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ABSTRACT: The building at 15-17 Murphy Street, Wellington was built in the late 1960s 

as the head office for New Zealand Breweries Ltd.  The 13-level building consists of a four 

storey concrete shear wall podium with reinforced concrete moment-resisting frames 

around the perimeter of the tower superstructure.  Purpose-built for bulk storage of beer, 

the podium contains few floor diaphragms and the shear walls were set back from the 

superstructure’s moment-resisting frame, creating transfer actions in the diaphragm at the 

top of the podium.  The moment-resisting frames were detailed according to best practice 

at the time, with the intention of developing a weak-beam-strong-column mechanism.  

However, design standards at the time did not require the floor slab reinforcing to be taken 

into account when calculating the overstrength flexural capacity of the beams.  The floors 

in the building are 300 mm thick insitu concrete slabs that contribute significant flexural 

overstrength to the beams, which means the expected response is a ‘soft storey’ mechanism 

at the top of the podium level.  This paper presents the design and application of the seismic 

retrofit solution for this structure.  The solution involved an innovative approach that uses 

concentrically-braced frames to ‘splint’ across the potential soft storeys and activate 

column hinges across multiple floors, spreading the ductility demand up the building.  

Limitations in the transfer diaphragm were overcome using a CFRP overlay and external 

prestressed drag bars.  The retrofit approach has proved to be highly cost effective and 

caused minimal disruption to occupying tenants.  

1 INTRODUCTION 

The existing 13-level structure was of cast insitu reinforced concrete construction.  The upper floor slabs 

(above level 5) have a tapered thickness, varying from 150 to 375 mm thick, which makes the building 

heavy relative to its peers.  These floors are supported on a central column line and a perimeter moment-

resisting frame.  The perimeter frame is heavily reinforced, with short beam spans, and acts as the 

primary lateral load resisting element above level 5.  The frame continues below level 5, but there are 

also significant concrete shear wall elements in this lower section of the building.  These walls are far 

stiffer than the frames and therefore assume the role of primary lateral load resisting element below level 

5.  The walls are offset from the perimeter moment-resisting frames which means that the level 5 floor 

is required to act as a transfer diaphragm.  The structure is then founded on a cellular raft, with basement 

walls up the 5 metres deep, acting as deep beams to distribute loads across the founding area. 
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Figure 1: 3D Image of Primary Structure  

A detailed seismic assessment of the building highlighted the following key issues: 

  A potential column sway mechanism on the east and west elevations (the TRANSVERSE            

direction).  The floor slab is heavily reinforced, resulting in the spandrels having high flexural 

overstrength capacities.  Generally, the columns do not have enough flexural capacity to resist 

these overstrength actions, particularly when higher modes are also taken into consideration. 

  A mixed mechanism on the north and south elevations (the LONGITUDINAL direction), with 

some beam hinging and some column hinging.  These elevations were not as problematic as the 

transverse frames because the floor slabs span orthogonal to the longitudinal frames, meaning 

there was less slab reinforcing steel to increase the beams’ flexural overstrength.  There are also 

a higher number of bays/columns, providing greater resilience in this direction. 

  Limited capacity at level 5 to collect and transfer seismic shear through the diaphragm between 

the perimeter moment-resisting frame and the concrete shear walls. 

 Foundation compliance (settlement) is very influential on the ductility demand.  Greater flexi-

bility of the subgrade requires less ductility at ultimate limit state – due to a longer initial period. 

Note that TRANSVERSE and LONGITUDINAL are defined in Figure 1. 

2 RETROFIT OF TRANSVERSE FRAMES 

2.1 Structural Concept  

The structural concept of the retrofit was to ‘splint’ across the potential sway mechanism.  This prevents 

a concentration of interstorey drift at level 5, as shown in Figure 2 below.  The splint was a structural 

steel concentrically braced frame (CBF) mounted on the exterior of the building. 
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Figure 2: ‘Splint’ concept 

Design of the splint was undertaken using a static design approach.  This started by calculating the shear 

required at each level for a column hinging mechanism to form at that level.  An overstrength factor (ϕo) 

was applied to this shear.  The load applied to the CBF ‘splint’ was the difference between the 

overstrength storey shears at adjacent levels (see Figure Three).  This ensures that the CBF has enough 

strength capacity to force a column hinging mechanism in the upper storey (i.e. to ‘push over’ the upper 

storey, allowing for that storey’s overstrength). 

 

Figure 3: Loads on Frame 

With the column hinging mechanism there is no spare capacity for higher modes or P-delta demands.  

To account for this the dynamic magnification factor (ω) from NZS 3101 was applied to the demands 

on the CBF. 

These measures address the strength demands on the CBF, however the frame is not rigid and its stiffness 

needs to be considered.  The more the frame deflects, the greater the plastic rotation demands on the 

lower columns (see Figure Four).  Therefore, the deflection of the CBF needs to be limited.  
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Figure 4: Deflected shape of CBF and its effect on plastic rotation of column hinges 

The design applied a ductility limit of two to the local ductility of the columns (μlocal = 2).  This meant 

the allowable ultimate limit state inter-storey drift could be calculated.  The stiffness of the CBF frame 

was increased until the inter-storey drift demand was lower than the allowable drift (θULS ≤ 2θyield) when 

subject to the loads described above. 

The CBF frames in the transverse direction extend over five levels, which spreads the plasticity up the 

height of the building and therefore increases the global ductility capacity of the structure (refer Figure 

Five).  For the transverse direction a global ductility of 1.5 (μglobal = 1.5) is required to reduce the demand 

base shear so that it matches the probable base shear capacity.  This required the ductile mechanism to 

be spread over five levels. 

Above the CBF frames the moment-resisting frame is expected to deform elastically at the ultimate limit 

state.  The drift demand is lower at these upper levels and is not large enough for a full soft-storey 

mechanism to develop. 

 

Figure 5: Increase in global ductility due to CBF ‘splint’ 

2.2 Implementation and Challenges  

The owner had a clear preference for minimising disruption to their tenants.  This drove the CBFs to the 

exterior of the building.  This had some benefits, for example the frames could be fabricated in large 

assesmblies instead of small (2-3 metre long) components. 
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This also created a number of challenges.  The connection of the CBF into the diaphragms required a 

fixing method that could transfer significant horizontal shear while maintaining displacement 

compatibility between the rotating CBF and the more-level concrete beam.  This was solved by using 

steel diaphragm plates to reach out from the concrete structure and collect the shear from the CBF.  

These plates are able to flex vertically to maintain displacement compatibility.  These plates were welded 

to an end plate which was clamped to the concrete structure using post-tensioned bars. 

There was also the challenge of installing a heavy steel frame at height in Wellington’s weather 

conditions.  The design mitigated this risk by including a separate (lighter) beam at the base of the CBF 

to provide vertical support to the frame during installation.  The connection detail (post-tensioned bars) 

also allowed the frames to be fixed to the building quickly by using a few large fixings rather than lots 

of small fixings. 

3 RETROFIT OF TRANSVERSE DIAPHRAGM (LEVEL 5) 

The existing diaphragms have a series of voids that make approximately 50% of the edge ineffective at 

collecting/distributing shear from/to the transverse frames.  At levels 6 and above there was adequate 

existing reinforcing to address this potential issue and resolve the inertia forces.  Level 5, however, is 

required to act as a collector and transfer diaphragm, and is therefore subject to significantly higher 

demands (inertia loads plus transfer loads).  This is a critical load path so the retrofit was detailed so that 

the level 5 diaphragm can transfer overstrength perimeter frame forces without undergoing inelastic 

displacements (i.e. without stressing the existing reinforcing beyond yield).  This load path is described 

in Figure 6. 

There are two components to the diaphragm retrofit.  New drag bars (post-tensioning) were added to the 

level 5 edge beams.  This increased their tension capacity and allowed the beams to collect the 

overstrength column shears and drag them back to the section of diaphragm that is tied into the beams.  

The diaphragm itself was augmented with carbon fibre reinforced polymer (CRRP) to ensure it could 

transfer the shear back to the podium shear walls. 

 

 

Figure 6: Conceptual strut-and-tie diagram for Level 5 floor diaphragm 
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4 RETROFIT OF LONGITUDINAL FRAMES 

The structural concept was again to ‘splint’ across possible column sway mechanisms in the lower levels 

of the frame (i.e. levels 5 and 6).  In this direction the mechanism is generally strong columns and weak 

beams, which means the ‘splinting’ is less critical because a soft storey would only be induced by higher 

modes or P-delta increasing the column moments. 

As the mechanism in this direction is less defined (reduced slab reinforcing so less beam flexural 

overstrength), we considered two scenarios.  The first was a weak-beam strong-column mechanism 

using a local ductility limitation on the deep beams (μlocal = 2) following Park and Paulay (1975).  Our 

analysis confirmed that the ductility demands on the spandrels match their ductility capacity when 

subject to design loads.   

The second scenario considered, required a CBF frame to ‘splint’ across a column sway mechanism, 

should one develop due to P-delta or higher modes.  As per the transverse direction this was sized and 

verified using hand calculations, and has enough stiffness/strength to prevent excess rotation of column 

hinges.  To check that the hand calculations did not underestimate the higher mode demands on the 

columns a limited non-linear time history analysis was completed.  This confirmed that the amplification 

factors (ω) in NZS 3101 were appropriate and that column sway might occur at level 5 and 6 if they 

were left without the ‘splint’.   

5 OTHER ITEMS OF NOTE 

5.1 Foundations 

A detailed geotechnical investigation was completed by Tonkin & Taylor Ltd (T&T).  This investigation 

provided bearing capacities and soil stiffness properties for the ground below the raft foundation.   

The key output from the geotechnical investigation was the rotational stiffness of the raft foundation.  

Tonkin & Taylor supplied a probable value for this stiffness and a “not expected to exceed” value that 

was approximately 50% higher.  The higher value was used in all analyses, meaning that the calculated 

ductility demands used for design were conservative (e.g. a more flexible raft would mean a longer 

building period and a lower ductility demand, for the same capacity). 

A key benefit of the strengthening concept was that it did not significantly increase the demand on the 

building foundations. 

5.2 Response to 2016 Kaikoura Earthquake 

The building had characteristics that made it likely to be excited by the ground motions caused by the 

Kaikoura event.  It is on a deep soil site and its fundamental period is similar to other buildings that were 

required to deform plastically.  At the time of the earthquake the retrofit work was nearly complete.  A 

rapid assessment was completed after the earthquake and damage to the building appeared to be 

superficial – limited to cracks in plasterboard linings in the stair wells.  Hairline cracks at the top and 

bottom of the columns in the transverse moment-resisting frame were observed, however these 

coincided with construction joints and key indicators (i.e. dirt) suggested they were pre-existing. 

6 CONCLUSION 

By adding ductility rather than strength the cost and disruption associated with foundation work was 

avoided.  This means the retrofit concept proved to be very cost effective and was able to be constructed 

by a small construction team.  Following the 2016 Kaikoura earthquake the client was extremely pleased 

with the building’s performance. 
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9 PHOTOS 

 

Figure 7: 15-17 Murphy Street During Enabling Works 

 

Figure 8: Steel CBF During Fabrication 
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Figure 9: 15-17 Murphy Street Following Installation of CBF and Drag Bars 


