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ABSTRACT: The University of Auckland has been assessing their portfolio to identify 

their seismic vulnerable buildings. The portfolio includes Alfred Nathan House, an 

unreinforced masonry, heritage listed building built in 1906. The University decided to 

strengthen the building and improve its safety and functionality with a seismic retrofit, 

extension and fit out project. This paper focuses on the unique aspects of structural 

strengthening a 100+ year old building with architectural, heritage, cost, and 

constructability constraints. Heritage listed buildings force the structural engineer to rise 

to the occasion with solutions that are sympathetic to the character of the existing 

building whilst still achieving the desired structural outcomes. Working together with 

architects during the design to minimize the loss of heritage elements is essential to 

achieve theses outcomes. During construction discoveries are made which challenge the 

design requiring immediate and yet considered solutions to ensure the project meets its 

objectives. Contractor, Architect and Engineer collaboration is critical in these cases. 

Through examples and illustrations this paper addresses the fine balance between 

heritage, design and construction of the seismic strengthening of Alfred Nathan House.  

1 BUILDING HISTORY 

“Alfred Nathan House” was originally 

constructed in 1906 as a three storey URM 

residence.  It is located on 24 Princes Street, 

Auckland on what was then considered the 

“city‟s most fashionable promenade” 

(University Heritage trail, available online).  

The building was designed by local Auckland 

architect John Currie for Alfred Nathan a high 

profile businessman of early Auckland.  It 

was used by its owner and family until 1931. 

After Alfred Nathan‟s death, the building was 

sold and used as a hospital.  Alterations to the 

building fabric included removal and addition 

of partition walls and opening / closing 

doorways.  The use as a hospital ceased in 

1958 when the University of Auckland 

bought the building.  In 1966 a timber 

mansard roof and a fourth storey was built 

over the existing ceiling joists and in 1971 the 

building was extended to the East.  The 1971 

extension also included removal of some 

ceilings and walls to create a new council 

room on level 2. 

The building is scheduled in the City of Auckland-District Plan Central Area Section-Operative 2004 

as a Category A building together with its interiors. 

Figure 1 – Historic photo of Alfred Nathan House from 

Princes Street 
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2 STRUCTURAL SYSTEM 

The building may be considered as comprising three structural zones constructed at different times: 

 Heritage Building (1906) 

 Timber Roof Structure (1966) 

 East Extension (1971) 

Figure 2 – Alfred Nathan House structural zones 

2.1 Heritage Building 

The heritage building is a three storey URM building constructed on a sloping site with the main 

entrance facing West.  As for most URM buildings, it comprises a horizontal timber structure (stairs, 

floors, roof and ceiling) and URM walls.  The perimeter walls of the building are approximately 

350mm thick.  The interior masonry walls are not all continuous over the height of the building.  

Where the masonry walls are discontinuous these are supported on steel beams.  

 

Figure 3 – Building existing plans (heritage and 1971 extension) 
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2.1.1 West Façade 

The building‟s front (West) façade is the most intricate.  Special attention was taken in regards to its 

ornaments, shape and transparency.  It consists of large window openings and protruding marquises 

and a porch.  The in-plane lateral load resisting structure consists of four narrow piers, approximately 

1300mm deep.  The two central piers are connected by spandrels at all levels, but the outer piers only 

have a spandrel at Level 3 (parapet), and are three storeys high.   

The marquises and porch columns are also relatively slender.  These columns are connected to the 

building solely by the URM spandrel elements.  Therefore, these columns were considered as 

unbraced and unrestrained. 

The above features resulted in a lack of lateral load capacity in plane at the west end of the building 

exacerbated by the lack of walls spanning E-W in the first 10m to 12m of the building.  When 

subjected to displacements in the E-W direction, the mass of all this extent will be distributed between 

the front elevation and the interior transverse walls. 

2.1.2 East End 

The East elevation of the heritage building (which abuts the 1971 east addition, refer below) was 

partly demolished when the extension was constructed to allow for the construction of a large council 

room on Level 2.  Some of the internal walls were also demolished to allow the room to occupy the 

full width of the building. The floor above was then supported on flitch beams which sit on a masonry 

wall and on the 1971 extension. 

2.2 Timber Roof Structure (1966) 

A new storey was added in 1966.  This addition required the original roof to be demolished and a new 

mansard roof and a fourth floor constructed.  This roof structure consists of a timber frame, with 

diagonal posts sitting on the external URM walls.   

To support the higher floor loads new floor joists where installed over the existing ceiling joists.  As in 

the original floor system, these are supported by the external and corridor walls.  Over the old council 

room area these are supported by the above mentioned flitch beams. 

2.3 East Extension (1971) 

The structure for the existing annex, constructed in 1971, comprises a reinforced concrete frame on its 

West elevation (interface with 1906 building), and reinforced concrete masonry (RCM) walls framed 

by reinforced concrete columns and spandrel beams in the other elevations., These vertical elements 

support a proprietary “Vibradeck” type flooring system with pre-stressed ribs supporting masonry 

blocks with a reinforced concrete topping slab. 

There is no seismic joint between the addition and the heritage structure.  The frame at the interface of 

the original building comprises a reinforced concrete frame at the lower two levels and concrete 

encased steel frame at the upper level.  It was cast directly against the existing building, with a limited 

number of cast-in anchors in the columns. 

3 SEISMIC RETROFIT PHILOSOPHY 

The university wished to improve the seismic performance of the building as part of a larger 

refurbishment programme, which included replacing the roof extension with a new extension, altering 

and extending the existing east addition. 

We adopted a “sweetspot” targeted strengthening approach mobilising the potential of the existing 

building fabric as much as possible, augmented with cost effective, pragmatic structural solutions 

(Ferner & all, 2014). Being a heritage building, we favoured solutions that did not alter the building‟s 

appearance.  Option studies identified the point at which the costs to improve the building further over 

this “sweetspot” threshold increased exponentially with a higher impact on heritage elements.   
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The retrofit of this heritage building aims to address the life safety issues in a practical manner while 

respecting the historic fabric. The retrofit design and assessment is on the basis of the NZSEE 

“Redbook” Guidelines (NZSEE, 2006; NZSEE 2015). We have not aimed to achieve a low level of 

damage in smaller earthquakes.  A “serviceability” level of earthquake may cause cracks to open in 

the masonry walls and/or timber floors and ceilings.   

3.1.1 Out of Plane Response 

The main safety risks for the potential for the heavy brick elements toppling out-of-plane are 

addressed by: 

 Installation of steel frames to support Level 3 parapets. 

 Restraint against out-of-plane toppling of walls by tying the walls to the various floor joists 

with rose plates and ties.  

 Improving the out-of-plane capacity of internal single wythe brick walls with fibre reinforced 

plaster. 

 Adding a new diaphragm on Level 3 to restrain the top of the external walls, and to distribute 

loads to perpendicular walls. 

3.1.2 In-plane response 

Due to the high number of atypical situations, several structural solutions were chosen to address the 

building‟s deficiencies in-plane in the building North-South transverse direction.  Figure 4 indicates 

some of the various interventions. 

 

 

Figure 4 – Plan of the heritage zone showing some of the strengthening solutions 

The West elevation on the building frontage has a significant lack of lateral load capacity.  It is also 

one of the main heritage elements of the building.  We chose to post–tension the four piers to improve 

capacity, whilst preserving the heritage elements by inserting a high strength steel rod through the 

centre of each of the piers.  The rods extend from the foundations to the Level 3 parapet.  On levels 0 

and 3, reinforced concrete beams anchor the high loads from the rods, and provide some frame 

behaviour to the piers.  The frame behaviour is essential to achieve the necessary stiffness of this 

elevation. 
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Figure 5 – West Elevation frame – Post tensioned piers, RC beams and URM wall 

At Level 0 a perpendicular steel rod and a steel strut tie the external piers together.  Level 1 also 

features a steel tie connecting the four piers. 

The interstorey displacement of the strengthening elements (steel frames and post tension frame) has 

thus been limited in a way that does not cause the masonry walls to get overloaded.  

Over the years, several structural URM walls have been removed from Level 1.  We replaced these 

walls with steel portal frames with generally equivalent stiffness to the other transverse brick walls.   

The northwest room was once two separate rooms.  To strengthen this elevation, a timber shear wall 

has been installed between the two existing brick masonry walls at levels 1 and 2.  The URM wall 

below in Level 0 has also been strengthened using a proprietary system of fibre reinforced plaster to 

increase the wall capacity. 

The central retrofitted elevation consists of a three storey high steel moment frame.  They are 

intersected by the beams which are within each floor, and bolted to its flanges. The beams are to be 

connected to the existing floor diaphragms.  The western retrofitted elevation consists of a similar steel 

frame up to Level 2 and a timber plywood shear wall over it up to Level 3.   

We have not sought to improve the structure in the building longitudinal East West direction. Based 

on our assessment, the number and capacity of the walls in this direction significantly exceed those in 

the transverse North South direction.  

3.2 East Extension Strengthening and Addition 

This portion of the structure is essentially a significant alteration and extension of the existing annex 

built in the 1970‟s.  The building now extends an additional 8 metres to the East.  The new extension 

utilises the existing annex structure to provide lateral capacity and stiffness while also providing new 

additional lateral resisting structural elements to provide increased redundancy to the structural 

system.  
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4 CONSTRUCTION STARTING AND …. IS THE BUILDING MASS RIGHT? 

Access to the site during design was extremely limited and when construction started the journey if 

validating assumptions and surprising discoveries began. What we did not expect to find was a 

discovery that could change the basis of the design.  

Soon after construction started, a 50mm deep concrete infill was found between the ceilings and 

existing timber floors. This infill appeared to be everywhere in the building on Levels 1 and 2, 

increasing the building mass of the floors by approximately 35%.  On the day we received this 

information, the following options were immediately considered:   

 Remove as much as possible the infill (really expensive) 

 Increase the structural members (expensive, and not possible in some cases) 

 Inform client the expected seismic capacity isn‟t quite as previously estimated 

 

Figure 6 – Concrete infill over existing ceilings 

Reflection overnight suggested further investigations were required.  Why would someone use 

concrete infill between the floors?  We speculated it was possibly for acoustic insulation, and if so, 

maybe it was not installed everywhere.   

Further investigations indicated there was no infill in the corridor areas, reducing significantly the 

extent of the additional mass. The volumetric weight was also assessed and estimated to be 

approximately 16kN/m
3
. 

A review of the total building mass, considering, of course, that a significant portion of the total 

building mass is in the brick walls concluded that the concrete infill in the ceiling spaces added only 2-

3% to the total building mass and that a redesign of the strengthening system was not required. 

5 MASONRY WALLS – THEN AND NOW… 

The earliest set of drawings for the building dated from the 1930‟s.  These plans appear to date from 

the time the building was converted to a hospital.  These plans provide some indication that some 

alterations had already taken place to the building.  This is suggested by the existence of rooms with 

two doors into the hallway on the drawings.  These rooms may have previously been separated by a 

wall, long since removed.   

A set of plans of the building were prepared by the heritage architect in preparation for the seismic 

strengthening and refurbishment project currently underway.  These drawings identified that, as part of 

the change of use of the building to a hospital and then subsequent change of use to a university 

facility, several timber infill and single wythe brick interior infill walls were added to the building. 
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What the heritage architect prepared drawings could not identify was a number of other alterations to 

the building fabric that had occurred over the years and which were also not picked up in our 

preconstruction physical investigations (significantly limited by the building occupancy).   

  

Figure 7 – Examples of doorways opened and infilled between 1931 and 2015 

An example is the discovery of historical alterations to add door openings in the original brick internal 

walls which were then later infilled eliminating these door openings.  Most of these openings were 

only nominally infilled with light timber framing resulting in significantly less length of brick walls 

than anticipated in the strengthening design.  As a result changes were required to the strengthening 

design when construction was already underway to take account of these unknown conditions. 

6 ARE THE EXISTING FOUNDATIONS REALLY THERE? 

The foundations under the building were investigated as part of the design process prior to 

construction starting.  Site investigation test pits were dug in several locations under the heritage 

building.  These identified the existence of concrete foundation beams under the original brick walls.  

A geotechnical investigation for the site was undertaken to assess the ground conditions.  This 

focussed particularly on the area of the new eastern extension.  A review of the 1971 extension 

drawings was undertaken which showed reasonably detailed and clear information on the foundation 

depths and details of the foundations under this extension. 

The foundations for the heritage building retrofit were designed considering these three sources of 

information, and, of course, included some tolerance for later adjustments.  The design involved 

mobilising the existing brick walls to resist overturning in the lateral load resisting elements and hence 

involved some quite complex new foundation beams to achieve this objective. 

 

Figure 8 – Concrete infill over existing ceilings 
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Once construction started and foundations were exposed it was quickly identified that the foundations 

of the heritage building end were much shallower and more stepped than expected particularly close to 

Princes Street (west) of the building.  The concrete foundation beam previously identified under the 

brick walls was revealed to be little more than 100mm concrete blinding in many locations.   

The foundations had to be redesigned during construction taking into account the actual onsite 

conditions while maintaining the foundation capacity and stiffness that the strengthening system 

required as much as possible while also avoiding underpinning the existing walls (in order to minimise 

increased costs of construction). 

7 JUST SOME LIGHT STAIRS AND A STRUCTURAL TIMBER WINDOW FRAME 

Not all the issues found in the historic building are seismic related. Some issues related to gravity 

support, or lack thereof. 

At some stage in the past an external steel egress stair had been added to the South Elevation, 

presumably to improve fire egress.  To provide access to the stair a section of the existing brick 

parapet on level 3 had been removed and a door opening had been added to the external wall on level 

2 immediately adjacent to an existing window.  

 

 

Figure 9 – Steel egress stairs 

As part of the strengthening and refurbishment project these stairs were removed.  On removal of the 

stair several significant cracks in the masonry wall became apparent which effectively separated the 

block of brick masonry above the level 2 door and window lintel to the top of the parapet above from 

the surrounding brick wall (Refer Figure 10).  It appears these cracks were caused in part from 

corrosion of the steel rods which had been used to connect the stair to the brick external wall.   

It was hard to identify a gravity load path for the brick masonry block above the door.  The only 

support appears to have been the, since removed, stair stringer (which the wall should have been 

supporting).  With its removal the only support remaining was the timber frames below. 

The solution we adopted was to remove the entire block of brick masonry from the parapet down and 

rebuild it. This example had a simple solution, but has been chosen to highlight how much care must 

be taken when strengthening and refurbishing historical buildings to ensure continued gravity support 

as well as addressing the lateral load issues. 
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Figure 10 – Schematic elevation of the damaged lintel 

8 CONCLUSIONS 

There will be a few more months of construction ahead, we anticipate more surprises and surely more 

lessons will be learnt. We have chosen examples that highlight different important aspects that that can 

happen in any project. 

A common theme in historical buildings upgrades, is that there will be surprises. And if some are 

predictable (a URM wall with nothing on the level below suggests something), there will always be 

some unexpected details… these may range from unforeseen doorways to missing walls or 40% more 

floor load! 

In strengthening heritage buildings our recommendation is to expect the unexpected and try and 

incorporate this into the design.  The key to success is working as part of the broader project team with 

excellent communications with the client, architect and contractor to develop enhanced project 

outcomes from unexpected surprises and taking a pragmatic approach to seismic strengthening. 

To achieve a good outcome for the client (and reasonably within budget), there is the need to be 

practical. We must always step back a bit to remember what our objectives are, and what‟s the best 

way to achieve these objectives. 
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