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ABSTRACT: The Woolstore and Old Public Trust are two well-known heritage 

buildings in Wellington built almost a century ago as high-quality structures. Both 

structures comprise unreinforced masonry and a structural steel frame on pad 

foundations. However the issues and responses for both buildings have been quite 

different and are compared here. 

For the Woolstore, existing diaphragms were left flexible, and the existing masonry shear 

walls de-stiffened, all to lower loadings on the existing foundations. Detailed examination 

of possible liquefaction below the foundations was necessary, and a new tie slab to help 

deal with the liquefiable layers above the foundation bases. Superstructure strengthening 

involved a combination of PRESSS shearwalls and K-frames, with exposed diaphragm 

and tie detailing having special consideration for the Victorian industrial nature of the 

building. 

For the Old Public Trust, the existing structure was augmented and stiffened with new 

shear walls and new concrete overlay diaphragms. Strength in the longitudinal direction 

remains primarily from the existing masonry piers: augmented by spandrel strengthening 

and some parallel shear walls. Details of the existing façade and foundations exposed 

during retrofit required carful responses. 

1 INTRODUCTION 

The Woolstore and Old Public Trust both date from the early 20
th
 century and are important 

Wellington heritage buildings. The Woolstore is a Victorian-industrial style building characterised by 

tall open spaces, wooden floors and exposed steel structure. The Old Public Trust has a more 

decorative Edwardian Baroque facade, but retains a generously proportioned open plan internal space. 

Given the heritage nature of both buildings, it was important our response to seismically retrofitting 

them was in keeping with their architectural qualities. As such, the response to each was very 

different, but both approaches aimed to use all the beneficial seismic strength of the existing structure 

and complement this in keeping with the building’s style.  

For the Woolstore, the strategies were geared around minimising foundation loads due to the mixed 

founding conditions: we elected to absorb earthquake energy in the superstructure and hence allow the 

foundations to remain elastic at all times.  

The Old Public Trust is founded on weak, weathered rock, and so by anchoring the foundations, stiff 

new elements could be added to the superstructure, maintaining compatibility and beneficial strength 

from the existing structure.  

Extensive research on the buildings’ histories was carried out before and during both projects; material 

was obtained from City Council archives, New Zealand Archives, the Alexander Turnbull Library and 

EQC’s records. Over and above the existing drawings, this research provided invaluable insight into 

how the buildings were constructed and adapted, thereby allowing advantageous construction features 

and any inherent problems to be diagnosed minimising the need for further intrusive investigations. 

We found this process advantageous and encourage other practitioners to carry out similar research, 

especially for heritage buildings, where sources are more likely to exist.  
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2 THE WOOLSTORE 

The Woolstore is a three-storey (plus basement) structural steel gravity frame building with timber 

joists and wooden floors. Its perimeter masonry facade is formed into columns and spandrels at the 

front and rear, and boundary walls at the North and South. Following damage to the adjacent store in 

the 1942 Wairarapa earthquake an annex was constructed at the South of the building, connected to 

the Woolstore and sharing common floor levels. This had a concrete frame with timber floors. The 

roofs of both buildings are of a sawtooth/south-light geometry, formed by light steel trusses and 

surrounded by brick parapets.  

The brief from the client was to strengthen the building to above 70% NBS. Considering the building 

as an IL2 structure, the works were to be staged allow a number of tenants to remain in place during 

the work.  

2.1 Foundations 

The building’s columns, including those encased in the perimeter facades, are founded on 

approximately 3.5-metre-deep mass concrete plinths constructed down through original beach level 

below the water table. The soil beneath these pads was non-liquefiable Wellington alluvium, but the 

soil surrounding the plinths to the underside of the basement was liquefiable beach sands and fill. 

Although within 50 metres of the Wellington fault, the building is expected to be outside the rupture 

zone according to current geological mapping included in the District Plan. However, to improve 

robustness and induce compatible movement of the individual foundation plinths, a new basement raft 

was constructed. Given the time of construction there was concern the existing pads might not be 

founded as deep as implied by the original drawings, and hence be founded on some liquefiable 

material. Cores were taken down through the plinths to establish their depth, and a Scala probe driven 

out the bottom into the founding material. Although poorly compacted sand was found in some 

locations, by carrying out more cores on the suspect plinths, we established that this was localised in 

nature and likely due to sand ingress during the construction and that the majority of pad would be 

founded on competent materials.  

New ground beams were cast between the existing plinths and through these, new ground anchors 

were installed. The ground beams act as transfer beams providing compatibility between the new 

bracing structures and tension anchors. The anchors, with a free length through the beach/fill material, 

have sufficient lateral displacement ability to withstand the expected ground/basement lurch. The 

basement covered only three quarters of the building’s footprint. To ensure all foundation plinths were 

tied together, the two end bays of the basement were extended through to the street frontage, with a 

post-tensioning tendon behind the line of the facade. This is shown in figure 1. 

 

Figure 1 - General arrangement and basement structure 
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2.2 Primary lateral load-resisting structure 

Longitudinally, we introduced new K-frames on each of the internal steel frame lines. These frames 

are offset one bay at the upper floor level to allow for an existing mezzanine floor circulation and to 

spread seismic overturning loads over more than one grid. The existing floor beams were replaced by 

a new collector beam/active link whose top flange was restrained by a connection to the existing floors 

or new support channels. The front and rear facades were modelled in-plane using the equivalent 

frame method, which demonstrated they had sufficient seismic resistance to brace a significant portion 

of their own mass. Stiffness, although difficult to assess accurately, was of the same order as that 

targeted for the new K-frames.  

Transverse resistance was from the North and South boundary walls. The South boundary wall was a 

common wall with the annex, and so provided bracing to half of that structure also. The lighter 

Southern portion of the annexe, although already a concrete frame structure, was augmented with a 

stiff K-frame. Although more flexible than the boundary walls, this solution retained compatibility in 

plan due to the flexible floor diaphragms.  

The existing masonry walls contained concrete-encased steel column and beam members and were 

constructed using high quality material and workmanship. However, the seismic shears and 

overturning actions of the design earthquake were assessed as being too great for the existing walls 

and would have been extremely difficult to resolve at foundation level. Given the client intended to 

retain tenants in the building throughout the retrofit, introducing major new piles was not an option.  

Instead the basement wall was strengthened with sprayed concrete extending up from the new 

basement slab, and the existing masonry wall above this was sawcut into panels that would rock on 

this rigid basement structure. Two of the five bays of wall were strengthened with sprayed concrete 

over their full height, and a ductile connection utilising U-shaped Flexural Plates (UFPs) made to the 

existing steel columns. Rocking action was augmented in the sprayed wall sections by vertical post-

tensioning.  

2.3 Floor diaphragms 

In the longitudinal direction an x-braced diaphragm was installed across the building to transfer loads 

from the front and rear facades to the interior bays where loads are transferred along the enhanced 

gravity beams. The plan offset of longitudinal beams between the annex and store required complex 

steelwork detailing to provide a robust lad path. This load path was made more complex considering 

the requirement to accommodate vertical rocking actions without inducing undue over-strength 

actions. Large box sections were used as transfer structure in this case as they required limited lateral 

restraint and had sufficient strength in both local axes.  

Transversely, the existing floor diaphragms spanned up to 50m between the North and Sound 

boundary walls, and were considered highly flexible. These needed to be strengthened to transfer the 

mass of the floor and facades to the boundary shear walls. The diaphragm flexibility was advantageous 

in one regard as it gave natural load relief due to its long period and damping due to the timber 

flooring. These properties had to be balanced against the displacement limits of the front and rear 

facades. The solution we implemented was to design a tension-only steel bracing to provide significant 

additional strength while maintaining an acceptable level of flexibility. Demonstrating the 

effectiveness of this required us to carry out non-linear time history analysis, which included 

sensitivity studies reviewing the impact of assumptions and unknowns inherent in the modelling 

process. This analysis demonstrated that diaphragm shear loads were decreased by approximately 30% 

relative to a rigid structure. The detailing of the bracing, show in Figure 2, drew on Victorian 

influences but allowed for a maximum of site bolting/minimum of site welding for adjustability and 

reducing the disruption and fire risk to the existing floors. 
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Figure 2 - Typical diaphragm brace connection 

2.4 Secondary structural elements 

The existing concrete-encased steel members provided sufficient strength to the typical front and rear 

facades. The boundary walls were able to span vertically under their own weight/thickness for the 

lower three storeys, but required augmentation by steel mullions for the upper floor and roof. On the 

North wall these were placed on the outside of the building and designed to receive signage that was 

intended to be placed along this facade, mimicking the original painted signage. The front and rear 

parapets were tied to the sawtooth roofs and the existing sarking re-screwed and fitted with tie 

members where necessary. Between the peaks of the sawtooth roof, structural steel members were 

introduced behind the parapet to augment the horizontal spanning between the existing column 

members.  

The front facade incorporated three large pediments formed from approximately 40t of masonry 

located over the main entranceway, the loading dock and the basement exit respectively, and 

cantilevered over 2.5m above the existing roof peaks, these were significant hazards. Several options 

were investigated, involving combinations of bracing and vertical stressing, however with the light 

sawtooth roof and the subtle diaphragm intervention proposed, including the capacity for these and 

following the loads all the way to the boundary walls would involve extensive, visually intrusive and 

costly structure. Our option studies were used in successfully applying for resource consent to remove 

these three pediments. Although a compromise, their removal was seen to have the least net intrusive 

effect on the heritage structure.  

 

Figure 3 - Front facade with demolition noted 
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3 OLD PUBLIC TRUST 

The Old Public Trust comprises a perimeter load-bearing masonry facade acting compositely with 

brick-encased steel bulb columns and steel floor beams. Steel girders spanning across the building 

provide clear open space to the main banking/office halls. With smaller ancillary spaces at each end, 

the five-storey structure is founded on a single basement level with spread footings below this to the 

underlying  weak greywacke rock. In the 1980s the building was partly strengthened to 2/3rds of the 

1965 Building Code by the construction of two sprayed-concrete walls in each direction (with no new 

foundations) and the installation of a series of steel mullions internally to the facade at all levels.  

The client was targeting greater than 90% NBS for the structure, however we undertook to achieve 

minimum of 70% for the individual parts, and 90% for the primary lateral load resisting structure.  

3.1 Foundations 

At the outset, augmenting the foundations of the Old Public Trust to accommodate new bracing 

structures appeared much simpler than the Woolstore. On the face of it, the new shear-wall structures 

proposed could be anchored down into the weak greywacke rock. However, the original constructions 

specification introduced an interesting problem. When excavating around the existing masonry 

footings, a 250mm-thick layer of medium-dense sand was found: with all footings being below the 

water table. This potentially liquefiable layer was required in the specification as a preparation for the 

footings at the time of the original construction. The geotechnical engineers Aurecon conducted 

analyses on this layer: although liquefiable, it was likely that the pore pressures within this 

concentrated space would be able to dissipate before significant settlements would occur. New 

foundations were founded directly on the greywacke rock. 

3.2 Primary lateral load-resisting structure 

Transversely, the building required significant strengthening: the existing shear walls were 

asymmetrically placed in plan, and with their lack of hold-down did not provide significant seismic 

resistance over and above the existing transverse brick walls. Two new concrete shear walls were 

constructed at each end of the main open-plan space. These were coupled by deep stiff steel beams to 

create a system that would provide high ductility at low levels of deflection and hence provide energy 

absorption at the low levels of drift permissible in the existing masonry.  The original, the 1980s 

strengthening and the current strengthening walls are shown in figure 4.  

 

Figure 4 - Floor plan and strengthening general arrangement 

 

Longitudinally, the building had also been strengthened in the 1980s by the addition of two shear 

walls. These walls were constructed in parallel with the massive existing facades, which have 

“traditional” proportions of piers and spandrels, therefore encouraging a rocking pier side-sway 
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mechanism. These existing masonry façade frames were demonstrated to provide a significant 

proportion of the required longitudinal performance. The 1980s shear walls and two new short walls 

on the Stout St facade work together to prevent a soft storey mechanism by equalising storey drifts 

floor with differing pier stiffness’s. 

The existing piers and spandrels were analysed using the proposed draft NZSEE guidelines. The 

majority of elements were demonstrated to exhibit stable rocking mechanisms well in advance of less 

reliable forms of resistance. A number of localised, squatter piers were horizontally reinforced to 

prevent premature diagonal tension failure. This was done by drilling stainless steel rods through the 

piers and grouting them in place. At two vertical positions in the facade, the piers were too squat to be 

compatible with the adjacent piers. These were saw-cut in half vertically to provide two piers in 

similar proportion to the remainder, refer Figure 5. 

 

Figure 5 - Stout St Facade Strengthening 

3.3 Floor diaphragms 

The existing clinker-concrete floor diaphragms were the limiting factor in the existing seismic 

capacity of the building. This became especially evident during the 2013 Cook Strait series of 

earthquakes, where the movement of the clinker-concrete panels in the steel frame floor grillage was 

sufficient to dislodge large sections of plaster, and hence make the building unsafe to occupy without 

significant PPE. Once the clinker concrete was exposed, it was evident that the existing diaphragm 

mechanism was not robust, as the clinker concrete had been poured between steel secondary beams 

with no connecting reinforcing. This created a weak and unpredictable load path. Due to this 

weakness, floor diaphragm strengthening was carried out by replacing the raised timber floor with a 

new concrete overlay. The additional mass due to this new topping was limited through the use of 

polystyrene infill to limit the new topping to 75mm depth. Existing gravity beam strength was 

improved with new shear connectors to improve composite action. Longitudinal pre-stressing cast into 

each side of the diaphragm fulfilled two functions, providing additional strength in flexure to the 

diaphragm and improving the strength of the spandrel panels by stressing them axially. New 

galvanised reinforcing bars grouted into the existing facade and cast into the diaphragm provide out of 

plane restraint. 

3.4 Secondary structural elements 

Although a large part of the 1980s strengthening involved placing new steel mullions inside the 

existing brick facade, calculations to the proposed NZSEE guidelines showed the existing thick 

masonry walls up to level three had sufficient axial load to remain stable beyond the target 

strengthening level on their own. The unnecessary mullions were removed, and those on level four and 

above were more robustly secured to the existing facade with additional grouted anchors.  
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The walls, parapets and pediments extending above level four around the mansard roof required 

significant additional attention. The three main facade pediments had been vertically pre-stressed in 

the 1980s, and this useful intervention provided approximately half of the required capacity. The 

remaining strengthening was provided with new interior steel frames and additional securing to the 

mansard roof and shear wall structures. The corner “drum” was reinforced and internally sprayed with 

concrete to ensure that it would rock on its base rather than suffer premature shear failure. The existing 

mansard roof sarking was complemented with new plywood in areas of high stress, and the existing 

timber roof trusses were repaired with new screws controlling cracking and additional steel plating 

where cracking was severe.  

4 CLIENT AND CONTRACTOR INVOLVEMENT 

Both projects benefited from having educated and involved clients closely inputting into the work, but 

in different ways. The Woolstore client had some experience of seismic retrofit, and using their offices 

on site, managed to retain approximately 40% of the tenants in situ during this significant renovation 

project. This provided continued cashflow through the job, but more importantly left some anchor 

tenants in place for re-establishing leases once the work was complete. The client took up our 

recommendation of working in a negotiated open-book basis with a contractor experienced in this type 

of work. Sparrow Construction provided continual financial updates throughout the project and openly 

tendered all of the sub-trades. Having a foreman experienced in design and retrofit (an architect by 

training) greatly assisted the resolution of the complex structural and architectural “make-good” 

details that inevitably arose.  

For the Old Public Trust, the developer/client Maurice Clarke was an engineer by training and runs a 

medium-sized construction company. The positioning of the shear walls and the methodology around 

forming the new diaphragms was discussed extensively and many options considered. Overall the 

programme was demanding: from preliminary design to the completion of the strengthening needed to 

occur in less than one year. This milestone was achieved successfully.  

5 CONSTRUCTION 

Both projects demanded intense supervision during construction, including many additional details to 

explain the interface between the required new structures and the different forms of the existing 

masonry and steel frames. Both projects benefited from a close collaboration between the engineer, 

contractor and client to allow this necessary process to happen within the time and financial 

constraints. These constraints required intelligent, creative solutions from the engineer and these were 

assisted by the input from high-quality contractors in both cases. It is essential in these projects that 

both sufficient fee and senior experienced resource is allocated to the construction phase, to ensure 

that the integrity of the strengthening load paths is not eroded or compromised in finding solutions to 

the inevitable difficulties found on site.  

6 CONCLUSION 

For both buildings, the seismic strengthening scheme evolved in response to the strengths and 

weaknesses of the existing structures. By fully appreciating these strengths and weaknesses, a more 

“appropriate” (in a heritage and structural sense) solution was found, maximising the benefit of 

strengths from the existing structure and previous structural interventions.  

For both projects, the greatest challenges came from the strengthening of the secondary elements of 

the building, and synthesising these with the primary interventions. The new format of Chapter 10 of 

the NZSEE guidelines suggests a better process for this, where secondary elements are addressed first, 

and then a primary system is devised to appropriately knit these together as a whole. As with any 

complex design, this is likely to be an iterative process, until the solution is found which achieves 

both. 
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Each project necessitated close partnerships between both engineer and client and engineer and 

contractor to ensure success. This required each party to communicate their needs and understand the 

current challenges of all parties. It also required constant innovation to seek best solutions for all. This 

creative process requires adequate contingencies to be put aside in terms of both budget and 

time/programme. To allow sufficient contingency at concept phase, the total scope of the project must 

be well understood. Again, the new format of Chapter 10 promotes this, starting with the extensive 

securing of all parts of the building before focusing in on the primary elements. Finesse in detailing of 

all elements considering buildability, compatibility with the existing structure and an architectural 

empathy with the building’s style and proportions has led to both of these projects’ successful 

completion to the satisfaction of client and tenants.  
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