture and share key considerations 

and tips for the design and coordination of complex multi-use facilities. 

The building utilises a combination of pre-cast concrete shear walls and steel gravity frames 

with Comflor suspended floors.  A reinforced concrete raft type foundation with a localised 

band of improved ground is used to manage the risk of liquefaction and lateral spread.  The 

structural design is constrained by the complex geometric, acoustic and fire requirements 

along with the site conditions. 

The resulting building comprises 12.5m high precast concrete panels surrounding an open 

theatre with a concrete roof, the wings have pre-cast concrete shear walls with concrete 

floors supported on steel framing.  The plan is asymmetric, and the wall layout is irregular 

which requires careful assessment and design of the diaphragm forces.  The perimeter of the 

structure including parts of the roof are formed with lightweight steel members to suit the 

architectural requirements.   

The structural design process involved a range of procedures, analysis and design 

approaches to incorporate flexible and stiff members in line with the recommendations issued 

following the 2010 – 2011 Canterbury Earthquakes.  The geometric complexities require 

careful detailing of the connections, and effective coordination between the construction and 

design teams. 

Consideration of tolerances between site concrete, pre-cast concrete elements and 

fabricated steelwork all under the control of different organisations in a constrained timeframe 

is a challenge which has been successfully managed. 



1 Introduction 

The original Student Union building was designed by Warren & Mahoney and opened in 

1967, the building was considered a modern multi-use facility with a range of spaces to suit 

the universities needs and was significantly damaged in the 2010-2011 Canterbury 

Earthquakes.  The new University of Canterbury Students' Association (UCSA) building 

known as Haere-Roa was designed by Architectus as part of a University led design 

competition aiming to provide a vibrant hub for student life and activities, and is a pivotal 

component of the student experience as part of the University’s re-vitalisation post-

earthquake.   

2 The Building 

The key criteria for the design of the building included the multi-use functionality present in 

the original building which had: theatre, office areas, social areas, bar spaces and kitchen 

facilities.  During consultation and design development, the capacity of the theatre was 

increased, compared to the original, and a further function space was incorporated into the 

new, modern architectural building. 

The site is partially over the original building foot print to fit within the university’s master plan 

and is bounded by the Avon River and University Drive to the North and East, and Ilam Road 

to the West on the Canterbury University Campus in Ilam.   

The building has a split-level arrangement separated into wings with a full height theatre in 

the middle connecting the two storey areas at each end across the south elevation.  The 

northern part of the building footprint is largely single height with a function centre in the 

middle, social and meeting space in the east wing with a bar and lounge in the west wing 

connected by a curved, glazed façade (Refer to Figure 1). 

  

Figure 1. Ground Floor Plan 



The irregular shape of the building is a prominent feature in both plan and elevation with part 

of the first floor cantilevered on the eastern elevation with further cantilevered pitched eaves 

along the north and east elevations (refer to Figure 2).  The building has a gross floor area of 

approximately 3,500m2, and a footprint of approximately 2,000 m2.  The main roof apex is at 

10.0m while the theatre roof is approximately 12.40m above ground floor level.   

The theatre is approximately 18.5m x 33.6m in plan, and enclosed by full-height precast 

concrete shear wall panels tied together at roof level with a reinforced concrete diaphragm.  

The area will house a 305-seat proscenium arch theatre with flexible seating to allow for a 

1,000-person standing audience.  This space is in the centre of the building providing a 

physical separation between the first-floor spaces in each of the wings.   

To the north of the theatre is a function centre which opens to the outdoor amphitheatre.  The 

west wing of the building will serve as hospitality at both levels and student social space 

opening to the outdoor amphitheatre.  The administration offices, retail and storage make up 

the east wing .  The various spaces are tied together by a central street which runs between 

the east and west wing with large operable walls which open into the Function.   

 

(a) North Elevation 

 

(b) East Elevation   

 

(c) North West View 

Figure 2. Architectural Renders of Building 

3 Design Concept 

The architectural requirements to have a multi-use space with conflicting activities, including 

high occupancy loads with multiple user scenarios within a constrained building have driven 

the design philosophy.  The initial concept design comprised four wings with a smaller theatre 

and larger retail space (refer to Figure 3).  Following consultation this was revised to reduce 

the retail space and increase the theatre size and second story office area in line with the 

Universities master planning requirements.   



 

(a) Early Concept Design 

 

(b) Preliminary Design 

Figure 3. Design Development 

During the design development, it was evident that the drivers for successful outcome of the 

project would be the ability of the services design to meet the wide range of performance 

requirements associated with having multiple independent multi-use spaces, i.e. the theatre 

operating in gig mode with 1,000 occupants compared to performance mode with 350 

occupants.   

The structural performance requirements were to have no structural damage after a 

serviceability level (SLS) earthquake, with minimal structural damage following a design level 

earthquake (ULS) for a standard 50-year design life.  The high occupancy loads and being a 

tertiary education facility containing people in crowds required that the building be designed 

as Importance Level IL3 in accordance with NZS1170.0.   

The structural design philosophy to achieve the seismic performance requirements was to 

provide a shallow and stiff foundation system with a stiff superstructure to limit the buildings’ 

displacement at SLS level of shaking while providing nominal ductility to limit damage in an 

ultimate limit state level of shaking.   

Initial concept options included a timber diagrid structure to achieve the aesthetic 

requirements, however a concrete and steel structure was settled upon as it best suited the 

architectural scheme and cost expectations as well as acoustic and fire requirements.  

Concrete shear walls were chosen for the primary lateral system including shallow concrete 

foundations, this provides a stiff structure which combined with a low ductility will ensure that 

the serviceability limit state requirements are met, while damage to the main structure will be 

minimal in a ULS seismic event.  A steel gravity system was chosen to improve the clear 

spans in the open spaces and minimise the structural intrusion into the north façade.  

The structure consists of two main cores formed with precast concrete shear walls, one 

around the theatre, and the other around the kitchen and plant area at the back of the west 

wing.   

The wings and roof structure are formed with steel sections to maximise the open spaces 

and provide future flexibility.  Smaller precast concrete shear walls are provided in the wings 

to provide acoustic and fire separation around plantrooms and separate function areas (refer 

to Figure 4).   



The precast wall system is assisted by two steel rod braced frames along the northern edge 

of the building along with a single bay of steel concentric braced frames which help resist the 

lateral load from the roof and control displacement of the canopies along the north façade to 

mitigate the torsional response due to the asymmetrical weight distribution.   

 

Figure 4. 3D view of the Structure 

4 Analysis Approach 
4.1 Foundations 

The geotechnical analysis indicated that there was a risk of lateral spread in a seismic event 

associated with the adjacent Avon River with up to 500mm of lateral spread predicted at a 

ULS level of shaking.  This risk has been mitigated by providing a 4m wide by 3m deep strip 

of cement stabilised soil along the north and east elevations of the building.  The expected 

lateral spread under ULS shaking of the final design is expected to be less than 100mm.   

The risk of liquefaction induced settlement under the building footprint was also of concern, 

this has been mitigated by a providing a 500mm thick geogrid reinforced gravel raft under the 

footprint.  The gravel raft increases the foundation bearing capacity and soil stiffness 

reducing the extent of differential settlement induced by both lateral spread and liquefaction.   

The foundations comprise a 150mm thick concrete slab on grade with a grid of shallow 

ground beams between 0.6m – 0.9m deep to transfer wall loads and distribute any 

differential settlement effects.  The ground beams were sized to suit the foundation demands 

imposed by the shear walls to keep the bearing pressures to an acceptable level.  

The ground beam analysis utilised the superstructure model for joint and node coordinate 

consistency and was modelled in ETABS to match the lateral superstructure design.  The 

beams have been modelled with the soil resistance simulated using compression only bi-

linear line springs to account for the soil stiffness and distribution of load to account for the 

effects of localised soil yielding.  The ground floor slab has been modelled as suspended 

shell elements spanning between the ground beams in the seismic case. 



 

Figure 5. 3D view of ETABS Foundation Model 

The precast concrete wall panels are connected to the foundations by: either conventional 

Drossbach ducts with starter bars in the foundations for the walls which have lateral stability 

provided by the first floor, or by sandwiching the wall panels between the ground beams on 

each side with two rows of reinforcing bars tied transversely into the ground beams and the 

panels. 

4.2 Floor Diaphragms 

The suspended floors throughout the building are of composite concrete and steel 

construction with 150mm thick Comflor60 as the typical flooring, supported on steel framing 

optimised for loading requirements, but irregular in layout.  The geometry of the building 

leads to the main floor plates of the east and west wings being irregular with slab 

penetrations and cut outs in numerous locations.  These two floor plates are connected into 

the main theatre walls. 

The diaphragm seismic design considered two aspects, firstly the diaphragm connections to 

the lateral load resisting elements, based on the lateral load assessment for elastic 

demands, and secondly the inertial diaphragm analysis.  The design of the diaphragm 

connection to the wall included some transfer loads due to wall length changes affecting load 

paths between first floor level and ground.   

Inertial diaphragm loads were considered using Microstran, where a strut and tie model of 

each floor plate was prepared with tension ties and diagonal compression struts modelled to 

determine the additional slab reinforcing, and to check shear studs and collector beam 

tension connections locally.  The deformation compatibility and torsional forces were 

considered by including the stiffness of the lateral load resisting elements (shear walls) as 

springs in the diaphragm model, accounting for penetrations and element lengths for over 

strength actions in both orthogonal directions.   



The resulting tension forces from the strut and tie model have been used to determine the 

required location and extent of drag bars within the slab in addition to the typical edge details 

and floor reinforcing.  Refer to Figure 6 for an example of this process in the west wing. 

 
(a) Floor Plate 

 
(b) Strut & Tie Model 

 
(c) Drag Bar Layout 

Figure 6. Floor Diaphragm Design Process 

The spacing and size of the gravity floor support beams was determined to suit both the 

vibration criteria in accordance with [10], some significant beam penetrations for services and 

the construction case to allow for unpropped construction throughout.  This sped up the 

contractors’ time associated with this work allowing the steel fabricators to focus on the 

complex roof structure. 

4.3 Walls  

The height of the theatre walls limited the width of individual panels to meet lifting weight and 

transportation limitations.  In-situ stitches were then required to increase both the in and out 

of plane capacity, some of the stiches were made into buttresses to improve the out-of-plane 

stiffness of the slender walls.  Wall detailing was considered in accordance with the 

recommendations in the SESOC Interim Design Guidance issued in 2012, especially the wall 

boundary region detailing and connections.   

The structural analysis of the shear walls was carried out in an iterative process using an 

equivalent static analysis with nominal ductility, with the seismic mass distributed to the shear 

walls based on rigid floor diaphragms.  The member geometry was imported to ETABS from 

the architectural Revit model which was cleaned up for modelling using Rhino to create a 

geometrically correct equivalent model.   

The shear walls are all 200mm thick and have been designed to resist the seismic loads in 

plane, with various levels of inter-panel connection based on the restraint provided.  Where a 

concrete floor provides restraint at mid height, wall panels have been designed individually 

with 20mm separation for construction tolerance between panels with weld plates for out of 

plane restraint.  Where walls span full height, specifically each side of the theatre, buttresses 



have been provided between each panel along with fully reinforced cast in-situ stitch joints to 

improve stiffness. 

The flexible steel roof over the wings has insufficient stiffness to affect the shear wall 

behaviour and has been modelled separately using SAP2000 with the roof analysis reactions 

applied directly to the wall model as point loads at the appropriate locations.   

 

Figure 8. 3D view of Superstructure ETABS Model 

4.4 Roof  
The roof occupies a large portion of the total area of the building, its irregular geometry 

together with significant cantilevered eaves on the north and east elevations are key to the 

architectural form.   

The complex horizontal and vertical geometry required careful detailing to ensure reliable 

load paths are provided between each element.  The roof layout including pitches and 

canopy edges are irregular, while the internal ceilings throughout the building are raked to 

match the associated roof planes.  To meet the architectural intent, the structural roof framing 

was sized and oriented to fit within the ceiling void with services running in the same plane 

throughout.  This necessitated complex cantilevered steelwork,  careful connection detailing 

and review of services penetration sizes and locations throughout. 

To ensure the structural analysis models were consistent with the drawings, the Architectural 

model was imported into Rhinoceros 3D (Rhino), a modelling and analysis software 

programme which allowed the nodes for all structural members to be accurately positioned.  

The model was then exported as a .dxf file into SAP2000 for structural analysis and design 

with the correct geometry and end conditions (refer to Figure 7). 



 

Figure 7. 3D view of Roof SAP2000 Model 

The roof is essentially two different parts.  The first is a stiff rigid composite concrete floor 

diaphragm over the theatre and plantroom to tie the building together and transfer lateral 

load to the primary concrete walls.  The second part of the roof structure around the wings 

and eaves is a lightweight roof formed with a flexible steel frame arranged so that a strut-

and-tie approach can be adopted to transfer the load to the concrete shear walls re or the 

steel braced frames providing restraint and deflection control on the north elevation. 

To prevent the flexible roof imposing additional out-of-plane horizontal load in the shear wall 

on the north side of the theatre, a slotted connection has been provided to accommodate 

roof movement in the transverse (N-S) direction (refer to Figure 8).  This part of the roof is 

braced so that it can span horizontally to fixed support locations at each end of the theatre. 

 

Figure 8. Sliding Connection Between PC Walls and Steel Roof 

The steel roof design is based on the following key assumptions: 

1 Steel roof has been designed elastically with μ of 1.0, which made the element 

and connection design simpler. 

2 Most members are designed to be simply supported single spans for gravity 

loading with diagonal valley members utilised to allow a strut and tie methodology 

to be used for the seismic load case. 



3 Slotted joints are provided between the roof and concrete walls to ensure the roof 

does not impose out of plane loads onto the concrete walls. 

4 The plywood roof membrane was required for acoustic purposes, it was elected to 

exclude its contribution to the roof stiffness to simplify the construction 

requirements.   

5 No allowance for eccentricity has been considered as it forms a flexible 

diaphragm and has well-defined load paths and an elastic design approach has 

been followed. 

The roof framing was analysed using strut and tie theory with diagonal steel struts and in 

plane roof trusses (refer to Figure 9).  In the transverse direction, steel beams typically 

transfer the roof load into the concrete shear walls, in the longitudinal direction, a 

combination of steel purlins and in plane roof trusses transfer the roof load to the concrete 

shear walls, with additional supplementary steel braces on the north façade to reduce the 

roof torsion. 

  

Figure 9. Roof Strut & Tie Model 

5 BIM & Change Management 

The building was modelled in Revit by the primary consultants including: Architect, Services 

Engineer and Structural Engineer, with the modelling and process requirements set out in a 

BIM Execution Plan, generally modelled to LOD 300 for detailed design.  During design, the 

coordination process involves consultants sharing models regularly with the aim to identify 

and remedy clashes between disciplines before reaching construction.  In addition, the 

models are often used by the client for facilities management purposes which was a 

requirement for this project. 

For most of the consultant team, this was still early in the uptake stage of BIM as an 

integrated design delivery process.  Some of the key learnings taken from this were: 

1 The building model is a tool that relies upon the right information being entered, 

otherwise coordination is not meaningful, and design changes will still inevitably 

occur. 

2 The appropriate level of modelling needs to be carried out, as information shown 

in 2-D that other disciplines require for coordination is unlikely to be picked up.  



3 Effective coordination requires all disciplines to work closely with each other at all 

levels.  

4 A change register is very beneficial for tracking changes, especially when a 

project is complex completed over a long period. 

 

Regardless of the coordination using a federated model, close communication within the 

design team, and a best-for-project approach to any challenges was essential to delivering 

the project successfully. 

6 Tolerances 

The building comprises dual concrete and steel systems throughout, the level of accuracy in 

construction with these materials varied.  Due to the complex geometry, critical structural 

steel elements were specified as requiring site measure of cast in elements prior to steel 

fabrication, however in many cases this was not carried out for secondary members which 

led to misalignment of cast in bolts or threaded inserts and pre-drilled steel members. 

The tolerances specified in NZS3109 for concrete cover are up to 10mm greater than 

specified for longitudinal reinforcing, it was observed that with precast concrete construction 

of doubly reinforced walls it is easy to get the correct cover on the mould face however the 

reinforcing on the free face is more difficult to restrain and in some cases on this project it 

was greater than allowable.  This was picked up during construction monitoring and required 

a specific check of the respective panels to determine whether the panels have adequate 

structural capacity.  In this case, incorporating the additional restraint provided by the theatre 

roof trusses into the load path along with increasing the QA around installation of the trusses 

was sufficient to accept the respective precast panels and avoid costly delays.  

7  Site Inspections and QA 

The geometric complexity required a CM3 level of monitoring to be carried out in accordance 

with Construction Monitoring Services criteria.  Structural monitoring involvement was not 

limited to ensuring the intent of the design drawings was carried out on site and in addition to 

shop drawing reviews and site visits the following activities were also included in the 

construction stage services provided: 

1 Attendance at key fortnightly construction progress meetings. 

2 Reviewing and responding to RFI’s as appropriate, including where they relate to 

services and architectural disciplines which may have implications on structural 

elements. 

3 Reviewing contractors internal QA records. 

4 Involvement resolving items which fall between primary structure and FF&E such 

as reception counters, balustrades, fixed seating, suspended light structures etc.   

These activities take time commitment that is difficult to allow for when pricing projects, and 

an opportunity to discuss project needs and engineer involvement with the client at the start 

of construction is essential to providing effective delivery of more complex projects.  



8 Key Observations & Lessons Learnt 

1 Coordination of various disciplines designs using BIM modelling is only as good 

as the discipline with the least level of detail and relies upon that information 

being correct.  The level of detail for all disciplines should be carefully managed 

throughout design by using an agreed BIM Execution Plan. 

2 Simplifying the geometry and using standard members and regular concrete 

panels throughout would have saved time and confusion on site, however the 

multiple uses and separated spaces with widely varying end user requirements 

along with the Architectural aesthetic has led to the final structural solution. 

3 Specifying adequate (and ideally separate) zones for services and structure early 

in a project is essential to minimise clashes and issues during later stages of 

design and construction  

4 Requiring independent third-party QA for steel fabrication has enabled greater 

focus on the reinforced concrete elements and issues associated with the 

complex geometry rather than the material QA. 

5 Engineering inspections should always take the time to review all construction 

works on site not ‘just the section of the concrete pour to be carried out tomorrow’.  

This means issues are identified as early as possible when they are more easily 

and cheaply dealt with rather than being missed or resolved later cause delays 

and costly changes.   

6 Having a good working relationship with the contractors site staff has saved 

significant construction monitoring time with the contractor providing photos of 

items requiring attention to confirm that they have been remedied without multiple 

inspections. 

9 Conclusions 

This project has successfully combined complex geometry in a multi-use building with a dual 

structure to meet the multi-function uses and architectural requirements while achieving a 

high structural performance.   

The early decisions made with respect to structural form and material types have ensured 

that changes which arose during later design phases and during construction could be dealt 

with and resolved successfully. 

The analysis approach using the most appropriate tool for the job meant that in addition to 

spreadsheets and hand calculations, four different modelling and analysis packages were 

used.  However, this enabled a good understanding of the design and provided confidence in 

the analysis for a building with a low level of repetition and a high degree of geometrical 

complexity. 

The finished building provides a clean integration of structure supporting the building 

services and promotes the architectural form and functionality of space.  
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