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1. Executive Summary – Detailed Seismic Evaluation of the Waterloo 
Apartments 

1.1 Seismic Assessment 

This study assesses the seismic capacity of the retro-fitted Waterloo Apartments building using the 
current seismic design code. AS/NZS 1170.5:2004. This code is referred to as the “New Building 
Standard” (NBS).  

The assessment is based on the assessment processes in the New Zealand Society for Earthquake 
Engineering (NZSEE) publication “Assessment and Improvement of the Structural Performance of 
Buildings in Earthquakes”; this is the quasi-standard used for seismic assessment in New Zealand. It 
is colloquially known as the “Red Book”. 

This assessment concludes that the building structu re has a New Building Standard value of 
69% based on the lateral strength capacity of the b uilding compared to the demand placed on 
it by a current code earthquake. 

Note that, at 69%, the building is quite typical for other buildings that were upgraded or retrofitted in 
the early 2000s. It is robust due to the reinforced concrete shear walls on the interior apartment wall 
locations and due, in part, to its original structural steel construction. 

The capacity of the foundation system could be less  than 69%NBS due to the possibility of the 
lateral slumping of the adjacent sea wall being cau sed by an earthquake shaking the ground 
with less than 69% NBS equivalent levels of peak gr ound acceleration (PGA). 

Refer to the following section 1.2. 

In section 10 - The New Zealand Society for Earthquake Engineering Grading Scheme – there are two 
tables and descriptions of the grading scheme. At 69% NBS, the building has a “B Grade” rating from 
NZSEE table 2.1 and is a Low Risk in terms of table 2.2.  

It should be noted that the building came through the Sunday 21st July Cook Strait earthquake and its 
lesser aftershocks with no significant structural damage. That report is attached as Appendix G – 
Comparative Size of the July 2013 Cook Strait Earthquake.  

1.2 Geotechnical Issues 

The building was constructed on reclaimed land in 1909 and the reclamation was placed behind a 
mass concrete sea wall at some time in the late 1980’s. 

Refer to Figure 1 - Cross section through the foundations and sea wall.This is an extract from the 
Tonkin and Taylor report. 

The building is supported on closely spaced driven timber piles capped with a substantial ring beam / 
pile cap. At the stage when redevelopment was being considered, the piles were checked and found 
to be in good order. Refer to Section 12 - Appendix B – BECA Report on Existing Piles and to Section 
13 - Appendix C – BECA Timber Pile Inspection. 

Irrespective of the piling, the block of land between the building and the sea wall could migrate 
sideways (eastwards towards the sea) during a large earthquake as the sea wall slumps to the east 
under earthquake loading.. 

This slumping of the sea wall could cause the ground between Waterloo Quay and the sea wall to 
progressively migrate (or stretch) towards the seaward side. Current analysis by geotechnical 
engineers, Tonkin and Taylor, estimate that some movement could occur at PGA levels equivalent to 
50% NBS and increase in magnitude to a degree that could cause damage to the building at 75% 
NBS levels of ground shaking. 
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There is some degree of latitude in assessing the onset of potentially damaging lateral movement as 
geo-mechanics is an inexact science, Therefore Tonkin and Taylor have given a range of potential 
estimated movements.  

Based on the range of movement estimated by Tonkin and Taylor in their report we, as structural 
engineers, consider that the building should be able to tolerate the ground movements that could be 
expected to result from between 50% and 60% NBS shaking. To reflect the inexact nature of the 
science of geotechnical analysis, we settle on 55% NBS for the purposes of this report. 

If work is done to strengthen the resistance of the block of land moving seawards then the capacity of 
the subsoil and the foundation system can be increased up to the same 69% NBS that the building 
has been assessed at. 

This issue is addressed in detail in the geotechnical report appended – refer to section 16 - Appendix 
F – Geotechnical Seismic Stability of the Site. 

 

 

Figure 1 - Cross section through the foundations an d sea wall  

 

2. Limitation 

This report is not a condition report on the building. It is purely a Seismic Assessment. It does not 
cover any other building issues apart from Structure – B2 in the Building Code. Refer to section 15 - 
Appendix E – Synopsis of the Building Code. 
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3. Building – General Description 

The building was originally built as a wool-store in about 1909. It was a strong and very good quality 
building at its conception. 

The apartment conversion was designed by Athfield Architects and structural engineers Dunning 
Thornton Ltd circa 2000. They respected the existing structure to a large degree. The major changes 
were: 

• Foundation enhancement 
• Reinforced concrete and reinforced inter-tenancy block-work walls that are also structural 

shear walls 
• Additional floors for apartments, both concrete and timber 
• Stabilising secondary structural steel to the brickwork walls 
• New lifts and stairs at each end of the building 

The plan below shows that the building has new concrete shear walls running both longitudinally 
(North / South) and transversely (East / West). 

The concrete walls are shown in yellow and the major structures are on grids 2 (B to C, D to E, I to J, 
K to L) longitudinally and grids E,G and I transversely. Shear walls are a very robust seismic system 
and are coupled to an upgraded foundation system capable of resisting the shear and overturning 
forces. 

Figure 2 - Ground Floor Plan             Figure 3 - Original East Elevation 
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4. Assessment Methodology - General Approach to Ass ist in Understanding 
this Report 

The general approach to assess the seismic capacity of existing buildings is simple. This logic should 
be used to assess all older buildings. It has four distinct and initially unrelated steps: 

• Understand the configuration of the building, its materials and construction details and calculate its 
seismic mass. Understand its environs – step 1 

• Determine the lateral load capacity  of the building – step 2. 
• Determine the code seismic demand  (lateral loads) on the building – step 3. 
• Divide the lateral load capacity  by the code seismic demand  to obtain %NBS – step 4. 

The detail and rigour in these four steps need to match the level of complexity of the building and its 
fabric together with any site specific issues 
 

4.1 Assessment Methodology - Step 1 - Project Data Gathering 
 

4.1.1 General comments 

Collate and register all available documentation on the building regardless of the discipline. Include 
drawings, specifications, calculations and older photos.  

Collate and issue this information. Provide a summary of the information and any relevant 
interpretation of old data that may need clarification. 

Collate and register all available documentation on geotech. Provide a summary of the information 
and relevant interpretation. 

Calculate the component weights for each building on site. Assemble into a spread-sheet with 
percentages and totals. 

4.1.2 Geotech Input 

Prepare and implement a Geotech Investigation with an accent on soil dynamics, soil structure 
interaction, lateral spreading and potential liquefaction.  

Obtain a foundation condition / assessment including likely damping values. Damping is akin to shock 
absorbers in a car’s suspension; damping absorbs energy and lessens seismic loads. 

4.1.3 Design Features Report 

We need to include (at least) these points in a Design Features Report as a commentary for old 
buildings. They are: 
 
• A clear description of the load paths assumed in this structure, both lateral and gravity 
• A clear description of the resisting elements attached to the same load paths. 
• A clear description of the structural elements, or quasi structural elements, which are not 

considered capable of resisting lateral loads. The reasons for not using these should be stated 
and, if necessary, reference made to future testing as below. 

• Testing or data gathering on potential structural element strengths/capacities. This is very 
necessary to make sure that the maximum resistances are obtained for the building.  If we do not 
know the strength of things, we should not just ignore them.  Some allowance must be made. 

• Damping. The above comments also apply to any damping that may occur in the structural 
system.  
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• Foundations systems. Soil / Structure interactions are important; not least the rocking of the 
building on the soil. If the building is not piled, that should be taken into account. 

• Estimation of the period of the building – the time it takes to swing backwards the forwards 
through on cycle of shaking. This is a crucial parameter because it sets the overall seismic 
demand on the building.  It is possible that, with new technology out of Canterbury University, a 
seismograph may be used to work out the first mode periods.  This will give conservative results. 

• Vulnerability and critical structural weakness issues. 
• Any parts and portions that may lead to risk and / or collapse. 

 
4.2 Assessment Methodology - Step 2 - Determine the  Lateral Capacity of the 

Building 

Assess the lateral load capacity of the building, using the best of the capacity of all the components. 
The capacity might be a strength capacity or, alternatively, a capacity to add damping or to afford 
ductility. Ductility is a measure of how the building structure performs when it is overstressed. A 
“ductile” building is quite forgiving when over-stressed. It “gives and bends” rather than “snapping” like 
a brittle twig.  This is covered in the NZSEE publication “Assessment and Improvement of the 
Structural Performance of Buildings in Earthquakes”; 

One must look at the lateral load capacity  of the building in a holistic way without initially confusing it 
with the earthquake lateral load demand . 

A building has a “capacity” to resist lateral loads. 

An earthquake imposes lateral load “demands” on the building 

Therefore the seismic lateral load “demands” on the building must be resisted by the building’s 
“capacity” to resist those lateral loads. 

The calculated capacity depends on how well one models and analyses the building. It will depend on 
how strong the materials are. (The assessing engineer may advocate some testing to determine 
strengths.) It will depend on any areas of critical weakness and how they may be partially mollified by 
re-distribution of loads or subsequently improved by physical strengthening.  

The key is to understand the building and its environs and analyse it very well in order to realise as 
much lateral capacity as possible. 

Analysis methods should always begin with a “hand” study. As engineers, we are not designing a new 
building: we are analysing the capacity of an existing building with known member sizes, capacities 
and with some ability to transfer loads (re-distribution) when overstressed.  

Although not necessary for this particular building, due to its relatively simple structure and squat 
structure, computer studies can be carried out. These include, in increasing levels of providing more 
knowledge, elastic analyses (ETabs) followed by Non Linear Modal and Time History Analysis (SAP 
2000). These will increase the detail of a simple “push-over” analysis to better assess any post-elastic 
performance of the building. 

Materials and their properties can be assessed by: 

• Using current design codes where appropriate  
• Testing - either component materials or full scale in-situ 

Using the NZSEE publication “Assessment and Improvement of the Structural Performance of 
Buildings in Earthquakes”. (Note - This has been the main plank of this study) 

• Using the American Society for Civil Engineering (ASCE) publication - “Seismic Rehabilitation of 
Existing Buildings” - ASCE/SEI 41-06  

• Using the Applied Technology Council (ATC) - “Seismic Evaluation and Retrofit of Concrete 
Buildings” – ATC40 
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• Using judgement and Interpretation. It is imperative that the assessor lists what they have NOT 
considered due to lack of information. 

Generally, the lateral load capacity of a building can be enhanced  with greater engineering effort and 
understanding. 

 

4.3 Assessment Methodology - Step 3 - Determine the  Code Design Level Demand 

The aim of this section is to determine, as accurately as possible, a realistic (not conservative) “New 
Building Standard” seismic coefficient. A number of different code defined parameters are used to 
establish the lateral demand  on the building when multiplied by the building’s weight. 

The code acceleration depends on a number of design parameters that include: 

• Period 
• Ductility 
• Zone (the seismicity of the region within New Zealand) 
• Subsoil Classification 
• Importance level – Larger more “important” buildings are designed to resist higher load levels. 
• Damping 
• Soil structure interaction  

The ductility, the period, the soil type and the damping all have an element of variability and 
judgement. 

The charts below attempt to show the sensitivity to the demand  on a building. For example, soil 
classification Class C has been used as a benchmark below.  Use Class D and it can increase the 
loads by 30% to 60% depending on the period of the building. Equally, a ductility factor of 4 gives a 
demand of only 30% of that based on a ductility factor of 1. The assessment of the period is crucial.  
Soil / structure interaction can add lots of beneficial damping.  

 

Figure 4 - Charts showing the sensitivity of the se lection of code design parameters 

 



Detailed Seismic Assessment  of the Waterloo Apartm ents – 28 Waterloo Quay - Wellington 

 Page 9 
 

Where buildings have neighbours, we need to assess any potential pounding issues between the 
building and the adjoining buildings. Pounding (banging together) is not necessarily a large issue in 
reinforced concrete and structural steel buildings.  

The code acceleration also depends on the importance level selected. Normally Importance Level 2 
(IL2) is selected which gives a risk factor of 1.0. 

Note that the selection of these parameters, which culminate in assessing the lateral load demand  is 
quite independent from establishing the lateral load capacity  of the structure. The exception is that the 
lateral load capacity of the building will provide some insight into the ductility of the structure. 

Generally, the seismic demand on a building can be reduced with greater engineering effort and 
understanding.  

4.4 Assessment Methodology - Step 4 - Determine % N BS 

The %NBS figure is simply the lateral load capacity of the building divided by the lateral load demand  
on the building. 

The %NBS figure can fluctuate wildly if either the demand or the capacity (or both) are wrongly 
assessed. 

The %NBS value can increase with increasing assessment effort to: 

• Increase the CAPACITY 
• Lower the DEMAND 
 

5. Step 1 - Understanding the Building and its Envi rons 

5.1 Building configuration 

A relatively good archival record was held by Wellington Waterfront Ltd.  

Drawings of some of the plans, elevations and sections from both the archives and from the year 2000 
alterations follow: 

 
5.2 Foundations  

The detail following is mainly for background information. 

5.2.1 Geotechnical Considerations – Refer to Sectio n 11 - Appendix A - 
Geotechnical Data Circa 2000 

These are the bore-logs, CPT results and position of the bores 

5.2.2 Original Foundation System – Refer to Section  12 - Appendix B – BECA 
Report on Existing Piles 

The position and condition of the old existing timber piles was a critical issue at the time of 
re-construction. This particular report clarifies those issues 
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5.2.3 Original Timber Piles – Refer to Section  13 - Appendix C – BECA Timber Pile 
Inspection 

As above, the position and condition of the old existing timber piles was a critical issue at the 
time of re-construction. This particular report clarifies more issues. 

5.3 Pounding Issues 

The building stands alone from its neighbours. There are no pounding issues where neighbouring 
building can “clap hands” during an earthquake and cause damage to each other. 

 
5.4 Design Features 

These are some relevant issues: 

• The structural elements of the building’s retro-fit were designed by structural engineers 
Dunning Thornton Ltd, a well-respected Wellington consultant. Their calculations were made 
available to the author and the subsequent review found them to be detailed and of quality 
reasoning. They did carry out a modal analysis of the building using a well-known software 
package called ETabs. The drawings are clear and well detailed. 

• The gravity load paths are simple; the one-way-spanning floor slabs are supported on primary 
beams or concrete (block or in-situ) walls.  

 
• The original steel frames (beams and columns) have not been relied upon to resist lateral 

loads. Because the building has extremely stiff walls compared to the frames; the walls will 
resist the majority of the lateral loads. The frames alone contribute relatively little seismic load 
resistance. 

 
• The Dunning Thornton year 2000 design did not take the brick-work façade into account 

because it is brittle – constructed from un-reinforced brick masonry. Dunning Thornton used a 
ductility factor of 3.0 in their overall design. 
 
The NZSEE “Red Book” allows a ductility factor of 1.5 to be used when assessing brick-work. 
Consequently, as a further check, a separate seismic assessment was carried out using a 
DEMAND based on µ = 1.5. However, this approach, as expected, resulted in a %NBS lower 
than 69%. This is because the much higher lateral load demand resulting from a low ductility 
overshadowed the considerable increase in lateral load capacity provided by the brick walls in 
shear.  

 
• No testing was needed. Concrete and steel strengths were taken as recommended by the 

“Red Book” or from the Dunning Thornton specification. 

 
• No foundation damping was considered and therefore no benefit was derived from any soil / 

structure interactions.  
 

• Estimation of the period – this was taken at less than 0.4 seconds; the top of the response 
spectra. It is covered in the Dunning Thornton calculations. 

 
• The building has no significant vulnerability or critical structural weakness issues in terms of 

the structural system. The unreinforced brickwork may suffer damage in a 1:500 year 
earthquake but building collapse is unlikely due to the reinforced concrete elements and the 
structural steel frame and wall mullions. 
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• Equally, it does not have any “parts and portions” that may lead to risk and / or collapse. The 

floors are very good diaphragms and will distribute any local loads easily. The parapets have 
been strengthened. 

 

 
5.5 Shear Wall Configuration 

The following are a series of cross-sections through the building that outline the shear wall system 
constructed in the early 2000’s that form the bulk of the seismic strengthening system. 
The plan reproduced from above, shows the grid and wall locations. 

 

 
These cross-sections are on each grid-line and are part of the transverse seismic resistance system. 
They are presented to indicate the considerable scope of the walls that resist seismic loads in the 
building 

 
 
 
 
 
 
Grids 
  
B - C 
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Grids 
D - E 
 
 
 
 
 
 

 
 
 
 
 
 
Grids 
 
F- G 
 
 
 
 

 
 
 
 
 
 
Grids 
H - I 
 
 
 
 
 
 

 
 
 
Grids 
J - K 
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Grid L 
 
 
 
 

 
 
 
 
 
 
 
 
 

The cross-section below is on grid-line 2 and is the longitudinal seismic resistance system.  
As above, it is presented to indicate the considerable scope of the walls that resist seismic loads in the 
building 
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5.6 Building Weights and Dimensions 

The building has a rectangular plan at 75m (North / South) by 29m (East / West). The footprint is 2175 
m2.   

Refer to the two pages of Dunning Thornton weight calculations following. The weight of the building is 
a crucial item as, when multiplied by the code seismic coefficient (an acceleration), it gives the lateral 
load DEMAND on the structure. 
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The building’s seismic mass (66,554 kN) and the individual floor masses are summarised above. The 
floors, at around 14 kPa, are heavy by most standards due to the heavy concrete walls separating the 
apartments. However, their acoustic and vibration characteristics are very favourable.  
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6. Step 2 – Lateral Load Shear Capacity of the Wall s 

6.1 General Background 

The calculations below summarise the seismic mass of the building and define the seismic coefficient. 
The product of Mass (building mass) and Acceleration (seismic coefficient) give the Lateral Force the 
building has been designed to resist. Incidentally, this is Newton’s Second Law of Physics. 

Dunning Thornton calculated the mass of the building at 66,554 kN and the seismic coefficient from 
the (then) NZS 4203:1992 code is 0.208g. 
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The walls were designed to resist a lateral load or shear force of 13,859 kN.  This is the seismic mass 
of 66,553 kN multiplied by the design seismic coefficient of 0.208g. 

The ensuing design process which engineers need to perform to satisfy “capacity design” principles 
generally finishes up with better strengths than the design input initially called for (13,859 kN.) 

Almost always buildings are stronger in reality than their calculated design load requirement. 

However, when assessing buildings for seismic capacity using the NZSEE publication “Assessment 
and Improvement of the Structural Performance of Buildings in Earthquakes – the Red Book”, one can 
use an increase in concrete strength of 150% over that designed and 108% of the reinforcing steel 
strength; these increases are both due to aging.  

Both increases have been adopted in the calculations in section 4.2. 

The normal capacity reduction factors needed in the new design of all components, including 
foundations, are not applied to strength assessment  processes as against strength design  
processes. There are some exceptions to that “rule’ though; one case is when calculating the shear 
capacity of concrete. 

6.2 Shear Capacity of the Wall on Grid-line 2 

 

 

 

 

 

 

 

 

 

A study was carried out on the lateral shear capacity, at level 1, of the reinforced concrete shear walls. 
The following is the calculation of the shear strength of the longitudinal wall on grid 2 shown in 
elevation above. It covers the four yellowed panels on level 1. These are 400 mm thick concrete walls 
reinforced with 16 mm diameter high tensile steel reinforcing bars at 400 mm centres on both faces of 
the wall.  
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The following calculation is for the 400 thick wall. Full calculations for the other walls are in Section 14 
- Appendix D - Calculations for Wall Shear Strength Capacity 

Shear Capacity of Reinforced Concrete Walls 
   
Wall grid 2   
   
Number of walls 4  
   
Wall Thickness b 400 mm 
Constant V 0.17  
f'c original design 30 Mpa 
Magnification NZSEE Section 7.1.1a) 1.5  
vc = .17sqrt(f'c) 1.40 Mpa 
   
Bar diameter 16  
Bar Spacing - s 400  
No Bars 2  
Av 402 mm2 
fy 450 Mpa 
Magnification NZSEE Section 7.1.1a) 1.08  
vs=Vs/bd=Av*fy*(1/s/b) 1.221  
   

vt = vc+vs 
      
2.62  Mpa 

   
Wall Length 6.1 m 
Capacity Reduction Factor - NZSEE Section 7.1.1c) 0.85  

Shear Capacity of Concrete Wall 
     
5,430  kN 

   

Total capacity of all 4 walls 
   
21,720  kN 

One can see that the actual capacity of the four connected walls, at 21,750 kN, is much larger than 
Dunning Thornton’s original design figure of 13,859 kN.  

 

6.3 Summary of the lateral load capacity of all the  walls 

 

Reinforced Concrete Walls (transverse) on Grids E,G  
and I  
   
Number of walls 3  

Wall Grid E 
       
6,083  kN 

Wall Grid G 
       
5,489  kN 

Wall Grid I 
       
6,379  kN 

Total capacity  reinforced concrete walls 
     
17,951  kN 
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Reinforced Concrete Walls (Longitudinal) on 
Grids 2   
   
Number of walls 4  

Total capacity reinforced concrete walls 
     
21,720  kN 

 

The lateral load CAPACITY of the building is theref ore governed by the transverse strength of 
the building at 17,951 kN. 

 

7. Step 3 - Seismic Demand on the Building 

Calculations from Dunning Thornton give their seismic design parameters:  

 

The important values to note are the assumed soil type classification (Type C) and the ductility (µ = 3). 

These parameters have been carried into the current AS/NZS 1170.5 code to obtain a current seismic 
coefficient. The equivalent soil type classification changes from Type C to type D in AS/NZS 1170.5. 

The following page is an introduction to Dunning Thornton’s design completed in the year 2001. Note 
bullet point 2; the building was designed to resist 70% of the (then) design code, NZS 4203:1992. 
Note the value of Lu = 0.7 in the table above. That is the 70% expressed as a reduction factor. 

Hence it was never designed to resist 100% of the (then) code. 
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The following tables calculate the AS/NZS 1170.5 code seismic coefficient for a 100% NBS case. It is 
0.392g. The current code is higher than Dunning Thornton’s figure of 0.208g derived from the code 
they used at the time, NZS 4203:1992, due to: 

• Changes in the response spectra 

• An increase in Sp (the code’s “Structural Performance Factor)  from 0.67 to 0.70  

• Dunning Thornton designing to 70% of the (then) current code. 

 

Therefore, the base shear DEMAND on the building due to the current (AS/NZS 1170.5) code seismic 
coefficient of 0.392g. when multiplied by the seismic mass of 66,553 kN. gives a DEMAND of 26,100 
kN. 
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If one were to simply compare the seismic coefficients used by Dunning Thornton in their design to the 
NZS 4203:1992 code and the requirements of the current code, one would obtain a value of 54% 
NBS. Refer to the following table. 

However, as above, the actual shear CAPACITY of the wall on Grid 2 is much greater than the design 
requirement. 

 
 

Design 
 

Comparison  
 

Original 
Design 

by 
Dunning 
Thornton 

1999 

New 
Building 
Standard 

1170.5 

Periods <0.4 <0.4 

Ductility Factors 3.00 3.00 

Structural Performance Factor 0.67 0.70 

Near-fault Factors N/A 1.00 

Reduction factor for existing  building Lu 70% 100% 

Design Acceleration - ULS 0.210 0.392 

   

Compare original design acceleration with full curr ent code. 
Retain ductility and period data.  54% 

 
 

8. Step 4 - Determine % NBS 

 

8.1 Lateral load capacity 

Refer to section 6 - Step 2 – Lateral Load Shear Capacity of the Walls 

Total Capacity of Transverse Reinforced Concrete Walls on Grids E,G and I  17,951 kN. 

Total capacity of Longitudinal Reinforced Concrete Walls on Grids 2   21,729 kN. 

 

8.2 Lateral load demand 

Refer to section 7 - Step 3 - Seismic Demand on the Building.  

The lateral load DEMAND on the building is 26,100 kN   
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8.3 Resulting %New Building Standard. 

The table below, although it repeats information, is intended to clearly show the derivation of the 
%NBS for both the transverse and longitudinal directions of seismic attack. 

Reinforced Concrete Walls on Grids E,G and I   
   
Number of walls 3  
Wall Grid E        6,083  kN 
Wall Grid G        5,489  kN 
Wall Grid I        6,379  kN 
Total capacity  reinforced concrete walls      17,951  kN 
   
Lateral Load Demand  at mu = 3      26,100   
   
Lateral Load Capacity  divided by Lateral Load 
Demand  69%NBS  

   
Reinforced Concrete Walls on Grids 2   
   
Number of walls 4  
Total capacity reinforced concrete walls      21,720  kN 
   
Lateral Load Demand  at mu = 3      26,100   
   
Lateral Load Capacity  divided by Lateral Load 
Demand  83%NBS  

 
Hence the lower value, at 69% NBS gives the rating on the actual structure of the building.  
 

9. Effect of the Geotechnical “Spreading” of the si te on the %NBS 

9.1 Current position 

Geotechnical studies on the stability of the site have been completed and are presented in section 16 - 
Appendix F – Geotechnical Seismic Stability of the Site. This indicates that the site itself becomes a 
partial “weak link” beginning approximately 50% NBS, due to the reclamation fill tending to “stretch 
out” across the site between Waterloo quay and the sea wall under severe seismic shaking. 

This starting point of 50% NBS is based on Tonkin and Taylor’s expected lateral movement at the 
south eastern side of the building of between 50 and 300mm The building should be able to tolerate 
that movement without collapse. 

At 75% NBS, Tonkin and Taylor have given an expected outcome of a lateral movement at the south 
eastern side of the building of “hundreds of millimetres”. 

At some point the building will not be able to tolerate a large extension or “stretch” across its floor plate 
and the outer columns. Dunning Thornton’s design has added reinforced concrete columns cast 
against the back of each brick pier. The columns are 700mm wide by 250mm deep (deep means 
protruding into the building)  

These concrete columns will provide a large measure of residual strength to the eastern brick piers if 
they have their bases pulled towards the sea wall by the ground movement. 

Based on the range of movements estimated by Tonkin and Taylor in Table 1 of their report we, as 
structural engineers consider the building should be able to tolerate ground movements that could be 
expected to result from between 50% and 60% NBS shaking. An average may be 55%; let us settle on 



Detailed Seismic Assessment  of the Waterloo Apartm ents – 28 Waterloo Quay - Wellington 

 Page 25 
 

that figure for this report. As stated previously, the science of geotechnical analyses such as 
presented in section 16 is not exact and some finite judgement call is needed to advance this global 
assessment. 

Consequently, unless the ground is remediated, the global percentage NBS of the building needs 
to be downgraded to 55%NBS  to recognise the potential detrimental effect of the lateral spreading 
across the site. 

 
9.2 Potential Ground Remediation 

Tonkin and Taylor’s stage 2 work (presented in section 16 - Appendix F – Geotechnical Seismic 
Stability of the Site) has been completed. 

If the Body Corporate chooses to enhance the capacity of the soil material on the seaward side of the 
building to improve its %NBS performance, then geotechnical studies will need to be carried out to 
design a sensible and cost effective solution to improve the lateral load performance of that part of the 
site. Stuart Palmer of Tonkin and Taylor has verbally mentioned “soil mixing” as a potential remedy. 

The actual building lies at 69% NBS; therefore the ground improvement would need to equal or better 
that value to increase the global %NBS of the apartment block. 
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10. The New Zealand Society for Earthquake Engineer ing Grading Scheme 

10.1 Extract from NZSEE outlining the scheme 
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10.2 Resulting Building Seismic Assessment 

The building itself, ignoring any potential geotechnical issues, is assessed at 69% NBS. Thus the 
building has a “B Grade” rating from NZSEE table 2.1 and is a Low Risk in terms of table 2.2. 

The stability of the site has been assessed by Geotechnical Engineers – Tonkin and Taylor and the 
interpolation of their results, married with the likely performance of the building when exposed to the 
movement in the ground tending to :stretch” it across its width, results in a diminution of the seismic 
rating to approximately 55% NBS. 

Needless to say, the building came through the Sunday 21st July Cook Strait earthquake and its 
aftershocks with no structural damage.  That earthquake was equivalent to approximately 60% NBS.  
 
 
Report prepared by: 
 

 

Peter Johnstone Consulting Engineer 

BE (Hons) PhD (Civil) FIPENZ MRSNZ MNZIOB 

Revision 04 – 9 March 2014 
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11. Appendix A - Geotechnical Data Circa 2000 
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12. Appendix B – BECA Report on Existing Piles 
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13. Appendix C – BECA Timber Pile Inspection 
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14. Appendix D - Calculations for Wall Shear Streng th Capacity 

Wall grid E   
   
Wall Thickness b 250 mm 
Constant V 0.17  
f'c original design 30 Mpa 
Magnification NZSEE Section 7.1.1a) 1.5  
vc = .17sqrt(f'c) 1.40 Mpa 
   
Bar diameter 12  
Bar Spacing - s 300  
No Bars 2  
Av 226 mm2 
fy 450  
Magnification NZSEE Section 7.1.1a) 1.08  
vs=Vs/bd=Av*fy*(1/s/b) 1.466  
   

vt = vc+vs 
      
2.86  Mpa 

   
Wall Length 10 m 
Capacity Reduction Factor - NZSEE Section 
7.1.1c) 0.85  

Shear Capacity 
     
6,083  kN 

 
 
 
Wall grid G   
   
Wall Thickness b 200 mm 
Constant V 0.17  
f'c original design 30 Mpa 
Magnification NZSEE Section 7.1.1a) 1.5  
vc = .17sqrt(f'c) 1.40 Mpa 
   
Bar diameter 12  
Bar Spacing - s 300  
No Bars 2  
Av 226 mm2 
fy 450  
Magnification NZSEE Section 7.1.1a) 1.08  
vs=Vs/bd=Av*fy*(1/s/b) 1.832  
   

vt = vc+vs 
   
3.23  Mpa 

   
Wall Length 10 m 
Capacity Reduction Factor - NZSEE Section 
7.1.1c) 0.85  

Shear Capacity 
 
5,489  kN 
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Wall grid I   
   
Wall Thickness b 275 mm 
Constant V 0.17  
f'c original design 30 Mpa 
Magnification NZSEE Section 7.1.1a) 1.5  
vc = .17sqrt(f'c) 1.40 Mpa 
   
Bar diameter 12  
Bar Spacing - s 300  
No Bars 2  
Av 226 mm2 
fy 450  
Magnification NZSEE Section 7.1.1a) 1.08  
vs=Vs/bd=Av*fy*(1/s/b) 1.332  
   

vt = vc+vs 
      
2.73  Mpa 

   
Wall Length 10 m 
Capacity Reduction Factor - NZSEE Section 
7.1.1c) 0.85  

Shear Capacity 
     
6,379  kN 

 

15. Appendix E – Synopsis of the Building Code 

All building work in New Zealand must comply with the Building Code, which is the first schedule to the 
Building Regulations 1992.  

The Building Code does not prescribe how work should be done but states, in general terms, how the 
completed building must perform in its intended use. The Building Code contains functional 
requirements and performance criteria that cover matters such as protection from fire, structural 
strength, moisture control and durability.  

Building plans and specifications are assessed by building consent authorities (usually the local 
territorial authority) to ensure that the completed building work comply with the Building Code. When 
the building consent authority is satisfied, it will issue a building consent for the work to proceed. 

The Building Code consists of two preliminary clauses and 37 technical clauses. Each technical 
clause, except for the 'C' Clauses for protection from fire, contains: 

Objectives  - The social objective that completed building work must achieve  

Functional requirements  - What the completed building work must do to satisfy the social objective  

Performance criteria  - Qualitative or quantitative criteria with which buildings must comply in their 
intended use.  

Clause C1 contains the Objectives for the Protection from Fire Clauses C2 to C6. Clauses C2 to C6 
contain only Functional Requirements and Performances.  

The Building Code was reviewed to align it with the 2004 Act  
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16. Appendix F – Geotechnical Seismic Stability of the Site 
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17. Appendix G – Comparative Size of the July 2013 Cook Strait Earthquake  

This shaking that the building experienced was greater than the “moderate” earthquake referred to in 
the Earthquake Prone Building legislation. Preliminary data from the GNS strong motion instruments 
at the University of Victoria Law School (in the new lecture theatre on Stout Street) estimate the 
response spectra measured to be approximately 50 to 60% (say 55%) of New Building Standard 
(%NBS). See below for a four storey building. 



 

 

 

 

 

 

 

 

DISCLOSURE  
STATEMENT 

1. The following information has been supplied to Capital Commercial (2013) Limited 

("Bayleys") to be made available for distribution on the vendor’s behalf to potential 

purchasers to assist purchasers with their due diligence and to use at the purchaser’s 

discretion.  

2. Bayleys and the Vendor do not warrant the accuracy or completeness of the 

information and recommends that all recipients undertake their own due diligence, 

obtain their own reports to their satisfaction and seek independent advice prior to 

committing to purchaser.  


