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Understand the Place /z=sz=

The Builders

Architect : Jorn Utzon

Structural engineer : Ove Arup & Partners

Client : NSW Government

Interval of Construction (1959-1973)

Groundbreaking : 1 March 1959

Construction started : 1 March 1959

Completed: 1973

Program

Preforming arts center

Location-Bennelong Point, Sydney NSW 2000 Australia

This area has formed from the deposition of alluvial materials scattered in the seawater
and is not suitable to bear the weight of the opera house.

Due to weather factors and problems caused by the diversion of rainwater, Utzon has not
yet prepared the correct structural drawings.

On the man-made peninsula in the southern part of Sydney Bay, with a total area of 2.2
hectares, it is supported by 588 concrete piers settled 25 meters below sea level. The
buildings, with a length of 183 meters and a width of 120 meters, occupy 1.8 hectares of
this area.
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Three points of the Utzon's design in the terms of construction
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¢ Under-Broadwalk Structures / $HiEF A TR E

The Opera House is built on a narrow peninsula of land on the south shore of Sydney Harbour.
The Western Broadwalk and Northern Broadwalk rest on steel reinforced concrete piers, which
are embedded into the harbour floor. Granite aggregate slabs are used to clad the Broadwalks.
(Figure 1)

BRI TR E NPT EYE  ORSHPEREEZRERNEEENREXE L HILEEES
FRi AR E TR B A EOWE (B 1) -

The Pedestals / K/

The points from which the sail ribs rise from the podium, and connect to the foundation
columns, are known as the Pedestals.(Figure 2)

The Pedestals are made of reinforced concrete, cast in-situ, and can be seen on the building’s
exterior below the line of ceramic tiles.
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® The Sails(Figure 3) / iR (& 3)
During construction of the Opera House, the pre-cast rib (Figure 4)sections of the sails were
cast with ducts to carry the steel stressing cables. In all, 4100 individual ducts with a total
length of around 113 kilometres (70 miles) were created.
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Statement of significance / s=umx

While the unconventional design of the opera house initially diverged from the spatial requirements typical for such venues,
subsequent adjustments were made to address issues related to reverberation time. Nevertheless, it is indisputable that, both in
terms of concrete construction and technical innovation, the opera house held a pioneering position at that time.

As a testament to its architectural significance, the Sydney Opera House was officially recognized as a UNESCO World Heritage Site
in 2007, a mere 34 years after its completion. Remarkably, it stands as one of only two World Heritage Sites designated while the
architect was still alive, underscoring the 'youthfulness' of this prestigious accolade.

However, in the CMP (Conservation Management Plan) process for the Opera House, relevant regulations were already enacted
prior to 2000, including the Sydney Opera House Trust Act and the Conservation Charter. Utzon's design principles were also
documented in 2002, well before the initiation of the preservation management plan. This indicates that the assessment and
documentation of the Opera House began much earlier, yielding certain accomplishments.
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STATUTORY Sydney Opera House Trust Act

statutory planning and heritage framework:
World Heritage Convention, EPBC Act 1999 (Cth), EP&A Act 1979 (NSW),
Heritage Act 1977 (NSW), The Burra Charter
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(Vision) (Method)

Utzon Design Principles B
MANAGEMENT (published 2002) Conservation Management Plan
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| |
STRATEGIC Strategic Building Pl Statement of Commitment /
i Lt il Heritage Management Policy
|
| | !
PLANNING Sydney Opera House | Sydney Opera House Sydney Opera House
Renewal Framework Heritage Implementation Plan Heritage Risk Management Plan
\ |
IMPLEMENTATION
Policies and Plans for various projects & elements

OPERATION Procedures, Manuals, Strategies & Guidelines
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Structural Engineering & Technical Innovation / &# T 12 K%l 3R
Sydney Opera House was a project with such extreme technical challenges, where the design and construction took place over an
extended period and which, for the entire period, was played out under a public and political spotlight.
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Engineering and technological feats developed during the

design and construction of the Opera House include:

BN Ta2 =T AN e L ARSI RO T AR AN Fe g At 8295

® Ove Arup designed folded concrete beams to support the
podium structure (Figure 1,2)
EBERSILEET I ERR T RUUZIEEESE (E1,2)

e One of the first buildings in the world to make use of
computers in design(Figure 3)
R IR ERERETRNEEZ— (B 3)

e Ove Arup & Partners were a pioneer of wind tunnel
testing for building, during the design of the sails.
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This is now common practice in design for large buildings
all over the world
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® An adjustable mounting and assembly arch was
invented for the project. This removed the need for mass
scaffolding to support the structure during construction.
(Figure 4,7)
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The Opera House is the first large-scale example of glass
used as a structural load bearing material in a building.
(Figure 5,6 )( [& 5,6)

MNEIBTRE —ETERE P ARIBIERAEA B AILZES
An innovative epoxy resin process developed to bond
the rib segments together. This achieved the smooth
concrete effect that was vital to Utzon's design for
exposed surfaces.
WHRBENREGERRRBRENMNEGES  BHERRKR
BRERARTEHES
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Data Collecting of Concrete Conservation

/BRI ERENENESE
The Data of Concrete Conservation Data Would Benefit

BRI RENBISESEER b\ i

e Facilitate understanding of concrete and dissemination of knowledge 1
e YR B + HOIR B A A Y (B 98

e Influence future research
SRR

e Address knowledge gaps
SH SHE = IR

e Create a long term strategy for preventative and remedial
maintenance for the Opera House
7l 7E TR I M R R A AN R HA R B

e Build digital management tools to support concrete conservation
BUHEMENERTEMNSHER L RES

Introduction of Data Collecting Methods / BIEHIEE LA
Practical investigations and non-destructive testing methodologies
were developed based on the identified knowledge gaps and priorities.
These included condition assessment of the concrete under the tile
lids, studies on the environmental impacts on the roof pedestals, and
inspection of the concrete in the Northern Broadwalk under-structure.
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Non-Destructive Testing Methodologies
FEERIR MRS
Tile Lids / & E

e Ground penetrating radar
RINERE

e Ultrasonic pulse echo imaging
BERIKERDR R G

® Robot forinspecting the sails
BRI RS A

e Remote-sensing vibrometer
ERUAIRE

e Vibration speakers
RENZE e
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Roof Pedestals / ETEEE

o After reviewing recent inspection reports, it was determined that reductions in surface thickness and minor carbonation and
chloride ingress did not represent a threat to the structural condition of the pedestals.
EERORESHREE  BEREEENRD - BHAREURSEMREZE AT A S HE RSB TS R EE

e Some areas of decreased coverage in specific localized areas, which may be treated on a case-by-case basis. In the initial part of
this work, the main aim was to reduce, if not completely eliminate, the rain runoff reaching the back faces of the pedestals.
HUESHEEE MENEFJLURBERIZSNETER - EEREENEVERERD (WRAETZIER ) EESENRKER -

Concrete Under-Structure / FTELZBIERL

e While extensive inspection and repair works have been carried out on the Northern Broadwalk before the comprehensive study
in August 2015, the records of these activities were limited. Site visits performed by the University of Sydney team in August
/ September 2015 visually inspected selected beams and columns to provide a framework for monitoring and documenting
typical structural elements in this area. This was not further pursued by the University team once it was identified that Arup had
established a similar framework for their regular inspections.
AT 2015 £ 8 BETZEMVIRA] - SHILENTBETEZNBEMEBETIE - B8 FTWLHRAR - SR RBE KR 2015 % 8
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About the team /=%

The Sydney Opera House Trust /SRR EIRSEES

The Trust is constituted as a body corporate under the Sydney Opera House Trust Act 1961.
It consists of 10 members appointed by the Governor of New South Wales on the
nomination of the Minister for the Arts.

ZEEEEZRE (1961 FBHTBIRETEE) A —EEAERE - AFEE R AN ER
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¢ Building and Heritage Committee / ZERIBEZESE
The Building and Heritage Committee is a sub-committee of the Sydney Opera House
Trust, with a delegated authority to oversee and monitor building.Conservation and
neritage matters.
BREREEZEEHEREEESZ N HEEEEREREE  BRREMEE -

¢ Conservation Council / REEEE
The Conservation Council is an advisory committee to the Sydney Opera House
Trust and includes members from the Trust, management, and independent advisors
from the NSW Heritage Office, NSW Department of Planning and Infrastructure, and
industry representatives from the Indigenous, heritage and architectural communities.
REZESEETEASNENZEEE  HREAREEHETHE - EEEE - FraR M ETMN
EERAZENIEIIERD - R EATNRS RERRmEPIMUERER - BEMEELEN
TEAE -

¢ Eminent Architects Panel / {42260/
The Eminent Architects Panel, chaired by the NSW Government Architect, advises the
Trust on architectural design matters and includes five highly experienced and award-
winning architects. Jan Utzon, son of Opera House architect Jorn Utzon, is a member.
FEH R/ VER R TN EREN T - SEERTEEOESESREREESE - H
PEREANEREEBBREKRENEREN 2N EFOIEMEZ— -

Context /m=

The Burra Charter /#%HiE=

First drafted in 1979 / 5 R#EE L 1979 &

e Australian heritage movement
NS EE E)

e The green bans

e The founding document of Australia ICOMOS
JEN ICOMOS B9 Atz 324

The Venice Charter /EEHiE=
e ‘Places’ refer to ‘Monuments’
"G HAC " E R
e Less applicable to Australian heritage concerns
AR BN EERE
® An Antipodean pastoral town with a gruff name vs. the genteel European renaissance
city of Venice
—(EAEHEBEFHREMEBE/NE vs BUMN X Z1E FF BN B e/ \#8

Question /EzE

e European conservation thought ex.Indigenous heritage
BUMGRZBI8 - PINRERERE

e Still gives precedence to tangible and physical forms over meanings and associations
HEEERBEMMELR - mAESREMES
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Keeping it Modern /=rues

Improving Knowledge Management / iq=4eE

Developments in technology have introduced new hardware, software and
communication technology, which has progressively changed the way work is carried out
and archived. Records range from hardcopy, microfilms and microfiche, to digital entries,
leading to a lack of universal archive.

Keeping track of accumulated knowledge over a long period of time is challenging, since
archive systems are not designed for efficient retrieval of information, especially where
essentially the same project has been running intermittently for nearly 60 years.

As result of the Concrete Conservation Project, the considerable value of the knowledge
of past projects held in Arup and Opera House archives, and retained in the memories
of current and retired staff is now being captured in a single location, along with the
importance of passing on this knowledge to future generations.

HEREAMRERESIA 7 HA0IERS - SESAIBART - FW s 7 TIERN MR
S EEEEE - BB TEMBRAENIRE  BRRZIBRAEE -

EBREHEBNIHEBSKE Y  HAAEZARAZRBURRENMREN - Hrl2E
K& HAERERIEE SESHET 60 FRER T -

ERERTRGENRE  S&BEBENRERERPRENBEEEESBERNMEEE - U
RRBIEIRENRARE TR EPAIERE - IREEWEPE—EEL - BRIL 7 IMSIE LEH ) E =
HEATEEREE -

Communicating Knowledge /ig@m&E:

The project steering committee met regularly throughout the project to share information
and ideas, and support the project team with expert advice and guidance. Progress was
also reported to the Sydney Opera House Conservation Council at their regular meetings.
BEXEEZEETHETZRUNZEMNE L - TAEXERREIERNEZMEE - 4
TERLTASHNERREEZESTHSER -

Training next generation /A& T—H{

The craftsmanship demonstrated in past patch repairs carried out in areas of the pedestals
and on the tile lids will be useful in informing future repair strategies. It was important
to document this information in a visual medium so that the techniques could be
demonstrated to assist in training the next generation of trades staff.

BEEEEMEERE FETHEERMRAMRAARRNEERBIZHREN  FELEMTHF .
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Demonstrative Reference / rai2=

Concrete Conservation Frame Work Implementation /2R IZFELEMNEE

In the two years since that project concluded, the Opera House and its partners have continued in the study of concrete
conservation and development of condition monitoring techniques. The team continues to work at the leading edge of technology
in the field and is working with industry and academic experts to develop the systems in line with the vision for what is possible.
BZTERBLURNMEE - RERKESIEBHEENTER T REAMNEEARMNER - ZBBEEERNRZRIEEIMEE -
WEHEEMEMERSIE - REFSUEMERRNRTL -

¢ Condition Monitoring /ikssEs538
Several outcomes of the Concrete Conservation Project have facilitated the progression of the Concrete Conservation Framework:
BE T RFATENZIEM R E 1R T REERER
1. exposure to a range of inspection techniques using established and emerging technologies.
HEE— 2SR BN RIS Bl
2. ongoing engagement with the “Arup Originals” and other experts in concrete.
£1 T Arup Onginals » FIEMUER 5 + BRI EEHE
3.recognising that it is essential to monitor and categorise concrete condition.
R DR E TR E TR MRS R
4. application of Building Information Management technology for data storage and analysis.
FERZEENEERMETERNBEE DT
e Concrete Inspections /2Rt
Non-invasive techniques are being explored to the extent possible so as to avoid impact to heritage fabric.

Monitoring techniques may include:
REFEAMRKMOIEM BN EESEBELIRE  BERIEE

1. systematic building rainfall inspections
EN i ul=f=E k=t T

2. internal borescope inspections
NEPEBIRRE

3. tomographic inspections
ETEins

4. analysis of sail and podium stormwater drainage performance
PR 52 JEE JEE i 7K BE AR T BE 9 47

5. structural waterproof membrane inspections
R KIERE

6. aerial drone high resolution and infrared inspections
ZEthiE A S BT A AL 9h 4R 2K

The drone carries sensors and cameras capable of monitoring:
EAMBES ST AV B R R B SR A IR S
1. tile adhesion
EWENET
2. tile cracking deterioration
ERRRE
3. organic growth
AR
4. tile to tile grout erosion
g 7 B EREM
5. lid to lid sealant failure
g R 7 B B S B R
6. rainwater leak detection
R 7K SN Az
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¢ Tile sealants and grouting / fifE= £ EIFNER
Rainy day inspections have identified a risk of sealant failure in some areas, and localised repairs have been undertaken to
address rainwater leaks. Subsequent drone, infrared and visual aerial drone leak detection inspections have been trialled and
will target subsequent borescope investigations.
RARERIFRE LR EABHERYWER - T ETBEEBLERRICRRREIE - BEBAE - A IMRM IR E AR RN
S AT EEEERETHAS

¢ Broadwalk Remediation /$i&&18
In 2017, Arup found that localised concrete repair is unlikely to materially increase the service life of the concrete structure, and

more extensive works will be needed as the structure approaches its life expectancy.
2017 F - HBEFERFIER T EBEAKUEEEMERER T ABHNERSm  BERBSHNEL  SREETENTRE -

¢ Continued Collaboration with External Experts /B4 ERMNIFESIE
Since the project was completed, these experts who provided oral histories during the project have continued to participate in
the formation of the Concrete Conservation Consultation Group.
BEXTRE  BLEEEXREREOMFESHEREBS IR T RF4:8/) H1HEE

¢ Use of Building Information Modelling Technology /iZ&&iERkiianiER
The system has been configured to record the concrete condition, testing and treatment history for all building elements. Various
complementary monitoring techniques will be applied to testing the same qualities in the roof sails and podium.
ZEMOMERFPIARETRIER AR AR MERES - SR HNRERMEAMIONGEIRINAEEZNEE mE -

Contents and Collections / emnzranze

Stakeholder / FIZRA&A
The concrete conservation project brought together engineers, students, academics, heritage specialists and concrete industry
professionals.

A group of exceptional people - some of whom worked on the original construction of the building - volunteered their time to
share oral histories with the project team.

These first-hand accounts of the construction of the Opera House have become an invaluable resource for the current and future
custodians of the building.

BRLTIRFTEESE 7 LR B4 - BE - SESHEMERLTESEREAL - —FHEA L (Hp—LS
BRTEEEHEERER D ZOMES - SLEERNERERNE —FEREEZRYIRENARRNRE AMNS E5E

University of Sydney / EF K&

Due to the multidisciplinary approach taken in the project, heritage conservation students were exposed to engineering concepts
related to concrete structures, and engineering students became familiar with conservation principles relevant to 20th century
concrete structures.

This provided a special experience for the students to gain an understanding on how their specific disciplines fit and contribute to
address real world problems.
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