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SUMMARY 

This project is a major redevelopment of a multi-storey Category 1 Heritage URM building in 

the heart of one of Wellington’s largest schools with a very constrained site with the 

requirement for the College to continue school activities during all construction phases made 

this a particularly complex project. 

The Client brief was to provide a safe, high quality, modern learning environment that brings 

the school’s usable area up to the Ministries acceptable standard and respects the heritage 

of the Main Block while ensuring the overall solution delivers a building that is designed for 

>100%NBS of IL3. 

Key design features for the superstructure are: 

• Robust, safe structure that can support the important heritage features, 

• Large spans and open spaces, to provide a flexible modern learning environment. 

• Efficient and sustainable construction. 

• Minimise structural weight. 

The Ministry of Education Structural and Geotechnical Guidelines V 2.0 (SGG) require a 

significant level of resilience above the New Zealand Building Code and require the building 

to have repairable damage at greater than a moderate earthquake in this case the 1/250 

year event. 

The result is that the building has needed to be designed for an additional SLS2 

Serviceability Limit State requirement of 1/250years (equating to repairable damage at 85% 

of current code at IL2) and is approximately 3.5 times the normal SLS1 requirement. The 

building also had to be designed for an Ultimate Limit State requirement of 100% of IL3 

(1/1000 year return period). 

Significant temporary work to protect the Heritage façade and vestibule as well as foundation 

underpinning was required to protect areas of most significant heritage value while the rear 

of the building was removed to allow for the increased footprint and upgraded structure. The 

result has been an efficient structural solution that is still sympathetic to the original building 

envelope, crucial for a heritage listed structure. This paper discusses the technical design 

process and project challenges in strengthening a significant Category 1 Heritage building. 



INTRODUCTION 

The Wellington East Girls College (WEGC) main block has been re-constructed so as to retain 
its now refurbished Category 1 listed heritage façade and vestibule while providing a modern 
building that meets the requirements of 100% New Building Standard (NBS) for an Importance 
Level 3 (IL3) building.  

Behind the façade a new building provides a substantially enlarged modern building.  The 
project also included replacing the former Tech Block and Main Block East Wing with a new 
West Wing and Link Building respectively, these buildings are connected to the remaining 
buildings and together enclose a redeveloped quad. 

The background to the project has been chronicled in the paper Saving Our Heritage – 
Wellington East Girls College presented to the NZSEE 2018 conference1.  Through the 
development of a campus wide masterplan it was decided to redevelop the school.  The 2018 
paper goes through the decision making process, master plan, campus site constraints, 
environmental conditions, heritage, resource consenting, building deconstruction, design 
principles and exterior façade strategy and briefly talks of the structure. 

 

Figure 1  Overview of the site overlooking Wellington.  The building on the left is the West Wing, the Main Block is 

in the middle of the photo and the Link Building is on the right. 

The building had been closed after a 2011 seismic assessment rated the building as being 
17% NBS.  Following that assessment strengthening was undertaken but was halted prior to 
completion due to concerns over design impact and long term resilience and Modern Learning 
Environment (MLE) outcomes of this work.  Due to the original design and modifications made 
over the years the classrooms were heavily partitioned, this made it desirable to rebuild as this 
allowed large open flexible learning spaces to be created while doubling the floor area, while 
allowing the building to attain a strength that would otherwise be impractical.  As such it was 
decided to strengthen and preserve the Category 1 listed heritage façade and vestibule while 
providing a modern building behind.  This makes the most of a steep constrained site above 
the Mt Victoria tunnel; deservedly for a prominent building overlooking Wellington City. 

                                                

1 Ashby, C., Curtain, B. (2018) Saving Our Heritage – Wellington East Girl’s College, 2018 NZSEE Conference, 

Auckland, 2018. 



DESIGN CRITERIA AND PHILOSOPHY 

The purpose of the current project was to provide a safe, high quality, modern learning 
environment that brought the school’s usable area up to the Ministry’s acceptable standard 
and respected the Main Block heritage status.  

The solution delivered provides a safe (100%NBS of IL3), and correctly sized facility whilst 
improving the protection of the Main Façade and Vestibule which are the important heritage 
features of the building.  

Key design features for the superstructure are:  

• Robust, safe structure that can support the important heritage features,  

• Large spans and open spaces, to provide a flexible modern learning environment, 

• Efficient and sustainable construction, 

• Minimise structural weight.  

 

Figure 2  View of the WEGC Main Block at the beginning of the project. 

The major component to the structural strengthening of the Main Block is the support and 
protection of the Main Façade.  

This is achieved with a 400-500mm deep concrete wall and frame that is tied to the existing 
brickwork via thousands of structural ties. This frame is integrated into the new superstructure 
behind. This achieves the goal of retaining and protecting the most important heritage features 
of the building whilst also allowing the building to be put back into service as a modern learning 
facility. 



 

Figure 3  View inside the vestibule after restoration. 

Overall Building 

The WEGC buildings that were re-built as part of this project included: 

• The Main Block which is a 70m long by 17m wide building with three stories plus a 
basement. 

• The West Wing is 36m long by 12m wide and two stories tall. 

• The link building is approximately 20m long by 11m wide and three stories tall. 

The front façade consists of masonry spandrels and piers.  The front entrance is emphasized 
by four classical columns and then framed by a pair of masonry piers.  Behind this is the main 
building line, where there are two bays of masonry piers and spandrels on the western side 
and five bays on the eastern side, the end bay protruding to form a large pier.  The façade is 
made of unreinforced masonry (URM) up to 6 wythes thick.   

The vestibule is a feature staircase with forward facing stairs leading up from grand entrance 
to a tee junction with stairs leading up to the ground floor.  The vestibule is made of URM with 
solid walls on either side.  The vestibule rear wall was removed to open up the area. 

The building contains three feature staircases: 

• In the link building a 3m wide staircase that spirals around a triangular void  

• The main block has 3m wide stairs that are linear along 20m over three flights before 
turning 135 degrees at the ground floor. 

• West Wing exterior stairs that fan downwards to the quad. 



  

  

  

Figure 4  Photos of the finished building.  Clockwise from top left:  the new main entrance to the school; courtyard; 

 library; main block strairs and classrooms; link stairs; main block passage route. 

The Main block third storey is recessed behind the parapet so as to be hidden from the closer 
viewpoints. 

In general the Main Block was divided into a 10m wide teaching space with the façade on one 
side and a grid of columns on the other side that delineate to form a 5m wide passage, bound 
by a further grid of columns, glazing and exterior walls.  While the building had a regular grid 
the varying needs of the different types of spaces led to many exceptions to the typical cross 
section. 

Building Modelling 

They surveying included extensive photography of the existing building, point cloud surveys of 
the façade interior and exterior and orthodox surveying.  Additional data came from original 
drawings.  These various types of data were combined and compared to create a rationalized 
hybrid that was used for design and construction documentation. 

Holistic design information management was led by the Structures CAD team.  The project 
enjoyed a spirit of collaboration.  Revit models for architecture, structures and building services 
was beneficial for interdisciplinary co-ordination.  The CAD teams began the project already 
with extensive Revit experience, allowing them to efficiently tackle this multifaceted project, 



managing a level of detail and complexity that would have been impractical using traditional 
2d drafting methods. 

Structural modelling was carried out in ETABS Integrated Building Design Software, 
Microstran, Microsoft Excel spreadsheets and proprietary software Comflor Steel Composite 
Metal Deck Design software from Steel and Tube. 

 
 

  

  

Figure 5:  Models from the WEGC project.  Clockwise from top left: architectural REVIT front façade, arhcitectural 

REVIT 3d view, structural REVIT front view, structural ETABS model, building services REVIT ventilation model 

and structural REVIT side view. 

Main Block Façade Concrete Walls 

The structural design was driven by the need to secure the immense mass of the façade and 
vestibule and to limit their movements in a seismic event.  As the URM façade was up to 6 
wythes thick, over 600mm thick at some locations, it needed a similarly sized system to restrain 
it. 

Reinforced concrete backbone walls were selected to provide this.  The walls were designed 
to be 400-500mm thick, the thickness increasing as the façade reduced in thickness with 
height.  A minimum thickness of 400mm was selected and detailed in anticipation of 
amendment 3 to NZS3101:2006.  As the reinforcing gets very congested at locations the use 
of shotcrete would have been impractical.  Given the large bar sizes up to YD25’s, a bare 
minimum would have been to have the walls be 300mm thick in order to fit the reinforcing.  The 
use of 400mm thick walls gave good out-of-plane strength, gave the required stiffness and was 
able to resist the design forces. 

To enable the construction a temporary support frame was installed on the exterior face of the 
façade.  This allowed safe deconstruction to occur while providing restraint during construction. 



Much thought went into the reinforcement detailing approach.  There were discussions with a 
reinforcing supplier which gave principles for the reinforcing design, which was in tune with the 
methods used during construction.  The principles were as follows: 

1. Pier locations were identified in the wall. 

2. The pier reinforcing cages were tied together while laying horizontally on the ground. 

3. For the vertical bars larger sized bars were preferred as they are more stable during 
the tying together and after being lifted into place. 

4. The spandrel horizontal bars were designed to be strung between and across the pier 
cages.  Spacing the spandrels bars evenly across the height of the spandrel is easier 
than having concentrated end regions. 

5. The piers form the well confined wall end regions with the horizontal bars hooking into 
the middle of the confined end blocks. 

6. The smaller façade columns were not backed by reinforced concrete but were instead 
restrained by steel 89x6 SHS columns. 

The new reinforced concrete backbone walls and frames were attached to the brick façade 
through the use of thousands of masonry anchors.  The spacing of these were determined as 
the result of pullout tests at the start of construction. 

  

  

Figure 6  Facade strengthening work.  From clockwise from the top left:  The façade and vestibule after 

demolition; temporary restraint of the façade; reinforced concrete backbone wall and framing; reinforcing for 

facade piers and spandrels. 

Façade Parapets and Ornamentation  



The original façade built in 1924 had very substantial and ornate parapets as well as very large 
masonry columns to the front of the building in the Ionic Order style.  These parapets and other 
parts of the building were damaged in the 1929 Murchison Earthquake and subsequently 
replaced with shorter parapets and square reinforced concrete columns.   

To replicate the original parapets and columns glass fibre reinforced concrete (GRC) was 
chosen as a lightweight alternative to the original masonry design.   

GRC allows the use of thin lightweight panels with an appearance that comes from its use 
Portland cement to bind the panels and an ability to be moulded into ornamental shapes.  
Tension capacity comes from alkali resistant glass fibres.  For the parapets and columns a 
minimum GRC thickness of 20mm was used. 

Main Block Gravity System and Steel Frames 

The gravity system consisted of concrete filled 610x12.7 CHS columns supporting primary 
530UB92 beams and secondary 360UB57 beams.  On the front façade side the primary beams 
are connected directly to the reinforced concrete backbone wall.  The floor is a Comflor 60 
suspended metal tray decking slab. 

To create large clear span flexible learning spaces the primary transverse beam spans were 
unequal, being 10m on the learning space side and 5m on the passageway side. 

The steel tube columns were designed to have a base stiffness somewhere between a pin 
base and fully fixed connection.  The columns were fixed by extending reinforcing bars inside 
the column and then concrete filling.   A 300mm length of reinforcing bar was de-bonded with 
denso tape to extend the yielding region.  A SHS shear key was placed centrally in the joint to 
resist sliding.   

The steel framing used collars based upon SCNZ article CON1002 CHS Collar Joints.2  The 
beams were given ‘dogbone’ notches at their ends to avoid failure at the bolt holes.  As the bolt 
region is closer to column than the notch region the bolt region will experience greater 
moments, as such the designer should try to keep the notch region close to the columns. 

The fire rating of the concrete filled columns was demonstrated using the method of Kodur and 
Mackinnon (2000)3 

The Main Block continued the 610x12.7 CHS columns to the roof as cantilevers, providing 
support for transverse earthquake actions.  Front columns were set back from the façade and 
were of a more compact size as 200UC46’s.  Additional longitudinal lateral support bracing 
truss in the roof was used to brace back to the larger columns at the rear of the building.  A 
truss made up of CHS bracing pipes was used for this instead of tension only cross bracing 
because of their increased stiffness and to help reduce relative building deflections at roof 
plane to assist with compatibility with the suspended ceiling deflection requirements. The roof 
bracing was selected as a single common size 219x6.3CHS for the roof and upper storey.  

                                                

2 Steel Construction New Zealand (2009) Steel Advisor article CON1002 CHS Collar Joints.  SCNZ, Auckland   

3 Kodur, V. R.; Mackinnon, D. H. (2000) Fire Endurance of Concrete-Filled Hollow Structural Steel Columns - 

Simplified Design Approach, Engineering Journal - American Institute of Steel Construction, 37, 1, pp. 13-24, 

2000-01-01 



  

  

Figure 7  Steelwork framing.  Clockwise from top left:  columns ready for inspection; beam column joints visible; 

necked collar beam column joint; framing in place. 

Foundations 

The Main Block founds generally into the weathered greywacke rock layer. Therefore, shallow 
foundations are proposed for most of the building.  

At the location of the basement a retaining wall runs longitudinally under the interior columns. 

Geotechnical investigations identified potential small areas of fill running transversely beneath 
the building.  There was an allowance for this to be removed and replaced with compacted 
hardfill, during construction however the depth was found to be a lot less than estimated and 
did not extend below the new foundation level and as such could be dealt with as part of the 
foundation excavation with very little over excavation required. 

Some inference on the quality of the founding material can be taken from the performance of 
the original building, which was of very heavy construction and built on shallow foundations 
and has been through several major earthquakes. There was no evidence that any significant 
settlement of the original building occurred during its life. 



Seismic Response 

All buildings including the redeveloped main building were required to be designed for 
Importance Level 3 (IL3) loads.    

The Main Block and Link structures were design for subsoil class B rock in accordance with 
NZS1170.5:2004, while the West Wing was designed for subsoil class C shallow soil as about 
12m (2 bays) of the southern part of the West Wing was situated partly over a small steeply 
dipping filled gully of between 6m to 8m deep. 

In additional to the New Zealand Building Code requirements the buildings were designed to 
the Ministry of Education Guidelines SGG V1.1 which required the designer to consider an 
additional requirement for the building performance at SLS2 and design for continued 
occupancy and for damage to the primary structure being repairable for events with an annual 
probability of exceedance of 1 in 250.4   

This SLS2 was the critical design load case and driver for the for the Main block due to the 
significant unreinforced masonry façade that needed to remain serviceable. The SLS2 
performance targets were addressed by limiting the inter-story drifts to 0.4% at SLS2.  At this 
drift it is expected that damage to the brick façade and vestibule will be limited. The low drifts 
were achieved through the use of the reinforced concrete walls and frames on the back of the 
façade.   

The large mass of the façade compared to the relatively lightweight steel frame construction 
of the new build meant that the centre of mass of the building was not in the centre of the floor 
plate but very eccentric and near to the façade.   

This looked to be a problem initially in the options stages when we looked at thin shotcrete and 
FRP strengthening solutions for the URM part of the building but as the SLS2 design drove the 
design more to the use of a heavy concrete frame on the back of the façade the issue 
disappeared as this new frame moved the centre of stiffness / strength nearer the centre of 
mass at the front facade and removed the eccentricity from the building.  

In the transverse direction five stiff transverse walls / heavy frames were distributed reasonably 
evenly, including at both the east and west ends.  

Floors and Diaphragms 

The floors consisted of 130mm thick Comflor 60 overlaid with a heating system slab. An 
underfloor heating system was used; this required its own concrete wear slab.  This comprised 
of hot water pipes embedded in a 51mm thick unreinforced concrete screed layer.  This was 
laid upon an 25mm thick insulation mat that was laid upon the structural floor slab.  This 
resulted in a combined concrete floor slab thickness of 206mm.  Consideration was given to 
placing the hot water pipes in a single thicker concrete slab, however the services engineers 
preferred the thermal performance of the heated slab being insulated from the structural slab 
below.  In terms of the programme the heated slab was placed after the primary structure had 
been completed, many of the partitions and ceiling surfaces installed and completion of 
external building envelope. In regard to the diaphragm actions, the building generally has 
regularly spaced transverse support systems with steel beams in both directions and 
secondary beams able to provide diaphragm tension capability. 

                                                

4 Ministry of Education (2016) Designing Schools in New Zealand Structural and Geotechnical Guidelines 

version 2 March 2016.  Wellington. 



West Wing Structure 

The West Wing gravity system was of a similar frame construction to the Main Block. 

The upper level comprises steel moment-resisting portal frames in the transverse direction, 
with tension only cross-braced frames in the longitudinal direction.   

Steel cross-bracing is provided in the roof plane to transfer longitudinal lateral loads at roof 
level to the side wall bracing.  

At ground level there are again moment frames in the transverse direction with eccentrically 
braced frames in the longitudinal direction. 

Due to the variation in soil conditions, over the weathered greywacke rock the building is 
supported by ground beams while over the filled ground the foundation beams are supported 
by bored concrete piles socketed into the weathered rock layer. 

In order to minimise the risk of differential settlements along the building, the most cost effective 
solution was found to be a mix of shallow foundations and piles through the filled area where 
larger reaction loads occur from transverse portal frames and longitudinal bracing.   

Elsewhere shallow pad footings supporting columns and strip footings under cladding were 
provided.  This option also provides protection against expected earthquake settlement and 
lateral spread at the south-west corner, which sits adjacent the reinforced earth embankment.  

At the braced-bay locations where uplift resistance was required this was provided by skin 
friction of the pile into the rock layer. 

The piles are well distributed over the area of loose fill, and they therefore provide support 
directly to the rock layer over this area, reducing the risk of differential settlements under static 
loading and lateral spreading for the primary structure.  

In the event of settlement of the ground in a SLS2 seismic event it is expected the ground 
bearing slab over this filled area may require some minor relevelling. 

  

  

Figure 8  Views of the West Wing.  Clockwise from top left:  view of the 1st floor under construction; view of a 

completed classroom space; view from the Quad; view of the main entrance to the school. 



Link Building 

The Link Building is situated on the location of the eastern wing of the original Main Building. 
This building was a largely an unreinforced masonry building, with a concrete slab at level 1 
and a timber-framed roof. This building has been demolished. 

The gravity support system of the link building is again similar to the Main Block.  130mm thick 
ComFlor 60 composite slabs are on steel beams at levels supported by reinforced blockwork 
walls and steel columns, with a lightweight roof.  

The lateral support system generally comprises blockwork and concrete shear walls, with 
some resistance provided by the steel portal frames making up the bridge structure to the Main 
Block. 

The Link Building generally founds on the rock and residual clay layers and shallow pad and 
strip foundations have been provided. 

  

  

Figure 9  Views of the Link Building.  Clockwise from top left:  aerial view; view during construction; view of 

feature stairs looking upwards; view of stairs under operation. 

Architectural Expression of Structure 

While at many locations non-structural elements such as ceilings and wall linings obscured the 
views of structure, being a learning environment it was important to make features of exposed 
structures.  This included exposed beam column necked collar joints, high spec tension braces, 
bracing pipes, well-proportioned tubular columns and an exposed concrete shear wall.  These 
were all well talked about by the client. 



The use of Architecturally Exposed Structural Steel Categories allowed the steel finishes to be 
agreed upon.  AESS is now covered by AS/NZS51315 . 

Feature stairs were constructed of individual precast concrete treads sitting between 300PFC 
stringers.  The treads are carpeted with a slip resistant nosing; the risers have a ground 
exposed aggregate finish. 

   

  

   

Figure 10  Photos of exposed structural features.  Clockwise from top right:  West Wing stair platfrom; Main Block 

concrete shear wall; stair treads; necked and collared beam column joint and pipe bracing; Macalloy 

crossbracing; Macalloy fork; column collar; cross bracing pipe. 

 

 

 

 

                                                

5 Australian/New Zealand Standard (2016) AS/NZS5131:2016 Structural Steelwork—Fabrication and Erection.  

Standards New Zealand, Wellington. 



CONSTRUCTION 

The design of the Main Block, Link and West Wing buildings is based on the verification of 
specific design aspects of the construction by a suitably qualified Chartered Professional 
Engineer in accordance with ACENZ/ENZ construction monitoring level CM3. Some critical 
aspects of works required construction monitoring CM4 level, this was mainly limited to the 
works required to underpin the Vestibule.    

There were several construction challenges and lessons learned that will be covered in a future 
case study construction paper on this building. 

 

CONCLUSION 

This paper has covered some of the key design drivers for the redevelopment of the Wellington 
East Girls College.  This includes 2 new modern buildings and the significant alterations 
undertaken to the Category 1 Heritage listed main block.   

The Resource Consented works to the main block allowed significant demolition of less 
important and previously altered/damaged heritage fabric to allow for re-construction and 
repurposing the building for modern educational use while having a strong ethos in protection 
of the culture, heritage and position of the school in the community.  

The strengthening required protection of the façades, main entrance lobby / foyer / vestibule 
and principals’ offices and reinstatement of significant features of the original architectural 
design such as the parapets and the (Ionic Order) columns lost to previous alterations.  
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