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1. INTRODUCTION 

 
1.1 My full name is Andrew Howard Marriott. My experience and qualifications 

are set out in my evidence in chief dated 3 December 2015.  

 

1.2 I confirm that I have read the Code of Conduct for Expert Witnesses 

contained in the Environment Court Practice Note 2014 and that I agree to 

comply with it. I confirm that I have considered all the material facts that I 

am aware of that might alter or detract from the opinions that I express, 

and that this evidence is within my area of expertise except where I state 

that I am relying on the evidence of another person.  The Council has 

agreed to me giving expert evidence on its behalf in accordance with my 

duties under the Code of Conduct. 

 

2. SCOPE 

 

2.1 I have read and now respond to the evidence in chief filed by the following 

submitters: 

 

(a) Mr Craig Oldfield for Tailorspace Property Limited (#3718); 

(b) Mr Brett Gilmore for Greg and Mia Gaba (#3639); and 

(c) Mrs Mary Ann Halliday for The Roman Catholic Bishop of the 

Diocese of Christchurch (#3692). 

 

2.2 My evidence has the following attachments: 

 

Attachment A: The Opus Report titled Appendix 2: Cathedral Options 

Evaluation- Structural Report incorporating a Peer Review Report by 

Ruamoko Solutions. 

  

3. TAILORSPACE PROPERTY LIMITED (#3718) – CRAIG OLDFIELD WITH REGARD 

TO 152 OXFORD TERRACE 

 

3.1 I have reviewed the evidence of Craig Oldfield and provide the following 

comments. 
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3.2 Mr Oldfield states at paragraph 24 that “….It is Aecom’s opinion that due to the 

nature of the works proposed, the retrofitted options embody potential risks 

well in excess of an option which favours demolition and rebuilding of the 

structure.” I agree that the existing structure with the exception of the street 

façade are damaged to a point where the heritage fabric would almost all be 

lost if the building was to be repaired.  I therefore agree that demolishing and 

rebuilding the rear of the building (but not the façade) is an appropriate 

engineering solution. 

 

3.3 In Paragraphs 25 through 34 Mr Oldfield discusses in some detail the 

proposed façade retention. Whilst I agree in principle with the preliminary 

design as set out in the evidence, I do not agree with paragraphs 26.4 and 

26.5 as the decorative panels, coat of arms and decorative wing columns 

should be able to be protected from damage as the work to the façade is 

undertaken.  As the façade will have been separated from remainder of the 

building prior to demolition of the main part of the building, I do not consider it 

likely that the decorative elements will be damaged by the demolition.  I see no 

reason why “it may be prudent to partially deconstruct entire façade” and I note 

that the purpose for the temporary façade retention is to remove the 

requirement to deconstruct the façade. 

 

3.4 Mr Oldfield refers to my evidence in chief in paragraph 35, and I agree with his 

comments in that paragraph.       

 

4. GREG AND MIA GABA (#3639) - BRETT GILMORE WITH REGARD TO 25 

HELMORES LANE 

 

4.1 I have reviewed the evidence of Brett Gilmore and provide the following 

comments. 

 

4.2 Mr Gilmore in paragraph 22 describes the damage to the building.  I agree with 

the majority of the evidence presented, but in my view the damage to the 

internal walls of the East Wing is not as severe as has been stated as this 

damage was not evident during my inspection of the building on 17th 

November 2015.  Whilst I agree that the external South wall of the East Wing 

needs to be straightened, the remainder of the walls did not appear to have 

gross leans which are walls leaning beyond the limits of NZS3604:2011.  
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4.3 Paragraph 23 says that “The evidence of Andrew Marriott and (Fiona Wykes) 

understates this damage and fails to consider the full extent of the damage to 

the Residence.”  I do not agree that we have understated the damage or full 

extent of damage.  As an Engineer with considerable experience with Heritage 

buildings, I take a view that buildings such as this one being 99 years old have 

some pre-existing floor and wall slopes and that these do not need to be put 

back to perfectly level if the effect of such works on the heritage fabric would 

be that it loses its value or significance.  In my view it is preferable to conserve 

as much heritage fabric as possible whilst providing a robust Engineering 

solution. 

 

4.4 Mr Gilmore in paragraph 29 states “It is noted that this option requires further 

detailed assessment and design, following a meeting between Structex and 

Aurecon as part of the settlement process. This revised methodology will 

refine the extent of retrofit to the North Wing foundations and review options to 

construct the new foundations beneath the east wing to avoid having to 

separate, lift or move this section of the house.”  I agree with the new 

foundations being installed to the east Wing without lifting or moving the house 

and believe this is a great outcome of the settlement meeting as it protects the 

heritage fabric from damage during the lifting or moving and saves some of the 

heritage fabric that would be lost if the original scheme was to be used. 

 

4.5 In paragraph 30 Mr Gilmore contradicts himself as he says that “this includes 

lift or move the East Wing"  I do not agree with this statement as he has 

already stated in paragraph 29 that the house foundations can be replaced 

without lifting or moving the house. 

 

4.6 Mr Gilmore says in paragraph 32.5 that the repairs include “remove all 

damaged lath and plaster linings and replace with equivalent GIB to meet 

NZS3604 wall bracing requirements and equivalent acoustic ratings of the lath 

and plaster.”  I agree with this solution to the damaged lath and plaster as I 

believe there is very limited damage to the heritage lath and plaster fabric.  

The extent of the damage should be confirmed during the Resource Consent 

process that would be required for the repairs. 

 

4.7 In paragraph 60.3 Mr Gilmore confirms the intention to “…retain the East 

section in its current position and not separate it from the North section as part 

of the repairs….” I agree with this approach. 
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4.8 Mr Gilmore in paragraph 62 states “The Council evidence of …, Andrew 

Marriott …prefers the methodology set out in the Aurecon Report. For the 

reasons set out above, I disagree with this conclusion.”  I confirm that as a 

result of reviewing Mr Gilmore’s evidence I have altered my opinion and 

accept the methodology for the foundation works agreed at the settlement 

meeting referred to by Mr Gilmore where the East Wing remains insitu whilst 

foundation repairs are undertaken.   

 

5. THE ROMAN CATHOLIC BISHOP OF THE DIOCESE OF CHRISTCHURCH (#3692) - 

MARY ANN HALLIDAY WITH REGARD TO THE CATHEDRAL OF THE BLESSED 

SACRAMENT 

 

5.1 I have reviewed the evidence of Mary Ann Halliday and provide the following 

comments. 

 

5.2 Mrs Halliday refers to “the Opus report" in paragraphs 12, 13 and 14 of her 

evidence.  I have been provided a copy of this report titled “Appendix 2: 

Cathedral Options Evaluation-Structural Report (dated May 2015) and its 

Appendix A a Peer Review of the Opus report prepared by Ruamoko Solutions 

(dated 27 January 2015). These reports are included in Appendix A of my 

rebuttal.  I have reviewed the Opus report and peer review and found them to 

be very high level documents with seven options for the Cathedral.  There is 

no conclusion or discussion on which option is going to be implemented or is 

preferred.  All options appear to be possible from an Engineering point of view, 

with the effects on the heritage being significant in every option. Based on the 

information contained in that report, I note that options C2.0, C2.1 and C2.2 all 

retain the heritage fabric to varying extents, and I consider those options would 

be preferable on that basis.  There is not enough detailed information for me to 

discuss this in further detail. 

 

Andrew Howard Marriott 

18 December 2015
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APPENDIX A - THE OPUS REPORT TITLED APPENDIX 2: CATHEDRAL OPTIONS 

EVALUATION 
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1 Background 

Opus have considered structural requirements for a range of options considered in the Options 
Evaluation report to assist in identifying complexity and cost of various options for the severely 
damaged Catholic Cathedral of the Blessed Sacrament.  The options selected for the existing 
damaged Cathedral were chosen to reflect the range of possibilities in the context of the 
masterplanning brief for the site.  The methodology for considering and evaluating these options is 
outlined in the main options evaluation report. 

The structural options for the existing Cathedral take into account the extensive damage to the 
existing building.  Opus has extensive knowledge of the building, its performance in the Canterbury 
earthquakes, failure mechanisms and construction, from involvement following the September 
2010 M7.1 Darfield earthquake.  Opus has prepared several reports and publications on the 
building, and directed the stabilisation and partial deconstruction works.  These reports are listed 
for reference in the bibliography.  Familiarity with the content of these reports is assumed in this 
document. 

Ruamoko has been commissioned to carry out a peer review of the structural solutions for the 
various options.  Some comments are made to relate to the Ruamoko review, and a copy of the 
Ruamoko report is appended to this document. 

2 General 
Initially 16 options were considered for the first evaluation screening.  Following this, five 
main options were carried forward for a more detailed consideration, and sketches were 
developed outlining strengthening requirements.  The main options report outlines the 
evaluation process that has been used, and the reasons for selecting the various options 
considered. 

A new-build option can be easily assessed at the “pre-concept” stage, as all aspects of design and
construction are well known.  However, in order to evaluate a strengthening option for a damaged 
unreinforced masonry building, a structural concept needs to be developed sufficiently to enable 
the scope of work to be understood.  For these reasons the options with conceptual structural input 
are identified in Table 1 as below.  

Table 1. Structural inputs for Cathedral options considered 

Option Option Description Structural Inputs Evaluation Stage 
(where concept 
introduced) 

Option A4: New replica Structural concept provided 1 

Option B4: New modern Foundation comments only 1 

Option C2.0: Full strengthen & rebuild Structural concept provided 2 

Option C2.1: Retain portion in new Cathedral Structural concept provided 2 

Option C2.2: Retain the nave Structural concept provided 4 

Option D3:  Demolish & retain foundations No structural concept 2 
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Option D4: Demolish & represent foundation 
outline 

No structural concept 4 

Some options had variations priced to consider reduced costs.  These were identified through 
an additional “a” suffix (for example, C2.2a).  These variations had little impact on the 
structural solution, and therefore no specific structural concepts were considered. 

General comments are provided below regarding the structural approach to the various options 
considered: 

 The options have been considered at a pre-conceptual or feasibility level.

 Limited, brief calculations have been carried out for selected members.

 Demolition and salvage needs to be allowed for in addition to the options proposed.

 Temporary works needs to be allowed for in addition to the options proposed, and will
be significant for options involving strengthening.

 Restoring the stonework is common to all options involving retention and
strengthening.

 Sketches have been provided taking into account due consideration for structural and
geotechnical requirements to assist the quantity surveyor in building up a cost estimate.

3 Technical Feasibility Evaluation Criteria 

The technical feasibility considerations for the options evaluated is outlined below.  These are high-
level considerations, and evaluation against these broad aspects requires engineering judgement 
based on the knowledge of the building, the ground conditions and the structural solutions 
proposed. 

 Complexity of Solution: The simplicity of the technical solutions required to deliver the
proposed option. Consider whether well understood methods, such as Acceptable Solutions
of the Building Code can be utilised or whether complex analytical methods and innovate
solutions that are largely untried and untested will be needed.  Assess the relative risk to
successful delivery of the programme.

 Seismic Resilience: Assess the relative seismic performance of proposal with respect to
life-safety, cost of repair following a damaging earthquake, impact and duration of any loss
of operation following a significant seismic event.

 Constructability: Is the proposal easily buildable. Assess the requirements for specialist
contractors, construction and materials.  Assess the design and construction risks,
particularly for unforeseen items, such as complex foundation solutions, or working with
existing elements.

 Compliance: Ease of achieving compliance with the relevant regulatory requirements,
such as Resource Consent and Building Act requirements. Building Act requirements would
encompass aspects such as accessibility, fire, structure, weather tightness, etc.
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4 Geotechnical Site Constraints 

The Opus Geotechnical Report states that deep soil investigations indicate the underlying soils 
generally consist of a 3.5m to 5.0m thick layer of firm to stiff silty CLAY with trace of Sand, underlain 
by up to 10.5m thick layer of loose to medium dense SAND. The Sand is underlain by a clayey SILT 
which overlies the Riccarton Gravel formation inferred to be encountered from 22m to 26m below 
ground level. 

Liquefaction induced subsidence has been predicted in a future Ultimate Limit State (ULS) 
earthquake event.  Up to 220mm of subsidence is predicted for the area to the north of the Cathedral 
and up to 150mm of subsidence adjacent to the Cathedral.  The subsidence is predicted to occur in 
the up to 10.5m thick layer of loose to medium dense SAND below 3.5m to 5.0m depth.  Results of 
the level survey indicate up to 85mm of differential settlement has occurred and is generally 
consistent with the differential settlement predicted to have occurred as a result of liquefaction 
induced subsidence. 

Relic Option (Importance Level, IL2) 

A relic section of the Cathedral, 1 or 2 storeys high without the roof and dome and with structural 
strengthening is being considered by the Diocese.  Up to 60mm of differential settlement is predicted 
in a future ULS event. Establish a uniform bearing load by strengthening the existing foundations 
with continuous strip footings.  Enhanced shallow foundations are considered to be suitable to retain 
the north and west facades. 

Full Cathedral Rebuild or Partial Retention at Existing Location (Importance Level, IL3) 

Specific deep foundation design would be required to support the four internal dome columns and 
the heavily loaded bell towers to prevent collapse in a ULS event and prevent damage in a 
Serviceability Limit State (SLS) earthquake event.  For the remainder of the structure the existing 
shallow foundations will need to be strengthened to tolerate up to 90mm of differential settlement 
in a future ULS event.  It is considered that this could be achieved by constructing continuous strip 
footings with further consideration of ground improvement. 

New Build on the North Site (Importance Level, IL3) 

The ground on the north site has been assessed to have a slightly greater liquefaction potential than 
the ground under the existing Cathedral.   Differential settlement in a ULS event is expected to be up 
to 120mm. Foundation options for a new Cathedral consist of: 

 Deep piles to a depth of approximately 25m, subject to further confirmatory boreholes.

 Ground Improvement to a depth of 12m.  Options for Ground Improvement include stone
columns, dynamic compaction, compaction grouting, compaction piles, deep soil mixing and
jet grouting.

 If a very lightweight new structure is selected for the rebuild, a stiffened raft foundation may
be feasible on the north site.
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5 Repair of Stonework 

Extensive repair of the existing stonework is required for any strengthening option.  Stone repair is 
expected to include the following: 

 Pinning back the facing stone into the structural part of the wall with stainless steel pins at
regular intervals.

 Replacing damaged stone with new stone sourced from the same quarry

 Re-grouting all stone joints.

 Cleaning the external stone to achieve a uniform appearance.

6 Structural Considerations 

Initially 16 options were considered for the first evaluation screening.  Following this, 4 main 
options were carried forward for a more detailed consideration, and sketches were developed 
outlining strengthening requirements.  The structural considerations for these four options are 
outlined below. 

6.1 Option A4 

Option Description 

Re-build the Cathedral as a new replica to 100% of current code with the same feel, form and 
function as it had before.  Building is Importance Level 3.  No regard for heritage in its pure form, 
but re-use stone and salvaged material where possible.  Two variations for this option are shown 
below, conventional and base isolated.  The base isolated option was preferred, and the costs were 
based on this option. 

Conventional Approach: 

Foundations 

1. Cellular reinforced concrete raft only, 1.8m deep (ie, 300mm thick slab top and bottom with
beams forming the webs of the cells).

2. Cellular reinforced concrete raft, 1.8m deep (ie, 300mm thick slab top and bottom with
beams forming the webs of the cells) on bored piles 1200mm diameter to 25m
depth.  (Addresses seismic liquefaction issue as well as static, long-term settlement due to
peat layers)

Option 2 is preferred—cellular raft with deep piles.  Depending on building performance
expectations, option 1 could be acceptable. 

Superstructure 

 Use precast, reinforced concrete (40MPa) with a thin stone veneer.  (need sealer on exterior
and “waterproof” concrete)

 Dome structure to be of lightweight construction (steel frame) with either a different
cladding, or a fake “stone” cladding.
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 Similar approach with the top of the front towers, and pediments. Towers to have braced
steel frame above roof level with lightweight cladding.

 RC concrete expected to be designed for ductility, so ductile detailing required for wall
elements.

 Wall thicknesses (concrete) expected to be 400mm thick typically to allow for ductile
detailing.

 Concrete diaphragms taken as 200mm thick.
 Roof, steel trusses with tension-only bracing, ceiling lightweight pressed zinc with timber

ceiling joists.

Base Isolation Approach: 

Foundations 

 Foundations as above, but additional foundation consisting of grid of groundbeams with
slab required to accommodate the isolation plane.

Superstructure 

 Similar to above, but structure for towers and dome steel frame with external stone
veneer—so more true to previous structure.  Internal lining stone veneer where visible only.

 Wall and diaphragm thickness as above.
 Limited ductility of 1.25 for the superstructure at Maximum Credible Earthquake.
 Foundations to be cellular raft as above with some savings in depth, but with basement raft

0.8m thick spanning onto piles with retaining wall and moat.

Note, there will be some architectural requirements as a new building—toilets etc, accessibility
requirements and fire requirements—which are not captured in the drawings or sketches.
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6.2 Option B4 

Option Description 

A new, modern cathedral with no resemblance to previous building. The new building may be in a 
different location on the site. 

Foundations 

Foundation options considered are: 

1. Raft foundation only, or

2. Raft foundation with ground improvement, or

3. Deep Piles to 25m depth

The piled option is likely to be preferred, especially if the building is located at the north end of the 
site where liquefaction induced settlement is greater. The other two options could be acceptable 
depending on performance expectations. 

Superstructure 

The proposed new building will be base isolated with the following superstructure options: 

 Lightweight steel superstructure, or

 Lightweight timber structure, or

 Heavy reinforced concrete structure.

No sketches have been provided for this option, as there is no architectural concept to base a 
structure upon.  A cost estimate can be put together from new-building rates. 
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6.3 Option C2.o 

Option Description 

Retain as much of the original building as possible, and re-build to original. Building to be at least 
67%NBS at IL3.  

It is noted that the Ruamoko review recommends 100% of IL3.  This is preferred, however at this 
stage it is difficult to ascertain the extent of intervention required to achieve this for the towers and 
dome structure, and the cost impact.  For the purposes of this exercise the threshold of at least 67% 
is considered reasonable.  Revision of this will be undertaken if the option is developed further. 

Foundations 

Foundation options are identified below.  The soil is prone to some liquefaction induced 
settlement, as well as static settlement (as identified in the Geotechnical Report). 

1. Stiff raft foundation to distribute bearing pressure, and resist seismic overturning.
Approximately 1.5-1.8m depth will be needed to provide enough stiffness to distribute loads
into the ground without adversely impacting the superstructure, or

2. Groundbeams to tie the existing foundations together, and distribute static loads and
seismic overturning forces, or.

3. A combination of both 1 and 2, to suit the superstructure load distribution, or

4. Alternatively, Groundbeams as for option 2, but with 25m deep piles to address settlement
and overturning forces. Piles would likely have to be screw piles to work around the existing
structure, and pile groups would be required in highly loaded areas. Micropiles would be
another alternative, but a large number would be required (in the order of 500) to enable
them to act as a group.

Option 3 is preferred as it still ties the building together, but some acceptance of settlement is 
needed at the ULS earthquake. 

Superstructure: 

Where the superstructure is relatively intact, it can be strengthened in-situ using the following 
methods: 

 Where extent of damage to wall elements is significant, complete replacement of some
sections of wall is required due to the extent of damage.  Replaced element would be
reinforced concrete with stone veneer.

 Removal of the internal stone veneer, application of Sprayed Concrete, and then
replacement of a thin stone veneer to replicate the internal finish.

 Post-tensioning using cables or rods to provide resistance to sliding and/or moment
capacity.

 New reinforced concrete floor diaphragms, well tied into the walls.
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Where new structure is required, it will be reinforced concrete approximately 400mm thick for a 
typical wall, with stone veneer. 

All existing stonework left intact will require significant repointing, repair, and possibly injection 
grouting of the infill concrete to reinstate shear capacity.  Impact of the repair on the 
watertightness of the walls will need to be considered also. 

6.3.1 Ruamoko Comments 

This option for the retention of as much of the original building as possible plus rebuild to the 

original form is structurally appropriate.  As noted above we recommend that strength of the 

retained and reused portions of the building should be to 100% NBS. We support the concept for a 

shallow raft type of foundation that will maintain the stability of the cathedral in a 100% code 

earthquake, but without deep piles or ground improvement, it may settle and develop some minor 

differential settlement in a future large but rare seismic event. 
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6.4 Option C2.1 

Option Description: 

Retain and strengthen a small portion of the original building to single storey level (retaining as 
much of the original fabric as possible), and integrate into a new, modern cathedral behind. 100% 
of building code, IL3. 

Retained Portion Foundations: 

Foundation options are identified below.  The soil is prone to some liquefaction induced 
settlement, as well as static settlement. 

1. Groundbeams to tie the existing foundations together, and distribute static loads and
seismic overturning forces.

2. Groundbeams as for option 1 above with piles retrofitted. Foundation system must be
compatible with the new building.  Propose either micropiles or screw piles to 25m depth. It
is noted that the piling will be difficult and expensive due to the limitations imposed by the
existing structure.

Option 2 is preferred as it addresses the settlement risk for a new building. 

Retained Portion Superstructure: 

Where the superstructure is relatively intact, it can be strengthened in-situ using the following 
methods: 

 Where extent of damage to wall elements is significant, complete replacement of some
sections of wall is required due to the extent of damage.  Replaced element would be
reinforced concrete with stone veneer.

 Removal of the internal stone veneer, application of Sprayed Concrete, and then
replacement of a thin stone veneer to replicate the internal finish.

 Post-tensioning using cables or rods to provide resistance to sliding and/or moment
capacity.

 New reinforced concrete floor diaphragms, well tied into the walls.

Where new structure is required, it will be reinforced concrete approximately 400mm thick for a 
typical wall, with stone veneer. 

All existing stonework left intact will require significant repointing, repair, and possibly injection 
grouting of the infill concrete to reinstate shear capacity.  Impact of the repair on the 
watertightness of the walls will need to be considered also. 

6.4.1 Ruamoko Comments 

This option for the retention of the North West portion of the original cathedral up to first floor 

level and integrating that into a new contemporary cathedral is structurally feasible, albeit the 

piling work within the footprint of the retained portion will be difficult and relatively expensive. 
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6.5 Option C2.2 

Option Description: 

Retain nave only and strengthen with new structural walls added in place of the towers and at the 
transept locations.  Added new, modern extension behind over existing sanctuary. Design 
strengthened part to 67% of building code, IL3 as a minimum, with a target of 100%.  It is expected 
that 100% of Building Code can be achieved with the scheme proposed. 

Retained Portion Foundations: 

Foundation solution proposed is identified below.  The soil is prone to some liquefaction induced 
settlement, as well as static settlement. 

1. Groundbeams stitching the existing foundations together, creating a raft foundation.

2. Groundbeams stitching the existing foundations together with micropiles piles retrofitted to
25m depth.  New RC walls to have bored piles to 25m depth. It is noted that the piling will
be difficult and expensive due to the limitations imposed by the existing structure.

Preferred foundation option is option 2.  The foundation system for the new extension will have 
bored piles to maintain foundation compatibility. 

Retained Portion Superstructure: 

Where the superstructure is relatively intact, it can be strengthened in-situ using the following 
methods: 

 Where extent of damage to wall elements is significant, complete replacement of some
sections of wall is required due to the extent of damage.  Replaced element would be
reinforced concrete with stone veneer.

 Removal of the internal stone veneer, application of Sprayed Concrete, and then
replacement of a thin stone veneer to replicate the internal finish. (Temporary wall support
required)

 Post-tensioning using cables or rods to provide resistance to sliding and/or moment
capacity. Tensioning can be vertical or horizontal, as required

 New reinforced concrete floor diaphragms, well tied into the walls.

 The roof will require significant new steel cross bracing to transfer the lateral loads to the
new shear wall elements

Where the new structural walls are required, it will be reinforced concrete approximately 400mm 
thick for a typical wall, with stone veneer.  These walls will need to be well tied into the existing 
structure using “drag” members.

All existing stonework left intact will require significant repointing, repair, and possibly injection 
grouting of the infill concrete to reinstate shear capacity.  Impact of the repair on the 
watertightness of the walls will need to be considered also. 
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6.5.1 Ruamoko Comments 

For this option of retention of the interior of the nave, the option proposed by Opus and as 

elaborated on above is structurally appropriate. As noted above we recommend that the strength 

of the retained and reused portions of the building should be to 100% NBS.   

We note the difficulties associated with piling the original structure. A variant on this option is to 

accept some limited further settlement and differential settlement in large future earthquakes and 

construct shallow foundations similar to those proposed for option C2.0 ie part deep concrete raft 

foundations together with pairs of ground beams each side of all foundations under the nave and 

side aisle walls. We have recommended rebuilding all the transept walls which will obviate the 

need for additional north south walls to the north and south of the transepts. 
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1 EXECUTIVE SUMMARY 

Ruamoko Solutions have undertaken high level peer reviews of four preconcept structural options 

for the retention and reconstruction of the cathedral, or parts of the cathedral. The peer reviews 

have been limited to only those options that include retention of parts of the original cathedral. 

Other options for a completely new cathedral have not been peer reviewed.  

Generally, we have found the structural options for the retention and reconstruction of the 

cathedral to be appropriate for both the structural strengthening approach and application. 

Given the extent and likely cost of the work proposed in options C2.0, C2.1 and C2.2, and the extent 

of areas that are to be rebuilt, we recommend that all of the retained elements be strengthened to 

100% NBS at IL3 rather than parts of the cathedral left at 67% NBS and other parts at 100% NBS as 

proposed by Opus. Then, the completed building would have the same structural strength and 

stability as an equivalent completely new cathedral. 

A variant to the piled solution for option C2.2 is to accept some limited further settlement and 

differential settlement in large future earthquakes and construct shallow foundations similar to 

those proposed for option C2.0. We recommend that shallow foundation variant for option C2.2 be 

considered in more detail. 

2 BACKGROUND 

The Catholic Diocese of Canterbury has engaged Opus to examine a range of options for the 

redevelopment of their Christchurch cathedral site bordered by Ferry Road, Barbadoes Street and 

Moorhouse Avenue. The major Canterbury earthquakes of 2010 and 2011 severely damaged all of the 

unreinforced masonry buildings on that site and several have been demolished. 

The Catholic Basilica has been very heavily damaged, with parts of it falling down and other parts 

deconstructed as part of a programme of stabilisation of the building. 

Opus have developed a range of options for the strengthening / rebuild / reconstruction of the 

Cathedral both over the footprint of the existing Cathedral and in a new location at the North West 

part of the site near the Ferry Road / Barbadoes Street intersection. 

This report assumes that the reader is generally familiar with the damaged cathedral and has read the 

Opus reports and had access to the structural concept plans referenced in Appendix A. 

3 SCOPE OF PEER REVIEW 

The scope of the Ruamoko Solutions Peer Review is limited to only those options that include 

retention and strengthening parts of the existing cathedral. The peer review does not extend to the 

construction of a new cathedral or to the construction of a new contemporary cathedral adjacent to 

remnants of the existing cathedral except for those new parts that will assist in strengthening the 

remnants of the existing cathedral. 

This peer review offers no comment on the conservation / architectural / planning considerations of 

the structural concepts. 
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The st u tu al o ept optio s to e pee  e ie ed a e at a high le el p e- o ept  stage. The pee  
e ie  is to e at a high le el  o l  a d fo us o :

 Appropriateness of the strengthening approach taken, and

 Appropriateness of the strengthening application

Specifically, the options to be peer reviewed are limited to: 

Option C2.0 Retain as much of the original building as possible and strengthen to at least 67% 

NBS at IL3, plus rebuild the balance of the building to its original form to 100% NBS 

at IL3 built using modern materials. Existing fabric salvaged for reuse in the rebuilt 

cathedral where that is practical 

Option C2.1 The existing cathedral is mostly demolished. Limited areas up to first floor level are 

retained and stabilised to 100% NBS at IL3, and integrated into a new 

contemporary cathedral on its existing site 

Option C2.2 Retain nave and side aisles only with new walls in the place of the towers and 

transepts walls to at least 67% NBS but target 100% NBS. New, modern extensions 

added over the original sanctuary 

Option D3 Limited areas of foundations, steps and selected wall elements are retained and 

stabilised as a relic, and strengthened to 100% NBS at IL2. A new contemporary 

cathedral would be constructed in a different location to the original cathedral 

In order to peer review the schemes, we had to make several assumptions on the structural details of 

the strengthening and retention work. We have stated those assumptions in the body of this peer 

review report. 

4 ABBREVIATIONS USED 

Abbreviations used in this report include: 

IL3 Importance Level 3 

Described in AS/NZS 1170 to categorise buildings that contain crowds of more than 300 

people. Specifically it covers public assembly buildings of greater than 1000m
2
 floor area. 

IL3 buildings are designed to remain stable in earthquakes with a 1000 year return 

frequency 

%NBS % Comparison to an equivalent new building strength or new building standard 

ULS Ultimate Limit State 

At ULS limits, structures shall have a low probability of becoming unstable and collapsing 

SLS Serviceability Limit State 

At SLS limits there should be low probability of loss of amenity of structures from cracking, 

excessive deflections or vibrations 

5 REPORTS AND STRUCTURAL PLANS 

Ruamoko Solutions were supplied with several structural and architectural reports and structural 

plans for review. Several of the plans and reports were still being developed for the final Opus report 

on options for the cathedral. Refer to Appendix A for a list of those reports and plans. 
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6 BUILDING INSPECTION AND PHOTOGRAPHS 

Grant Wilkinson, project director at Ruamoko Solutions and peer reviewer, has made several 

inspections of the exterior of the building, the most recent inspection being on Wednesday 14 

January 2015.  Grant has only viewed the interior of the Basilica from the external doorway locations 

in 2011. Opus has supplied an extensive range of exterior and interior photographs and Grant has 

taken numerous photographs of the exterior albeit all photographs are from ground level. 

7 KNOWLEDGE AND PREVIOUS EXPERIENCE WITH THE BASILICA 

Grant Wilkinson, peer reviewer, knows the cathedral well from his previous role as project director, 

with Holmes Consulting Group, when he directed the design and construction of the seismic 

strengthening work undertaken in 2002. 

8 GEOTECHNICAL RECOMMENDATIONS 

Given the cumulative thickness of soft soils under the cathedral and the variance of soil properties 

between test locations we were surprised to observe relatively modest differential settlements for a 

building of this size and variation in mass.  

The Opus Geotechnical Assessment of July 2013 recorded differential settlements of: 

Internal dome columns  200mm approximately 

Bell towers 56 and 33mm 

North west corner 85mm 

North east and south east corners 30mm 

Nave floor 55mm (mostly 30mm) 

Differential deflection at the east end of the sanctuary and the dome columns was significant during 

construction of the cathedral and may account for most of the approximate 200mm differential 

settlement referred to above. Similarly, prior to the earthquakes, significant differential settlement 

was observed between the western dome columns and the east end of the nave colonnades.  

Only minor surface expression of liquefaction was observed on the cathedral site. 

Opus calculated gross liquefaction induced settlements of 90mm to 150mm are predicted for a future 

IL3 ULS event. That settlement will vary with the soil profile across the site. Differential settlements of 

up to 90mm for an IL3 ULS design event are predicted. 

Opus has recommended that for an IL2 design for the retention of parts of the original building as a 

relic, enhanced shallow foundations by adding new continuous strip footings on both sides of the 

existing strip footings.  

Specific recommendations for strengthening the original foundations have been offered for the 

retention/strengthening/partial rebuild options that involve design for IL3 and general reinstatement 

of large areas of the cathedral, ie options 2.0, 2.1 and 2.2. 

For a new cathedral on the original site or an adjacent site, Opus has a range of recommendations 

including: 
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 Deep piles to the Riccarton Gravels (approximately 25m deep)

 Ground improvement of the top 12m depth

 Stiffened reinforced concrete cellular raft over a reinforced gravel raft (for a lightweight

building)

 Preloading of the northern site
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9 REVIEW OF THE SELECTED OPTIONS 

9.1 Option C2.0 

Here the proposal is to retain as much of the original building as possible and strengthen it to at least 

67% NBS at IL3, plus rebuild the balance of the building to its original form to 100% NBS at IL3 built 

using modern materials.  

 

Given the extent and likely cost of the work proposed, and the relatively widespread and extensive 

areas that are to be rebuilt, we recommend that all of the retained elements be strengthened to 

100% NBS at IL3 (rather than parts of the cathedral at 67% and other parts at 100%). Then the 

completed building would have the same structural stability as an equivalent completely new 

cathedral. 

 

The structural scheme described on Opus concept drawings Sk1, SK2 and SK3 all dated 23/10/12 or 

14/11/12 appear feasible and appropriate. 

 

Rebuilding of the transept walls and the four box columns that support the main dome provide an 

opportunity to correct / eliminate the large differential settlements of those original elements. 

Retaining the ground floor walls to the north-west tower and the north and south stair halls means 

acceptance of the relatively large differential settlements that are evident between those elements 

and the west wall and the west end of the nave walls.  

 

Those central parts of the upper nave walls that are to be retained will require temporary 

underpinning to allow construction of the new concrete walls below them. 

 

Foundations using a combination of a stiff 1.5m deep concrete raft slab under all of the east end of 

the building together with the pairs of ground beams each side of all foundations under the nave and 

side aisle areas is pragmatic and sensible. We suggest a minor change to extend the pairs of ground 

beams that support the nave colonnade to the west to avoid having to underpin those columns to 

suit the proposal to support them on the new raft slab.  

 

Clearly, the shallow foundation system proposed will minimise, but not eliminate, settlements and 

differential settlements that could arise from a future large but rare seismic event. The shallow raft 

system will be able to meet 100% of the strength required to maintain the stability of the building in a 

full code earthquake (for an IL3 building designed for an earthquake with a 1000 year return 

frequency). The alternatives of ground improvement or 25m deep piling are not practical / feasible 

for this part retain and part rebuild option. 

 

This option for the retention of as much of the original building as possible plus rebuild to the 

original form is structurally appropriate.  As noted above we recommend that strength of the 

retained and reused portions of the building should be to 100% NBS. We support the concept for a 

shallow raft type of foundation that will maintain the stability of the cathedral in a 100% code 

earthquake, but without deep piles or ground improvement, it may settle and develop some minor 

differential settlement in a future large but rare seismic event. 
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9.2 Option C2.1 

Here the proposal is for most of the existing cathedral to be demolished. Limited areas up to first 

floor level are to be retained and stabilised and integrated into a new contemporary cathedral on its 

existing site. Structural design of the new cathedral is to be to 100% NBS at IL3. 

Given the extent and cost of the work proposed, and the relatively widespread and extensive areas 

that are to be rebuilt, we support the proposal that all of the retained elements be strengthened to 

100% NBS at IL3. Then the completed building would have the same structural stability as an 

equivalent completely new cathedral. 

No structural details of the new contemporary cathedral are given except that it is implied that both 

the retained section and the new building will be piled to reduce static and earthquake induced 

settlements. We expect that the substantial new parts of the cathedral will be tied to that portion 

that is etai ed to effe ti el  utt ess  the etai ed se tio . Similarly there is no detail supplied that

describes any structure to be built on top of the retained section, if that is intended. 

Micro piling or screw piling the section to be retained to 25m depth will be difficult and expensive. 

Access for piling machinery in the north portico, baptistery and stair hall may mean that piling 

machinery may need to be heavily modified or purpose built to fit into those confined spaces. 

The balance of the strengthening work that involves new ground beams each side of the existing 

foundations, sprayed concrete on the walls, an overlay concrete diaphragm at first floor level and 

post tensioning specific elements, is generally routine seismic strengthening work. 

This option for the retention of the North West portion of the original cathedral up to first floor 

level and integrating that into a new contemporary cathedral is structurally feasible, albeit the 

piling work within the footprint of the retained portion will be difficult and relatively expensive. 
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9.3 Option C2.2 

Here the proposal is to retain the original nave, side aisles, west end aisle and transepts and demolish 

the remainder of the cathedral. New modern extensions are intended to be constructed over the 

original sanctuary area to the east of the nave and beyond the west end of the nave a large narthex is 

to be built.  

Given the extent and cost of the work proposed, and the extent of areas that are to be rebuilt, we 

recommend that all of the retained elements be strengthened to 100% NBS at IL3 (rather than parts 

of the cathedral at 67% and other parts at 100%). Then the completed building would have the same 

structural stability as an equivalent completely new cathedral. 

The two storey high nave colonnade has suffered only moderate damage except for the easternmost 

bay where there has been large differential settlement associated with settlement of the very large 

box columns that supported the weight of the stone drum and dome. That colonnade is a good 

candidate for retention as it is only lightly damaged. Retention of the colonnade is complicated by the 

strengthening work under taken in 2002 that post tensioned some of the upper level stone columns. 

Retention may require drilling and post tensioning the lower columns which is awkward on account of 

the work completed in 2002. 

The o ept does t disti guish et ee  alls that a e etai ed a d st e gthe ed a d those o igi al 
walls that will require reconstruction. 

The north-south acting transept walls have been heavily cracked, partly as a result of differential 

settlement. We expect all the transept walls will require deconstruction and reconstruction.  

‘e o st u ted i  o ete o  a piled fou datio  those e  t a sept o es  togethe  ith de olitio  
and reconstruction of the two western box columns, on piled foundations, and arched wall will 

provide all the north-south structural support required at the east end of the nave. The Opus scheme 

shows additional new walls to the north and the south of the transept. We consider that the rebuilt 

transept walls together with the rebuilt two western box columns will provide all the north south 

support required at the east end of the nave and those additional walls will be unnecessary.  

The scheme shows deconstruction of the western facade corner bell towers and replacement with 

pairs of new concrete shear walls. That will work well as they are to be constructed on new piled 

fou datio s. To sta ilise the floati g  e ds of those alls steel f a es ould e i stalled to o e t 
each pair of walls to a boxed frame with the same overall plan proportions as the original bell tower. 

Those steel frames could have a simple cladding system that suggests the bulk and form of the 

original towers but not the surface detail of the original walls.  

On the east end of the nave four new structural shear walls have been shown. The two walls adjacent 

to the large boxed columns could be integrated into the boxed columns which require reconstruction 

as referred to above. The eastern unrestrained ends of those walls could have a steel frame between 

them which could be clad with a simple cladding system.  

All fou  e te io  alls of the etai ed a e a d aisles ill e ui e st u tu al d ag ties  at the 
mezzanine floor/wall junction and at the upper ceiling level to collect the seismic forces from those 

walls and mezzanine floors and deliver them to the new structural walls at the four corners of the 

strengthened building. 
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The mezzanine floor was partially overlaid with a concrete diaphragm in 2002. Opus concept allows 

for further enhancement with an additional overlay of reinforced concrete to transfer the seismic 

masses from the colonnade line to the nave exterior walls. Similarly, a horizontal structural 

diaphragm is required above the upper ceiling of the side aisles to transfer the seismic masses from 

the top of the colonnade line to the exterior nave walls. 

The north, south and east nave walls are to receive shotcrete concrete wall facings to resist face loads 

and to establish minor in-plane integrity.  

Existing wall cracks and delaminations will be spot fixed with stainless steel pinning and grouting. A 

standard matrix of through wall stainless steel pins at regular centres is likely to be required to 

aptu e  a  fa e sto es that ould dela i ate i  a futu e la ge seis i  e e t.

Some temporary primary stabilisation will be required to allow the main body of work to proceed, 

particularly at the east end where all of the existing structure requires deconstruction and 

reconstruction. 

The proposal to micro pile or screw pile all sections to be retained to 25m depth will be difficult and 

expensive. Access for piling machinery in confined locations may mean that piling machinery may 

need to be heavily modified to fit those confined spaces. All new walls are to have piled foundations 

to 25m depth so that the new structure and existing structure will be consistently piled to reduce 

static and earthquake induced settlements or differential settlements. 

For this option of retention of the interior of the nave, the option proposed by Opus and as 

elaborated on above is structurally appropriate. As noted above we recommend that the strength 

of the retained and reused portions of the building should be to 100% NBS. 

We note the difficulties associated with piling the original structure. A variant on this option is to 

accept some limited further settlement and differential settlement in large future earthquakes and 

construct shallow foundations similar to those proposed for option C2.0 ie part deep concrete raft 

foundations together with pairs of ground beams each side of all foundations under the nave and 

side aisle walls. We have recommended rebuilding all the transept walls which will obviate the 

need for additional north south walls to the north and south of the transepts  
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9.4 Option D3 

No pla s ha e ee  p o ided fo  this eli  optio , ut a easo a l  detailed des iptio  is o tai ed 
in the report, Cathedral Options: Architectural Summary.  

 

Selected foundations, external steps and other selected elements are to be retained. Ground floor 

slabs are to be removed and replaced with lawns and gardens. Access ramps for disabled visitors will 

be required. Portions of a wall(s) and / or a section of the colonnade could be retained. It is 

recommended that those retained sections be designed for at least 67% NBS at IL2. 

 

We recommend avoiding retaining heavy elements at (relatively) high level, ie the stone clad beams 

above the colonnade, because of the difficulties of strengthening tall elements as cantilever 

structures. Freestanding tall building elements are likely to require foundation enhancement or even 

foundation replacement to resist the cantilever design actions. Columns would become cantilever 

columns and may require vertical reinforcement or retrofitted post tensioning. 

 

Walls with corner returns may be easier to support as each wall section can be used to buttress its 

adjacent wall section.  

 

For this option for the retention of selected foundations, steps, low height sections of walls and 

columns, the concept proposed by Opus and as elaborated on above is structurally appropriate and 

the stabilisation / strengthening and foundation enhancement work required will be relatively 

straightforward. 

 

10 LIMITATIONS 

This peer review report has been prepared by Ruamoko Solutions for the use by our client, Opus 

International Ltd and the Catholic Diocese of Canterbury, is based on a specified scope of work. The 

findings and report content shall only be used by our Client and any use or reliance on this report by 

othe s ithout p io  o se t f o  ‘ua oko Solutio s is at that pe so s o  isk.  
 

This report considers an existing damaged cathedral, and Ruamoko Solutions takes no responsibility 

for the original design and recent strengthening of the buildings. Comments regarding this building 

are limited by the nature of the inspections and the level of this peer review assessment. The findings 

are based on best engineering judgement, experience and current industry practice and are not 

intended to be used outside this context.  
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REPORTS AND CONCEPT PLANS SUBJECT TO THIS PEER REVIEW 

Reports Available 

Cathedral of the Blessed Sacrament, Geotechnical Assessment, Opus, July 2013 

Catholic Basilica Detailed Engineering Evaluation, Qualitative Report, Opus, 20 December 

2011 

Cathedral Options, Architectural Summary, Opus, 16 November 2014 

Cathedral Options, Structural Summary, Opus, 14 November 2014 

Structural Plans Available 

Option C2.0 Retain as much of the original building as possible and strengthen to at 

least 67% NBS plus rebuild the balance of the building to its original form 

to 100% NBS. Plans dated 23/10/13 and 14/11/13 

Option C2.1 Limited areas retained up to first floor level only and stabilised, fabric 

salvaged, all to be integrated into a new contemporary cathedral (on its 

existing site). Plans dated 12/11/14 and 14/11/14 

Option C2.2 Retain nave and side aisles only with new walls in the place of the towers 

and transepts walls to at least 67% NBS but target 100% NBS. New, modern 

extensions added over the original sanctuary. Plans dated 15 & 16/12/14 

Option D3 No specific plans were provide where limited areas are to be retained 

and stabilised as a relic 
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