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Abstract
In New Zealand, in 2011, Christchurch Cathedral was 
severely damaged in an earthquake. Before the 2011 
earthquake, the Cathedral and Cathedral Square 
were the physical and social centre of Christchurch. 
For locals and tourists, Cathedral Square is not just a 
religious place, but also a centre of leisure and 
entertainment. But, for almost a decade a�er 2011, 
the site has been closed due to safety issues. Ini�ally, 
Bishop Victoria Ma�hews decided the original 
Cathedral should be demolished and replaced with a 
new, contemporary design. But various groups 
opposed the inten�on of the church and, through 
nego�a�ons, the Anglican Church finally decided in 
2017 to reinstate the Cathedral using a combina�on 
of repair, restora�on, reconstruc�on/rebuild and 
seismic strengthening.1 However, to restore the 
Cathedral to its original appearance using tradi�onal 
technologies and materials is also a kind of damage 
to the history and memory of the Cathedral, because 
too much restora�on work makes the line between 
the new and the old difficult to iden�fy. And if the 
Cathedral is fully reconstructed or restored to its 
original form, will the history or the memory associ-
ated with the �me of earthquake be ignored or 
reduced? 

The Central City Recovery Plan shows the future of 
central Christchurch as a contemporary, green, 
accessible and sustainable place. In the conserva�on 
of the Cathedral, the protec�on of the 

memorial values of the site should be considered, 
and a�en�on should also be paid to its present-day 
values by considering the future urban context. In 
the field of historical building conserva�on, the idea 
of adap�vely reusing old buildings with contempo-
rary technologies to achieve the aim of preserva�on 
has become very popular in recent years. The theory 
of adapta�on seems to be an appropriate way to 
solve the problems of preserving the old and 
developing the new on a heritage site. 

To iden�fy a design, a literature review was under-
taken, and key texts on conserva�on, adapta�on and 
memory were explored. In addi�on, a number of 
precedent studies including advanced concepts and 
adap�ve strategies were drawn on to guide the 
proposed design. Site analysis, sketches and models 
were made to explore the proposed design. Based 
on these research approaches, a final design 
outcome was iden�fied for adap�ve reuse of the old 
Cathedral as a central plaza for worship, event 
holding, exhibi�ons, learning and entertainment 
spaces. This project aims, through the restora�on, 
reconstruc�on and adapta�on of the old Cathedral, 
to protect the heritage value and ensure the Cathe-
dral and the Square can serve as the social and 
economic centre of Christchurch in the future. 

_____________________
1. “History of Earthquake-Damaged Cathedral Christchurch,” 
Reinstate, last modified July 2, 2020, h�ps://rein-
state.org.nz/project/history-�meline-earth-
quake-damaged-cathedral-christchurch/. 
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1.0 Introduc�on



1.1 Terminology

The ICOMOS New Zealand is the most important 
organisa�on in the building conserva�on field in 
New Zealand. The following defini�ons in their 
charter are used in this thesis to discuss the conser-
va�on of Christchurch Cathedral. 

Preservation of a place involves as little inter-
vention as possible, to ensure its long-term 
survival and the continuation of its cultural 
heritage value. Conservation of a place should 
be based on an understanding and appreciation 
of all aspects of its cultural heritage value, both 
tangible and intangible. The process of resto-
ration typically involves reassembly and 
reinstatement and may involve the removal of 
accretions that detract from the cultural 
heritage value of a place. Reconstruction is 
distinguished from restoration by the introduc-
tion of new material to replace material that has 
been lost. Adaptation means the process(es) of 
modifying a place for a compatible use while 
retaining its cultural heritage value. Adaptation 
processes include alteration and addition.2

1.2 Background 

Disaster damage to the Cathedral and Square

A�er a 6.3-magnitude earthquake on 22 February, 
2011, Christchurch Cathedral was seriously 
damaged. Christchurch is an earthquake-prone city, 

and this is not the first �me the Cathedral has been 
damaged in an earthquake. 

In 1881, a stone was dislodged from the finial 
cap of the spire. Approximately 8 metres of 
stonework fell from the top of the spire as a 
result of 1 September 1888 North Canterbury 
earthquake. The top of the spire fell again as a 
result of 16 November 1901 Cheviot earthquake. 
One of the stone crosses fell during 25 December 
1922 Motunau earthquake. 4 September 2010 
Canterbury earthquake caused some superficial 
damage. Further damage was sustained in the 
"Boxing Day Aftershock" on 26 December.3  

Since the building is in a seismic zone, and the 
original building did not use an�-seismic material, 
repairing the building with the original material and 
technology cannot solve the safety problem. Fully 
restoring the Cathedral using tradi�onal materials 
and technology is a challenge for modern cra�smen, 
and requires more �me and higher costs than using 
contemporary technology. A�er restora�on, it will be 
hard to dis�nguish the old from the new. Therefore, 
using new technologies and materials to restore, 
reconstruct and adapt the Cathedral is an economic 
and efficient method that will clarify the difference 
between new and old elements. 

Inaccessible site

A�er the earthquake, under the control of New 
Zealand Defence Force, the central city was inacces-
sible to the public for 859 days. The city centre was 
reopened to the public on 30 June, 2013.4 But the 
Cathedral is s�ll closed and surrounded by safety 
barriers in considera�on of safety issues un�l 2021, 
when this thesis is wri�en. 

Research proposed by Opinions Market Research Ltd 
and submi�ed to Regenerate Christchurch shows the 
a�tude and feeling of Christchurch people towards 
the closure and redevelopment of the central city. 
Before the earthquake, the central city was 
perceived as ‘the heart of the city’. Most ac�vi�es 
and entertainment for residents and visitors took 
place in this area. But, a�er 2011, when people 
spoke of this area, they o�en used the words “no 
man’s land”, “forgo�en” and “derelict”.5 Now, 
people’s lives are based outside the city centre. Local 
people avoid visi�ng this area to stop the recall of 
hur�ul memories of the disaster. However, a lot of 
people desire to see a redeveloped, innova�ve city 
centre that preserves the memory of the communi-
ty.6  

_____________________
 2. ICOMOS New Zealand Charter, “ICOMOS New Zealand 
Charter for the Conserva�on of Places of Cultural Heritage 
Value,” 2010, 6-7.

_____________________
 3. “ChristChurch Cathedral,” Wikimedia Founda�on, Wikipedia, 
accessed July 9, 2020, h�ps://en.wikipedia.org/wiki/Christ-
Church_Cathedral.

_____________________
 4. Barnaby Benne�, James Dann, Emma Johnson, and Ryan 
Reynolds, Once in a Lifetime: City-Building after Disaster in 
Christchurch (Christchurch: Freerange Press, 2014), 150.
 5. Christchurch Viewing Studio Market Research Facility, 
“Research Insight into Cathedral Square and Surrounds,” 
Regenerate Christchurch, March 20, 2017, 5, h�ps://www.re-
generatechristchurch.nz/assets/Public-Percep-
�ons-Research-Report-Final.pdf. 
 6. Christchurch Viewing Studio, “Cathedral Square and 
Surrounds,” 5.
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Social economic impact

Approximately 65,000 people (about 17 percent of 
Christchurch's popula�on) le� the city as a result of 
the 2011 earthquake. In the year before the earth-
quake, tourism accounted for about four percent of 
New Zealand’s GDP and five percent of New 
Zealand’s employment opportuni�es. Affected by 
the earthquake, tourism revenue in the en�re South 
Island declined in 2011. Un�l September 2011, 
compared with the previous year, the number of 
interna�onal tourists in the Canterbury region fell by 
32 percent, while the number of domes�c tourists 
fell by 23 percent. However, with the recovery 
process a�er the earthquake, more job opportuni-
�es in the construc�on industry have been created, 
a�rac�ng people to choose to work and live in 
Christchurch again.7

1.3 Project outline

The design of the project can be divided into three 
parts. First, the rear sec�on of the Cathedral, s�ll 
standing on site, needs to be restored and strength-
ened to meet the requirements of seismic safety. 
The restora�on of the rear sec�on aims to protect 
the history and memory of the site. The front of the 
Cathedral will be reconstructed following the 
philosophy of old building forms, new materials. The 
addi�on covering the front sec�on of the Cathedral 
will provide more space for new func�ons and create 
a new symbolic image in the central city. The use of 
new materials and technologies in the reconstruc-
�on and addi�on reflects the modern background 
and shows the true �meline of the Cathedral. 
Addi�onally, as an important public building in the 
city centre, the development of the project should 
consider the connec�on between the site and the 
urban context. The reorganisa�on of the func�on 
should a�ract people to the site and enable them to 
enjoy �me there. Finally, the project should meet 
contemporary evalua�on criteria for advanced 
architecture such as sustainability, green principles 
and resource efficiency. 

1.4 Aims and objec�ves

In discussions about the preserva�on or conserva-
�on of heritage buildings, the focus is on the history 
of the buildings. However, when the decision is 
made to work on an old building, the impact of the 
contemporary method, sense or theory cannot be 
avoided. In this adapta�on project, the development 
of the addi�onal sec�on is as important as the 
conserva�on and restora�on of the old part. During 

the research and design, the conserva�on of the old 
building is one part of the objec�ves, but the focus 
of this project is the future of the Cathedral and 
Christchurch. A key objec�ve of this project is to 
make the Cathedral and the Square serve the locals 
and tourists as a centre again.

A�er the earthquake, the front part of the Cathedral 
and the tower were demolished, and the rear was 
retained wai�ng for the decision to restore or 
demolish. The conserva�on of the heritage value of 
the Cathedral through the reconstruc�on, resto-
ra�on and adapta�on of the monument is the ini�al 
mission of this research. However, the development 
of the Cathedral to ac�vate the central city, and 
promote the recovery and development of the 
community and economy of Christchurch is as 
important as historic and memory conserva�on. The 
new and innova�ve façade design for the addi�on 
will help return the Cathedral to its place as a central 
focal point in Christchurch. The original Cathedral 
space will maintain its func�on for Chris�an worship 
but offer the flexibility to be an event-holding and 
display space. The added func�ons will offer learn-
ing, observa�on and entertainment spaces for 
people. Therefore, the development of this project 
enables people to have a diversified experience in an 
atmosphere where history and modernity blend.

1.5 Research ques�on

How could the Christchurch Cathedral be rebuilt and 
adapted using contemporary technology to meet the 
demands of a modern society and economy?

_____________________
 7. Joanne R. Stevenson et al., 2011. “Preliminary Observa�ons 
of the Impacts the 22 February Christchurch Earthquake Had on 
Organisa�ons and the Economy,” Bulle�n of the New Zealand 
Society for Earthquake Engineering 44, no. 2 (June 2011): 71, 
h�ps://doi.org/10.5459/bnzsee.44.2.65-76. 
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1.6 Scope and limita�ons

Under the influence of COVID-19, 2020 was not an 
easy year. From the start, the site of the project was 
determined to be the Christchurch Cathedral, and 
research into the site should have started at the 
beginning of the project. However, due to isola�on 
restric�ons (COVID-19) and concerns about the 
safety of travel, the ini�al research was restricted to 
the Internet, and the site visit was not implemented 
un�l the middle of the project. The site is protected 
by a safety fence and is not accessible, so visits were 
limited to around the site and the community. 
However, an inves�ga�on document en�tled 
"Updated Preliminary Post Earthquake Structural 
Damage Survey" shows the exterior and interior of 
the Cathedral. The content of this document assisted 
with analysis of the status of the Cathedral in 
Chapter 5.

Since the author lacked experience of living in 
Christchurch, the emo�onal connec�on with the site 
could only be obtained through conversa�ons with 
locals. Therefore, the project focuses more on 
research and a�en�on to the protec�on of history, 
social development and economic recovery than on 
emo�ons over the site.

The Cathedral is a heritage building, and the image 
of the old building is deeply ingrained in people's 
memories. Therefore, it is a change to develop the 
new part of the project to retain the original 
memory of the site, while mee�ng current social and 
economic requirements. The Cathedral and Square 
can be taken as a whole; the development of the 
project covers the influence on the Square. 

Through the restora�on, reconstruc�on and adapta-
�on of the ruin of the old Cathedral, the project 
intends to add exhibi�on, observa�on, learning and 
entertainment func�ons to a�ract more visitors to 
promote the social and economic development of 
Christchurch. Previous debates about whether to 
reconstruct or restore the Cathedral suggest there 
will be many objec�ons to changing the Cathedral. 
This research project aims to promote a new 
contemporary adapta�on proposal through analys-
ing the rela�onship between the building and the 
surrounding environment, and the advantages of 
func�onal changes. The choice of contemporary 
materials and methods should be cau�ous enough 
to preserve the original history and memory of the 
Cathedral.

1.7 Methods

To achieve the aims of the project, the research 
starts with the collec�on of literature and prece-
dents in the field of old building conserva�on and 
adap�ve reuse. The methods of site visits, site 
analysis and history research are applied to iden�fy 
suitable strategies for the project. Sketches, physical 
models and digital models were made to check and 
improve the design concept. 

Literature research

The literature about the history of monument 
protec�on and conserva�on, which shows philoso-
phies and cri�que discussions from different archi-
tects or historians in different eras, helps to define a 
theory for this project. ICOMOS New Zealand is an 
important organisa�on for building conserva�on in 
New Zealand. It regulates and defines the 

development of sites that have heritage values. The 
chapter on adapta�on explains the theories and 
feasible forms for adap�ve reuse of old buildings. 
The words about memory explore how site memory 
for a building can exist and be passed to the occu-
pants. 

Precedent study

The analysis of the completed precedents in the field 
of old building conserva�on and adap�ve reuse can 
explore and summarise the theories, concepts and 
strategies different architects apply to their projects. 
These innova�ve success stories provided inspira�on 
for the beginning and development of this project.

Site and history research

Through analysing the exis�ng building condi�ons, 
the transporta�on and surrounding buildings, the 
project can develop an advanced building form and 
space that connects the project to the community. 
Research into the history of the Cathedral and the 
city is the cornerstone to dra� the future of the site. 

Sketches and models

As a result of research illustrated above, sketches 
were drawn to find the concept. Then physical and 
digital models were built to explore the building 
form and the rela�onship between the project and 
the central city.
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2.0 Context research
This chapter introduces the background of Christchurch Cathedral, through the 
history of the Anglican Church and cathedrals in New Zealand, the popular church 
architectural style in this era, and the se�lement of Christchurch. The history of 
cathedrals introduces the categories of church architectural style, and the main 
style driving church design in the 19th century, which helps to understand the 
churches built in this era. The list and analysis of the stories about churches built in 
the same era and region helps to dra� a possible future for Christchurch Cathe-
dral. 

In addi�on, the deep research on the history of Christchurch and the Cathedral 
introduces the past of the city and Cathedral, and is a solid founda�on for the 
future of the Cathedral and the city. The chapter concludes with stories of the 21st 
century. A�er the earthquake in 2011, different ideas on the restora�on, recon-
struc�on or adapta�on of Christchurch Cathedral helped to give inspira�on and 
experience to the development of this project. 

A selec�on of contemporary technologies used in modern building is presented at 
the end, and may help to solve the problems on the site to enhance the safety and 
environment of the project.





2.1 The start of Anglican Church in New 
Zealand

The Anglican Church first appeared in New Zealand 
in 1814. Christ Church, built in 1835 in Russell, is the 
oldest surviving church in New Zealand. It also 
served as the local courthouse in the early era. The 
church was restored in 2000, and now is a place for 
weddings and tours.8 In 1840, with more European 
immigrants from England and Scotland arriving in 
New Zealand, and with local Māori Chris�ans joining, 
the Anglican Church began to build churches in 
colonial se�lements for its congrega�ons. Bishop 
George Augustus Selwyn arrived in New Zealand in 
1842 and contributed to the construc�on of many 
churches. In 1856, the original New Zealand diocese 
was divided into Christchurch, Waiapu, Wellington, 
and Nelson dioceses, and other dioceses were 
divided into the Auckland diocese in 1868.9 In each 
diocese, a c  athedral was built or selected as the 
seat of the bishop.

In the history of churches, the architectural style of a 
church can be subdivided into 10 categories: Early 
Chris�an (4th – 6th), Byzan�ne (4th – 15th), Roman-
esque (11th – 12th), Gothic (12th – 16th), Renais-
sance (15th), Baroque (17th – 18th), Rococo (17th – 
18th), Revivals (18th – 19th), Modern (20th), and  be

Post Modern (20th).10 Most church plan forms can 
divided into two categories, La�n Cross and Greek 
Cross. Christchurch Cathedral was built in the form 
of a Latin Cross. In the 19th century, the Gothic 
Revival style was popular in England and other 
regions, and churches in New Zealand were also 
affected.11 The features of Gothic Revival architec-
tures can be listed as follows.

• Pointed arches as decorative elements and 
window shape
• Front-facing gables with decorative incised 
trim (vergeboards or bargeboards)
• Porches with turned posts or columns
• Steeply pitched roof
• Gables often topped with finials or crossbrac-
ing
• Decorative crowns (gable or drip mould) over 
windows and doors
• Castle-like towers with parapets on high-style 
buildings
• Carpenter Gothic buildings have distinctive 
board and batten vertical siding12

11

_____________________
 8.  Frances Porter and New Zealand Historic Places Trust, 
Historic Buildings of New Zealand: North Island (Auckland: 
Cassell New Zealand, 1979), 32.
 9. “Anglican Church in Aotearoa, New Zealand and Polynesia,” 
Anglican General Synod, Anglican Church in Aotearoa, New 
Zealand and Polynesia. n.d., accessed March 2, 2021, h�ps://w-
ww.anglican.org.nz/About/History.

_____________________
10. Graziella Leyla Ciagà, Cathedrals of the World (Vercelli, Italy: 
White Star, 2006), 14.
11. Banister Fletcher and J.C. Palmes, A History of Architecture 
(18th ed, London: Athlone Press, 1975), 1093.
12 . “PHMC Gothic Revival Style 1830 – 1860,” n.d. PHMC &gt; 
Pennsylvania Architectural Field Guide, accessed May 1, 2021, 
h�p://www.phmc.state.pa.us/portal/communi�es/architec-
ture/styles/gothic-revival.html. 

Figure 1. Left is Greek Cross (Saint Peter in Rome by Michelan-
gelo) and right is Latin Cross (the cathedral of Uppsala 
(Sweden)) in church floorplans. (Image Author unknow)

Figure 2. The common elements of many churches. (Image by 
Lusitania and Taylor.)



2.2 Auckland - St Mary’s Church and Holy 
Trinity Cathedral

St Mary’s Church

St Mary’s Church, designed by Benjamin Moun�ort, 
is the world’s largest wooden Gothic Revival church. 
It was the Cathedral and principal Anglican church in 
Auckland from 1897 to 1973. In 1982, the church 
was moved to a site beside the Holy Trinity Cathe-
dral.13

Holy Trinity Cathedral

In 1959, the construc�on of the neo-gothic body 
composed of brick and reinforced concrete started.14  
The foldable, large-span nave was designed by 
Richard Toy and added in 1992. A�er comple�on, 
the church could accommodate approximately 1100 
people. In 2012, a sunken, golden pavilion was 
added to the south of the neo-gothic body to 
connect the Holy Trinity Cathedral and St Mary’s 
Church.15

12

_____________________
13. “St Mary's Church,” Heritage New Zealand, accessed May 5, 
2021, h�ps://www.heritage.org.nz/the-list/details/21. 
14. Porter and Historic Places, Historic Buildings of New Zealand: 
North Island, 30.
15. “Show Room: Parnell's Holy Trinity Cathedral's Glowing 
Makeover,” Metro Auckland's Dining, Arts &amp; Lifestyle 
Magazine, last modified May 2, 2017, h�ps://www.metromag.-
co.nz/city-life/city-life-ur-
ban-design/show-room-parnells-holy-trinity-cathedrals-glowing-
makeover.

Figure 3. Entrance of St Mary’s Church (Image Author 
unknown.)

Figure 4. Interior of St Mary’s Church (Image by Jack 
McGrane.)

Figure 5. The added pavillion (Image by  Patrick Reynolds.)

Figure 6. West of Holy Trinity Cathedral and North of St Mary’s 
Church (Image Author unknown.)
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Figure 7. Floor plan of Holy Trinity Cathedral and St Mary’s Church (Image Author unknown.)

Figure 8. Interior of Holy Trinity Cathedral (Image by 
Mark Scowen.)

Figure 9. Entrance of Holy Trinity Cathedral  (Image 
Author unknown.)

Figure 10. Section of the added pavilion (Image Author 
unknown.)

Figure 11. The entire Cathedral complex (Image Author 
unknown.)



2.3 Waiapu - Waiapu Cathedral of Saint 
John the Evangelist, Napier 

The original brick Cathedral, designed by Benjamin 
Moun�ort, was built in 1888 and destroyed by the 
1931 Hawke's Bay earthquake. A temporary wooden 
building built on the site was in use from 1931 to 
1960.16

A new Cathedral was rebuilt in 1955 and consecrat-
ed on 8th October, 1967. The new Cathedral is a fine 
modernist building with a long narrow nave, a 
chancel and a tall tower. The interior and exterior of 

14

_____________________
16. “Waiapu Cathedral of Saint John the Evangelist, Napier,” 
Wikipedia, accessed February 18, 2021, h�ps://en.wikipe-
dia.org/wiki/Waiapu_Cathedral_of_Saint_-
John_the_Evangelist,_Napier.
17. “The Architectural Style and Design of Napier's Waiapu 
Cathedral: Waiapu Cathedral NZ,” Waiapu Cathedral NZ, last 
modified November 22, 2020, h�ps://napiercathedralchristmas-
fair.co.nz/2020/the-architectural-style-of-waiapu-cathedral/.

Figure 12. Plan form of the original brick Cathedral (Image by 
Author.)

Figure 14. The concrete exterior of the new Cathedral (Image 
Author unknown.)

Figure 13. Plan form of the new Cathedral (Image by Author.)

Figure 15. The concrete interior of the new Cathedral (Image 
Author unknown.)



2.4 Nelson - Christ Church Cathedral

The original church was located at a different site 
and in use from 1851 to 1866. The second church 
was built on the current site and used from 1877. 
The wooden church was damaged by an earthquake 
in 1893. The spire and tower were demolished in 
1916.18

The construction of the current church began in 
1925 and was finished in 1965. The new church, 
located on Church Hill, is a landmark in Nelson. The 
tower is the highest point in the central city. Its initial 
design was for an English Gothic church, built in 
Takaka marble blocks. But after considering the 
earthquake risk and cost, plaster was used together 
with the marble to construct the current church. The 
tower of the church was built in concrete.19 

15

_____________________
18. “Nelson's Landmark Cathedral,” The Prow, accessed May 2, 
2021, h�p://www.theprow.org.nz/places/nelson-s-landmark-ca-
thedral/#.YJIUV7UzaUl.
19. New Zealand Historic Places Trust, Historic Buildings of New 
Zealand: South Island (Auckland: Methuen, 1983), 105.

Figure 16. Plan form of the second church (Image by Author.)

Figure 17. Plan form of the new Cathedral (Image by Author.)

Figure 19. Interior of Christ 
Church Cathedral (Image 
Author unknown.)

Figure 20. Entrance of 
Christ Church Cathedral 
(Image Author unknown.)

Figure 18. North tower of Christ Church 
Cathedral (Image Author unknown.)



2.5 Wellington - Old St Paul's and Wel-
lington Cathedral of St Paul

Old St Paul's

The old St. Paul’s Cathedral is an elegant �mber 
structure designed by Frederick Thatcher. From 1866 
to 1964, it was the parish church in Thorndon, the 
Anglican Cathedral in the parish of Wellington 
diocese and the unofficial na�onal Cathedral of New 
Zealand. The current church is used for events and 
tours.20
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_____________________
20. Historic Places Trust, Historic New Zealand: South Island, 
251.

Figure 21. Interior of the Old St Paul’s (Image Author unknown.)

Figure 22. The plan of Old St Paul’s now (Image Author 
unknown.)

Figure 23. The addition of Old St Paul’s (Image Author 
unknown.)

Figure 24. The 
section plan of 
Old St Paul’s 
(Image Author 
unknown.)

Figure 25. The 
exterior of Old 
St Paul’s 
(Image Author 
unknown.)



Wellington Cathedral of St Paul

The current St Paul’s is a modern, reinforced 
concrete building designed by Cecil Wood in the 
1930s. Construc�on started in 1954 and finished in 
1998. Most of the interior and exterior of the 
building are constructed in concrete. The tower is 
located in the middle of the east sec�on of the 
building.21

17

_____________________
21. Historic Places Trust, Historic New Zealand: South Island, 99.

Figure 26. Interior of the current St Paul’s (Image Author 
unknown.)

Figure 27. The plan form of current St Paul’s (Image by 
Author)

Figure 28. The entrance and tower 
of current St Paul’s now (Image 
Author unknown.)



2.6 Christchurch Cathedral

2.6.1 History of the city

Before European se�lement, the first occupiers of Christ-
church were the Māori, who built several permanent or 
semi-permanent se�lements on the higher and drier ground 
along the Avon and Heathcote Rivers.22 The Māori inhabitants 
made li�le change to the natural landscape. The natural forest 
in this period was flax, tutu, grass, scrub and remnant patch-
es.23 Fire caused by Māori reduced 30 percent to 50 percent of 
the forest on the Port Hills. When European se�lement began, 
only about 8.5 hectares of old forest was le�.24

Christchurch is famous for its English heritage, a result of early 
European settlement. When the idea of building a capital city 
for the Canterbury area was suggested in 1848, Captain 
Thomas, with assistants William Fox, Thomas Cass, Charles 
Torlese and Edward Jollie, were taken on the mission to survey 
and locate the city. In March 1850, Thomas’s plan for the city, 
laid out by the surveyor Edward Jollie, was published and 
known as the Black Map (Fig. 29). In the Black Map, the Avon 
River kept its natural shape, and the streets, squares, parks 
and buildings were laid in a north-south direc�on, crea�ng a 
‘standard’ rectangular grid of colonial settlement (adopted for 
ease of survey and to facilitate land sales).25 Apart from the 
Avon River, another two diagonal streets were out of the grid; 
Sumner Road, called High Street today, connected Ferrymead, 
Heathcote and Sumner, and Whately Road, called 
_____________________
22. John Wilson, Contextual Historical Overview for Christchurch City 
(Christchurch City Council, 2013), accessed January 15, 2021, 35, h�ps://c-
cc.govt.nz/assets/Documents/Culture-Community/Heri-
tage/Christchurch-Contextual-Historical-Overview-Revised-2013.pdf. 
23. Christchurch (N.Z.). City Council, Central City Plan: Draft Central City 
Recovery Plan for Ministerial Approval, December 2011 (Christchurch, N.Z.: 
Christchurch City Council, 2011), 10. 
24. Wilson, Contextual Historical, 36.
25. Wilson, Contextual Historical, 37.

Figure 29. The Black Map (Image by Edward Jollie.)
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Victoria Street today, led to the Papanui Bush. A cross-shaped area 
was reserved in the centre of the city to develop the Cathedral 
and grammar school, the living and business centre for the city.26 
In June 1853, under the sugges�on of Henry Swell, a poli�cian in 
New Zealand, the college was moved from Cathedral Square to 
the Christchurch Botanic Gardens.27

The first development of the city was under the direction of the 
Canterbury Association, and was planned in England by lawyer 
John Robert Godley and colonisation theorist Edward Gibbon 
Wakefield. “The settlement envisaged by Wakefield and Godley 
was to be a recreation of an older, pre-industrial, almost mediae-
val England in which there was to be a clear, but benevolent, 
distinction between the different grades of society.”28 In time, new, 
modern buildings replaced the old classical buildings to meet the 
living, commercial and entertainment need of residents. However, 
there are still over 70 heritage places preserved in the central city. 
The Cathedral is the most famous of those places, and was the 
most popular heritage place visited by local, national, and interna-
tional visitors, before it was damaged in the 2011 earthquake.

The city is home to people from different cultural backgrounds 
and, to serve them, the project should have a multicultural appeal, 
especially showing respect for the Māori culture that has been 
here for the longest time. All the heritage places used to attract 
large number of domestic and international tourists. Located at 
the centre of these, Cathedral Square has always been a hub for 
tourism. The visitor centre on the ground floor of the project will 
become the information and service centre for Christchurch. The 
observation deck and restaurant on the top of the tower will be an 
attractive place for tourists. 
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26. Wilson, Contextual Historical, 37.
27. “Cathedral Square, Christchurch,” Wikipedia, last modified April 11, 2021, 
h�ps://en.wikipedia.org/wiki/Cathedral_Square,_Christchurch#-
CITEREFSewell1980. 
28. Wilson, Contextual Historical, 95.

Figure 30. The Heritage places in Christchurch City Centre (Image Author unknown.)



2.6.2 History of the Square

In Christchurch, early commercial ac�vi�es were 
mainly distributed around Cathedral Square and 
Market Place, called Victoria Square today. The 
shops were located in High Street and Cashel Street, 
and on Colombo Street between Hereford Street and 
Cashel Street. Before the 2011 earthquake, these 
were s�ll the main shopping areas in the city 
centre.29 With the establishment of the tram sta�on 
and the set-out of tram lines in the 1870s, the 
Square has been the transport hub for the central 
city for a long �me. In 1973 to 1974, the square was 
transformed into a paved area for pedestrians, 
concerts, public speaking and market stalls.30 
Throughout history, a square has been a place to 
hold and celebrate different events and fes�vals. It 
has been a centre of cinema-going, and a number of 
commercial enterprises, including newspaper 
publishers, banks, insurance firms and stock and 
station agencies, have occupied buildings around the 
Square.31

By the end of the 20th century, with the improve-
ment in commercial and entertainment facilities in 
the suburbs, the city centre was no longer the only 
choice for people's leisure and entertainment. The 
large number of historical buildings retained in the 
city centre, as well as the establishment of large 
public institutions and cultural centres, have gradual-
ly turned the city into a centre of culture, administra-
tion and tourism.32 
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29. Wilson, Contextual Historical, 98.
30. Wilson, Contextual Historical, 129.
31. Wilson, Contextual Historical, 98.
32. Wilson, Contextual Historical, 98.

Figure 31. The Cathedral and 
Square in 19th century. 
(Image Author unknown.)



2.6.3 History of the Cathedral

Through the efforts of several genera�ons of archi-
tects and builders, the church has the appearance 
we are familiar with today. Sir George Gilbert Sco� 
determined the main body and structural form of 
the Cathedral. During the construc�on process, 
Moun�ort changed the tower, chancel, porch, nave 
and structure. With the need for new func�ons, the 
Cathedral has been expanded several �mes to add 
vestries, visitor centre, chapter room and columbari-
um.

When the first Bishop of Christchurch, Henry Harper, 
arrived in Christchurch in 1856, he ini�ated a plan to 
build the Cathedral in Cathedral Square. Harper 
suggested it should be located east of the Square. 
The main entrance would face Colombo Street, in 
that way, Chris�ans could pray towards the east 
following their conven�on.33 In 1858, Harper 
commissioned immigra�on agent James Edward 
FitzGerald, who was working for the Canterbury 
Provincial Government, to manage the funds and 
design for the Christchurch Cathedral in London.34

When Sco� was commissioned to dra� the first 
scheme in 1861, he ini�ally preferred a �mber 
Cathedral. The first concern was to follow the local 
tradi�ons, and �mber was an easily available natural 
resource. The Wairarapa earthquake in 1855 and the 
Marlborough earthquake in 1848 made 
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33. “ChristChurch Cathedral,” Wikipedia, last modified April 25, 
2021, h�ps://en.wikipedia.org/wiki/ChristChurch_Cathedral.
34. Robin Skinner, "Drawing from an Indigenous Tradi�on? 
George Gilbert Sco�'s First Design for Christchurch Cathedral, 
1861-62," Architectural History 53 (2010): 245-70, Accessed 
December 2, 2020, 246, h�p://www.jstor.org/stable/41417509.

Figure 32. The first scheme design of 
Geprge Gibert Scott in 1861-1862. 
(Image Author unknown.)



Sco� firm in his idea to use �mber to build the 
Cathedral.  However, under pressure from Bishop 
Harper, who preferred a stone Cathedral, and with 
worries of a lack of �mber in Canterbury, Sco� had 
to revise his first scheme.36

In late 1861, the first Cathedral plan consisted of 
stone exterior walls and a wooden interior frame, 
and was finished by Scott and approved by the 
Anglican Church the next year.37 The innovative 
interior wooden frame shows Scott’s respect for “the 
Māori wood tradition and an experimental response 
for this earthquake-prone colony”.38
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36. Wikipedia, “ChristChurch Cathedral.”
37. Skinner, “First Design for Christchurch Cathedral,” 245.
38. Skinner, “First Design for Christchurch Cathedral,” 245.

Figure 34. The second scheme design of Geprge Gibert Scott in 1864. (Image Author unknown.)

Figure 34. The interior of Māori Church. (Image Author 
unknown.)



The construc�on work started in 1864 and finished 
in 1904. When the founda�on work was done in 
1865, the construc�on works had to be suspended 
as the church was running out of money. Construc-
�on wasn’t restarted un�l funds were re-organised, 
and local architect Benjamin Moun�ort took over 
the construc�on work in 1873. Based on Sco�’s 
ini�al design, Moun�ort added the west porch in 
1894, added balconies to the tower, and made 
decora�ve changes. The construc�on of the nave 
and tower were finished in 1881. When Moun�ort 
passed away in 1898, his son Cyril Moun�ort 
supervised the comple�on of the chancel, transepts 
and apse, un�l all the construc�on works were 
finished in 1904.39 In 1960 to 1962, Paul Pascoe 
designed the extension of the vestries and chapter 
room. A visitor centre, over the north of the Cathe-
dral, was designed by architect Alun Wilkie, and 
opened by Queen Elizabeth in 1995. A columbarium 
was built to hold people’s ashes in 2000.40

With changes over time and in people’s activities, 
the functions and roles of the Square have altered. 
The Cathedral has also had minor changes over time 
to meet new challenges. Activities that have 
happened or will happen on the site should be 
considered in the development of this research 
project to create a building that meets the demands 
of contemporary occupants.
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39. Wikipedia, “ChristChurch Cathedral.” 
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Libraries, accessed March 2, 2021, h�ps://my.christchurchcityli-
braries.com/christchurch-cathedral/.

Figure 35. The addition of the Christchurch Cathedral. (Image by Author.)



2.7 Summary

The La�n Cross form and Gothic Revival style 
impacted almost all church designs in New Zealand 
in the 19th and 20th centuries. Most cathedrals 
were built with solid materials such as stone or 
concrete, while others were built in �mber, but the 
construc�on of Christchurch Cathedral combined 
�mber and stone. With �me, older churches were 
under the pressure from increasing congrega�ons, 
and dioceses built new cathedrals. The old churches 
changed their func�ons to serve the public, for 
example, the Old St Paul's became an events’ and 
tours’ space. Even newly built cathedrals can have 
problems with increasing congrega�ons; the Holy 
Trinity Cathedral has extended its worship space 
with the addi�on of new, modern structures. New 
Zealand has long been plagued by earthquakes, and 
many churches such as the Old Cathedral of Saint 
John the Evangelist, Old Christ Church Cathedral and 
Christchurch Cathedral have been damaged by them. 
The Old Cathedral of Saint John the Evangelist and 
Old Christ Church Cathedral have already been 
replaced by new cathedrals. The new cathedrals 
occupy people’s memory, becoming landmarks and 
heritage places in ci�es. Stories or memories of the 
old cathedrals can only be found in libraries. The 
Christchurch Cathedral is more fortunate than those 
two cathedrals; its excellent architectural design, 
long-term service, and central loca�on have created 
a deep connec�on between it and the city and urban 
residents. This connec�on means people cannot 
easily decide to demolish it and replace it with a new 
building.
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Table 1. The history of Cathedral in New Zealand. The Cathedrals marked in grey were impacted by earthquake. (Image by Author.)

Dioceses Name Years as 
Cathedral 

Material Building 
Form 

With 
a 

Tower 

Addition 
Form Material 

Auckland St Mary’s Church 

 

1897 - 1973 Timber Longitudinal 
plan 

No NA NA 

Holy Trinity Cathedral 1973 - Now Brick 
and 

concrete 

Longitudinal 
plan 

No Modern Metal 
and 

glass 
Waiapu Old Cathedral of Saint 

John the Evangelist 
1888 - 1931 Brick Latin cross 

pLlan 
No NA NA 

Cathedral of Saint John 
the Evangelist 

1976 - Now Concrete Longitudinal 
plan 

Yes NA NA 

Nelson Old Christ Church 
Cathedral 

1851 - 1916 Timber Latin cross 
pLlan 

Yes NA NA 

Christ Church Cathedral 1965 - Now Marble, 
plaster 

and 
concrete 

Latin cross 
pLlan 

Yes NA NA 

Wellington Old St Paul's 1866 _ 1964 Timber Longitudinal 
plan 

Yes Same 
as the 

old 

Timber 

St Paul’s 1998 - Now Concrete Longitudinal 
plan 

Yes NA NA 

Christchurch Christchurch Cathedral 1904 - 2011 Timber 
and 

stone 

Latin cross 
pLlan 

Yes Same 
as the 

old 

Timber 
and 

stone 
 



2.8 Design proposals between 2011 and 
2020

Since the 2011 earthquake, the recovery of the 
Cathedral has been suspended, although the 
Anglican Church, the city council, and residents have 
never stopped exploring its future. There have been 
different proposals, ongoing discussions and, to 
date, no agreement on the best solu�on. The stories 
of those proposals can help to gather experiences 
and inspire the conserva�on and adapta�on of the 
Cathedral.

2.8.1 Rebuild or restore the Cathedral

Due to economic condi�ons, social environment and 
cultural protec�on, there have been controversies 
regarding the restora�on or reconstruc�on of the 
Cathedral. Various plans have been raised, which can 
be summarised into three situa�ons: “full resto-
ration, a traditional-looking replica built to the same 
footprint and scale, and a modern or contemporary 
design.”41 Using tradi�onal techniques to restore the 
Cathedral is expensive, and the safety of the building 
cannot be guaranteed. Also, the boundary between 
the old and new will be destroyed in the process of 
restora�on. Using contemporary technology to 
imitate the original appearance and construct a new 
building is efficient and economical, and the interior 
environment quality, safety and circula�on will be 
significantly improved. But the objec�on to this 
op�on was that it would damage the history and 
memory of the site. The third design choice, from 
local firm Warren & Mahoney, was to totally rebuild 
the Cathedral into a contemporary building: the 
cheapest solu�on. This op�on destroys almost all the 
history and memory of the site. 
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41. “Restore Christchurch Cathedral,” Restore Christchurch 
Cathedral | Home | Dedicated to the restora�on of Chch 
Cathedral, Cathedral, Restore Christchurch. n. d., accessed July 
9, 2020. h�p://restorechristchurchcathedral.co.nz/. 

Figure 36. The three option, restoration, reconstruction follow the old form or a new cotemporary building. (Image Author unknown.)



2.8.2 Addi�onal func�on 

Another concept from by Warren & Mahoney in 
associa�on with interna�onal firm Snøhe�a Archi-
tects and heritage specialists Salmond Reed was 
released in 2020. In this design, the Cathedral would 
be fully restored, and addi�onal suppor�ng buildings 
located over the north and south of the Cathedral. 
Over the north of the Cathedral would be a new 
visitors’ centre, museum and café open to the public. 
The southern part would be the gathering area, 
office and ameni�es for the Cathedral. The addi�on-
al buildings would be made of wood and glass, 
materials that are close to nature.  

Peter Marshall, the principal of the project, said, “At 
the heart of this project is the desire to give back to 
the people of Christchurch and reconnect them with 
the Cathedral, by retaining many of its recognisable, 
heritage features but also ensuring it represents a 
new, revitalised Christchurch through the addi�on of 
new, complementary modern buildings.”42 

This concept was widely accepted by the public. The 
Anglican Bishop of Christchurch and the chairperson 
of Christ Church Cathedral Reinstatement Limited 
stated that the investment was deserved, if the 
addi�onal func�ons could promote and ac�vate the 
social, economy and tourism elements in Cathedral 
Square and the community in the city centre.43

Warren & Mahoney’s second concept is a good 
example for my research project. However, the 
addi�on of a new func�on area, with the complete 
restora�on of the Cathedral, eliminates the memory 
of the earthquake and makes the Cathedral and the 
addi�on look like two independent buildings. But 
restoring, reconstruc�ng and adap�ng the Cathedral 
using contemporary technology to enhance its 
func�onal and environmental performance to meet 
the demands of modern society and economy is a 
feasible strategy. The adapta�on of the Cathedral 
should relate to its current condi�on. The redevelop-
ment of the project is not only concerned with the 
conserva�on of the Cathedral, but also the need to 
benefit the recovery and development of Christ-
church city. 
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42. “Concept Design Unveiled for Christchurch Cathedral 
Quarter,” Architecture Now, ArchitectureNow Editorial Desk. 
n.d., accessed February 9, 2021, h�ps://architecturenow.-
co.nz/ar�cles/concept-design-un-
veiled-for-christ-church-cathedral-quarter/#img=0.  
43. ArchitectureNow, “Cathedral Quarter.”

Figure 37. The addition concept proposed by 
Warren and Mahoney. (Image Author unknown.)



2.8.3 Contemporary Technology

Philosophies of preservation cannot be consid-
ered separately from philosophies of contempo-
rary architecture: the relation between new and 
old architecture is always defined in terms of the 
perceptions, values, and interests operative in 
the architectural culture of the moment.44

To design a safe, green and sustainable building that 
meets contemporary values and the use of contem-
porary materials and strategies may help the devel-
opment of this project. Old buildings always face 
problems of ligh�ng, ven�la�on and structural 
stability. Several damage events from the earth-
quakes proved the material or technologies applied 
to the old Cathedral cannot ensure a safe building in 
a seismic zone. The restora�on of the old Cathedral 
will be a chance to address those problems.

Seismic resistance strategies

1. Create a flexible founda�on

Base isolators (flexible pads made of steel, rubber 
and lead) are used to erect the building. When an 
earthquake occurs, the isolators will absorb seismic 
waves through vibra�on, thereby maintaining the 
stability of the building.45

Types of Dampers47

AMD = Ac�ve Mass Damper　    
ATMD = Ac�ve Tuned Mass Damper 
BRB = Buckling Restrained Brace    
HMD = Hybrid Mass Damper 
TLCD = Tuned Liquid Column Damper   
TLD = Tuned Liquid Damper 
TMD = Tuned Mass Damper     
VD = Viscous Damper 
VED = Viscoelas�c Damper 

Two water tanks were installed in the Canton Tower 
to work as an HMD system and fire water tank.48

2. Counter forces with damping 

Vibra�onal control devices and pendulum power.46
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44. Steven W, Semes, The Future of the Past: a Conservation 
Ethic for Architecture, Urbanism, and Historic Preservation, (New 
York: W.W. Norton &amp; Company, 2009), 115.

_____________________
45. “How Earthquake-Proof Buildings Are Designed,” BigRentz 
Inc, BigRentz, last modified February 24, 2021, h�ps://www.bi-
grentz.com/blog/earthquake-proof-buildings. 2021.
46. BigRentz, “Earthquake-Proof Buildings.”

_____________________
47. “World’s Tallest Buildings with Dampers,” CTBUH Journal, 
Issue III, (2018): 48.
48. Ping Tan, Yanhui Liu, Fu Lin Zhou and Jun Teng, “Hybrid Mass 
Damper for Canton Tower,” CTBUH Journal, Issue II (2012): 25.

Figure 38. The building on a base 
isolator. (Image Author unknown.)

Figure 39. Vibration control devices(left) and Pendulum 
power(right). (Image Author unknown.)

Figure 40. The HMD system in 
Canton Tower. (Image Author 
unknown.)

Figure 41. The Canton Tower. 
(Image Author unknown.)



3. Shield building from vibra�ons

Use concrete and plas�c rings to surround the 
building underground to guide the shock wave away 
from the building when an earthquake occurs.49

4. Reinforce the building’s structure

Shear walls and cross braces transfer the movement 
to the founda�on. The horizontal frame (diaphragm) 
distributes the force evenly to the column and wall. 
The bending-resistant frame maintains rigidity at the 
joints, allowing the structure to remain elas�c.50
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49. BigRentz, “Earthquake-Proof Buildings.”
50. BigRentz, “Earthquake-Proof Buildings.”

_____________________
51. BigRentz, “Earthquake-Proof Buildings.”
52. T. J. Williamson, Antony Radford, and Helen Benne�s, 
Understanding Sustainable Architecture (London; New York: 
Spon Press, 2003), 2.

Figure 42. The building on a base 
isolator. (Image Author unknown.)

Figure 43. Reinforce the building’s structure. (Image Author 
unknown.)

5. Earthquake-resistant materials

Use lightweight, high-strength materials such as 
steel, wood and innova�ve materials. Use innova-
�ons like shape memory alloys, with fibre-reinforced 
plas�c wrap, bamboo and 3D printed materials.51

Green and sustainable buildings

Concern for the natural environment, green princi-
ples and sustainability are important characteris�cs 
in contemporary architecture. First, a sustainable 
building should make efficient use of energy and 
resources for systems such as hea�ng, ven�la�on 
and cooling, and use renewable energy. Second, the 
indoor environment of a sustainable building should 
protect the health of occupants. Finally, a sustain-
able building should use recyclable materials and 
reduce the genera�on of waste and pollu�on.52

Figure 44. Earthquake-resistant materials. (Image Author 
unknown.)



3.0 Literature review
Before beginning a project on a heritage site, it is necessary to understand the 
knowledge and theory in the field of conserva�on to protect the heritage value of 
the site. This can be achieved in a number of ways. Firstly, research into conserva-
�on theories of different architects, historians and philosophers shows the discus-
sions on building conserva�on. These discussions emphasise the topic of building 
conserva�on, promote the genera�on and development of building conserva�on 
theory, and look at organisa�ons and scholars. Secondly, ICOMOS New Zealand, 
the most important heritage conserva�on organisa�on in New Zealand, publishes 
charters to limit, iden�fy and guide construc�on works on heritage sites in New 
Zealand. Thirdly, the adapta�on strategy of adding new func�ons, structures and 
materials in the conserva�on of old buildings has been gaining in popularity since 
the 20th century. Finally, the literature about the memory, technology and materi-
als iden�fying the rela�onship between new and old helps to develop a way to use 
new materials and technology to rebuild and adapt historic buildings.



3.1 Conserva�on

The argument over the protec�on of an�qui�es 
con�nues as understanding develops about the 
values behind it that can help to control, enrich and 
develop the modern world.53 With changing eras, 
under the influence of different poli�cal, cultural and 
religious backgrounds, the themes of architectural 
protec�on are not limited to architecture. All 
structures recording history, cra� and stories have 
values to be protected, such as environmental 
politics, urban planning, housing, urban economics 
and tourism, and even wartime destruction and 
renewal.54 The values of a heritage place are the 
inner mo�va�on in the field of modern heritage 
place conserva�on. 

Austrian art historian Alois Riegl concluded the value 
of a heritage place is in two groups: memorial values 
and present-day values. Another German art histori-
an, Georg Dehio, added a social character base to 
Riegl’s summary for modern conserva�on.55

1.memorial values: age value, historical value, 
and intended memorial value. 
2.present-day values: use value, art value, 
newness value and relative art value.56

In the past, the use of modern materials and new 
addi�ons for conserving old buildings was restricted. 
Using the same or similar materials to restore a 
monument to its original appearance was the 
common method. However, when Eugène Emmanu-
el Viollet-le-Duc published his theory on restora�on, 
it became acceptable to use similar materials to 
re-establish the original structural system, and to use 
modern materials to increase the strength of the 
structure, and his theory spread from France around 
the world.57 Sco� had a similar approach to 
Viollet-le-Duc; he designed a massive restora�on for 
the church and the first concept of Christchurch 
Cathedral, poin�ng out that the great danger in 
restoration was doing too much, and the great 
difficulty was to know where to stop.58 Sco� claimed 
that the restora�on of an�qui�es needed to be more 
cau�ous in the selec�on of preserved old fabric and 
proposed new materials, especially in the protec�on 
of the oldest elements that could prove the origin of 
the building.59 The an�-restora�on movement led by 
John Ruskin cri�cally pointed out that any form of 
restora�on of ancient buildings by restora�on 
architects undermined the historical authen�city of 
the building.60 The efforts of Ruskin and William 
Morris on the protec�on, conserva�on and mainte-
nance of historical buildings replaced the word 
restora�on with conserva�on.61 They identified that 
the original fabric of the old building should be 
handed to future generations without any new and 
additional elements.62 Their theories on protection 
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60. Jokilehto, History of Architectural Conservation, 174. 
61. Jokilehto, History of Architectural Conservation, 174. 
62. Glendinning, The Conservation Movement, 144.

are widely circulated and supported by most schol-
ars, with Sco� agreeing in 1864 that a church 
untouched by any restoration was the best.63 In the 
20th century, Bernard Feilden, a leader in interna-
�onal conserva�on, asserted the applica�on of 
modern, high-technology architectural strategies in 
the conserva�on process.64 The globalisa�on of 
conserva�on caused the leadership of the conserva-
�on movement to change from individuals to 
organisa�ons. The establishment of a conserva�on 
organisa�on marked the vigorous development of 
modern conserva�on, and their charters or docu-
ments became the guidelines for modern building 
conserva�on projects. The "Nara Authen�city 
Document", dra�ed by 45 representa�ves from 28 
countries in 1994 and published by ICOMOS, iden�-
fied that: The key role of authentic monuments was 
‘to clarify and illuminate the collective memory of 
humanity’.65 Mile men�oned in his book, The 
Conserva�on Movement, that conserva�on not only 
respects the past of the place but also needs to think 
about the future. “Conservation had always been 
about creating and enhancing ‘stories’ – a process 
that had involved constant remaking of built fabric, 
not least through restorations – but its activities had 
presupposed at least an enduring foundation. Ruskin 
had pleaded, ‘When we build, let us think that we 
build forever.’ ”66 Affected by modern art and fast-de-
veloping industry and technology, the iconic resto-
ration concept gradually spread in the field of 
heritage conservation in the postmodern culture.67 
Mile summarised the variations in conservation in 
_____________________
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64. Glendinning, The Conservation Movement, 267.
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with the words: Ruskinian/Modernist emphasis on 
the distinction between new and old, and between 
restoration and original. Increasingly, under the 
influence of the postmodern shift from reality to 
image and spectacle, all these have started to 
become mixed together, with disorientating effects.68  
Modern conserva�on theory has the same founda-
�onal concep�on as historical conserva�on; the 
word authen�city can be used to express this 
theory.69  The concept of authen�city emphasises 
originality and innova�on, while copying or imita�ng 
old things is considered worthless. To fully restore a 
heritage building to its original appearance is to 
imitate the form of the old building. It will damage 
the authen�city of the old building by blurring the 
boundary between the new and the old. 

3.2 ICOMOS New Zealand

The Interna�onal Council of Monuments and Sites, 
the ICOMOS, is a professional associa�on established 
in 1965 to conserve and protect cultural heritage 
worldwide. A�er a group of conserva�on profession-
als formulated the Venice Charter in 1964, the 
ICOMOS was founded and run as a non-governmen-
tal interna�onal organisa�on. In 1972, the UNESCO 
World Heritage Conserva�on named the ICOMOS, 
the Interna�onal Union for Conserva�on of Nature 
(IUCN) and the Interna�onal Centre for the Study of 
the Preserva�on and Restora�on of Cultural Property 
(ICCROM) as the formal advisory bodies to the World 
Heritage Commi�ee. The ICOMOS consists of over 
10,100 individual members in 153 countries, 110 
na�onal commi�ees and 28 interna�onal scien�fic 
commi�ees.70 The ICOMOS New Zealand is one of 
the commi�ees that was established in 1987.71

The ICOMOS New Zealand published the ICOMOS 
New Zealand Charter, which is used as a guideline for 
the conservation of cultural heritage in New Zealand. 
In this charter, the words preservation, conservation, 
reconstruction, restoration and adaptation, as used 
in the field of heritage conservation, were defined.
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71. “ICOMOS New Zealand,” ICOMOS, last modified March 4, 
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3.3 Adapta�on

Whether in the past or present, the prac�ce of 
adap�ve reuse of exis�ng buildings has always 
existed, whether for conserva�on, economic reasons 
or sustainable purposes. When the concept of 
heritage was ini�ally emphasised in the field of 
architecture in the 19th century, the conserva�on of 
monuments became the most important task in the 
adapta�on and reuse of old buildings.72 
Viollet-le-Duc agreed with the adap�ve reuse of 
heritage buildings through conserva�on by claiming 
that: The best of all ways of preserving a building is 
to find a use for it, and then to satisfy so well the 
needs dictated by that use that there will never be 
any further need to make any further changes in the 
building…73 The adapta�on and reuse of old buildings 
requires architects to have a comprehensive 
perspec�ve. The most popular method of choosing 
and modifying new and old materials to meet the 
requirements of a contemporary aesthe�c is just one 
aspect of adapta�on. The adap�on of exis�ng 
buildings can be described as a process of revalua-
tion or finding a new balance between different sorts 
of values, moving from historical and conservational 
values towards architectural, societal, and economi-
cal values.74

_____________________
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Françoise Astorg Bollack, an architect, educator, 
preserva�onist, and writer on architecture and 
preserva�on, published her book, Old Buildings, New 
Forms, in 2013.75 With the analysis of 28 successful 
precedents, she summarised adap�ve reuse strate-
gies into five types: inser�ons, parasites, wraps, 
juxtaposi�ons and weavings. Her conclusion contrib-
uted to the development of adapta�on in the field of 
building conserva�on. These five types can be used 
individually or combined. Bollack wrote in her books 
that ‘An old building is not an obstacle but rather a 
foundation for continued action’.76 Through discus-
sion on a building’s historical context and contempo-
rary adapta�on, Bollack showed readers the ‘crea�ve 
possibili�es of preserva�on’.77
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Figure 42. Possible adaptation strategies for Christchurch Cathedral. 
(Image by Author.)



3.4 Memory in material and form

When entering a building, the first thing that can be 
seen is its material and form. Building materials and 
forms can be regarded as carriers of history, culture 
and memory. Bastéa Eleni men�oned the impor-
tance of materials for culture and memory protec-
�on in his book, Memory and Architecture, by saying, 
“At the other extreme, we often received material on 
buildings that represented the architectural culture, 
with direct references to particular buildings lodged 
in our discipline’s collective memory.”78 Therefore, 
the protec�on of building materials and forms 
should be the main purpose of conserva�on. 

The book, Material Transfers, published by Bollack in 
2020, explored the contemporary architectural 
strategies used to protect a historical site through 
the aspect of visual art. Through the analysis of a 
series of successful projects, she promoted the 
development of design strategies using metaphor, 
mimesis, and modern building craft to achieve the 
purpose of reoccupying the obsolete places.79 
Bollack subdivided the projects into two sorts: Old 
forms, new materials; and New forms, old materials. 
The transfer procedures between the materials and 
forms create the connec�on between the old and 
the new.80

Some�mes the collec�on of history and memory is 
inaccurate and not en�re. Stephen Emmi� pointed  

out this phenomenon in his book. “Memories are not 
always accurate; we tend to favour our constructive 
memory, remembering acts as we like to see them, 
rather than as they actually happened. Records are 
not kept, are inaccurate or are lost.”81 This limita�on 
on the memory of individuals and organisa�ons 
allows the conserva�on of old buildings to focus on 
the most valued materials or forms. Using old 
materials and forms to restore a monument exactly 
to its original is not necessary. The contemporary 
knowledge of materials will help to build an efficient 
and high-quality building.82

3.5 Summary

In the conserva�on chapter, the conserva�on theory 
of Ruskin and Morris deeply influenced the develop-
ment of this project. Stories about old buildings 
should be passed to the next genera�on accurately.

Fully restoring the Cathedral will remove the 
evidence of the damage from the earthquake. 
Keeping the authen�city of the site is the most 
important conserva�on theory in the modern and 
historical period. The damage to the Cathedral 
caused by the earthquake le� a deep impression on 
people. The demolished towers and damaged 
exterior walls are reminders of the disaster in this 
city. Restoring the rear part of the Cathedral, which 
has been partly standing on the site for almost a 
decade since 2011, is the most accurate expression 
of the history of the site.

In this project, the �meline of the building should be
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 clear: which part survived the earthquake, which part 
is reconstructed following the old, and which part is 
new and modern. The ICOMOS New Zealand charters 
help to iden�fy what is an adap�ve reuse project, and 
the vocabularies used in conserva�on fields. The 
conserva�on of old buildings in modern �mes cannot 
ignore the methods popular in the field of old building 
conserva�on. The five forms of contemporary adapta-
�on strategies summarised by Bollack help to explore a 
suitable form in the adapta�on of the Cathedral.

Surrounded by the road and Cathedral Square, there is 
limited space for the addi�onal part to develop around 
the Cathedral. Compared to the 19th century when the 
Cathedral was built, the surrounding modern buildings 
are higher. Following this trend, there is poten�al for 
the Cathedral to develop upward.

Research about materials and forms supports an iconic 
restora�on of old buildings, and the use of contempo-
rary materials help to improve the environment of the 
old buildings. In this project, the conserva�on of the 
Cathedral is intended to respect its stories, protect its 
history and the memory of the site, and pass it to 
future genera�ons.

A�er being abandoned for almost a decade, the 
Cathedral is less important in the memories of the 
younger genera�on. A�er the earthquake, Christchurch 
rebuilt many fashionable and modern buildings and 
landscapes, a�rac�ng more interest from young 
people. For example, the new library has become one 
of the buildings the locals are most proud of. The 
reconstruc�on and adap�on of the Cathedral aims to 
connect it with the present and future �meline. 





4.0 Precedent review
Adap�ve reuse cases by different architects around the world are analysed in this 
sec�on. The following analyses contend the materials and forms of new and old, 
the reorganisa�on of func�ons and circula�on, and the concept of exploring 
strategies applied to the adapta�on of old buildings.



4.1 Precedent 1 - Santa María de Vilano-
va de la Barca

Before restora�on, the previous Church of Vilanova 
de la Barca was a ruin of a 13th-century Gothic 
building, demolished in 1936 by bombing in the 
Spanish Civil War. The building material of the old 
church was local ashlars cut into a rectangle shape. 
The church was 22 metres long, 7 metres wide and 
10 metres high. A�er the demoli�on all that was le� 
was the apse, several pillars inside and the west 
façade.83 Architecture and landscape studio Aleaolea 
used contemporary technology and new materials to 
reorganise the rela�onship between the new and old 
to retain the original appearance of the building 
structure but change the church into a mul�-pur-
pose hall. 

During the war, the wall and roof between the west 
façade and east apse were destroyed and a big 
opening was le� over the south of the building. This 
opening was reconstructed with new material to be 
the entrance of the hall. To the south of the site is a 
simple, contemporary, brick building painted white. 
The new entrance con�nued this simple, contempo-
rary form as a connec�on between the building and 
surroundings, and the past and present. The 
landscape design over the entrance and courtyard 
created a vibrant building space and connected the 
building to the natural environment. This church has 
existed as a ruin for a long �me; conver�ng it into a 
flexible, mul�-purpose space provides more possibil-
i�es for the future of the building.
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Figure 45. Site and Ground Floor transport analysis. (Image by Author.)

Figure 46. The ruin of the old church. (Image by Author.) Figure 47. The entrance of the new building. (Image 
Author unkonwn.)



The preserva�on of the west and east façades of the 
church facing the street keeps the original appear-
ance of the building. The newly built walls and roof 
were developed from the materials and forms of the 
original building so that there is contrast and unity 
between the newly built and original parts. The new 
roof follows the original roof form and is raised over 
30 feet to increase interior roof space and dis�n-
guish the old from the new roof.84 The internal 
perforated brick and external ceramic grid follows 
the layout of the original ashlar wall, which is the 
connec�on between the new and the old materials. 
However, the difference in texture and volume 
between the new and the old materials keeps the 
contrast between the new and the old. The new wall 
with windows also increases the natural light in the 
building. “The whole system is conceived as a new 
architectural ceramic shell that is gently supported 
on the remains of the ancient walls.”85 The connec-
�on to make a stable structure between the new and 
original wall is a concealed concrete structure in a 
regular and square shape.

37

Figure 48. The relationship between the old building and 
new built part. (Image by Author.)

Figure 49. The external wall. (Image Author unkonwn.)

Figure 51. The fabric connection between new and old 
material. (Image by Author.)

Figure 50. The interior wall. (Image 
Author unkonwn.)
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4.2 Precedent 2 - Caixa Forum Art Centre

The Caixa Forum Art Centre was converted from an 
abandoned power sta�on by Swiss architect Herzog 
& de Meuron from 2001 to 2007. The architect 
dismantled the roof and founda�on of the old 
building, leaving only the old exterior wall, combin-
ing the new structure and the oxidised cast-iron 
envelope to transform the building into a seven-sto-
ry comprehensive art and cultural centre.86 The 
newly added, oxidised cast-iron envelope on the top 
of the building is in harmony with the colour of the 
original brick wall. The new roof form also aims to 
imitate the skyline of the original building. The 
closeness of colour and form and the difference 
between old and new materials ensure the new and 
the original building have a strong contrast and can 
be unified.

The new architectural form and func�on changes 
have a�racted a large number of visitors, making a 
landmark in the city. The building opens the ground 
floor to visitors and passers-by, crea�ng a public 
plaza, a�rac�ng more people to the building. The 
auditorium theatre, mul�-func�on hall, service 
space and parking lot are located on two floors 
underground. Above the ground are the entrance 
hall, exhibi�on hall, administra�ve office, bookstore 
and restaurant with panoramic views. Caixa Forum 
can hold various events and exhibi�ons related to 
art, design and architecture. The design of the 
building fully considers the needs of the disabled.87
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Figure 52. The design process of the building. (Image by Author.)

Figure 53. The structure and function of the building. (Image 
Author unkonwn.)
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4.3 Precedent 3 - Le Fresnoy Art Centre 

The old building located in Tourcoing, France, was 
once a popular entertainment centre in the 1920s 
including a boxing ring, ska�ng rink, cinemas and a 
ballroom.88 Architect Bernard Tschumi adapted it 
into an interna�onal centre for contemporary art 
consis�ng of a school, a film studio, a médiathéque, 
spectacle and exhibition halls, two cinemas, labora-
tories for research and production (sound, electronic 
image, film and video), administrative offices, 
housing and a bar/restaurant.89

The old building complex consisted of several 
buildings in different forms. All the buildings were 
s�ll in use, but with erosion from wind and rain, 
parts of the structures were beginning to be unsta-
ble and leak. To preserve the a�rac�on and memory 
of the site, Tschmi protected the old building under 
the cover of a large modern metal roof, 100 metres 
long and 80 metres wide. The ellipse-shaped open-
ings, called ‘clouds’ by Tachumi, were designed to 
get more natural light under the huge roof. All the 
hea�ng, ven�la�on and air condi�oning ducts are 
laid out within the structure of the roof and extend 
down to the interior space.90 The strip of the north 
façade and the structure over the southeast corner 

were demolished due to their poor condi�on. The 
north façade was replaced by a modern, corrugated 
steel façade, and the south façade was designed as a 
curtain wall.91 The new func�ons are reorganised 
into the old space, and the new space between the 
new metal roof and old �led roof is used as a 
connec�on area between the old space. The old flat 
roof is new open space, with metal stairs and 
corridors added as the transporta�on space. The 
new mul�func�onal space allows a variety of events 
like conven�ons, concerts, sports and exhibi�ons to 
happen within the building.92
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Figure 54. The roof covers the old building. (Image Author 
unkonwn.)

Figure 55. The Northeast elevation. (Image Author unkonwn.)

Figure 56&57. The space uder roof. (Image Author unkonwn.)
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4.4 Precedent 4 – The Auckland Art 
Gallery Toi O Tāmaki

The old gallery building was designed by Melbourne 
architects Grainger & D'Ebro, and built in 1887 in an 
early French Renaissance style using brick and 
plaster. To increase the space, a wing and sculpture 
garden were added in 1969 to 1971. The old building 
was registered as a Category I heritage building in 
1983. The most up-to-date extension was in the 
2000s, when Australian architecture firm FJMT, in 
partnership with Auckland-based Archimedia, 
restored and adapted the exis�ng building to 
increase the exhibi�on space by 50 percent.93

A project for the adap�ve reuse of a heritage 
building is always complex; part of the old will need 
to be demolished to make space for the new, and it 
is difficult to iden�fy the parts with the most 
valuable historic fabric. Here, the architect decided 
to keep two main bodies of the building. The build-
ing’s largest façade, adjacent to Kitchener and 
Wellesley Streets, has the most impressive memory 
for people living in the city. The concept of the 
addi�onal building form is inspired by the natural 
landscape in Albert Park adjacent to the site. The 
park trees extend into the exis�ng building, and the 
canopy covers and forms a new space, which is 
combined with the old space to form a new building. 
Large windows, landscaped terraces and paved 
pla�orms visually connect the 

building to Albert Park.94 Natural wood was used in 
the construc�on of the ceiling and column of the 
canopy to give the gallery a unique iden�ty, in 
accordance with the ini�al concept.95
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Figure 59. The design concept. (Image Author unkonwn.)

Figure 58. Partly demolished the old building. (Image Author 
unkonwn.)

Figure 60. New entrance of the building. (Image by John 
Gollings.)

Figure 62. Roof of new and old. (Image by Author.)

Figure 61. Connection between new and old. (Image by Author )
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4.5 Summary

Through analysis of the above innova�ve cases, it is 
clear that in terms of old building adap�ve reuse 
design, the decision to use contemporary materials 
and reorganise circula�on should consider not only 
the old buildings but also the surroundings and new 
occupants. The use of new materials and the 
crea�on of new space can connect the old and new, 
and improve the environment of the whole site. 

The first precedent shows how to restore a heritage 
building to its old form with new materials. Following 
this precedent, the front façade and the tower of the 
Cathedral will be reconstructed with new materials 
to the form of the old Cathedral. The use of new 
materials respects the fact that this part was 
destroyed in the earthquake. The boundary between 
new and old will clearly show this painful history. The 
front façade and tower face the Square, the most 
important public space in the city centre. By rebuild-
ing this part to the old form, the old Cathedral will 
remain in people’s memory.

The second precedent is a good example of how to 
add new space and func�ons to an exis�ng building. 
The ground-floor plaza, educa�on rooms, exhibi�on 
halls and restaurant space design in Caixa Forum Art 
Centre help to develop the func�ons of the addi�on 
to the Cathedral, to create a space that a�racts 
locals and tourists. This precedent is also a good 
example of developing the circula�on of the display 
space and organising ver�cal transporta�on for this 
project.

The third and fourth precedents inspired the 
concept development and the idea of protec�ng the 
old building with a cover. The final concept was also 
inspired by the plants on site. Nature is like a 
treasure house, always the object of learning, and 
available for imita�on.
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5.0 Site
To achieve the aim of developing a project to connect the old building to the 
future of the city, research into the present and future of the Cathedral and 
Christchurch is necessary. The research helps to find connec�ons between old and 
new. The development of the project concept is based on those connec�ons.



5.1 The site a�er the earthquake

5.1.1 The recovery of the city

A�er the earthquakes of 2010 and 2011, to direct 
and plan the recovery of Christchurch’s central city 
under the Canterbury Earthquake Recovery Act 
2011, Christchurch City Council (CCC) cooperated 
with the Canterbury Earthquake Recovery Authority 
(CERA), Environment Canterbury (ECan) and Te 
Rūnanga o Ngāi Tahu to develop the Central City 
Plan. This dra� recovery plan was submi�ed to the 
Minister for Earthquake Recovery in December, 
2011. In this Recovery Plan, five key ini�a�ves were 
highlighted to make the central city be a strong, 
resilient, vibrant and economically prosperous city 
again.96

1. Green City – upgrade the exis�ng green space, 
develop new public green areas, and use sustainable 
strategies in the development of new buildings and 
infrastructures.
 
2. Stronger Built Iden�ty – encourage lower height, 
a�rac�ve and well-func�oning buildings. New urban 
planning should respect local ac�vi�es and culture. 
Adap�ve reuse of heritage buildings.  

3. Compact CBD – Create a compact, modern, 
stylish, convenient business centre. Improve public 
and private transporta�on. 

4. Live, Work, Play and Learn – Improve house 
quality, improve infrastructure, increase learning, 
sports, and entertainment venues.

5. Accessible City – Create a convenient and efficient 
public and private transporta�on system to encour-
age diversified travel modes.

The dra� Central City Plan was rejected by the 
Minister, and the Christchurch Central Development 
Unit (CCDU) was tasked to develop the final Christ-
church Central Recovery Plan, o�en called the 
Blueprint, based on the dra� recovery plan.97 Ten 
design principles were raised to direct the recovery 
of the central city: compress, contain, catalyse, 
support, repair, embrace the river, open space, 
complete, exis�ng value, a�ract.98 And a series of 
anchor projects was designed around the city centre 
to regenerate it. With the construc�on of public 
buildings to provide learning, entertainment and 
sports places, people's lives and entertainment 
should be greatly enriched. The high-quality, medi-
um-density new residen�al model will provide 
convenient and comfortable living condi�ons for 
people living and working in the city centre. Projects 
to upgrade infrastructure and public transporta�on 
were also considered. The Blueprint shows us the 
future of Christchurch’s central city, an a�rac�ve, 
convenient and sustainable area full of culture and 
an arty atmosphere.99

At this early stage in the recovery process, it was 
important for those in power to address how 
Christchurch changed, and the effect this was 
having on perceptions of the city as both a place 
to live and a place to visit.100

The old heritage place and new contemporary 
buildings make Christchurch city centre both a city of 
history and culture and a modern, high-technology 
city. So, if the recovery of the Cathedral is to be 
iden�fied as the future of Christchurch, this site 
cannot be just a heritage building or a contemporary 
building. The combina�on of the old and new, the 
past and future is the direc�on of the recovery of 
Christchurch’s central city, and the strategy I am 
planning to apply to the recovery of the Cathedral.
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modified October 18, 2020, h�ps://en.wikipedia.org/wiki/Christ-
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Recovery Authority, 2012), 32.
99. Recovery Authority, Central City Recovery Plan, 34.

_____________________
100. Benne�, Once in a Life�me, 114.
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Figure 63. The 
change of Christ-
church central city. 
(Image Author 
unknown.)

Figure 64. The 
Blueprint Plan. 
(Image Author 
unknown.)

Natural heritage

Pre-1850s

1850-1880 1880-1914 1914-1960 1960-2010



5.1.2 The Square now

A�er the city centre reopened to the public, people 
visited Cathedral Square to see the damage and 
demoli�on of the Cathedral and the neighbouring 
buildings. To give visitors a good experience, the 
Christchurch City Council allocated temporary 
informa�on signs, public facili�es, and landscaped 
areas around the Square.101

To ac�vate the Square, ar�sts Chris Heaphy and Sara 
Hughes were invited by Christchurch City Council to 
make artworks for the Transi�onal Cathedral Square 
Project. Heaphy designed a temporary green whare  
in a modern form, on a black background with signs 
and geometric images. Hughes filled the wire mesh 
of security fencing with painted cups to make a 
colourful wall. The artworks all contained symbols of 
the Cathedral and Māori heritage.102

5.1.3 The Cathedral now

A report, Updated Preliminary Post Earthquake Structural Damage Survey, was published by Holmes Consulting 
Group on 11th January, 2012, which helps to describe the interior and exterior damage to the Cathedral. 

Most of the west wall has collapsed with the falling debris causing further damage to the west porch which is 
now severely damaged.

Damage previously noted to the north and south aisle walls, and to the Apse, has increased. Of particular 
concern is the additional damaged sustained by the south aisle wall which is now in a state of severe distress. 
Damage to the south aisle wall will need to be addressed as part of the revised securing works.

The Tower has sustained significant additional damage with moderate to severe diagonal cracking now present in 
the north, east and west walls. Additional securing works will be required to address this new damage.103

Until September, 2017, no final decision on the fate of the Christchurch Cathedral was made. After years of court 
proceedings, debates and discussions, the Anglican Synod voted to restore the damaged landmark.104
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101. Benne�, Once in a Life�me, 352.
102. Ken Hal, “Transformers,” Bulle�n, last modified June 1, 
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103. Holmes Consul�ng Group, Christchurch Cathedral: Updated Preliminary Post Earthquake Structural Damage Survey, January 11, 
2012, 11, h�ps://chchplan.ihp.govt.nz/wp-content/up-
loads/2015/12/3610-Church-Property-Trustees-Evidence-of-John-Hare-Annexure-A-Higher-Resolu�on.pdf
104. Thalita Alves, “A Brief History of Christchurch Cathedral, New Zealand,” Culture Trip, Last modified September 18, 2017, h�ps://the-
culturetrip.com/pacific/new-zealand/ar�cles/a-brief-history-of-christ-church-cathedral-new-zealand/.

Figure 65. The green 
whare house designed 
by Heaphy. (Image 
Author unkonwn.)

Figure 66. The colour 
wall designed by 
Hughes. (Image Author 
unkonwn.)

Figure 67. The Cathedral after the earthquake. (Image by Author.)
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Figure 68. The current site. 
(Image by Author.)



5.1.4 Site visit

The photographs taken on site show the restora�on 
works by the Anglican Church; the front façade is 
covered by a panel printed with an image of the 
original façade(Fig. 69). The north transept is 
supported by a steel frame installed outside(Fig. 72). 
The south transept is protected by white shrink 
wrapping(Fig. 70). On the north side of the Cathe-
dral, plants grow along the corner and climb onto 
the wall(Fig. 73). When standing between the Square 
and Avon River to look at the Cathedral, the tall, 
modern buildings on both sides make it look low and 
insignificant in the city(Fig. 71). This image gives the 
confidence to develop the Cathedral upwards to 
recover its significant posi�on.

The Quake City Museum on the first floor of a 
modern, four-story building displays the story of the 
earthquake and preserves items such as the spire 
that fell from the Cathedral(Fig. 74). This project will 
contain this museum as part of the exhibi�on space. 
The func�on of the exhibi�on space in the project is 
to show the damage of the earthquake and the story 
of the recovery of the city.
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Figure 74. The spire in Quake City. (Image by Author.)

Figure 73. The plants climbing on the external wall. (Image by Author.)

Figure 72. The north of the Cathedral. (Image by Author.)Figure 69. The west of the Cathedral. (Image by Author.)

Figure 70. The south of the Cathedral. (Image by Author.)

Figure 71. The view from the Avon river side. (Image by Author.)





5.2 Site context

5.2.1 Loca�on 

Christchurch, located on the east coast of the South 
Island of New Zealand, is the largest city in the South 
Island, and the second-largest city in popula�on 
a�er Auckland, ahead of Wellington. Around 
394,700 people live in Christchurch, 383,200 of 
them in the urban area. More than 75 percent of the 
residents are from Europe, and the remaining 25 
percent are mostly Māori, Pacific Islanders and 
Asians.105 As the largest city in the South Island, 
Christchurch is the key to produc�vity, accoun�ng for 
about 10 percent of na�onal GDP. It is a junc�on city 
and the South Island’s tourism portal, with an 
interna�onal airport and port.106  

Located at the intersec�on of the city’s two main 
streets, Colombo and Worcester Streets, the site is 
the geographical centre of Christchurch. Heritage 
places, green space, commercial buildings and public 
buildings are located around the site. Most of the 
heritage places in the central city are north and west 
of the site. The Avon River, green space along the 
riverbank, Cranmer Square, La�mer Square, Victoria 
Square, Hagley Park and Botanic Gardens are the 
main green spaces in the central city. The main 
commercial retail area is located to the south. North 
of the site, the Christchurch Library has been built, 
the Conven�on Centre is in construc�on and more 
Performing Arts Precinct space is in planning.
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105. “Christchurch,” Wikipedia, accessed March 21, 2021, 
h�ps://en.wikipedia.org/wiki/Christchurch.
106. Recovery Authority, Central City Recovery Plan, 15.

Figure 75. The main move lane and buildings surround the site. 
(Image by Author.)





5.2.2 Transporta�on

Public transport is convenient around the site. A 
tramway system connects the site and heritage 
places in the inner city. The tramway sta�on is 
located 100 metres east of the site. There are three 
bus stops to the east and the north of the site, and 
the Christchurch Bus Interchange sta�on is located 
300 metres south of the site.
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Figure 76. The transportation. (Image by Author.)





5.2.3 Climate

Christchurch has a mari�me climate, with mild 
summers, cool winters and moderate rainfall. The 
average daily maximum temperature in January is 
22.5°C, and the average daily maximum temperature 
in July is 11.3°C. The winter night temperature 
usually falls below 0°C, with an average of three 
snowfalls per year.107 The main direc�on the wind 
blows in Christchurch is towards the northwest and 
southwest.108
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Figure 77. The sun and wind on site, and the building in the 
central city.. (Image by Author.)

_____________________
107. “Christchurch,” Wikipedia, accessed March 27, 2021, 
h�ps://en.wikipedia.org/wiki/Christchurch#cite_note-NZ_popu-
la�on_data_2018-3.
108. “Climate Christchurch,” Meteoblue, accessed April 3, 2021, 
h�ps://www.meteoblue.com/en/weather/historyclimate/cli-
matemodelled/christchurch_new-zealand_2192362.





5.3 Design principles and programme

Based on the analysis above, three design principles 
have been developed to guide the design of this 
project. All these principles concern the preserva�on 
of the history and memory of the site, and the 
connec�on of the site to the city. 
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Figure 78. Three design principle to develop the 
project. (Image by Author.)



5.3.1 Open the ground-floor level

The analysis of the Cathedral and the site helps the 
development of the design principles. Cathedral 
Square is located at the centre of the city; the 
Cathedral is located east of the Square. To keep the 
site connected to the Square and the other streets, 
the ground-floor level will be opened to allow 
pedestrians, scooters and bicycles to move freely 
between the building, the Square and the street.

5.3.2 New cover for the old building

The upper floors will cover and protect the old 
building like an umbrella and supply addi�onal space 
for proposed func�ons. The wraps form one of the 
five innova�ve forms to preserve the old building, 
summarised by Bollack. 

This type of intervention wraps the older struc-
ture in a new mantle: the addition may spread 
an overhead umbrella to provide protection to a 
buildings that has become fragile or it may 
encapsulate an older, smaller structure in an 
all-around enclosure.109

Restora�on of Cathedral – old form, new 
materials

The use of "modern" materials to construct 
historical forms may be a way to appropriate 
familiar historical forms, which have almost 
achieved the dimension of myths, and to reinte-
grate them into a modern practice through a set 
of transfers involving metaphor and craft.110

The use of new materials clarifies what is new and 
what is old, and helps to increase the natural ligh�ng 
and ven�la�on in the old building. The use of glass 
shows the structure of the old buildings and creates 
a visual contact between the old and new. 

5.3.3 Recover the highest point in the 
central city

With the development of contemporary technolo-
gies, buildings in the city are becoming higher and 
higher. And the highest building always catches 
a�en�on and becomes the centre of the city. When 
the Cathedral was built in the 19th century, it was 
the highest building in the city. But with �me and the 
development of the city, the buildings around it have 
gradually overtaken it. A�er the tower of the Cathe-
dral was destroyed in the earthquake, this problem 
became more prominent. Recovering the highest 
point in the city becomes one of the most important 
missions in this project. The following research is on 
the history of the tallest structures in the world and 
Christchurch. The example of the Sky Tower in 
Auckland shows the contribu�on of towers to 

a�rac�ng tourists and improving the economy. 
These analyses aim to support the proposal to build 
a new tower on the site.

The tallest structure in history

In the world 

Before 1221 C.E., stone structures held the record 
for being the tallest structures in the world: the 
Tower of Jericho in modern-day Pales�ne; the Anu 
Ziggurat (White Temple) in Uruk; the ancient city of 
Sumer; and the pyramids in Egypt. The Great 
Pyramid of Giza was the tallest structure for thou-
sands of years, with a height of 146.6 metres.111

Then the towers or spires of churches and cathedrals 
became the tallest structures. When the construc-
�on of Old St. Paul’s Cathedral in London was 
completed in the mid-1300s, its spire was the tallest 
structure at the �me. The church or cathedral kept 
this posi�on un�l the late 19th century. Un�l 1880, 
Cologne Cathedral in Germany was the tallest 
structure in the world, at 157.4 metres high. Eight 
years later, the Washington Monument in US 
became the tallest structure in the world at 169 
metres high. It is also the world's tallest predomi-
nantly stone structure and the world's tallest 
obelisk.112
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109. Bollack, Old Buildings, New Forms, 113.

_____________________
110. Bollack, Old Buildings, New Forms, 10.

_____________________
111. Iman, Ghosh, “A Visual Timeline of the Tallest Historical 
Structures,” Visual Capitalist, Last modified August 28, 2019, 
h�ps://www.visualcapitalist.com/a-visual-�meline-of-the-tal-
lest-historical-structures/.
112. “Washington Monument,” Wikipedia, accessed April 10, 
2021, h�ps://en.wikipedia.org/wiki/Washington_Monument.



In 1889, the Eiffel Tower in Paris replaced the 
Washington obelisk as the tallest structure. The Eiffel 
Tower made a great contribu�on to the height 
record as the tallest structure in the world with a 
wrought-iron la�ce structure. The height had 
increased from 169 to 300 metres, almost double 
the previous record.

With the development of technology in the 20th 
century., the skyscraper started to occupy the 
posi�on of tallest structure in the world The Chrysler 
Building in New York, 318.9 metres high, surpassed 
the Eiffel Tower in 1930. This record was broken by 
the Empire State Building a�er 11 months at 381 
metres high. Between 1954 and 1991, the tallest 
man-made construc�ons were all TV towers, mostly 
located across the United States, and the Warsaw 
Radio Mast in Poland. In 2009, the skyscraper Burj 
Khalifa in Dubai took the record as tallest structure in 
the world with a height of 829.8 metres.113
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113. Ghosh, “Tallest Historical Structures.”

Figure 79. The tallest structure in the world throughout history. (Image Author unknown.)



In Christchurch

The height of the spire, completed in 1881, is 63 
metres, making the Cathedral the highest point in 
the central city. Un�l the late 20th century and early 
21st century, before the 2011 earthquake, there 
were five buildings over 63 metres in the city centre. 
They were: Pacific Tower, 166 Gloucester Street, built 
in 2010, 86.5 metres high; Hotel Grand Chancellor, 
161 Cashel Street, built in 1986, 85 metres high; 
PriceWaterhouseCoopers, 118 Armagh Street, built 
in 1990, 76.3 metres high; Forsyth Barr Building, 764 
Colombo Street, built in 1989, 71 metres high; 
Clarendon Tower, 78 Worcester Street, built in 1988, 
67.7 metres. The Hotel Grand Chancellor, PriceWa-
terhouseCoopers and Clarendon Tower were 
damaged in the 2011 earthquake and demolished 
for safety reasons.114
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114. “List of Tallest Buildings in Christchurch,” Wikipedia, 
Accessed September 3, 2020, h�ps://en.wikipe-
dia.org/wiki/List_of_tallest_build-
ings_in_Christchurch#:~:text=Six%20more%20buildings%20have
%20held,the%20February%202011%20Christchurch%20earthqu
ake.

Table 2. Timeline of tallest building in Christchurch. The 
buildings marked in orange were demolished since the 
earthquakes. The green color buildings were remaining after 
earthqualkes. (Image Author unknown.)

Name Image Years as tallest Height 
m / feet 

Manchester Courts 

 

1906–1967 39.6 m (130 ft) 

BNZ Building 

 

1967–1973 43 m (141 ft) 

Christchurch Central Police Station 

 

1973–1974 52 m (171 ft) 

James Hight Building 

 

1974–1975 53 m (174 ft) 

Rydges Hotel (former Noah's) 

 

1975–1986 60 m (200 ft) 

Hotel Grand Chancellor 

 

1986–2010 85 m (279 ft) 

Pacific Tower 

 

2010–present 86.5 m (284 ft) 
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Christchurch cathedral square 1952.



The Sky Tower

The first purpose in building the Sky Tower was to 
carry telecommunica�ons; architect Gordon Moller 
was inspired by the history of tall structures and 
spires and, using contemporary architectural 
language and technology, designed an elegant shape 
for the tower.115

The Sky Tower can be seen from most areas around 
the city of Auckland, and it has become a symbol 
and part of the landscape. The 250-metre-high 
public viewing pla�orm allows visitors to enjoy views 
of the Auckland Isthmus and harbour.116 The colour 
of the external lights on the tower changes every 
day, and a light show is held for important fes�vals. 
In 2019, the lights were switched to LED to reduce 
the consump�on of electricity.117 The func�ons of the 
Sky Tower include a public vantage point, defining 
Auckland city, fes�val atmosphere, adventure, 
telecommunica�on, hotel, restaurants and gambling.

This 328-metre-high tower, located in the city’s 
business centre, has increased the interna�onal 
visibility of Auckland and New Zealand, promo�ng 
the development of tourism, the city and the 
country’s economy. The building also derives 

revenue from its func�ons. Non-gaming revenue 
from telecommunica�ons, hotels and restaurants 
increased by 6.7 percent in 2015 to $133.5 million.118

• Public vantage point • Defines Auckland city
• Fes�val atmosphere • Adventure
• Telecommunica�on • Hotel
• Restaurants
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_____________________
118. “Auckland's Skytower comes of age,” Stuff, last modified 
July 26, 2015, h�ps://www.stuff.co.nz/business/indus-
tries/70533460/aucklands-skytower-comes-of-age

Figure 80. Lighting and fire work in festival. (Image Author Unknown.)
Figure 81. View on the top of Sky Tower. (Image Author Unknown.)

Figure 82. Adventure. (Image Author Unknown.)

Figure 83. Sky Tower. (Image Author Unknown.)



Summary

To restore the highest point in Christchurch, the new 
tower is designed based on the footprint of the old 
spire. The Sky Tower is the highest building in the 
North Island, and this will be the highest building in 
the South Island. The new tower will be seen from 
most of the main streets and public spaces in the 
city. An observa�on space will be located on the top 
of the tower to provide a panoramic view of the city. 
The lights on the tower will illuminate the en�re city 
during important events and fes�vals.

5.4 Programme

The recovery of the Cathedral is not only a structural 
and outlook recovery but also a recovery of the 
func�on. The Cathedral is a place for Anglican 
worship and the venue for many official events.119 
The recovered Cathedral space will be a flexible 
place for worship and events. Cathedral Square is a 
space for the Friday Street Food Market; the 
ground-floor open space has the poten�al to hold 
small, temporary shops. The old visitor centre along 
the north side of the Cathedral, consis�ng of a shop, 
restaurant, display and recep�on area, was damaged 
in the earthquake, and is now demolished. Before 
the earthquake, the visitor centre accommodated 
more than 300,000 visitors who visited the Cathedral 
every year.120 The proposed new visitor centre over 
the ground floor will be a recep�on and informa�on 
centre for visitors to the whole city centre. 

The new blueprint plans to create more space for 
learning, entertainment and sport to a�ract people 
to the city centre. The addi�on to the building will 
have a learning and entertainment space to a�ract 
visitors.

The damage to the Cathedral in the 2011 earthquake 
is a painful memory for Christchurch people. An 
exhibi�on area on the upper floor is designed to 
collect and display the stories from the earthquake 
and its a�ermath. This will be a place in the city 
centre to show the history of the city, the damage 
from the earthquake, and the recovery a�er it. From 
the restaurant and observa�on deck on the top of 
the tower, visitors will see the whole city centre. A 
community centre will be designed as part of the 
project to supply a learning and communica�on 
space for people living in the inner city.
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Figure 84. Proposed programme. (Imageby  Author.)



6.0 Design process
Through the research and analysis above, this project began to preserve the 
history and memory of the Cathedral, but with further explora�ons, the future of 
the site became the main concern. The focus of this project is to reconnect the site 
to the new urban context, create new symbols and develop new a�rac�ons.



6.1 Concept explora�on

Design Trail One

The first, second and third concepts are developed based on the design principle of a cover to protect the old building. A 
concrete shell, designed to meet the requirement of aesthe�cs, and to have a geometric connec�on with the old Cathedral, was 
added to protect the old building and provide space for the proposed func�ons.
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Figure 85. Design trail one. (Image by Author.)



Design Trail Two

The second concept is developed from the image of Foam Mesh Ne�ng Bags used 
to protect fruit. Fresh fruit is like the old Cathedral, needing a strategy to protect it 
from being damaged. The old buildings will be wrapped and protected by a 
Hyperboloid Mesh Envelope System.

Design Trail Three

The third concept is based on the cra� of weaving, like the Māori cra� of weaving 
using flax. Cra�speople made ra�an covers for lights. The ra�an grows on the site 
and weaves a cover to protect the old building. 

Figure 86. Design trail two. (Image by Author.)

Figure 87. Design trail three. (Image by Author.)
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Design Trail Four

A�er the process of the three trails above, the concept of growing in the third trail helped to develop the fourth trail. In the 
fourth concept, the site is assumed to be abandoned for a long �me, and the trees are growing on the site based on the column 
of the old building.
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Figure 88. Design trail four. (Image by Author.)



6.2 Developed concept

6.2.1 Final concept

The inspira�on for the final concept is a development of design trails three and four, the growth power of plants. The photographs taken on site show plants already growing 
on the site and climbing on the exis�ng Cathedral. When a site is a ruin for a long �me, what happens to the site? When a building is abandoned for a long �me, nature 
takes over.121 If a site is abandoned for a long �me, plants will grow around the site to cover the old building and create a new landscape. 

The plants growing on the site create the addi�onal part of the building. The plants growing in the Square connect the site with its surrounding environment. The façade of 
the addi�onal part expresses the process of the plants growing, climbing and entwining round the old building and the new tower to cover the new space and protect the 
old Cathedral. 
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121. Nick Gerhardt, and Morgan Cutolo, “20 Abandoned Places That Were Overrun By Nature,” Reader's Digest, accessed September 2, 2020, h�ps://www.rd.com/list/nature-takes-over-abandoned-homes/.

Figure 89. Final design concept. (Image by Author.)



The curtain wall of the building is designed based on the texture on the window of the demolished spire and the 
triangular form of the Māori meeting house. To make more space for the development of the addition, the trees 
planted since 1898 will be moved from the site. To record and remember the story of those trees, their texture will 
be recorded on the façade of the addition.
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Figure 90. Record the memory on site and consider the Māori culture. (Image by Author.)

Figure 91. Proposed elevation. (Image by Author.)



The north façade of the addition faces the square, and is designed following a geometric theory for the old 
Cathedral. At first, the plant growth concept applied to the lower levels of the project. The new tower design is 
based on the demolished spire, but this design divides the lower levels and the tower into two buildings. Finally, 
the concept of plant growth is applied throughout the project to maintain the integrity of the entire project.
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Figure 92. Sketches. (Image by Author.)



6.2.2 Form and space

The form of the project can be divided into three 
parts: restora�on, reconstruc�on and addi�on. The 
rear part of the Cathedral will be repaired, the front 
part will be restored with new transparent materials. 
The transparent materials will help bring more 
natural ligh�ng into the Cathedral and create a visual 
connec�on between it and the new space. The 
addi�on will be in the shape of ellipse to be�er fit 
the site. The tower will grow naturally on the 
footprint of the old spire.

The principle for the design of the space is connec-
�on, connec�on between the old and new, connec-
�on between the project and the community, and 
connec�on between the tower and the city. Large 
amounts of glass will be used in the design of the 
building to create a transparent space between the 
old and the addi�on. The ground floor will be open 
to the public to connect the building to the streets 
and Square. Landscape design will make the building 
and the Square into a whole project. The 150-me-
tre-high tower will be the highest point in the city, 
visible from most public spaces and buildings in the 
central city, and the whole city centre will be on view 
from the observa�on deck of the tower. The resto-
ra�on of the spire on the top of the tower is to 
remember the old spire destroyed in the earthquake.

To reflect Sco�’s innova�ve wooden interior frame 
design and make a sustainable project, wooden 
materials will be used in the interior space. 

Figure 93. Models to analyse the building form. 
(Image by Author.)
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6.2.3 Circula�on and func�on

A visitor centre will be located on the ground floor 
for visitors to the project and the city centre. The 
elevator and stair work as one circula�on core to 
connect the ver�cal space. The north circula�on core 
serves the museum, café, restaurant and observa�on 
deck. The south circula�on core serves the commu-
nity centre and museum. The bridge on the fi�h and 
sixth floor will connect the north and south. 

Figure 95. Vertical circulation and 
functions. (Image by Author.)
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6.2.4 Seismic resistance design

A concrete column-beam system will transfer the 
force and movement to the founda�on. Hybrid Mass 
Dampers will be installed to protect the tower in an 
earthquake. The façade of the building will use 
lightweight metal and the interior fitout will use 
wooden materials. 

6.2.5 Sustainable design

The metal façade shading will protect the building 
from overhea�ng in summer. The space between the 
old and new building will increase the passive 
ven�la�on and natural light in the building. Green 
roof, plants and wooden fitout will develop a natural 
and green indoor and outdoor space. The wooden 
fitout also is a connec�on between the addi�on and 
the old Cathedral, which had a �mber interior and 
stone exterior wall.

Figure 96. The building and the Square, and the interior of the building. (Image by Author.)
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7.0 Design outputs



Figure 97. The master plan. (Image by Author.)
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8.0 Conclusion
Most adap�ve reuse projects only pay a�en�on to the heritage value of an old building, the harmony with 
surrounding buildings and nearby landscapes, and the reuse of space. They rarely connect an old building to its 
wider new urban context or consider the impact on society and the economy. But, for the Cathedral in Christ-
church, its loca�on and significance require its restora�on to not only consider the typical and narrow range of 
issues related to the rela�onship of the building and its nearby landscapes, but also to focus on the building’s 
adap�ve reuse in term of its wider impact on the en�re city. The 2011 earthquake not only destroyed the 
structure of the Cathedral, but also the buildings and economy of the whole city. The site has been a ruin since 
the earthquake. Reconnec�ng the site to modern society is one of the most important missions. Occupying a 
posi�on in the centre of the city, the Cathedral has always been the economic, social and cultural centre of the 
city. So, the recovery of the Cathedral should consider its influence on and benefits to the whole city.

Through the research into the history and development of the Cathedral and the city, the project has compre-
hensively considered the protec�on of the old Cathedral and the future development of the city, and proposed 
an old building conserva�on plan in a modern context. While the redevelopment project protects the value of 
the old building, the use of modern materials and technologies ensures the project meets the modern evalua-
�on criteria for a high-quality building. The design of the project increases the connec�on between the site and 
the en�re city centre with its open ground floor and addi�onal func�ons, crea�ng a new, symbolic landmark for 
the city with its innova�ve concept design. While restoring the func�on of the original Cathedral, the project also 
provides space for city residents for commemora�on, learning and entertainment to meet the needs of the 
social development of Christchurch. These a�rac�ve spaces will help the site to rejuvenate by a�rac�ng tourists 
and locals, as well as helping the city to restore its economy. 

The design concept of plant growth is consistent with the status that the site has been abandoned for a long 
�me and become occupied by plants. The power of nature can be accepted and understood by the public. This 
concept has guided the design of the building, deeply connec�ng it to its surrounding landscape. The curvilinear 
building form simulates the growth of plants on the site and occupies the centre of the city in a harmonious and 
natural form.





9.0 Final Design





85



86



87



88



89



90



91





10.0 References



10.1 Bibliography

ArchitectureNow Editorial Desk. n.d. “Concept Design Unveiled for Christ Church 
-

-

-

Alves, Thalita. “A Brief History of Christchurch Cathedral, New Zealand.” Culture 
-

-

Anglican Church in Aotearoa, New Zealand and Polynesia. n.d. “Anglican Church in 

Once in a 

2014.

Bollack, Françoise Astorg. 

Bastéa, Eleni. 
Press, 2004.

Bollack, Françoise Astorg. 

-
quake-proof-buildings.

-

Christchurch (N.Z.). City Council. 

Council, 2011.

. Christ-

-

-

94



Ghosh, Iman. “A Visual Timeline of the Tallest Historical Structures.” Visual Capital-
-

-

-

Christchurch Cathedral: Updated Preliminary Post 
Earthquake Structural Damage Survey -

-

-

-

-

-

-
-

-
-

-
-

-

-
-

-

-
-

-

-

95



n.d. PHMC &gt; Pennsylvania Architectural Field Guide. “PHMC Gothic Revival Style
1830 - 1860.” Accessed May 1, 2021.

-

Historic Buildings of New Zealand: South Island. 

Concepts and Cases of an Emerging Discipline

Historic Buildings of New 

-

-
-

-

-
-

-

-

-

-
tween

Understanding Sustainable 
Architecture

-

96



Wilson, John. Contextual Historical Overview for Christchurch City. Christchurch 
-

-

-

-

-

-

-

-

-

-

-
-

-

CTBUH Journal

97



Figure 1. Kuilman, Marten. -
 Heemstede: Falcon Press, 2011.

Figure 2. Wikipedia. “Architecture of Cathedrals and Great Churches.” Last modi-
-

Figure 3,6 and 9. Expedia. “Holy Trinity Cathedral in Parnell: Expedia.” Accessed 
-

-
-

-
-

-

Figure 11. Scoop. “Holy Trinity Cathedral Design Winner Announced.” Accessed 
-

-

author.

Figure 22，

-

-
dral-of-st-paul.

-
tons-st-pauls-cathedral-reopens-for-christmas.aspx.

Figure 30. Christchurch City Council. -
-

 
-

-

-

98



CTBUH Journal

Recovery Plan for Ministerial Approval, December 2011

Central City Recovery Plan. 

9



Figure 77. The sun and wind on site, and the building in the central city. Image by 
Author.

Figure 78. Three design principle to develop the project. Image by Author.

Figure 79. Ghosh, Iman. “A Visual Timeline of the Tallest Historical Structures.” 
-

-

-

-

Figure 84. Proposed programme. Image by Author.

Figure 85. Design trail one. Image by Author.

Figure 86. Design trail two. Image by Author.

Figure 87. Design trail three. Image by Author.

Figure 88. Design trail four. Image by Author.

Figure 89. Final design concept. Image by Author.

Author.

Figure 96. The building and the Square, and the interior of the building. Image by 
Author.

Figure 97. The master plan. Image by Author.

100


	组合 1
	未标题-1
	未标题-2
	未标题-3
	未标题-4
	未标题-5
	未标题-7
	未标题-9
	未标题-10
	未标题-11
	未标题-12
	未标题-13
	未标题-14
	未标题-15
	未标题-16
	未标题-17
	未标题-18
	未标题-19
	未标题-20
	未标题-21
	未标题-22
	未标题-23
	未标题-24
	未标题-25
	未标题-26
	未标题-27
	未标题-28
	未标题-29
	未标题-30
	未标题-31
	未标题-32
	未标题-33
	未标题-34
	未标题-35
	未标题-36
	未标题-37
	未标题-38
	未标题-39
	未标题-40
	未标题-41
	未标题-42
	未标题-43
	未标题-44
	未标题-45
	未标题-46
	未标题-47
	未标题-48
	未标题-49
	未标题-50
	未标题-51
	未标题-53
	未标题-55
	未标题-56
	未标题-57
	未标题-58
	未标题-59
	未标题-60
	未标题-61
	未标题-62
	未标题-63
	未标题-64
	未标题-65
	未标题-66
	未标题-67
	未标题-68
	未标题-70
	未标题-71
	未标题-72
	未标题-80

	Thesis-Taozhi Guo-1400452-document



