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Foreword

Pamela Jerome, Scientific Council Officer

Since the concept of an ICOMOS Scientific
Council (SC) became reality with the adoption of the
Eger-Xi'an Principles at the 2005 ICOMOS General
Assembly in Xi’an, one of the tasks of the SC has
been to coordinate the one-day scientific symposium
that takes place at the Advisory Committee meetings.
These symposia have been organized on a tripartite
basis, starting with the first series under the umbrella
theme ‘Changing World, Changing Views of Heritage’,
which explored Global Climate Change (Pretoria,
2007), Technical Change (Valletta, 2009), and Social
Change (Dublin, 2010).

Atthe 2011 ICOMOS General Assembly in Paris, a
new interdisciplinary theme for the Scientific Council
Triennial Action Plan for 2012-14 was discussed.
Taking into consideration increasing risks to tangible
and intangible cultural heritage due to various natural
and human-caused factors, the themes for scien-
tific symposia for the 2012, 2013 and 2015 Advisory
Committee meetings come under the umbrella of
‘Tangible Risks, Intangible Opportunities: Long-Term
Risk Preparedness and Responses for Threats to
Cultural Heritage’, and focus on risks resulting from
natural and human-caused disasters (2012), globali-
zation and uncontrolled development (2013), and
loss of traditions and collective memory (2015).
Consideration of risks also marks a shift from reactive
to a preventive approach to conservation that seeks
to put emphasis on risk reduction and preparedness.

The three themes bring forward the underlying
causes for risks to cultural heritage; tools and method-
ologies for their assessment; and policies, strategies
and techniques for reducing potential threats to the
future of cultural heritage aimed at protecting and
managing our irreplaceable cultural resources for
present and future generations.

The theme of the Beijing symposium 2012
resonated with ICOMOS members. Three times more
abstracts were submitted than the typical Advisory
Committee symposium. The papers presented in
Beijing were particularly strong and provocative. This
publication presents the proceedings of the Beijing
symposium on ‘Reducing Risks to Cultural Heritage
from Natural and Human-Caused Disasters.’
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Introduction

Rohit Jigyasu, Symposium Co-Chair, President ICORP
Stephen Kelley, Symposium Co-Chair, President ISCARSAH

Cultural heritage is exposed to numerous disasters
resulting from natural hazards, such as earthquakes,
floods, and cyclones, and increasingly from human-in-
duced hazards, like arson, armed conflict and civil
unrest. The great East Japan Tohuko Earthquake and
Tsunami (2011); Thailand Floods (2011); Haiti, Chile
and Christchurch earthquakes (2010); and recent
civil unrests in Afghanistan, Libya, Egypt, Yemen and
Syria have caused serious damage to tangible and
intangible attributes of cultural heritage sites ranging
from historic buildings, museums, historic settle-
ments, as well as cultural landscapes.

Undoubtedly, the frequency and intensity of some
disasters has increased recently due to the impact of
global climate change, as well as social, economic and
political changes. Considering these challenges, the
ICOMOS Advisory Committee symposium in Beijing
on ‘Reducing Risks to Cultural Heritage from Natural
and Human-Caused Disasters’ aimed to assess
these risks and formulate policies, strategies and
techniques for reducing risks to disasters, responding
to emergencies and recovering from disasters. A brief
was prepared for the one-day symposium soliciting
position papers and case studies on the following five
sub-themes:

1. Techniques and strategies for mitigating risks to
cultural heritage from natural and human-caused
disasters

+ How can we develop appropriate techniques for
mitigating risks to cultural heritage from earth-
quakes and floods, cyclones/hurricanes and
fires by considering factors of safety, as well as
values?

+ What are traditional materials, skills and knowl-
edge systems for disaster mitigation of cultural
heritage, and how can we utilize them in the
present context?

+ Which maintenance and monitoring strategies
can be adopted for reducing risks to cultural
heritage due to disasters?

* How can we enhance the security of cultural
heritage sites to prevent risks of terrorism and
theft?

2. Methodology and tools for undertaking risk-as-
sessment of cultural heritage

« What are various approaches and tools for
assessing risks to cultural heritage sites from
natural and human-caused disasters?

* What are good practices in documentation,
inventorying and mapping for recording and
analysing risks due to natural and human-
caused factors?

* How can we communicate these risks to decision
makers?

. Protecting cultural heritage in times of conflict and

other emergencies

+ What kind of policies, techniques and strat-
egies can be adopted for protecting cultural
heritage sites in the times of conflicts and other
emergencies?

+ How can we effectively use international legal
instruments and coordinate with organizations
such as Blue Shield?

. Planning for post-disaster recovery of cultural

heritage

* How do we avoid hasty destruction of vulner-
able materials and structures (earth, stone and
wood) of architectural heritage located in disas-
ter-prone areas?

* How do we undertake post-disaster damage
assessment of cultural heritage?

* How can we develop monitoring and evaluation
strategies for post-disaster interventions and
reconstruction?

« How do we evaluate costs of post-disaster
recovery and rehabilitation of cultural heritage?

+ How do we engage various international and
national stakeholders for post-disaster recovery
of cultural heritage?

+ How canintangible heritage be utilized effectively
for post-disaster recovery and rehabilitation?

. Awareness-raising and capacity building for

managing disaster risks to cultural heritage

+ How do we engage communities for disaster-risk
management of cultural heritage sites?

+ How do we build the capacity of craftsmen,
professionals and  decision-makers  for
managing risks to cultural heritage from natural
and human-caused factors?



Opening Speeches

Tong Mingkang, President, ICOMOS-China

Beijing is renowned for its crisp sunny autumn
weather during October. It is therefore most fortunate
that the 2012 ICOMOS Advisory Committee series
of meetings is being held in Beijing during such a
wonderful season. This year is the fortieth anniver-
sary of the World Heritage Convention, an occasion
of celebration and commemoration. Please allow
me on behalf of all ICOMOS China representatives
to express my whole-hearted congratulations for
convening this series of meetings associated with
the ICOMOS Advisory Committee. | would also like
to express a warm welcome and pass on my best
regards to the distinguished attendees and colleagues
present here today.

The Fifteenth Assembly of ICOMOS was success-
fully convened in Xi’an in 2005 and provided many
colleagues with favourable impressions. Some seven
years later, more than 100 ICOMOS representatives
from almost 60 countries are meeting together here
in Beijing. Over the course of the next week a series
of meetings such as the Advisory Committee, the
Executive Committee, the Scientific Council meetings
and a scientific symposium will be held. These
meetings provide China with another occasion to
convene large-scale ICOMOS meetings in China as
well as an important opportunity to promote sustain-
able development in the conservation of China’s
cultural heritage.

Since ICOMOS Chinawas formedin 1993, we have
established ourselves as a professional advisory body
for the conservation of immovable heritage and World
Heritage properties in China. We continue to improve
our capacity building and have greatly expanded our
area of work; our ability to influence our profession
continues to grow. There are presently 69 institutional
members and 667 individual members of ICOMOS
China. Almost 100 members have had an opportunity
to participate in International Scientific Committees.
ICOMOS China plays an important advisory role in
the nomination, conservation, management and
monitoring of World Heritage properties and under-
takes the organization of academic exchanges and
professional training courses.

In recent years we have been particularly proac-
tive in fulfilling our international responsibilities. Many
countries, including China have experienced natural
disasters. We have sent professional experts to
disaster stricken countries to provide professional
assistance in the conservation of cultural heritage
properties in those areas. In order to celebrate the
fortieth anniversary of the World Heritage Convention,
ICOMOS China, the State Administration of Cultural
Heritage and its provincial and municipal level counter-
parts have organized a series of commemorative
activities. Some of the activities undertaken include
the Wuxi Forum entitled ‘World Heritage: Sustainable
Development’ in Wuxi, Jiangsu Province; a ceremony

for the commencement of works for a major conser-
vation project in Chengde, Hebei Province, as well
as an ICOMOS information day; a World Heritage
workshop at Luoyang, Henan Province; and in
October we organized a World Cultural Landscape
and Heritage International Symposium in Hangzhou,
Zhejiang Province.

ICOMOS China has also worked hard to prepare
for the series of meetings that will be held by ICOMOS
in 2012. Under the guidance provided by ICOMOS
International secretariat, ICOMOS China has worked
closely with the Beijing Municipal Cultural Heritage
Bureau in preparation for the meetings. We estab-
lished a dedicated steering committee which has
in turn set up a series of working groups respon-
sible for meeting arrangements, logistics, reception,
security, media and information. In addition, ICOMOS
China has arranged with the China Cultural Heritage
Information Consulting Centre to create a website for
these meetings and to disseminate information about
the meetings as well as servicing the needs of the
meeting participants in these areas. We have also
prepared an exhibition, ‘An Exhibition of Photographs
and lllustrations of World Cultural Heritage Properties
in China’ and also published an English edition
of China’s World Cultural Heritage Properties to
celebrate this series of meetings as well as the fortieth
anniversary of the World Heritage Convention.

During the preparations for these meetings we
have been greatly supported and assisted by the
Ministry of Foreign Affairs, the Ministry of Culture,
the State Administration of Cultural Heritage and the
Beijing Municipal Peoples Government. Here, on
behalf of all the representatives of ICOMOS China,
| would like to express my sincere appreciation to
these organizations for their efforts and assistance.

After many years of unrelenting efforts, ICOMOS
has accomplished some important achievements in
the conservation of humanity’s cultural heritage. The
cause of cultural heritage conservation in China has
also made great progress and has entered a new
phase of development and prosperity. We believe that
the series of ICOMOS meetings held here in Beijing
will play a positive role in promoting the conservation
of China’s cultural heritage.

It is with great anticipation that we look forward
to the future days of meetings where colleagues
from around the world will focus on the themes of
the meetings and present their different views on
various agenda topics, will engage in free discussion
contributing their thoughts and ideas to the overall
discussion and will work together to formulate various
strategies for the conservation of cultural heritage.
Autumn is the season of harvest in China. Let us
hope that there will be an even greater harvest in the
conservation of cultural heritage as a result of these
important deliberations.



It is my sincere hope that with the joint efforts of all
the participants and colleagues here, as well as the
enthusiastic support of the various central govern-
ment departments and organizations and the Beijing
Municipal Peoples Government, the 2012 ICOMOS
Advisory Committee meeting and the series of other
related meeting that will be held this week will achieve
resounding success.



Opening Speech

Mme Liu Yandong, State Councillor

Today, on this wonderful Beijing autumn day, we
are gathered here to mark an important occasion
with the opening of the 2012 ICOMOS Advisory
Committee and Executive Committee meetings
here in Beijing. On behalf of the Government and
People of China, | would like to express my congrat-
ulations to all involved. | would also like to welcome
the experts and representatives from the various
Chinese and international organizations. At the same
time 1 would like to express my highest admiration for
all those dedicated to the cause of cultural heritage
conservation.

Society has undergone a long historic process
culminating in the creation of a rich and diverse
cultural heritage. Good conservation practice as
a way of preserving this cultural heritage not only
respects and retains the achievements of humanity,
but is also the natural outcome of the sustainable
development of humanity. In 1972, UNESCO adopted
the World Heritage Convention. As a result of more
and more countries joining the movement to conserve
cultural heritage — the common wealth of all humanity
— outcomes based on equality and respect were
encouraged, drawing on each other’s experiences
and achieving broad based cooperation.

China is an ancient country with a long history
and deep-rooted civilization. China is presently going
through a rapid period of industrialization and urbani-
zation. The conservation of cultural heritage is facing
unprecedented pressures. The Chinese government
attaches a great deal of importance to the conser-
vation, use and sustainable development of cultural
heritage. The government has included heritage
conservation as part of the overall goals of its sustain-
able development strategy and public cultural services
network. For many years we have passed legislation
that continues to improve on previous versions of
legislation; additional funding has been provided, as
well as improved training for professionals and the
development of more technology for use in conserva-
tion. We have undertaken a national survey of heritage
sites, used scientific means to develop plans for the
conservation of large-scale archaeological sites, and
created a network of national archaeological parks.
We have established monitoring and warning systems
for World Heritage properties, introduced a policy of
free public admission to museums, and enabled the
general public to enjoy the benefits of the conserva-
tion of cultural heritage. We continue to explore an
effective way to conserve heritage sites of ancient
civilizations located in large developing countries.
In the past five years government funding provided
to culture has increased by an average of 22.5%
per annum. China presently has 43 World Heritage
properties, 2,352 national priority protected cultural
heritage sites, 208 national famous scenic places,
119 national historic and culturally famous cities, and
350 historic and culturally famous towns and villages.

We hope that our efforts will play an important role
in sustaining cultural heritage well into the future, as
well as in providing services to the public, promoting
development and improving peoples’ quality of life.
The conservation of the cultural foundation of Chinese
civilization, raising public awareness of culture and
cultural confidence will enable our glorious history
and contemporary civilization to form a symbiotic
relationship.

ICOMOS is the peak professional organization in
the field of cultural heritage conservation. It draws
its membership from renowned experts, academics
and site managers from around the globe. Over a
long period of time ICOMOS has played an impor-
tant role in promoting the development of theory and
practice in the conservation of cultural heritage. Ever
since China became a member in 1993 China has
enthusiastically participated in ICOMOS activities
and has been warmly supported by our ICOMOS
colleagues in many countries. In 2005 the Fifteenth
ICOMOS Assembly and Scientific Symposium was
successfully held in Xi’an in China enabling China to
strengthen its cooperative relationship with ICOMOS
in all fields.

This year is the fortieth anniversary of the
Convention Concerning the Protection of the World
Cultural and Natural Heritage. The convening in
China of the ICOMOS Advisory Committee and the
Executive Committee meetings on this auspicious
occasion is not only an opportunity for ICOMOS
colleagues from around the world to gather at their
annual meeting, it is also an important event where
we can all celebrate forty years of cultural heritage
conservation.

1. Implementing the aims of the Convention, jointly
conserving humanity’s heritage

Cultural heritage is the priceless and irreplaceable
wealth of all humanity. The conservation of cultural
heritage is not only the historic responsibility of the
country where the heritage property is located, it
is also the joint responsibility of all people from all
nations. All countries should enthusiastically support
developing countries and countries with less recog-
nition of their heritage in nominating and protecting
World Heritage. The World Heritage List should
continue to be diversified so that is it more represent-
ative, balanced and credible. It should be a dynamic
and effective international system that enables us to
all work together to conserve cultural heritage.

2. Respect for different history and culture and
protection of cultural diversity

The value of cultural heritage is rooted in the
cultural setting where it has evolved, been nurtured
and grown. In today’s world where cultural dissem-
ination and cultural exchanges are increasing in
breadth and depth, countries around the globe should



strengthen exchanges and dialogue based on equality
to promote mutual understanding and respect for our
particular history, culture, traditions and values. This
is the only way to genuinely gain understanding and
share the great wisdom and creativity that cultural
heritage contains and to promote joint prosperity and
progress. Today, many valuable sites are no longer
extant, thus there is an even greater need through
conservation to make even better use of existing
cultural and historic sites and regional civilization.
We need to employ modern methods to interpret and
restore sites so that the general public around the
world can experience and understand the rich and
diverse tapestry of the world’s civilizations.

3. Improve our conservation capabilities, ensure
sustainable development in the conservation of
cultural heritage

Improving our understanding of the conservation
of cultural heritage along with improving professional
conservation capabilities is extremely important for
the conservation of humanity’s heritage. All countries
should include conservation of cultural heritage as
part of the education curriculum. Conservation aware-
ness should be improved amongst the general public,
and among young people in particular. The local
community, general public and stakeholders should
be encouraged to actively participate in heritage
conservation.

Capacity building should be boosted at cultural
heritage sites and funding increased. There should
be improvement in scientific research as well as the
training of professionals and experts. The level of
conservation, monitoring and management needs to
be continually improved. The conservation of cultural
heritage isn’t just simply rescuing heritage from
destruction and preserving it in isolation; heritage
conservation must be integrated into people’s daily
lives as part of their overall education and upbringing.

Cultural heritage sites should be used in an
appropriate manner and developed to an appropriate
degree to satisfy the public’s cultural needs and act
as an economic driver for the local economy based
on the premise of ensuring good conservation and the
principle of public good. At the same time over-devel-
opment and commercialization should be avoided as
this can damage a site’s cultural heritage values. The
local community should also benefit from heritage
sites while ensuring that cultural heritage is used in a
scientific manner and in a sustainable way.

In conclusion, Marcus Tullius Cicero of ancient
Rome once said, ‘History is the witness that testifies
to the passing of time; it illumines reality, vitalizes
memory, provides guidance in daily life and brings us
tidings of antiquity’. Improving the conservation and
use of humanity’s cultural heritage and its mainte-
nance and development is something that links history
together with the present and the future. China is
more than willing to work together with countries from
around the world to jointly share the responsibility
of conservation while jointly enjoying the outcomes
of conservation. We want to work with you hand in
hand to continue to improve the overall conservation
and management of cultural heritage. We hope that
UNESCO along with ICOMOS and other interna-
tional organizations will play an even more important

role in conservation in terms of communication and
providing a platform for initiating good conservation.
| believe that with the joint efforts of all delegates
present here today these series of meetings will be a
resounding success. | sincerely wish all delegates an
enjoyable time here in China.






Theme 1: Techniques and Strategies for Mitigating Risks to Cultural
Heritage from Natural and Human-Caused Disasters






Risk Preparedness and the Limits of Prevention:
Safety versus Authenticity in the Conservation of Urban Waterfronts

THOMAS WILL

Technische Universitat Dresden
01062 Dresden, Germany
Thomas.Will@tu-dresden.de

Abstract. Cultural heritage has always been exposed to the risks of natural disasters, but
preventive mitigation strategies have only recently begun to be investigated. While an overall
increase in human safety has priority, practical measures in turn have side effects: they pose
new risks or may even do harm to the environment and to the often fragile structures and land-
scapes which constitute our built heritage. A comprehensive risk-benefit-analysis is needed,
involving cooperation between planners and conservators. Risk-reduction projects are
predominantly aimed at protecting the population and its material assets, but the intangible
values of cultural heritage are being increasingly recognized by cities and regions. Defying
quantification, they cannot easily be weighed against material values or against the costs
of mitigation projects. By using flood control as an example, this paper asks to what extent
general strategies for disaster mitigation are appropriate for the protection of cultural heritage.
Conflicts and compromises between safety and authenticity are addressed and practical
approaches are discussed with examples.

Ten years ago, in August 2002, unprecedented amounts of rainfall in Saxony (Germany) and Bohemia
(Czech Republic) turned small creeks into terrifying torrents and calm rivers into devastating masses of
muddy water. Major cities such as Prague and Dresden as well as numerous smaller towns and villages
were affected by severe flooding. The loss of lives, buildings, property, workplaces and infrastructure abruptly
raised people’s awareness of the high risks of living by a river and of the need to meet that risk through
preventive measures.

The dramatic situations resulting from such disasters require immediate reaction to facilitate a return to
normal life. Shocking images increase the pressure to take technical and political action and spur a willingness
to help, but they also can promote desperate, hectic activism, which sometimes may lead to short-sighted
decisions. The watchword of citizens and politicians at this point is usually: ‘Never again!’. That is the moment
for the engineer and his visions of new, safe solutions. As soon as the worst is under control, however,
another goal often prevails: to restore everything as it was before. ‘Dov’era e com’eral’, the motto for the
reconstruction of the Campanile in Venice after its collapse in 1902, comes to mind.

These basic modes of reaction following disasters are to be found throughout the history of preservation:
whereas in traditional contexts we usually find the desire to restore what has been lost; however, if a break
in tradition has already occurred or is sealed by a disaster, there is a desire for new solutions that would
prevent any repetition of the damage. Major changes in the structure and the appearance of cities often go
back to Slilch bursts of innovation in the aftermath of urban fires, floods and earthquake disasters (Meier and
Will 2008).

Not long after the flood in 2002, | received a call from the planning office of Grimma, a small city near
Leipzig in Saxony. Situated on a terrace in the Mulde River valley, this town features an unusually well-pre-
served setting in the river landscape with a largely intact medieval city wall still bordering the riverbank.
Historic monuments along the waterfront, such as the former palace, the Convent Church, the Princes’ School
and the baroque mill ensemble, as well as the urban and landscape ensembles of great beauty make the
city’s riverside attractive to both inhabitants and visitors.

Because the city had been hit extremely hard by the flood, it had become the focus of a major flood control
project by the State Dam Authority. But the initial, technically-conceived proposal had promptly been rejected
by both the city council and the permit authority. In this preliminary project, the citizens were confronted with
the prospect of being blocked off from the river by a monolithic concrete wall stretching 1200 m and rising
about 3-4 m. [FIGURE 1]

It was obvious that realization of this scheme would involve severe and lasting damages not only to the
waterfront aspect, but also to the cultural heritage and to functional and aesthetic qualities of the city. Heated
discussions led to the agreement that for a place such as Grimma, with its valuable stock of historic buildings,
flood control planning based solely on hydraulic and monetary parameters is insufficient. It may even prove
counterproductive, since it is likely to screen off, damage or even destroy those elements and features that
(in addition to its foremost task of safeguarding the population) it is supposed to protect.



At that point, our team of conservation and landscape architects from the Technical University in Dresden was
called in for consultation (Will 2008). Since then we have been involved in Grimma as planning advisors to assist
in integrating the concerns of flood protection and heritage conservation along the historic urban waterfront.
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Figure 1. Grimma, Mulde River (Saxony): the former palace as seen from the baroque bridge. Status quo (top) and rejected preliminary
flood protection proposal (bottom).

The example of Grimma, to which | will return later, highlights the usual course of what happens after a
natural disaster. This may be roughly conceived as a causal cycle: the disastrous event leads to damages and
losses; they call forth an immediate reaction which may take, as already pointed out, two directions:

a. Reestablishment of the original state of things — following the enduring forces of tradition, or

b. A new solution that aims at preventing a recurrence of the disaster.

The straightforward repair of damages attempts to achieve a return to life before the catastrophe with as
little rupture as possible, but it must take into account continued vulnerability to similar events, whereas new
planning solutions seek to learn from the disaster and to react with strategic, preventive measures.

However, and this will be a central argument of my paper, preventive measures also have their price. They
are tied to a longer planning process and they pose new risks because they often have side effects. They may
do harm to the environment and, in particular, to the often fragile structures and landscapes which constitute
our built heritage.

1 Cultural Heritage and Risk Preparedness

What is new about the preventive approach in historic conservation? Cultural heritage has always been
exposed to the risks and threats of disasters. Certain natural events have left a lasting mark on cultural history
and historic consciousness; the destruction of Pompeii by the eruption of Vesuvius in 79 A.D. comes to mind
in this context, as do the earthquakes in Shaanxi (1556), Lisbon (1755), Tokyo (1649 and 1703) and San
Francisco (1906), the floods of the Huang He (1887) and the Chang Jiang (1911 and 1931) or the inundation
of Florence in 1966 (Meier and Will 2008).

Up until recent times, ‘classic’ natural disasters had been perceived as isolated, sudden local or regional
events, even if the broader context of their seismic or atmospheric causes was known. But as the number and
intensity of natural disasters have been rising dramatically (World Bank 2006, 3) and is expected to continue
to rise in the course of the climatic changes observable today, we are now faced with a new dimension: it
seems that the interconnectedness of all physical and biological processes on earth in a single, complex,
self-regulating system — first formulated by Lovelock and Margulis as the Gaia principle in the 1970s (Lovelock
2000) — is now also shaping our awareness of natural disasters. We are confronted with slow but worldwide
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transformations, the effects of which can be experienced as a single, global catastrophe that takes many forms
and evolves over an extended period of time (Meier and Will 2008).

That situation allows and calls for a new awareness also in preparedness and strategic prevention planning.
On an everyday basis, preventive measures were of course always part of conservation: conservation laws
are such precautionary steps, as are weatherproofing coats or protective shelters; even in Ruskin’s concept of
radical conservation we find the classic metaphor of the crutch put up to prevent a wall from falling over.

Risk preparedness depends not only on the likeliness and size of the natural events themselves, which we
are increasingly able to explain, but also on public perception of the disaster as something that is not neces-
sarily far away, but could occur tomorrow on our own doorstep. The almost instantaneous, worldwide depiction
of such events by the media impresses their destructive force upon our consciousness in an entirely new
way. This intensified and accelerated flow of information is changing our readiness to undertake preventive
measures (Meier and Will 2008). Whereas in former times the stoic, often fatalistic acceptance of unavoidable
hazards and losses was the rule, the new evidence and collective awareness of increasing and systemic
threats by disasters has stirred manifold research activities in the field of environmental risk assessment and
management, leading to wide-ranging measures for prevention or mitigation such as improved construction,
tighter building codes, land-use and water legislation, and forecasting systems.

For our own field of cultural heritage, the question of prevention and mitigation is of special importance
because immovable cultural property, from historic buildings to open spaces and cultural landscapes, is by its
site-specific nature particularly endangered by natural disasters. Heritage conservation should therefore be
seen as an integral part of all efforts in risk prevention and mitigation, but there is a great need for clarification
of specific, fundamental issues, such as conflicts of goals and the best ways to balance priorities in a socially
and economically responsible manner.

« In response to recent major natural disasters, in 2006 the German National Committee of ICOMOS in
cooperation with the International Centre for the Study of the Preservation and Restoration of Cultural
Property (ICCROM, Rome) organized an international conference on ‘Cultural Heritage and Natural
Disasters — Risk Preparedness and Limits of Prevention’ (Meier, Petzet and Will 2008). From the key
questions addressed at that time, | want to mention three that seem crucial to my topic:

+ Where are the limits of safety and feasibility, and for that matter, to what degree should vulnerability be
accepted for the sake of authenticity?

+ How should the possible benefits of protective technical measures be weighed against their adverse side
effects on cultural property?

+ How can high-tech solutions be evaluated in comparison to traditional methods (retrofitting vs. authenticity)?

The discussion of such questions should help to fill a gap by picking up at the critical point where accounts
of natural disasters often end. Such reports tend on the one hand to document the disaster itself — reflecting
the dramatic impression such an event makes — or, on the other hand, to focus on often admirable reconstruc-
tion work. In contrast, the social, economic, cultural and ecological considerations of long-term preventive
measures are less spectacular. In the long run, though, they are all the more important (Meier and Will 2008).

Our task in heritage conservation therefore encompasses both modes of reaction to the risks of and
damages caused by disasters. We have to find the best compromise between the path of traditional repair and
restoration and that of new solutions, in order to preserve the historic heritage as authentically as possible —
sometimes also in its very vulnerability — while at the same time reducing future risks through contemporary
mitigation measures without failing to recognize the limits of such efforts. While immediate help for quick
recovery and repair have to remain a priority also in heritage conservation, strategic planning for prevention
and mitigation has to take into account the interest of future generations as well; it has to cope with the more
ambitious questions of not only restoring what has been damaged or lost, but also of preventing future losses.

2 What Should Be Protected and Why? Consideration of Heritage Values in Disaster
Mitigation Project

How is cultural heritage generally accounted for in disaster mitigation policies? There are different concepts
that are related to particular cultural and economic situations. On the one hand, we find a tradition of civil
disaster protection that confers special status to cultural property within the hierarchy of objects to be protected,
independently from their current market or use value (for instance, in Switzerland and Canada). On the other
hand, disaster prevention is influenced by theoretical models used in the insurance industry. Here, cases of
damage are considered according to the cost of their reconstruction or their insurance value, which is oriented
on replacement costs. In these models, cultural property does not yet seem to have its own definable status.

Because of the difficulty of putting a value on the non-market nature of many cultural heritage objects
(Ebnéther and Thurnherr 2008), or because of the absence of a replacement price for them, important historic
buildings, characterized by their uniqueness and often by the vulnerability of their materials, are ranked in
terms of their insurance damage assessment beneath mere material property such as industrial complexes
or consumer goods. This often results in reluctance by decision-makers to invest in mitigation measures for
cultural monuments (Meier and Will 2008).
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In order to reasonably judge whether certain precautionary measures are economically and socially effec-
tive, and therefore politically responsible, we need appropriate methods of assessing and balancing the values
that are at stake. This should also help, for instance, to determine and communicate in which cases a ‘primi-
tive’, traditional approach of continual repair might be preferable to ambitious retrofitting techniques.

Risk reduction projects are predominantly aimed at protecting the population and its material assets. To
include the values of cultural heritage and local character is difficult, as these intangible values defy quantifica-
tion and cannot easily be weighed against material values or against the costs of mitigation projects. It would
be worth investigating how and to what extent the intangible values of architectural and landscape heritage
are being accounted for in the process of introducing double-entry bookkeeping in public budget management.
How is the cultural value of a medieval city wall to be accounted for in the balance sheet of a city’s assets? Or
even the ‘outstanding universal value’ of World Heritage sites? In Germany the assessments applied in these
cases are, as far as | can see, unsatisfactory.

Such methodological difficulties notwithstanding, the values embodied in architectural and landscape
heritage are being increasingly recognized by cities and regions. Like environmental and economic aspects,
their consideration belongs today to the requirements of a balanced public service, as it has become apparent
that these ‘soft factors’ are the very factors that constitute the identity of a place and thus contribute to its
attractiveness. This has become especially evident in the emerging competition amongst cities. In a dynamic,
post-industrial economy that no longer follows the traditional criteria for location, a historically and aesthetically
rich and meaningful urban environment has become a key factor as decisions are made about where to live,
establish businesses or services, or visit as a tourist.

With the development of cities and regions now depending more than ever on their cultural identity, protec-
tive measures that adversely affect the built heritage can trigger negative feedback. To put it bluntly: What good
is an attractive townscape that has been cared for over generations and often has been restored with public
funding, if it disappears behind flood walls? This conflict between ends and means that is typical of large-scale
technical projects can be expressed in an exponential saturation curve: initially, preventive measures may
increase the safety of a place or a structure, but they also can produce disruptive side effects on cultural or
natural assets upon which the value and integrity or the attractiveness of what is being protected depend. If
the protective measures are increased, the negative side effects will eventually outweigh the gains. Protection
efforts, as efficient they may be in a narrow sense, will then miss their true goal. [FIGURE 2]

Depending on the various effects of a preventive measure, specific threshold levels can be determined for

safety gains

threshold level

side effects

»
>

Figure 2. Safety gains have to be weighed against loss of authenticity or integrity.

individual local situations. For example, the erection of flood dams in coastal regions may be appropriate in
certain areas to protect the hinterland, whereas it would be inacceptable in situations where it would cut off
rural fishing communities from their source of life. In order to determine optimal levels and acceptable limits,
the assessed gains of a preventive measure need to be set in relation to the expected effects on the cultural
heritage — for each step of the planned actions. This balancing of risks and benefits — well-known from environ-
mental impact studies or also from pharmaceutical testing procedures — requires the maximizing of protective
effects, the minimizing of side effects and the mutual optimization of both imperatives. Measures which are
reasonable from a statistical hydrological perspective, for instance, have to make sense in the long run also
from the wider and practical perspective of the user. In establishing a responsible risk acceptance policy,
these differing perspectives have to be accounted for. This does not mean, in strict terms, objective, impartial
decision-making, but rather disclosure of the relevant arguments and the applied prioritization of values.
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3 Flood Protection: Balancing Opportunities and Risks

Technical flood control provides a vivid example of the conflicting goals that can occur within risk preven-
tion strategies. There is a long history of success in flood protection, but the limits of appropriate uses of
technology have also been revealed. Measures that indisputably serve the safety of the population and its
tangible property can cause serious damage to or even the loss of cultural and natural heritage.

Today, due to the consequences of global climate change with its risk of increased flooding in many parts
of the world and ground-breaking advancements in hydraulic sciences and technology, hydraulic engineering
and inner-city flood protection are facing entirely new and challenging circumstances, which mean new oppor-
tunities, risks and areas of conflict. Flood protection is an example for today’s dominance of science-based
engineering solutions over the traditional acceptance of regular flooding with small-scale adaptations and
frequent need for repair.

River cities are specific risk habitats because of the concentration of people, material, and intangible values
affected by flooding. Conventional protection measures have for a long time been focused on the construction
of dams, reservoirs, and flood walls. Recent advances in hydrological modelling as well as public debate and
political discourse, including European legislation (WFD 2000), have now placed emphasis on non-structural
measures, such as disaster management plans, designation of flood plains excluded from development, early
warning systems, and, as a priority, on flood prevention by providing retention of rainfall in catchment areas.
The effect of this latter policy, however, is frequently limited, since it is subject to natural and anthropogenic
conditions that often cannot easily be altered (Lieske 2012). Structural measures in or close to the areas
threatened by flooding therefore remain indispensable despite their possible side effects on waterfronts and
river landscapes.

In urban areas, flood control projects require a special approach. Settlements are places not only of concen-
trated activity and capital, but also of condensed history and meaning. Architectural monuments and gardens,
places of interest and livability, as well as consolidated socio-spatial relations make for a living environment
that cannot easily be subjected to profound structural alterations. Yet, there is also a special dynamic along
rivers: in the last decades, bodies of water and waterfronts in urban settings have undergone a substantial
change in public recognition. Places for shipping, sewage disposal, trade, and industry, which were subject to
neglect over much of 20th century, now face an upsurge in public appreciation (Lieske 2012).

To date, such conflicts between conservation concerns and safety requirements have rarely been taken into
account, either in the planning and construction of protection systems or in related research fields. However,
along with the recent, rapidly growing political and research interest in risk management, issues of environ-
mental side effects of flood protection are increasingly being dealt with. And, occasionally, questions about the
compatibility of flood protection and heritage conservation are also being raised (Lieske and Will 2011; Meier,
Petzet and Will 2008; Lieske, Schmidt, and Will 2012).

4 Grimma: From Disaster Reaction to Integrated Planning

I will now return to the case of Grimma — a work-in-progress report — to discuss more concretely to what
extent large-scale technical structures used for disaster mitigation are compatible with the protection of historic
settlements and sites.

/\;\\\ /) "'// /

Figure 3. Grimma: aerial view and area flooded in 2002, listed historic buildings in red.
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In the flood of 2002, the Mulde River, a tributary of the Elbe, reached the highest water level ever recorded,
putting the historic centre of Grimma under as much as 3.5 m of flood waters. The steep gradient of the river
valley contributed to the very high velocity of the flood waters, which destroyed or badly damaged almost 700
houses. [FIGURE 3]

Similar events, though mostly on a less devastating scale, occurred in many other towns. Soon after, the
state government updated public flood protection policy on both a regional and a local scale. Comprehensive
concepts for all the bigger rivers in Saxony and their catchment areas were prepared by the Dam Authority;
the protection concept for the Mulde River was approved in 2004 and is the basis for planning in Grimma (Will
2008).

In accordance with legal requirements in Saxony, flood control structures have to be dimensioned to
withstand flooding events up to a 100-year base flood elevation. Given a flood forecast lead time in Grimma
of only about 8 to 12 hours, there is no chance to employ temporary elements such as stop logs there.
Comprehensive investigations were undertaken to determine the extent to which other preventive measures —
reservoirs, retention areas upstream, clearing off of foreland, flow ditches or tunnels, etc. — could help avoid or
diminish massive flood walls in the town. However, hydrological analyses and extensive hydraulic engineering
models showed that under the specific hydro-morphological conditions precautionary regional flood prevention
measures, as used effectively to protect other towns, would not be sufficient to significantly reduce the danger
of flooding in Grimma (Will 2008).

In order to devise flood control structures that would meet hydraulic requirements without destroying or
unduly damaging the cultural, spatial and landscape values of the Grimma riverside, our team developed
alternatives. Analyses of the topographical, spatial, environmental, historic, aesthetic and functional qualities
of the city and its relationship to the river led to the formulation of site-specific design strategies and principles.

The type and purpose of the protective structure suggested striving for unity in diversity, since a barrier
more than a kilometre long and as much as one story high needs to be appropriately subdivided and carefully
integrated into the existing waterfront. [FIGURE 4]

HM

Figure 4. Grimma: hydraulic defence algnment and site-specific differentiation

Yet, merging the wall into the rich urban fabric should not mean hiding it from perception. Flood protection
measures, as exceptional endeavours in response to severe disasters and threats, should be given adequate
legibility and visible presence, and they should be recognizable for what they are. To meet these demands
the conceptual variation and recurrence of certain geometries, materials, details and finishes was proposed.

Since the protective structure could not be isolated from the town but rather had to be integrated into it, it
needed to respect the town’s special character. If designed contextually, it even had to be able to strengthen
certain characteristic features. But due to its size and necessary linearity, it would also introduce something
visibly new, and thus had to be designed to make a valid contribution to the development of the waterfront.

Careful aesthetic integration, however, would not have been enough. Such a large and complex protective
structure also presents a challenge and a chance for the development of the riverbank area. The more compre-
hensive goal was not to degrade the waterfront to a mere protective zone for the rare case of a disaster, but
rather to enhance its value for the city by improving its usability and quality for residents and visitors. Examples
have shown that flood protected, well-designed and easily accessible riverfronts improve the living and recre-
ational conditions in the dense cores of old cities (Will 2008).

Citizen and expert meetings supported the generation of new and unconventional alternatives. Finding out
about the image of the city as perceived by its inhabitants, about their shared values and expectations, and
about their hopes and fears regarding flood protection contributed as much to the planning process as did
the expertise of engineers and our own analyses. Stakeholder participation and town hall meetings allowed
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for rating the perceived benefits of some of the main issues like flood control, compatibility with heritage and
townscape protection, and public access to the waterfront. Subsequently, the exposure of alternative design
proposals to professional and public scrutiny led to either their rejection or refinement and eventually to a
general agreement regarding solutions tailored to the special needs of Grimma. Because the weighing of
public interests had been a constant issue already in the concept and planning phase, this method proved to
be a practical path toward a technically competent, culturally responsible and politically acceptable solution
(Will 2008). In 2009, the project successfully passed one of the most complex plan-approval procedures in
recent years.

Some of the monumental riverside buildings were examined and proved to be substantial for withstanding
floods. These buildings have thus become components of the overall flood protection system, yet visually,
the existing situation remains almost unchanged. Measures are being taken to seal joints on the outer wall
masonry, while windows and doors have been fitted with hatches and stop logs.

The arched bridge by the famous Baroque architect M. D. Péppelmann marks the main entrance to the
town, adjacent to the former palace. It was partially destroyed by the water in 2002. Because of the damming
effects caused by its original piers during floods, the bridge has been rebuilt in a modified version in order to
avoid the need for even higher flood walls (an independent decision by the city not favoured by the conserva-
tion office). A continuous concrete wall right along the riverbank, as suggested initially, would have severely
and irreversibly damaged the view toward the city, its historic buildings and the river landscape. [FIGURE 1]
Our studies showed that the riverside wall of the former palace could be treated to integrate flood protection
into the building, so that it nearly disappears from sight. They also suggested moving the alignment away
from the river, following the remnants of a wall along the former moat, and thereby allowing for a much lower
protective structure. [FIGURE 5]
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Figure 5. Grimma: the former palace as seen from the baroque bridge. Integrated flood protection proposal (Photomontage)

However, more in-depth study led to the conclusion that this unobtrusive integration of the protective struc-
ture would cause too much interference with an archaeological site along the former moat between the palace
and the bridge. The necessary underground sealing, requiring the use of large equipment, would destroy
valuable traces of the city’s oldest history. Thus, it was necessary to weigh townscape protection, which made
integration desirable, against protection of these archaeological relics. In the final solution, this section of the
protective wall is positioned close to the river and used for direct pedestrian access from the new promenade to
the bridge. [FIGURE 6] As a result, the area behind the wall can remain largely in its original state (Will 2008).

Figure 6. Alignment adapted to protect the archaeological site

One outstanding feature of Grimma is its city wall, stretching 450 m along the waterfront. [FIGURE 7] Since
flood protection structures on the city side of the wall were ruled out because of adjoining garden and property

15



walls, the engineers’ preliminary proposals called for construction of a new concrete wall directly in front of the
city wall on the river side. We later commissioned structural investigations of the historic wall, hoping that it
could be injected and stabilized by bored micro piling in order to enable it (with some additions) to meet flood
protection requirements on its own. This retrofitting would have largely preserved the wall in appearance as
well as in terms of its historic fabric.

3

Figure 7. Grimma: medieval city wall along the river.

Unfortunately, the analysis revealed that the old structure is not suitable for retrofitting through struc-
tural reinforcement, given the requirements of safety and economy. Committed citizens argued that the old
city wall had defied flood waters for centuries, even in 2002, and that it therefore could also be adequate
for the future. This observation does not take into consideration, however, that up until now, during major
floods, the city wall was inundated from both sides and thus, was never subjected to one-sided water
pressure, which would be the case if it was in fact itself acting as a flood wall. Furthermore, it became clear
that structural retrofitting would have severely damaged the historic wall. Following a heated discussion of
the wall’s considerable historic and scenic value, it was decided by the state government that the old wall
will be closely flanked by a new concrete flood wall.

For this painful compromise we worked out a set of principles in agreement with the Heritage Preservation
Office: for the sake of the integrity of the traditional townscape, the new wall will be clad with local stones much
like the ones that constitute the medieval wall, not in order to erect a deceptively perfect copy, but rather as a
new yet harmonious interpretation, using an analogous masonry facing and following the rules of good crafts-
manship. At the transition points and in sections where the old wall is higher than the new one needs to be, the
layering of old and new structures will be legible (Will 2008).

Can we consider the Grimma project a success with respect to the goals discussed here? It has become
clear that many conflicts occurred between the desire for safety and the concern for the authenticity of historic
buildings and spaces. Difficult compromises had to be made in deciding between either technical retrofitting or
more conservative ways to keep the original state of a building or site. Our occasional arguments in favour of
smaller, less intrusive alternatives were not always heard. The option of partially reducing the safety standards
in certain areas and allowing the individual adaptation of building use at ground floor level was rejected on
several grounds: the enormous insurance values at stake; the awareness of the unusually high relief funds
already spent on reconstruction, combined with the realistic assertion that a repeated disaster would not yield
similarly generous assistance from outside; and, last but not least, the technological argument that such a
costly flood protection system must, literally speaking, not have any leaky points. No part of the city should
be left out — in terms of safety, economy and social equality. These altogether valid arguments made it diffi-
cult to flexibly combine different mitigation strategies and safety levels — a general characteristic of advanced
technical solutions; being intrinsically based on universal standards and norms, they tend to be inflexible for
the integration of alternatives, such as local or traditional solutions.

As these difficulties show, it is all the more necessary for the planning of advanced, large-scale flood protec-
tion structures to be carefully integrated with concerns of urban function, cultural heritage and environmental
protection, city and landscape aesthetics, local infrastructure, recreation and tourism. This extra planning
effort, including comprehensive public participation, more than pays off, if long term flood protection structures
can be designed to merge successfully into the valuable fabric of historic towns and landscapes (Will 2008).
In many cases, the protective measures can even lead to additional improvements and can add extra benefits
and amenities.

The history of flood protection, like the histories of city walls, railway tracks and other large-scale construc-
tions, gives evidence of the fact that such structures do not necessarily interfere with their respective urban or
landscape environments in a degrading or disintegrating way. Planning for flood protection may provide oppor-
tunities to enhance conditions along the waterfront, for example by improving pedestrian and bicycle access
and reviving visual and functional city-river relationships (Will and Lieske 2011).
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5 Conclusions Based on a Comparative Study

The work for Grimma has stimulated our interest in similar cases, other experiences and best-practice
examples in this field. As we became aware of the limited attention that is being paid in flood protection projects
to the questions addressed here, in 2009-2011 we conducted a nationwide comparative study on heritage
conservation and urban development confronted with large-Scale flood protection schemes (Lieske, Schmidt
and Will 2012). In situ investigations covered architectural analyses, surveys of the local heritage stock, and
guided interviews with authorities, planners and experts. Results were presented as detailed case studies,
in a critical comparative commentary and in recommendations for authorities, planners and politicians. This
empirical research project focused on two issues:

1. Processes and policies: What procedures are being implemented for the planning and construction of flood
protection schemes? To what extent is the public involved in these processes? What effects have these
procedures and processes on the consideration of cultural heritage and urban qualities?

2. Physical planning: What hydraulic and architectural constructions are used in the various projects and
what are the design principles? What effects have these construction and design solutions on the cultural
heritage and on urban qualities?

By reviewing flood protection schemes for more than 50 towns, historic gardens and monumental ensem-
bles, we were able to systematically assess and describe the current state of the art for such projects and also
to identify certain lines of conflict that frequently occur in large-scale hydraulic projects. The controversies that
were regularly observed fall into three main categories: socio-spatial conflicts, discrepancies between various
planning sectors, and problems with heritage conservation. To mention just two examples: residents living next
to the river, although even more exposed to flooding than others, frequently opt against any flood-proofing
structures because these are likely to alter the views to and from the river landscape they are familiar with and
fond of. Secondly, discrepancies often arise between parties committed to the protection of a historical neigh-
bourhood and those demanding a maximum in safety from flooding (Lieske 2012).

Besides these conflicts at the level of the citizenry, there are competing demands about political and
planning issues that touch on matters of social justice and sustainability in urban development. In particular,
we found our Grimma experiences corroborated this again and again: heritage aspects are usually considered
too late and not enough. Rather, seldom are they as systematically accounted for as, for instance, concerns
for the natural environment (which enjoys more rigid legal protection in Germany then cultural heritage). Flood
control projects therefore frequently cause damage to valuable aspects of the waterfront and to the cultural
heritage. They can easily spoil the attractiveness of those special historic places.

Even if concerned citizens call for accelerated action and uncompromising steps after a flood, large-scale
inner-city flood protection structures are tasks for generations, comparable to the erection of city walls in former
times. Only with a long-term perspective and a clear political and civic commitment to a location will the high
costs and the extensive planning and construction process of an urban flood protection system be plausible
and acceptable to the general public. Integrative planning procedures provide opportunities to combine up-to-
date flood protection with the preservation of the urban heritage and a general upgrading and stabilization of
historic river cities.

The common goal, then, of all those involved in planning such projects must be to avoid a situation in which
protective measures, which are often extremely costly, produce negative overall effects. This calls for interdis-
ciplinary processes of forecasting and weighing the possible gains and losses of prevention efforts. Our task
thereby is to clarify and emphasize the role of heritage sites as socially and economically effective factors in
urban and regional development, in order to help integrate cultural heritage concerns into general disaster
mitigation plans and programs.
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Figure 1. Like a scene from Dante’s Inferno, central Port-au-Prince, 4 months after the earthquake

1 Tangshan 1976 and Haiti on January 12, 2010

On the 27" of July 1976, the ground shook in Tanghan, only 150 kilometres from Beijing. When the shaking
stopped less than 15 seconds later, the city was veritably destroyed, and the official estimates reported that
almost a quarter of a million people died. Unofficial casualty estimates were as high as 655,000. At the time,
this event was believed to be the largest loss of life in an earthquake in 420 years, and the second largest in
all of documented human history. The record for loss of life in an earthquake is reported to have also been in
China — an earthquake on the 1% of June 1556 near Huaxian Shaanxi (formerly Shensi). It was reported to have
killed 830,000 at a time when the human population of the planet was far less than that of the 20" century.’

Thirty-eight years after the Tangshan earthquake, and on the US Geological Survey (USGS) web page
referenced above, the second item under ‘Earthquakes with 50,000 or More Deaths’ is the 2010 Haiti earth-
quake. Thus, Tangshan 1976 is listed third! The Government of Haiti’s publication of the ‘official’ death toll of
316,000 exceeds that of the official number for Tangshan, placing the Haiti quake as the second most devas-
tating in history with respect to human lives lost. Ironically, the earthquake’s magnitude of 7.0 was identified as
the lowest magnitude for any earthquake with over 50,000 fatalities.

This paper is not intended to verify or refute this figure. That is a task reserved for others, and it is a contro-
versial and perhaps thankless duty. However, earthquake casualty data has two contrasting effects on the
international political spectrum:

1. International aid contributions are often sized in response to the body count, which is an incentive to
overstate the fatalities.

2. It highlights the apparent failure of national and local governments to oversee and regulate building design
and construction quality in the public’s interest, thus providing an incentive to understate casualties.

In the case of Haiti, casualty estimates range from as low as 50,000 to as high as the over 300,000.
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Regardless of the figures, the irrefutable evidence is that it was the collapse of vast numbers of formal contrac-
tor-built, downtown commercial and residential buildings that led to such high losses. We may then ask: What
about the many published images of large areas of destruction of informal, unauthorized housing in the hillside
and coastal shantytown squatter settlements? This paper will explore that issue and evaluate how it compares
to that of the formal construction.?

Do d N R L Y DK SO

Bird's eye view of the buildings in Lunan district of Tangshan before the earthquak 1-3 REEMEN . KT AR IR .

Figure 2. Tangshan before and after 1976 earthquake.
(Source: The Mammoth Tangshan Earthquake of 1976 Building Damage Photo Album, China Academy of Building Research)

2 Oblique Views from the Air

Whether the death toll in Haiti is a 250,000 or less than 100,000, it is still inarguably high, particularly for
a 7.0 earthquake. Research on the causes of these high casualties is of importance beyond the shores of
Haiti, because most of these casualties were in buildings of recent origin — most of which were of reinforced
concrete, a structural sysem which has rapidly become the predominant choice for new buildings in urban, and
even many rural areas in many parts of the world.®

My recent research on Haiti stems from access to an unusual source of data — the oblique aerial photography
of the damage district in and around Port-au-Prince, generated in the weeks following the 2010 earthquake by
Pictometry International Corp.. For the first time, it was possible to survey the damage patterns over a much
larger area than would be possible to do from the ground, and with greater clarity than is possible from satellite
imagery.

Figure 3. A detail from a Pictometry oblique aerial view of central Port-au-Prince one week after the

earthquake. The collapsed unfinished building in Figure 1 is visible in the upper left
(© Pictometry International Corp.)
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Following most disasters, news photographers as well as govern-
ment inspectors and engineers head to the most evocative and extensively
damaged areas. Their photographs quickly blanket the information pathways
with poignent images of devastation and distress. Such points of view from the
ground usually fail to document and thus properly recognize areas with fewer
collapses — and therefore fewer casualties.

The World Bank sponsored an extensive preliminary damage survey from
high resolution straight-down aerial imagery using Google Earth as a platform,
and this was published on the web and used extensively in the post-disaster
planning work.* However, the Pictometry oblique imagery provides a chance to
glean more complete information of the architecture and structural systems of
both the collapsed and still-standing buildings. The oblique views of the frame-
work and still-standing walls of those that are partially and totally collapsed are
more clearly visible, and thus provide an opportunity to see better the nature of
their failures. This allows for the classification and rough dating of the affected
building types, as well as a more accurate assessment of whether or not partial
or total collapses have occurred, while a straight-down view of the roof can be
misleading, as collapse of the walls may then only be revealed by a view of
debris on the ground.

USGS Shakemaps, the Modified Mercalli scale, and the First Casualty Estimates

Prior to exploring the results of the Pictometry imagery, it is worth revisiting the days following the earth-
quake, when the first technical data was issued by seismologists from around the world, including the United
States Geological Survey (USGS). Ten days after the earthquake the California-based risk and loss estimation
firm Risk Management Solutions (RMS) published a report in which they estimated that the earthquake had
caused 250,000 fatalities. This number is uncannily close to the 222,570 reported by the United Nations Office
for Coordination of Humanitarian Affairs (UNOCHA), citing a USGS ‘Newsroom’ page released on February
22, 2011, thirteen months after the earthquake.’5 By that time, according to the Haiti government, the body
count had risen to 316,000, as claimed by Prime Minister Jean-Max Bellerive on the first anniversary of the
earthquake. This is almost 100,000 higher than that cited by the UNOCHA, and higher even than the 300,000

reported by the USGS as the

USGS ShakeMap : HAITI REGION
Tue Jan 12,2010 21:5308 GMT M 7.0 N18.45 W72.45 Depth 10.0km 1D:2010as

number who suffered injuries.®

USGS ShakeMap : HAITI REGION
Tue Jan 12,2010 21:53:10 GMT M7.0 N18.46 W72.53 Depth: 13.0km ID:2010rja6

USGS ShakeMap : HAITI REGION
Tue Jan 12,2010 21:53:10 GMT M7.0 N18.46 W72.53 Depth: 13.0km ID:2010rja6
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Figure 5. USGS Shakemaps with details of each map. Left: Version 2 (January 12-Day of earthquake); middle:
Version 7 (January 13); right: Version 10 (March 4)
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Interestingly, the RMS estimate just days after the earthquake a year earlier was stated as based on a
‘USGS Shakemap published on January 13, 2010’, just one day after the earthquake. The USGS shakemaps
customarily go through a number of revisions as more data is processed and interpreted, but only the latest
report (in this case Version 10, dated March 4, 2010) is made available on the USGS site. The earlier versions
are no longer available from USGS, and in order to locate them, one has to search the internet for copies that
may have managed to be reproduced into reports and posted on other websites. Using desktop research, |
was able to locate USGS Shakemap versions 2, 3, 7, as well as 10. If one compares these versions to one
another for the Haiti earthquake, it appears that both the precise location of the fault and the rupture zone on
that fault were shifted on the map as the later versions were published.

Versions 2 and 3 were produced immediately after the earthquake on January 12 at 4:30PM and 6:30PM
respectively. The version most resembling the map in the January 22 RMS report and of the date cited by
RMS; was found on Wikipedia linked to their page on the ‘Mercali Intensity Scale’. This shakemap is marked
as version 7, published at 7PM on the 13", This was probably the most up-to-date shakemap available at the
time that RMS prepared their report.

The version 7 shakemap shows the city of Port-au-Prince as having been subjected to a shaking equiva-
lent to an Modified Mercalli Scale (MMI) IX, while version 10 shows a reduceduction in shaking to an MMI-VII
or VIII. The transition from the yellow for VII, to orange for VIII extends over part of the area. An undated UN/
European Commission shakemap classifies all of Port-au-Prince as having a value of VII. Interestingly, USGS
versions 2 and 3, published on the day of the earthquake also show Port-au-Prince having been subjected to
a MMI-VI to MMI-VII, considerably lower than version 7 a day later, but not much different from the latest and
final map version 10 of March 4.7

Figure 6. Bodies laid outside a Port-au-Prince hospital. Counting of fatal-
ities was done by measuring the body count in squares such as this and
reporting on how often they were refilled after they had been cleared for
burial. It was also done by counting truckloads of dead bodies, but this
process was informal and prone to large errors (Source: AP)

To put this in perspective, as stated above, a quarter of a million fatalities places this earthquake as equiv-
alent to the Tangshan earthquake of 1976, which caused more fatalities than any other in the 20" century by
an order of magnitude. The RMS estimate was considered to be plausible when the intensity was calibrated to
be an MMI-IX, given the poor construction known to exist in Haiti. However, what if the actual shaking is more
correctly classified as an MMI-VII?

At the time of the earthquake, it was the widespread collapse of the legally constructed buildings in Port-au-
Prince that most probably suggested a classification of the intensity as an MMI-1X and possibly even an MMI-X
(as continues to this day to be reported in Wikipedia).8 This information seemed at the time to be accurate, not
just in the epicentral area near Léogéane, but also extending through Port-au-Prince and including Pétionville.
In fact, two buildings in particular that may have influenced the figures are the five-star Hotel Montana, and
the former five-star hotel used by the UN to house its staff in Haiti [FIGURES 7 and 8]. Both of these hotels
pancake collapsed, killing most of their occupants. The Hotel Montana was heavily used by visiting govern-
mental officials from the USA, so knowledge of its collapse spread fast, including to the USGS. Since it was
thought that these buildings would be much more structurally sound than the shantytown houses, early knowl-
edge of their collapse may have influenced the USGS decision to show the steep rise in intensity in the version
7 shakemap, over that in those published the day of the earthquake. With access to more technical geological
data, the subsequent USGS shakemaps show a return to a lower MMI for Port-au-Prince.

The lead author of the RMS document, Patricia Grossi, reported that if USGS had published on the 13®
of January the lower MMI that they later determined was correct, the RMS estimate of casualties would have
been significantly lower. She pointed out that since there were no seismographs in Haiti at the time of the
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earthquake, the interpretation of data from the more remote instruments is all that scientists had available to
generate the shakemaps and this took time.®

Figure 7. Five-star collapse in Pétionville. Left: Hotel Montana before. Figure 8. UN headquarters after the earth-
Centre: after the earthquake quake (Source: Google Images)

To try to assess the differences, one can look at how the Modified Mercalli scale calibrates damage. This
intensity scale was updated from the late 19th century Rossi—Forel scale by Italian volcanologist Giuseppe
Mercalli and given his name in 1902, and was later re-written slightly by Charles Francis Richter in 1958. For
the lower intensities, the scale is based on an extrapolation of intensity based on peoples’ perceptions of the
ground shaking. In the higher intensities, it is based upon damage to buildings. Since the buildings in Italy at
the time and place of Mercalli were primarily buildings of unreinforced masonry, earthquake damage to these
served to calibrate the scale.

As a source for the estimate of 250,000 fatalities, the RMS report on page 7 states:

‘The initial casualty estimates were developed using publically available information including
population data, ground shaking intensities, and the Haitian construction materials and practices,
as previously summarized...The building vulnerability was assumed to map on average to unrein-
forced masonry construction, which is extremely susceptible to collapses and heavy enough to
cause significant casualties to occupants. This is consistent with the prevalent construction type
in the urban regions of Haiti (i.e., blocks/concrete), but actual construction practices vary and
include reinforced concrete, reinforced masonry, and unreinforced self-constructed buildings.’

As mentioned above, the estimates are based on an MMI of IX for central Port-au-Prince including the
shantytowns, known as bidonvilles’ (French for ‘tin can cities’) on the surrounding hilllsides. An MMI-IX is
described in part as ‘Violent: ...Damage to masonry buildings ranges from collapse to serious damage unless
modern [ca. 1958 — the time of Richter] design. Wood frame structures, if not bolted, shifted off foundations.
Frames racked.’ If it were an MMI-VII quake, then the calibrating description would be the following: ‘Strong:...
damage to some poorly built unreinforced masonry buildings. ... Some cracks even in better built masonry
buildings if not reinforced.’

4 Rubble Stone Masonry versus Reinforced Concrete Moment Frames

It is exactly the MMI scale’s damage descriptions that indicated potential flaws in the early estimates of high
intensities on which the casualty figures were based. My first opportunity to see the earthquake damage came
while on a post-earthquake historic preservation mission to Port-au-Prince in April 2010 to survey the condition
of the late 19th century historic timber and masonry houses that had come to be known as the ‘Gingerbread’
houses. One of them was the Oloffson Hotel, the original construction of which is concurrent with Mercalli’s
publication of the scale. It is of URM construction with good quality brickwork (which in the MMI scale would
be termed ‘better built’). It came through with only minor cracks, as specified for an VIl quake and never had to
be closed [FIGURE 9]. As evidence that the Oloffson was not on a site subjected to less shaking, a nine-story
RC hotel structure immediately behind the Oloffson pancake collapsed.
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Figure 9. The unreinforced brick masonry of Hotel Oloffson, Port-au-Prince after the earthquake
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The other historic masonry buildings were most often constructed with a mixture of brick with round-rock
rubble stone set in clay or lime mortar — many of which had been poorly maintained during the decades leading
up to the earthquake. The damage to these ranged from medium [FIGURE 10, left and middle], to heavy
[FIGURE 10, right]. However, very few suffered collapse, except for the falling out of some of the empaneled
rubble stone. This is also consistent with the MMI-VI| classification. All the affected buildings were within the
central Port-au-Prince damage district, making it difficult to explain these phenomena as only a consequence
of extreme differences in local site effects.'®

Figure 10. Brick and empanelled rubble stone construction, as is typically found in many of the Port-au-Prince ‘Gingerbread’ Houses
from the late 19th century, showing different levels of damage from onset, to collapse of the rubble panels. Surprisingly few houses with
this construction collapsed overall, despite the weakness and vulnerability to earthquake shaking of this construction — a further verifica-

tion that the intensity did not exceed MMI-VII at these Port-au-Prince sites.

This then leads to my hypothesis of how the RMS casualty estimate and other initial estimates immediately
after the earthquake end up being very close to the casualty totals reported more than a year after the earth-
quake, despite the the later scientific updates in the intensity levels.’* There are three possible scenarios:

1. The total chaos after the earthquake and a lack of any record of how many people were in harms way
prevented any actual reliable count of fatalities, and thus the body count remained at those original
hypothetical estimates because of their rapid publication and circulation on the internet just days after the
earthquake, and/or

2. The later shake maps may have failed to recognize localized higher levels of shaking in certain areas
because of the lack of instrumentation in Haiti, and/or

3. The structural resilience of the buildings in which people were at the time of the earthquake was far worse
than the ‘...map of unreinforced masonry construction...’ that RMS used to come up with its estimate.

In reference to scenario number 1 (fatalities), while many sources cite casualties in the 225,000 to 300,000
range, they are quoting what can only be classified as impressionistic comments by people who individually
could not know the true number. Many sources make it clear that due to a lack of quantitative data on the
populations prior to the disaster, the exact number of fatalities may never be known. With no official census or
figures of the number of citizens living in Port-au-Prince prior to the disaster, thefore assumptions were used to
calculate the total figure of casualties after the earthquake. A paragraph from Wikipedia explains scenario (1):

‘In the weeks following the earthquake ...the Red Cross stated that 40,000-50,000 may have died,
while Haitian Interior Minister Paul Antoine Bien-Aimé estimated that the dead were between
100,000-200,000. On 12 January Haitian Prime Minister Jean-Max Bellerive stated that the death
toll could be ‘well over 100,000.’ Later Red Cross officials issued a death toll estimate of 50,000
killed, while Haitian Interior Minister Paul Antoine Bien-Aimé stated that ... ‘there will be between
100,000 and 200,000 dead in total, although we will never know the exact number.” Prime Minister
Bellerive then announced that over 70,000 bodies have been buried in mass graves. ... Haitian
President Rene Preval reported on 27 January that ‘nearly 170,000’ bodies had been counted. On
10 February the Haitian government reported the death toll to have reached 230,000.... Edmond
Mulet, who was appointed head of the United Nations after the quake, stated that ‘I don’t think
we will ever know what the death toll is from this earthquake.’ And the director of the Haitian Red
Cross, Guiteau Jean-Pierre, noted that his organization didn’t ‘have time to count’ bodies...”"

Engineer Kit Miyamoto, who led teams of inspectors for over a year after the earthquake, believes that the
higher range of estimates of fatalities are plausible. However, on June 2nd, a draft of a USAID report by PhD
anthropologist Timothy Schwartz was obtained by Associated Press, which estimated that between ‘46,000
to 85,000 people’ were killed in the earthquake, contrary to initial higher estimates. Despite the discrepancy
between the estimates, Schwartz’s numbers demonstrate a more rational relationship between the number of
deaths and the number of injured, while taking into account the residents still living at their original addresses.

In reference to scenario number 2 (earthquake intensity), the lack of local instrumentation makes representa-
tions of enhanced shaking due to the geology of the affected areas plausible, but only speculative. Subsequent
research of the geology of the Port-au-Prince area does illustrate subsoil and geological strata that could have
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resulted in shaking differences. However, because of the range of damage within each of these strata subdi-
visions, the differences cannot justify the discrepancy between the overall poor performance of the reinforced
concrete moment frame buildings, when compared with either the masonry buildings, or the non-engineered
self-built houses in the bidonvilles’ regardless of the construction material used. Many of the comparisons
were made during the reconnaissance of buildings that were near or adjacent to each other, sharing the same
geological strata.

In reference to scenario number 3 (collapsed buildings), this may be the only variable that can be used as
a scale to measure destruction, because it is possible to investigate it in detail, particularly with the Pictometry
images. Thus the Pictometry imagery provides insight into where it was that most of the people probably died.
It is clear in this data, as well as the views from the streets, that the earthquake performance of buildings in
central Port-au-Prince of recent construction was particularly poor.

5 Downtown versus Shantytowns

Unlike most recent earthquakes that have stricken developing countries where the affected buildings are
largely rural, this one struck a capital city. The RMS report expected that the preponderance of the fatalities
would be in the bidonvilles’ because of their belief that the owner-built houses mostly of cement block masonry
and concrete slabs would be most vulnerable. However, the Pictometry images have revealed that the majority
of the building collapses were not, as anticipated by RMS, in the bidonvilles’, but in the formal, contractor-built
multistory reinforced concrete buildings in and around the city center [FIGURES 1,3 and 11].
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Figure 11. A downtown commercial building in a near state of collapse, illustrating the brittle
vulnerable nature of many of the formal, contractor-built reinforced concrete buildings in
Port-au-Prince. Many buildings of this type did pancake collapse, but as demonstrated by
the buildings on either side that are still intact, everything did not fall down. Approximately
40% of the buildings in the central city were partially or totally collapsed; but of the remain-
ing 60%, many suffered little damage'®

This also includes the 5-star Hotel Montana well to the East. Shockingly, almost every Haitian government
building collapsed, including the 1916 National Palace and the more recently constructed Legislative complex.
In addition, the devastation included the hundreds of offices and retail buildings in the city center. Thus, the
worst building performance was with the pre-designed, ‘engineeered’ and contractor-built buildings. Almost
all of these were of reinforced concrete with concrete block masonry infill, mostly located in the commercial
downtown area of Port-au-Prince and in some of the more permanent and formal parts of the outlying areas
to the north and east.

The collapse of these buildings may in fact require the setting of a new lower limit for damage in the MMI
scale definitions — collapse risks at levels of shaking not anticipated by either Guiseppi Mercalli or Charles
Francis Richter. They based the calibration of the building damage portion of the scale using the performance
of unreinforced masonry buildings not unlike the 1890’s Oloffson Hotel (originally constructed as a private
home) at the high quality end, and of the brick and rubble stone houses in the Gingerbread District at the lower
quality end.

The more recent single-wythe low-strength cement block masonry buildings with (and sometimes without)
poorly designed and built non-ductile concrete frames would not have existed at the time the Modified Mercalli
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Scale was created. They may now best be classified as having less resilience than even what is defined for
MMI-VII as ‘damage to some poorly built unreinforced masonry buildings’. The description of MMI-VI includes
‘Weak plaster, adobe buildings, and some poorly built unreinforced masonry buildings cracked’. It is hard to
imagine that this category should now contain a phrase such as: ‘pancake collapse of poorly built multi-story
reinforced concrete frame with infill buildings, particularly’ - but how else can one explain the situation?

P V. =3 el 7 & jm Y |- ™ . 3
Figure 12. Views of a bidonville near central Port-au-Prince showing (left) a view of an area with extensive collapses, and (right) an
area with very few collapses. A careful review of the Pictometry of the Port-au-Prince damaged district as a whole has shown that the

number of areas with minimal evidence of collapsed buildings, were higher than those with greater damage.
(Left: Source: UNDP Global from RMS Report; right © Pictometry)

This situation in Haiti contrasts sharply with the outcomes which followed Chile, and a year later Japan. It
was only the buildings of reinforced concrete and steel that remained standing after the remarkable onslaught
of the Tsunami in Japan. Some smaller RC buildings were even found on their side with their superstructures
intact, having been turned by the tidal wave and carried away from their original location by the great wave
[FIGURE 13, right]. In Haiti, which is frequently subjected to hurricanes, the resistance from weight of concrete
buildings makes that system more favorable over wood and lighter materials.

; g iy - ety \
Figure 13. Left: Pancake collapse of a reinforced concrete building on the East side of Port-au-Prince. Pancake
collapses of the heavy floors of multi-story RC buildings are particularly lethal and make it hard to extract the survi-
vors. Right: A reinforced concrete building in Rikuzentakata Japan, swept onto its side and carried upstream by the
March 10, 2011 earthquake and tsunami (Source: AFP/Getty)

Ironically, the introduction of modern materials and systems such as reinforced concrete, concrete block
or even light weight steel (as demonstrated by the Bam earthquake where the use of steel and masonry
jack-arch roofs on adobe walled buildings caused countless fatalities) may have led to an increase rather
than a decrease in risk of total collapse of buildings. Due to the abundant use of these new materials and
systems where quality control and inspections do not exist and a skilled workforce is not available, the results
are devastating. Reinforced concrete buildings can be exceedingly strong if well designed and constructed.
However, when the workmanship is of poor quality, they are more subject to faults which can dramatically
reduce their inelastic capacity and ductility. These faults can easily lead to collapse in earthquakes specifically
because it is with design level or greater earthquakes for which inelastic response is expected to occur.

Concrete construction came to be used in Haiti relatively early. The view of the collapsed National Palace,
with its heavy white square domes scrunched down over the ruins of the building below was broadcast around
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the world in news reports after the earthquake [FIGURE 14]. This building, dating from 1916-18, is reported
to have been finished by the U.S. Navy when the United States occupied Haiti.'* It has a reinforced concrete
frame infilled with masonry composed mostly of rubble stone. The Catholic Cathedral was also reinforced
concrete except for its steel truss roof. The upper level walls and towers collapsed, bringing down the roof. The
steel reinforcing, which was minimal to begin with, had corroded over the century of exposure to the tropical
elements. Many of the other churches in Port-au-Prince had collapsed for the same reason.
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Figure 14. The 90-year-old National Palace in Port-au-Prince after the earthquake and partial demolition, revealing the reinforced con-

crete frame infilled with rubble stone. The steel reinforcing bars in the exterior portions of the frame and poured concrete walls (visible
on left side of left photo) were heavily corroded in this over 90 year old structure.

Most of the collapsed buildings where people died were of much more recent construction, a problem with
modern buildings with moment frames of reinforced concrete infilled with masonry that increasingly has been
observed in other earthquakes around the globe. However, in Haiti, there is another story that needs to be
explored: it is to see what happened with the buildings initially thought to be most lethal — the illegal and unreg-
ulated owner-built housing on the mountainsides and water’s edge around central Port-au-Prince.

6 The ‘Bidonvilles’ — Are They Only Slums?

As one scans the news photography of the bidonvilles’, not surprisingly the impression one gets is that
most of the houses were destroyed. There are many views of hillsides of shattered houses. The Pictometry
flights however were designed to uniformly cover every part of the urban landscape — and while the smashed
areas are also visible in the Pictometry views, they must be searched for. This search, | found, passed over
vast areas with little or no evidence of collapsed buildings.

On the hillsides to the east and south of Central Port-au-Prince, there were some areas where whole
clusters of buildings were devastated while other areas were largely intact. In most of the areas which had
large swaths of damage, after making 3D images from the overlapping areas of the Pictometry aerial photo-
graphs it was possible to see that the most destroyed areas were located on the steepest slopes (for example
as seen in FIGURE 15a). This then served to explain the most likely cause for the concentrations of damage.
The foundations and retaining walls of many of the destroyed houses had been constructed of undressed river
rock which is the most vulnerable of masonry types. The failure of these walls often would cause a mini-land-
slide carrying other houses with it.

It is also worth investigating areas where steep hillsides are not a factor. One such area is presciently called
Cité Eternal’. It is located immediately adjacent to the devastated city center at the edge of the sea, on fill and
unconsolidated alluvium, land where one would expect to find the most damage [FIGURES 16 and 17]. The
area consists mainly of one, two, and three story buildings constructed with concrete block masonry, slabs and
roofs.

While the largest number of houses in Cité Eternal’ were one story buildings, there were many two-story
and even a significant number of three- and four-story concrete block masonry buildings with RC floors and
roofs. Some buildings and parts of buildings did collapse, but they were isolated examples. This contrasts very
conspicuously with the city center where block after block was in ruins. The question is: why did so many of
these hillside and seaside shanty town houses survive?

One hypothesis is that poorer people tend to build smaller rooms, and therefore the honeycomb of small
rooms contributed a redundancy of walls that added to the buildings’ resilience. Perhaps also, in the case of
Cité Eternal, the soft soil at the seaside actually proved to be beneficial for the stiff masonry construction. Stiff
buildings tend to resonate less with earthquake vibrations when on soft soil, so long as it does not suffer from
liquifaction. Perhaps it is the simple fact that the buildings — essentially being solid wall masonry and confined
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Figure 15. 3D aerial view of shanty town on the hills immediately to the south of Port-au-Prince city centre. One can see that only occa-
sional houses on the less steep areas are collapsed, but massive slides and collapses are along the steep slopes of the ravine. The 3D
image made from Pictometry images with overlapping sections
(To view in 3D, cross your eyes until so that you can see the two images exactly overlap) (© Pictometry).

Figure 16. Aerial view of ‘Cité Eter-
nal’, located on a combination of fill
and alluvial fans in central Port-au-
Prince (© Pictometry; mosaic of im-
ages into a single view by Randolph
Langenbach)
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Figure 17. Left: Typical detail of ‘Cité Eternal’ showing that two story buildings with one four story building, most of
which are constructed using reinforced concrete

Figure 18. Right: View of collapses in Cité Eternal showing buildings with evidence of moment frame construction rather
than block masonry (© Pictometry)

masonry buildings with few windows and openings — actually conformed more closely to the calibrating
measure used originally by Mercalli and later modified by Richter in the setting of the damage thresholds in
the Modified Mercalli Scale. If this is so, then, as observed above, they are one level more robust than the
performance of the collapsed reinforced concrete infill-frame buildings in the city center. In fact, consistent with
this theory, one cluster of collapsed buildings in ‘Cité Eternal’ was revealed by the aerial photography to be RC
moment frame buildings [FIGURE 18].

Shocking? Perhaps — but then again, maybe not.

While most downtown commercial and residential buildings in Haiti were contractor built, many were not
more than rudimentarily engineered. Architects and engineers are only involved in the design of the larger and
more complex structures. Even for those that are designed by professionals, construction quality is unpredict-
able, and often of low quality. There are no building codes in Haiti, and inspection is almost non-existant.

Even in those areas of the world that have building codes, as well as government inspection and code
enforcement, reinforced concrete buildings have been subject to collapse in large earthquakes, at least until
the introduction of ductile detailing in the quantity and layout of the reinforcing steel. When the damage from
the large earthquakes that struck Turkey in 1999 was compared with that of a smaller one in 2000, it was
evident that RC buildings that lack ductile detailing can go from little apparent damage to full collapse very
quickly, once the forces exceed their elastic capacity and the columns begin to break.

7 Reinforced Concrete Moment Frame Construction With Masonry Infill Walls

The Haiti earthquake highlights the serious flaws in the increasingly common use of reinforced concrete
moment frame with infill masonry construction as a default choice for new construction. A full understanding of
what happened in Haiti as well as other recent earthquakes around the world mandates a review of some of
the recent history of building construction.

Over the past half-century, RC frame construction has displaced almost all other structural systems for new
construction in many parts of the world. This has been particularly true where traditional forms of solid wall
masonry construction had previously been common. This displacement has often been actively promoted,
and even subsidized, by governments and large corporations. This has transformed the local building process
from an indigenous one to one dependent on outside contractors, specialists, and nationally-based materials
producers and suppliers of cement, extruded fired brick, and hollow clay tile. In places like Haiti, reinforced
concrete has been introduced into a building construction process that is dependent on local builders with
a rudimentary knowledge of the science of materials. This was sufficient so long as they were working with
timber, unfired clay, and stone and fired brick masonry. However, with concrete moment frames, it has proved
woefully inadequate.

In fact, there is a fundamental engineering problem with standard reinforced concrete moment frame
construction that has been recognized for decades, but which has not yet been fully resolved. In addition to the
supporting loads along the axis of the members, moment frames achieve lateral stability from the shear and
flexural capacity of the rigid joints of the frame. Their lateral capacity is primarily determined by the strength
and ductility of the joints between the beams and the columns. The enclosure and partition walls that turn this
open framework into a useable building with rooms are generally ignored in the engineering design, and simply
treated as dead weight in the structural calculations.
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The advantage of this approach is that it has allowed for a coherent
mathematically-based engineering approach to building design, by
separating the infinite complexity of a finished building with all of its
parts from that of its primary structural frame. But there is an impor-
tant caveat that in practice has largely been forgotten: standard portal
frame analysis is predicated on the existence of ‘frame action’. This
means that the building design is based on the assumption that the
frame will deform in a geometrically coherent way, so that all of the
elements can share the loads [FIGURE 19].

There is a significant problem with this assumption. In most parts

- of the world the enclosure and partition walls are most often of stiff
STeEL BEn brittle masonry. However, this masonry is strong enough to prevent
P srercoum the ‘frame action’ on which the portal frame analysis is predicated.

—— Because these walls are considered by the design engineers to be
-~ < < ‘non-structural,” these infill masonry walls are often not themselves

designed to resist the lateral forces of an earthquake but nonetheless,
they are strong enough to prevent the ‘frame action’ until they crack

Figure 19. Moment frame showing uniform — gnd collapse, which then can initiate a progressive collapse of the
bending of the frame in response to a lateral building.

force without infill masonry walls.'®

................ FO UMDATION

As a result, moment frame buildings are severely handicapped
when subjected to a design-level earthquake. To understand the roots of this problem, we must first under-
stand an aspect of the early 20" century origins of the modern skeleton frame system of steel and concrete
construction is in order.

8 From the Invention of the Skeleton Frame to the ‘Modern Movement’

Structural engineering has gone through its own revolution over the past century. The 19" century was an
era of enormous ferment, producing engineering giants like Brunel and Eiffel, along with Jenny and the other
engineers of the first ‘skyscrapers’. In the first decades of the 20™ century, buildings went from a height of 10 to
20 stories to over 100 stories. At the same time, engineering practices shifted from a largely empirical process
of working with masonry walled structures, to one of rigorous mathematics, and the focus shifted to working
almost exclusively on the design of frames.

For the longest time, structural calculations for the increasingly taller buildings consisted of analysing and
calculating the frame for each floor separately. In order for this method to work, the frame at each floor level
had to be very rigidly braced, with pin connections at each floor level so as not to transmit bending forces
from floor to floor. A more efficient way to design a multi-story frame was invented in the mid-1990s with the
introduction of portal frame analysis based on the contraflexure methodology for isolating moments [FIGURE
19]. This method involves the subdivision of the frame not at the floor levels, but at the point in each member
where there is zero moment (bending) forces. This then allows the designer to calculate each section of the
frame using the three equations of equilibrium. [FIGURE 19]

This method provided the theoretical basis on which the ‘invention’ of the skeleton frame system of construc-
tion used for what then came to be called ‘skyscrapers’ in Chicago, New York City and San Francisco. This
portal frame analysis method was both simple and precise enough for it to have remained in use until now for
the design of most multi-story frame structures. This method accounted for the value of the cantilever effects of
beams and columns that run from floor to floor, and across the building as continuous members with moment
connections at the beam/column intersections. Contraflexure portal frame analysis made a substantial reduc-
tion in the size of the members of a frame possible. However, the exterior walls of the first generation of
skeleton frame ‘skyscrapers’ continued to be of thick and heavy masonry in the same tradition as pre-skeleton
frame architecture. Although no longer load-bearing to the ground, these walls still shared significant loads with
the internal steel frame, as well as protecting the frame from exposure to fire.

As late as 1901, a contemporary structural engineer, Joseph Kendall Freitag, in a textbook for designing
tall buildings observed: “Skeleton Construction’ ... suggests a skeleton or simple framework of beams and
columns, dependent largely for its efficiency upon the exterior and interior [masonry] walls and partitions which
serve to brace the structure, and which render the skeleton efficient, much as the muscles and covering of the
human skeleton make possible the effective service of the component bones’. Even more interesting is that
he raises the problem of the need to calculate the contribution of the masonry infill, a problem that plagues
engineers even today: ‘While the steel frame is more or less reinforced by the weight and stiffening effects of
the other materials, still no definite or even approximate values can be given to such items, except their purely
static resistance or weight’ (Freitag 1906).

Many architectural historians of the early skyscraper era have described the evolution of skeleton frame
building design as one almost like that of a genie waiting to come out of the bottle. True transformation, they
said, could only come when this traditional masonry envelope was shed, and the open frame itself made
the basis for the architectural expression with flexible systems of open spaces and moveable walls. The
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Figure 20. Flatiron Building in Figure 21. View of San Francisco after the 1906 earth-
New York City under construction  quake and fire. The three tall buildings visible in this view
in 1902 showing the heavy stone  were burned out by the fire that followed the earthquake,

masonry fagade resting on the but all three were in good enough condition despite the
steel frame. The upper walls are  earthquake and fire to be repaired. They are still standing
constructed separately probably to this day.

to ensure the weight is bearing on
the frame rather than the lower
masonry walls.

architectural precursor for the liberation of the skeleton frame ‘genie’ is often identified as Swiss architect Le
Corbusier’s 1915 drawing of the prototype, bare concrete skeleton for multi-story residences, known as the
Dom-Ino house. It became the icon of what he called the ‘New Architecture’. As described by Le Corbusier’s
contemporary, Sigfried Giedion: ‘Corbusier created...a single, indivisible space. The shells fall away between
interior and exterior. ... There arises...that dematerialization of solid demarcation...that gradually produces the
feeling of walking in clouds’ (Siegfried and Georgiadis 1995).

Influenced by the Dom-Ino prototype, the reinforced concrete moment frame spread through Europe and
then the rest of the world. Unlike northern Europe, this included earthquake hazard areas. The problem with
Le Corbusier’s ideal form, the ‘dematerialisation’ of the walls clashed directly with the usual enclosure require-
ments of completed buildings. As a result, masonry did not disappear. Instead, the thick infill walls of the first
skyscrapers evolved into thin, weak, and discontinuous membranes while at the same time, engineers elimi-
nated the infill masonry from their engineering calculations, except for calculating only their dead weight on
the structural frame.

Figure 22. Dom-Ino House by Le Corbusier,  Figure 23. Building under construction in Figure 24. Building in Gélcik close to the
1915 (Source: Public Domain) Golclk, Turkey shown after the 1999 earth-  one shown in Figure 23 collapsed by 1999
quake. Because the masonry infill walls had  earthquake. The heavy masonry infill walls
not yet been installed, frame action was together with open (soft) ground floors were
able to occur, and thus the building was not often contributors to such collapses.
collapsed by the earthquake.

This was believed at the time to be a conservative approach, as it was thought that the infill walls would add
strength to building rather than break the frame. However, the rigid and brittle infill walls attracted increased
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earthquake forces which they were too weak to resist, yet, their weight added significantly to the inertial
forces that had to be resisted by the frame. To make matters worse, as described previously, these walls
interfered with the flexural movement of the structural frame on which the portal frame analysis was predi-
cated. Compounding this problem was the frequent use of open ‘piloti’ on the ground floor as advocated by
Le Corbusier, a feature which in engineering has come to be known as a ‘soft story’. This has come to be
identified as the single greatest threat to the safety of these buildings in earthquakes. When these design ideas
are combined with the common construction faults endemic to reinforced concrete construction which occur
most often in developing countries like Haiti, which lack building codes and construction inspection, then, the
threshold for collapse can indeed move down the MMI scale to below that of the unreinforced masonry used
to calibrate the Modified Mercalli scale.

Concrete construction requires more than just good craftsmanship; it demands a basic understanding of the
science of the material itself. The problem is that the builders are often inadequately trained to understand the
seismic implications of faults in the construction. This has left a looming catastrophe hidden beneath stucco
that was troweled over the countless rock pockets, and exposed rebars that characterize construction that was
executed without the equipment necessary to do it properly, such as transit mixers and vibrators.

The treatment of infill masonry by engineers only as part of the ‘architectural finishes’ may also be due to
the fact that the structural contribution of the infill masonry is very difficult to quantify mathematically, exactly
as Freitag observed in 1901. It certainly does not fit within portal frame analysis. However, outside of earth-
quake hazard zones under all but the most severe wind loading, ignoring the effects of the infill rarely leads to
a collapse. This is because the value of the load sharing that in reality occurs between the frame and the infill
can offset any unaccounted for behaviour of the frame resulting from the infill. However, in a design level earth-
quake the situation is very different. Unlike for wind, a building’s structural system is expected to deflect into
the nonlinear range. This is true even with regard to code-conforming new building design in Europe and North
America, because earthquake codes are intended to reduce the likelihood of collapse, not prevent damage. In
other words, the underlying structural frame is expected to go inelastic in a design-level earthquake and thus
by definition, structural damage occurs.

)
Figure 25. Reinforced concrete building in central Port- Figure 26. A formerly four story building in Port-au-Prince
au-Prince nearly collapsed by the 2010 Haiti earthquake showing weak story collapse

For frames, this has been recognized in codes through the use of ductility factors which are assigned
based on the individual elements that make up a structural frame. Such factors, however, are unresponsive
to the conditions that exist when non-structural infill masonry is added to the system, because the masonry
is a stiff and brittle membrane confined and restrained by the frame like a diagonal strut. This rigid diagonal
strut changes the behaviour of the frame sometimes with catastrophic results. The standard analysis method
for code-conforming design, which is based on linear elastic behaviour unencumbered by the infill masonry, is
thus quite different from the actual inelastic behaviour of the infilled frame.

9 What Was it That Saved the ‘Bidonvilles™?

What then can be the difference between the concrete block squatter housing and the more formal build-
ings? While the survival rate in ‘Cité Eternal’ was remarkably high, there were areas on the hillsides around
Port-au-Prince where there were many collapses, and had the earthquake been stronger than MMI 7, more
undoubtedly would have collapsed. Nevertheless the study of the Pictometry imagery showed that a vast
preponderance of the squatter housing — much of which was of concrete frame and block construction —
remained standing.

One theory is that the shanty housing, unlike the buildings in the center of PAP, while made of concrete,
were not moment frames. This was true, even for those of more than one story. While some of these informal
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houses were of unreinforced concrete block, many were also of a construction known as ‘confined masonry’,
where instead of forming and pouring the reinforced concrete frame and then infilling it with the walls, the walls
are constructed first, with gaps left for the reinforced concrete columns. The rebar was then inserted and the
concrete was poured. The shuttering for the concrete is only needed on two sides of each column and along
the top of the wall for the beam or edge of the floor slab. As a result, the column is securely bonded to infill
masonry.

The buildings in the city center, by contrast, had their frames cast first followed by the construction of the
infill walls. This may sound like a distinction without a difference, but increasingly it has been observed that
confined masonry is less likely to demonstrate catastrophic failure. This has proved to be true even when
there are serious and conspicuous faults in the construction quality of both the RC frame and masonry. See,
for example Figure 28 which shows buildings that survived the earthquake with only incomplete ‘confined
masonry’ frames. Standard RC moment frames by contrast have proven to be less forgiving.

. K

< o

Port-au-Prince (© Pictometry)

Almost all of these itinerant confined masonry buildings are not the product of an engineering analysis
or calculations based on architectural or engineering design work. The engineering difference from moment
frame structures is that the framework in the ‘confined masonry’ system is never expected to behave as a
moment frame in the first place. The buildings instead behave as solid wall structures due to their small rooms
and there are sufficient numbers of walls to provide redundancy. More importantly, the multi-story ‘bidonville’
buildings are less likely to suffer from soft story, because the confined masonry system is based on building
the structure of the masonry walls first. Thus the masonry walls cannot be left out at the ground floor level.
Therefore a soft or weak story collapse is ruled out.

=) 3 ! = : S 3 i
Figure 28. Left: View of 4 Carrefour Feuilles area bidonville, close to the city centre, Port-au-Prince
(Source: Carlos Barria-Reuters);
Right: Confined masonry construction photographed in Zihujatanejo, Mexico
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10 The Resilience of 19" Century Steel Cage Confined Masonry

These buildings have more in common in terms of structural typology to the pre-modern timber and
masonry buildings that were originally used to calibrate the Mercalli Scale, and their indigenous owner-built
context is also much closer to pre-modern handicraft culture of Haiti and other developing countries such as
Mexico [FIGURE 28, right]. In fact, there are three historical buildings in central Port-au-Prince that reinforce
this hypothesis about the informal construction. They stand as remarkable examples of an unexplored direc-
tion for future earthquake-resistant construction, perhaps even as a potential models of a better approach to
reinforced concrete. The largest of these buildings is as high as the National Cathedral was before its collapse,
and almost similiar in volume to its nave. This building, the Church of Saint Louis de Gonzague Chapel, is
over a century old, and yet it came through the earthquake with almost no visible exterior damage, apart from
broken glass in its large upper story windows. [FIGURE 29]

This church was constructed of load bearing masonry surrounded and embraced by lightweight riveted flat
steel bars and angles imported from France, which form a cage that is an integral part of the elegant archi-
tectural detailing of the building. During the earthquake this metal cage served to hold it together, much like
confined masonry. Unlike standard reinforced concrete or reinforced masonry construction, the reinforcing is
not hidden on the inside of the wall except for connector pieces from the exterior to the interior. Remarkably,
despite its over a century of exposure to the moist tropical environment, the steel cage is not seriously corroded.
The metal cage is exposed as part of the architecture on both the inside and the outside but it is not, structur-
ally, a frame. The building’s structure is primarily that of a solid load-bearing masonry wall which is embraced
and confined by the steel. During the earthquake the steel and the masonry worked together, with the cage
preventing disruption of the masonry, while the low-strength lime mortar and the subdivision of the masonry
into panels giving the building significant flexibility.

Figure 29. Left: Saint Louis de Gonzague Chapel ca. 1890 in central Port-au-Prince;
right: detail of Chapel at National Cathedral

Figure 30. Left: interior of Saint Louis de Gonzague Chapel ca. 1890 in central Port-au-
Prince; right: warehouse structure on Gonzague Chapel grounds, ca 1900
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This good performance was confirmed not only with this chapel, but also a nearby warehouse as well as a
smaller chapel next to the collapsed National Cathedral, both of which also came through almost unscathed.
Another example was a two story commercial building also near the National Palace which had thinner walls,
but survived with only a few missing panels.

Because of its size, the Gonzague Chapel stands as an icon that proves that with earlier construction
technology and a more limited pallet of materials at their disposal, the means was there in Haiti in the late 19"
and early 20™ centuries to build large complex structures that have proved to be both durable and resilient
a century after their construction. Unlike their contemporaneous reinforced concrete neighbors such as the
National Palace and Cathedral which collapsed, these structures stood tall during the onslaught of the earth-
quake that felled as much as 30 to 50 percent of the modern buildings around them. In fact, next to the Church
of Saint Louis de Gonzague Chapel, which had been constructed by the Freres de I'Instruction Chretienne
(F.I1.C) (Brothers of Christian Instruction), was this same order’s school building of reinforced concrete, as well
as a warehouse that was built using the same system as the church. The concrete school collapsed, while
along with the church, the brick with steel cage warehouse survived undamaged.

11 Conclusion

The purpose of this paper was not to investigate the fatalities from the earthquake. Be it 80,000 or over
300,000, any loss of life constitutes a serious tragedy. The paper is really about the unacceptable, even
scandalous, fact of how large numbers of buildings of recent origin with structural systems in wide use around
the world today have collapsed onto their occupants. These buildings were perceived by most as stronger and
more resistant to earthquake collapse than were the many older timber and masonry buildings that proved to
be more resilient. They certainly were also perceived to be better and stronger than the tens of thousands of
informally built dwellings on the hillsides that surrounded Port-au-Prince most of which remain standing today.

The analysis of the MMI intensity also serves to highlight an even more disturbing detail. Based on the
findings that the intensity in Port-au-Prince was as low as an MMI-VII, one must ask what would happen if it
were higher. In fact, EQECAT, another catastrophic risk modeling company issued the following warning only
two days after the 2010 earthquake:

‘Had the rupture been directed toward Port-au-Prince, the city would have experienced even
more devastation. While this is little solace in light of such a human tragedy, it is relevant consid-
ering that this earthquake, which ruptured only a portion of the fault, increases the chances of
another large earthquake in coming decades on the eastern portion of the same fault. This is
because stress relieved by a rupture is transferred to adjacent segments of the fault. If additional
stress on the eastern segment of this fault were to trigger another earthquake, it could impact
Port-au-Prince with equal or greater severity as the recent event.”*¢

One of the problems that plague the assessment of existing buildings including those with archaic struc-
tural systems is the basic difficulty of establishing a norm for earthquake safety and performance when ‘no
damage’ is not required by most building codes, nor is a viable or cost effective objective. With wind one uses
real expected maximum wind speeds with an added safety factor. With earthquakes, however, it has been
determined that to require all buildings to remain within their elastic range for design-level earthquakes is
economically infeasible. Earthquakes of a damaging magnitude are simply too infrequent to justify the more
stringent and costlier design and construction that would be required to prevent structural damage.

This problem is not just academic; it is integrally connected to the longer-term issues of post-disaster
recovery and regional development. Modern construction materials and methods have brought with them
extraordinary opportunities for new architectural forms and ways of building. Reinforced concrete frame and
concrete block construction has been promoted to the local populations as being a safe and modern way of
building. However, in many parts of the world they have also been disruptive of local cultural and construc-
tion traditions, resulting in building forms and ways of building that are alien to the local society — particularly
long-held traditions of self-reliance that comes from the mastery of traditional crafts of carpentry, masonry and
other locally available materials.

The finding that the historic and deteriorated 100 year old timber and masonry buildings as well as the
more recent concrete frame and block buildings in the informal ‘bidonville’ settlements in Haiti did better than
the formal reinforced concrete buildings of the city centre does not mean that the aging heritage structures
or the shantytown buildings are acceptably safe, but only that the formal concrete buildings are excessively
dangerous. What the informal shantytown buildings also show is that the correction to this problem may not be
in moving to even more sophisticated and complex engineering solutions — but rather, towards simpler forms of
construction based on the kind of flexibility, redundancy and energy dissipation that is the only means available
for earthquake resistance with unsophisticated and non-engineered owner-built construction.

The ‘bidonville’ settlements are part of a long tradition in the history of human settlements and building
construction. The buildings found there are basic, unsophisticated, and certainly not engineered, but the way
to improve them and the rest of the buildings in Haiti must be derived from the local culture and crafts tradition.
Imposing engineering and high-tech requirements is not a solution because they would rarely be followed
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because they would not be understood. This then mandates a return to traditional construction practices, but
for this to happen, these practices need to be rehabilitated in peoples’ minds to overcome the years of associ-
ation with backwardness and un-modern ways of living. In other words, when it comes to building construction,
traditional IS modern.

There needs to be a certain amount of humility and willingness to learn, that is, to ‘listen’ with our eyes to the
message our ancestors are telling us through the cultural artifacts they have left behind. As the world moves
from an era of profligate energy use to one where fossil fuels are gradually depleted, sustainability and green
ways of building have become the catchwords in building design and construction. Wood is nature’s most
versatile renewable building material. Stone and unfired earth, together with wood, represent the most energy
efficient building materials that can be used today. To this can be added fired brick and lime mortar, both of
which require far less energy to manufacture than Portland cement. Finding traditional vernacular construction
practices that have performed well against devastating events such as earthquakes, serves to provide us with
examples for which preservation of vernacular buildings represents far more than the saving of frozen artifacts.
It is an opportunity for cultural regeneration — a reconnection with a way of building by people who traditionally
had learned how to build successfully for themselves with materials readily at hand.

Endnotes
T www.USGS.gov

2 The terms ‘formal’ and ‘informal’ are used in this paper, rather than ‘approved’ or ‘illegal’ because in the case of Haiti,
the government inspection, regulation, and formal approval of building construction has been to a large extent non-existent,
so this distinction between formal and informal reflects mostly the legality of the construction based upon the underlying
land ownership. ‘Formal’ is where there is likely to be legal title (although this was not specifically researched for this
paper), and ‘informal’ applies to squatter settlements.

8 It is hard to imagine how the Haiti earthquake could have been worse, but the second EQECAT report on this earth-
quake predicts that another one is a possibility. See the quote by EQECAT later in this paper.

4 http://www.unitar.org/unosat/node/44/1425

5 RMS FAQ: 2010 Haiti Earthquake and Caribbean Earthquake Risk, http://www.rms.com/publications/Haiti_
Earthquake_FAQ.pdf & ‘Haiti Dominates Earthquake Fatalities in 2010’ Released: 1/11/2011 12:44:35 PM, http://www.
usgs.gov/newsroom/article.asp?1D=2679#.UGN8WE3A_nh

6 Canadian Broadcasting Corporation news report on 1% anniversary of the earthquake.

” The difference between the maps prior to version 7 is that the fault was first mapped further to the north, under the
waters of the bay (thus the fears at first of a tsunami) and later it was found to be under the land, while the later map version
10 shows the fracture zone as not extending as far east as it does in version 7, explaining the drop in estimated intensity
in Port-au-Prince.

8 http://en.wikipedia.org/wiki/Mercalli_intensity_scale (most recently checked on 20 September 2014) Interestingly,
when this same page was accessed in April 2011, it listed the fatalities in Haiti at the Haiti Government’s number of 316k,
but when accessed in September 2014, the fatalities listed were only 100k, while the intensity remained listed as a X.

® From a phone conversation between Patricia Grossi, PhD, Research Director, RMS Corp., Newark, Ca. with the
author on 14 April 2011.

0 Geologist Ellen Rathje of the University of Texas does see some evidence of site effects, but it is inconclusive as an
explanation for such extreme differences in building performance between two adjacent structures only 175 feet away from
each other.

" There is even a widespread perception that the shaking in Port-au-Prince was an even more extreme ‘10’ on the MMI
scale, as reported on several internet sites, including Wikipedia.

'2 http://en.wikipedia.org/wiki/Casualties_of_the_2010_Haiti_earthquake
3 (UNITAR and Haiti UNOSAT 2010) and (Haiti 2010)

4 Wikipedia

5 Source: www.propertyrisk.com

'6 http://www.egecat.com/catwatch/m-7-0-earthquake-in-haiti-region-update-2010-01-14/ EQECAT notes that the fault
rupture zone was to the west of the city, leaving the unruptured segment beneath Port-au-Prince, as shown in the version
10 of the USGS shakemap.
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Figure 31. A Port-au-Prince house of colombage construction showing slight earthquake damage behind the rubble pile of
a collapsed reinforced concrete building
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Abstract. This paper presents examples of problems of archaeological excavation sites where
ground was excavated and backfilled without compaction work. In Cambodia, ancient Khmer
engineers used artificially compacted sand layers in Angkor as foundations for masonry struc-
tures and stone pavements. It has been a common practice in archaeology that no concern
has been paid to the necessity of requiring backfilling and most of the excavated sites have
been backfilled in a loose state.

Compacted ground is one of the important characteristics of the authenticity of the cultural
heritage and should be respected as well as keeping the integrity and the structural safety.

1 Introduction

The archaeological unit of JSA (Japanese Government Team for Safeguarding Angkor) has been performing
field excavations since 1995. One of the sites in 1995 was the re-excavation of the EFEO (Ecole Francaise
d’Extréme Orient)’s trench site of the pavement at the foot of the foundation mound to study the underground
structure of the Northern Library of Bayon [FIGURE 1]. According to the geotechnical report, the ground that
had been backfilled was in a very loose state. After this experience, JSA adapted backfill compaction as a
common practice for archaeological trenches in Angkor.

Bayon is the central temple located at the center of Angkor Thom and has been attracting people due to its
unique layout and complexity. The structures of Bayon stand upon compacted soil mounds of terraces in three
levels. The first terrace is the lowest level inside the Outer Gallery and the second terrace is the mid-level in
height inside the Inner Gallery. The third terrace is the top level soil mound that supports the central tower.

Since the beginning of the early stage of conservation work, the EFEO has excavated many archaeological
trench points in the Bayon. Figure 1 shows a general plan as well as a few points that will be referred to in
this paper. Figure 2 shows the distribution of the archaeological excavation sites in the north-eastern corner of
Bayon temple. The EFEO trenches were backfilled without any compaction effort. Some of them were already
in a dangerous state and some countermeasures have been applied. This paper will introduce the state of the
problems and try to propose solutions to avoid these manmade disasters to the cultural heritage.
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2 Re-excavation of Archaeological Trench at the South of Northern Library (JSA 1996)

The Northern Library at Bayon was one of the independent structures where JSA had planned to carry out
conservation work. For safeguarding the work of the Northern Library at Bayon Temple, JSA needed to study
the structure of the foundation. Since EFEO had performed an archaeological trench in 1960, the archaeolog-
ical unit of JSA had selected a way to re-excavate the same trench so as to have minimal impact on the site.
Based upon the EFEO record, the trench location was studied. A little sag and disorder of stone pavements
were noticed at an area that corresponds to the record. The re-excavation work was started at this point.

After excavating the ground below the pavement, the vertical wall of the previous trench appeared. The
vertical wall was rather dense sandy compacted ground while the re-excavated trench was very loose.

The Geotechnical Unit of JSA carried out some field tests on manmade fill during the excavation. One of
the tests was the Yamanaka penetration tester. Figure 3 shows the Yamanaka soil hardness tester, which
measures the maximum penetrating depth of the cone tip into the soil. The measured depth in millimetres is
called the Hardness Index and may be converted into the bearing capacity of the ground. Figure 4 shows the
structure of the tester and the converting chart from the Index to bearing capacity. The results are shown in
Table 1.

(il doaalan dlasi lie sl / (Mpa)
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18mm e v A L St
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Figure 4. Yamanaka Hardness Index Hardness Index(mm)

TABLE 1. Comparison of bearing strength of original and backfilled ground

. Bearing Capacity
Soil (kgf/cm?) Source
Original fill 10-38.6 (av.20.5) | EFEO trench, 1960’ at Bayon
Backfilled 2.0-6.4 (av.3.2) Geotechnical Report,1996

Figure 3. Yamanaka soil hardness
tester

The backfilled ground showed very low bearing ground capacity of 3.2 kgf/cm? in average compared to
20.5kg/cm? of the original fill. The strength was decreased about 7 times. It was estimated there was no effort
of compacting soils during backfill after the trench.

3 Safeguarding Work for Damaged Pavements at Old EFEO Trench

At the request of APSARA (Authority for the Protection and Management of Angkor and the Region of Siem
Rea), JSA consulted with the EFEO office in Siem Reap and carried out safeguarding work and restoration of
the trench pit that had been excavated in 1937 at the first terrace, north of the Inner Gallery [FIGURES 1 and 2].
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3.1 Stone pavement before restoration work (Han 2001b)

Sixty years after excavation/ backfilling, the pavement stones near the Inner Gallery were found to have
sagged and be inclined towards the Gallery [FIGURE 5].

&

Figure 5. Damaged Pavement 60 years after archaeological excavation/backfilling (Source: JSA 2001)

The ground surface at the center showed the largest sagging of about 75 cm. Figure 6 shows a North-South
vertical section of the pit before the restoration work. The ground surface levels are shown in solid and dotted
lines for the center and edge positions of the trench. Sagging might have been caused by compaction by wetting
for loose fill. Many pieces of sandstones and laterite blocks that had covered the ground surface were missing.

The hardness of the ground in the pit was in the range of 0.7-2.5 kgf/cm?, which is an extremely low value.

3.2 Restoration works

The initial process of restoration was to excavate the whole volume of soils filled by EFEO in 1937.The
volume of the excavated soil reached about 14.14 m®. The back filling process was performed by the following
three stepwise methods with different soil material. Figure 7 shows the completed section after restoration.

JSA has been working on keeping the authentic character of the foundation of the structure as well as
manmade ground in Angkor. The well compacted dense sandy ground is one of the characteristic elements of
the ancient Khmer structure. JSA had introduced an improved soil ground of compacted soil with slaked lime
and used the soil with slaked lime as one of the important fill materials at this site as well as the excavated soil
material from the pit, which will be explained in detail in a later section.

The original basic ground structure at the site consists of sandstone pavements at the top surface, the first
layer of laterite blocks, compacted sandy soils, and the second layer of laterite blocks as shown in Figure 6.

Sagged and Failed Pavement during
60years since trench excavation in 1937

“Sand stone pavement

qround height along pit edge

First pavement of Laterite

Second pavement of Laterite

Figure 6. Vertical section of stone pavement with ground surface lines
(Source: JSA 2001)
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Figure 7. Vertical section after restoration work of backfilling with compaction
(Source: JSA 2001)

The soil material used for backfilling the pit was basically the excavated soil, which was separated into two
groups of sandy and fine soils by sieving with a mesh the size of 0.06mm. When additional soil is required,
borrow soils are arranged with the same grain size characteristics.

The first bottom layer of 2.0-1.5 m from the excavated level to the bottom of the second laterite block was
backfilled by the original sand. The compaction was carried out using a compaction rod and elephant foot while
controlling the water contents of the soils.

The second layer was backfilled by slaked lime mixed with sandy soils with the initial thickness of 15
cm. At the boundary between the original sand and slaked lime mixed layer, a lead plate of dimension of
5 x 50 x50 mm was inserted with the letters ‘JSA1999’.

The third layer of the ground, 15cm in thickness beneath the pavement blocks, was slaked lime mixed with
clayey soils, which has lower permeability than sandy soils and is expected to prevent seepage into the ground
form the surface.

4 Compacted Soil Foundation System Revealed by Long Trench at Northern Yard
at Bayon

For restoration work on the Northern Library at Bayon, it was necessary to bring some heavy construction
machines like cranes. To avoid any damage to the pathway due to the heavy load of the machinery, it was
decided to make a special access road for bringing the machine onto the site. Stones on the access had been
dismantled and stored for later reconstruction. After completion of the restoration work, JSA excavated an
archaeological trench from the Inner Gallery to Outer Gallery and further extended it to the north as shown in
Figure 1 as a long trench (Ishikawa 2000).

This long trench had revealed characteristics of a soil mound system used as a foundation of the temple
and stone structures (Narita et al. 2000). The long trench was excavated to study the ground structure and
backfilled from November 1999 to September 2000.

4.1 Characteristic elements of authenticity of foundation

The southern section of the long trench is shown in Figure 7. If the foot level of the foundation of the
Outer Galley is assumed to be the ancient ground surface, the original ground surface was about one meter
(GL=NLB-3 m) from the present ground surface.

Digging ground work was identified within the area of the first terrace, Outer Gallery, and outside yard of the
Outer Gallery with a width of about 10m. The depth of the digging ground work from the original ground surface
is about 2m. Another digging work was found at the foundation area of the Inner Gallery, where the depth
became one meter deeper than those for the Outer Gallery, due to a much larger load than the Outer Gallery.

The court yard of the first terrace is covered by a pavement of sandstones. Beneath the sandstones, an
upper layer of laterite blocks was found. Another layer of lower laterite blocks was found about 1.5m below the
surface pavement [FIGURE 8].

The excavated zone within the foundation trench by digging work had been backfilled by the excavated
natural soils with rammed compaction. Ancient Khmer engineers had used sand soils as borrow material and
compacted it to make a soil mound at the level higher than the original natural ground surface.
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The systematic layout of the use of compacted soils for a foundation mound for the Khmer temple is consid-
ered one of the characteristic elements of authenticity of the shrine stone structure.

Quter Gallery Courtyard(1st Terrace) Inner Gallery
Underground Laterite Sandstone pavement
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Figure 8. South section of the archaeological long trench to the north of the Inner Gallery (modified color Fig.1. Source: JSA 2000)

4.2 Backfilling the excavated long trench

The excavated trenches were divided into two groups based upon the expected load after completion of
restoration work. The excavated trench of BY-99B is a part of the foundation for the outer gallery and carried
a larger vertical load of the stone structure. Other sections are only to support much smaller loads of the top
surface stone pavements (Akazawa 2001).

4.2.1 Backfilling material

The grain size distribution of ancient manmade fills in Angkor shows basically two kinds of soils of sand and
clayey sand. Figure 9 shows grain size distribution of these soils as Type | sand and Type Il of clayey sand.
The ranges of grain size of sand, silt, and clay are 2 mm > sand > 0.06 mm > silt >0.006 mm > clay > 0.001
mm, respectively. Type | sand is found in most of the soil mounds. Type Il clayey sand was usually used at the
boundary between the sandstone and the soil mound, probably intended to prevent water infiltration.

EFEO failed to build the sand mound higher than about 5 m during their restoration work of Baphuon
Temple at Angkor Thom, and adapted it to construct a concrete retaining structure to support the soil mound.

JSA has searched another way to solve the problem and developed a method to improve the strength
characteristics of the original soil by mixing slaked lime. This soil mixed with slaked lime is used when the
height of the mound becomes high and/or a heavy load is expected; otherwise, only Type | or Type Il soil are
used.Table 2 shows material mass (=weight) ratio, uni-axial strength, which increase with aging period, and
permeability.
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Figure 9. Grain size Distribution for Type | and Type Il sands
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TABLE 2. Material Characteristics of Type | and Type Il soils mixed with slaked lime

Soil Type | I
sand 10 10
Mixing mass | fine=<0.06 mm) 1 2
ratio slaked lime 1 1
water 1 1
curing period
Uniaxial 2 days 0.07 02
Strength
(MPa) 14 days 0.32 0.29
180 days 3.2 2.9
Permeability k (cm/sec) 2.4x10* | 6.1x10°

The intent was to increase the strength while keeping the grain size distribution as the original characteris-
tics. Achemical additive of slaked lime, which has been historically used for cementing material in conservation,
was confirmed to result in a sound strength when mixed with the original soils.

The difference of Type | and Type Il lies mainly in their permeability. Type Il soil shows less permeability
and is used to prevent infiltration.

When additional soil was needed, sand was purchased and used based upon the grain size distribution.

4.2.2 Control of water contents
The water content of the soil at the time of compaction could seriously affect density. ‘Optimum water
content’ corresponds to the water content value (mass ratio of water to solid soil) at which soil reaches its

maximum density under constant compaction effort. The water contents were checked to determine if they are
within a range of WC=6-9 %.

4.2.3 Compaction

Soil was spread about 10 cm in thickness before compaction and compacted until the thickness became
7cm. The compaction began with foot stepping, then striking soil with a rod at every corner first and other
various points subsequently, and finally with an ‘elephant foot (i.e., a square-shaped iron plate of 15x15 cm?).’

The degree of compaction was controlled by a Yamanaka Tester. Figure 10 shows a comparison of the
cone bearing strength of the original filled ground and backfilled ground using the Hardness Index, Yamanaka
Cone Bearing Strength formula, and trafficability comparison for reference.

21.5 Hardness Index
Hly (mm})
0 5 10 15 20| 25 a0 35 40(mm)
— ! ! ! ! —
0.5 1.4 3.0 6.3 14 38 176 (koficrm®)
005 014 0.3 0.63 1.4 3.8 17.6  (MPa)
= M > g kgffcm?®
Q7-27) (59— 4) Yamanaka Cone Bearing Strength
EFEC-E8 EFEO-4  (100-38.8) gy(kgffcm?)
EFEC-4
Back Filled Ground Original Filled Ground
Traficalbility
2-3(kgf/cm?)

Bulldozer for marshland
Bulldozer for commaon land
Durmp truck

-7 (kgficm®)
10-12{kgficme)

Figure 10. Controlling Compaction by Yamanaka Index
In Figure 10, a vertical line at Hly=21.5(mm) or qy=8(kg/cm?) is drawn as the boundary for compaction
control. As already shown in Table 1, the boundary of a Yamanaka cone bearing strength in loose back fill and

the original rammed ground is 7-9(kg/cm?) and qy=8(kg/cm?) was the value selected by JASA to control the
compaction of soils in restoration work at Angkor.
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4.2.4 General procedure of compaction process

After confirming that the water content is within the allowable range, the soil material is spread out with an
initial thickness of 15 cm. The compaction procedure consists of three consecutive methods (foot stepping,
followed by rod, and elephant foot) and is continued until the thickness becomes about 10 cm and the hardness
becomes greater than qy>8 kg/cm?2.

4.2.5 Compaction beneath the stone pavement
Filled ground of 15 cm in thickness directly beneath the pavement of stone and laterite block was constructed
of slaked lime mixed with Type Il soil. Type Il shows much smaller permeability and prevents water infiltration.

The compaction procedure was done by foot stepping, with a rod, and then with an elephant foot from an
initial thickness 10 cm until it became 7 cm and its Yamanaka hardness was greater than qy>=8 kgf/cm2.

4.2.6 Compaction at the Outer Gallery Zone

In the Outer Gallery zone, the weight of walls and roofs of stones are to be supported by the foundation.
Soil material of Type | mixed with slaked lime was compacted with the same three-step process as described
in the preceding section (Han 2001a).

4

Figure 11. Rod compaction Figure 12. Elephant foot

5 Cavity Shaft in the Foundation Mound of the Central Tower, Bayon

In 1933, G. Trouvé excavated a vertical shaft at the center of the Central Tower, Bayon temple [FIGURE
1]. His team found a broken statue of Buddha at the depth of about 12m from the floor of the chamber of the
Tower. [FIGURE 13]

In March 2009, JASA carried out a geotechnical boring at the central chamber in the Central Tower at Bayon.
During the boring, standard penetration tests (SPT) were conducted, which count the number of blows from
dropping a weight of about 63.5 kg from a height of 76 cm. Based upon the SPT N-value, the relative density
is evaluated in Table 3.

TABLE 3. Relative density of Sand Ground by SPT

SPT:N 0-4 4-10 10-30 30-50 50<N
Relative . very
Density very loose loose  medium dense dense dense

As shown in Figure 10, the obtained SPT value shallower than 12 m was less than 4, which indicates
the backfilled soil is in a very loose state. It became clear that no compaction effort had been made during
backfilling.

The vertical load of the central tower is estimated to be as large as around 4 MPa (40 tons/m?). It is amazing
how the manmade ground could support the huge stone structure of the Central Tower with a vertical shaft
without any lining. Backfilling without compaction in the shaft left us another challenge for the conservation
of the whole structure from the foundation of manmade fill to the top of the stone masonry structures of the
Central Tower at Bayon in Angkor Thom.
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Figure 13. Underground shaft at the Central Tower, Bayon (Source: lwasaki 2009)
(Reconstituted Buddha statue and boring log from the floor of the central chamber)

Conclusions

. The experience of JSA and JASA in Angkor since 1995 has demonstrated that the excavation of archaeo-

logical trenches has caused structural stability problems. The conclusions obtained are as follows:

Backfilling of the excavated site without compaction has caused sagging and displacement of pavement
and requires restoration work.

During the archaeological excavation, soil layers are identified and described as manmade or natural with
their hardness recorded. It is recommendable that a Yamanaka tester be used to record a numerical index.

When excavated ground is identified as artificially compacted, the geotechnical properties should be studied
in terms of soil compaction.

The degree of necessary compaction may differ from site to site. Characteristics of soils and compaction
should be discussed with geotechnical engineers.

In an area like the Angkor site, where a soil mound is utilized as a foundation for structures, the compacted
rammed ground is an important part of the authenticity of the Khmer culture. If the excavation pit for archae-
ological study is not filled back with appropriate compaction, the authenticity of the Angkor monument could
be lost.

To keep the integrity of the soil culture in Angkor and any other areas where soil was compacted and used
as foundations, those conducting an archaeological survey should cooperate with a geotechnical engineer
and make an effort to keep the integrity of the cultural site.

Technical guidelines in the Angkor site were provided and have been implemented by JSA and JASA.
Since the geotechnical conditions are different at other sites, the guidelines could be different from region
to region. For each cultural region, the technical guidelines for backfilling archaeological trenches should be
established to avoid any adverse effects that might be caused by backfilling without appropriate compaction.
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Abstract. Ancient Chinese wooden buildings generally have good resilience to survive various
types of natural disasters; however, damage do occurs particularly during earthquakes and
therefore seismic performance is an issue. To protect these buildings, typical seismic perfor-
mance deficiencies of structural elements as well as strengthening methods of these elements
were studied on a large number of ancient Chinese wooden buildings by qualitative and quan-
titative methods. Based on the survey, the typical seismic performance deficiencies were
categorized, their causes analysed, and the corresponding strengthening mitigation meas-
ures were proposed. Using two examples, the effectiveness of typical strengthening methods
were further demonstrated. Results show that typical seismic underperformance of ancient
Chinese wooden buildings was due to decay of column bases, slack in brackets (‘dougong’),
dislocated tenon and mortise joints, cracks in beams and columns, etc... To solve these prob-
lems, methods such as replacement, wrapping, connection, and reassembly are proposed.

1 Introduction

Ancient Chinese buildings are mainly made of wood and usually composed of a basement, columns,
bracket sets (‘dougong’), roof trusses and roof. [FIGURE 1] For thousands of years they have survived all sorts
of natural disasters due to their design characteristics (Zhou 2007). For example, the column base provides
vibration isolation by sliding against the stone footing; the tenon and mortise joints absorb seismic energy
by friction and compression; bracket sets provide vibration isolation by sliding horizontally and compressing
vertically; and the ratio of height-to-width of the roof trusses meets the requirements of slide and overturn
resistance.

(c) tenon and mortise joint

(d) roof-truss

Figure 1. Earthquake resistant structural elements in ancient Chinese wooden buildings

Earthquakes damages still occur on some ancient Chinese wooden buildings. Taking the 8.0 magnitude
Wenchuan earthquake in 2008 as an example, according to preliminary statistics for Sichuan province only,
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there were more than 83 cultural relics of national importance under protection of the state and 174 provincial
important historical and cultural sites that were damaged during the earthquake, which led to the huge loss
of life and built assets. [FIGURE 2] During the earthquake, damage in ancient Chinese wooden buildings
were found to be (Zhou et al. 2010): the destruction of the basement, displacement of column bases, skewed
columns and roof trusses, tenons pulled out of their mortise, damaged decorative elements, loss of roof tiles,
collapse of partition walls, etc.... Even though the Wenchuan earthquake was of powerful intensity, another
reason for the damage to these ancient Chinese wooden buildings is that they already had developed struc-
tural weaknesses prior to the earthquake but these were not strengthened in time. These problems as well
as mitigation measures are discussed in the following section. The resulting outcome will be helpful for the
development of anti-seismic protection for ancient Chinese wooden buildings.

[}

Figure 2. An ancient building before and after Wenchuan earthquake

2 Typical Seismic Performance Deficiencies

Based on the survey results of a large number of ancient Chinese wooden buildings, it was found that
typical seismic performance problems in Chinese ancient wooden buildings stem mainly from the following
(Zhou et al. 2011):

1. Decay of column base. According to the building code for ancient Chinese wooden buildings, some columns
were built between partition walls. The base of these wooden columns was heavily deteriorated due to the
infiltration of humidity. [FIGURE 3a] This weakened the load-bearing capacity of the columns, which led to
their fracture during earthquakes.

2. Slacking of ‘dougong.’ A ‘dougong’ is usually composed of many little components. It transfers loads from
the roof and absorbs part of the seismic energy by relative compression and friction between its compo-
nents. Under constant load, the ‘dougong’ components can easily loosen. [FIGURE 3b] This problem may
weaken the joinery between the components, which reduces its anti-seismic performance and affects the
stability of the roof.

3. Tenon pulled out of mortise: Beams and columns of an ancient Chinese building are usually connected by
mortise and tenon joints. During earthquakes, friction between the tenon and mortise can produce energy
dissipation. Usually, a tenon can easily be pulled out of its mortise [FIGURED 3c] because of constant loads
or deformations of the mortise and tenon joint, which weakens the connection between the beam and the
column and may lead to instability of the whole structure. Thus a mortise and tenon joint has to be strength-
ened using preventive measures.

4. Cracks in beams and columns: This problem mainly occurs along roof trusses. [FIGURES 3d and 3e] The
cracks are mainly due to the weakening of the section of the beam end, and of the column top [FIGURES
3f]; which leads to the failure in the beam and column. If this problem is not solved in time, the roof trusses
may shift during an earthquake.
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(c) tenon pulled out of mortise

¥ column fop

(d) cracked beam (e) cracked top of column (f) joinery at beam end
Figure 3. Typical seismic damages to structural elements

3 Strengthening Methods

For typical anti-seismic structural elements in ancient Chinese wooden buildings, the following strength-
ening methods were proposed based on engineering experiments as well as analysis results (Xie et al. 2008,
Yu et al. 2008, Zhou et al. 2009):

1. Replacement method. This method is used for column bases whereby the damaged part of the column
base is cut off and replaced by a new one of the same size. Iron bands are then affixed to the repaired

location to enhance the strength of the column base. [FIGURE 4]

Figure 4. Replacement method

2. Wrapping method. This method can be used to strengthen fractured beams and columns, or detached
mortise and tenon joints. The strengthening material is usually flat iron straps (about 5-15 mm thick) or
CFRP (Carbon Fibre Reinforced Plastic. [FIGURE 5] Both materials are high in strength and light in weight,
and can be wrapped around damaged locations of wooden components to enhance their load-bearing
performances.
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(c) CFRP for tenon and mortise joint

(b flat iron for column

(a) flat iron straps for beam

Figure 5. Wrap method

3. Connection method. Usually a flat fastener 5-15 mm thick is used to connect the mortise and tenon joint.
The flat iron is bent 90 degrees on both ends. One end is inserted at the end of the beam and the other
end is inserted into the column. [FIGURE 6] The flat iron fastener may partially bear the load transferred
to the mortise and tenon joint, and can restrict the tenon from pulling out of the mortise. The rotational
performance of the mortise and tenon joint is enhanced and has good energy absorption capacity during

earthquakes.

Figure 6. Connection method

4. Assembly method. As a ‘dougong’ is composed of many small components, the assembly strengthening
method is appropriate to address slackness, by taking apart and reassembling tightly by resetting or
replacing loose or deformed elements with new ones. As a result, the reassembled dougong has better
seismic energy dissipation performance.

4 lllustrative Examples

. 2L i o
(c) tenon pulled out of mortise

i
ol

(a) front view (b) tilted column

Figure 7. Photos of Da-Xiong Palace after earthquake

The first example is of Da-Xiong Palace, an un-strengthened structure, in Guangyuan city (Zhou et al.
2009) [FIGURE 7a]. Built in 1457 AD, it measures of 15.8 x 13.1 x 10.1m (Length x Width x Height), and
was damaged during the 2008 Wenchuan earthquake. Following a condition survey, it was found that there
were over 50 damages, including 13 cracks in walls, 9 shifted columns, 21 cases of tenons pulled out of their
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mortises. The most serious problem was found to be the shifting of some inner columns by nearly 22cm,
[FIGURE 7b]. According to the collected data, more than 4 tenons at tie beams at the damage locations were
pulled out of mortises by 8cm prior to the earthquake. It was therefore deduced that the main cause of shifts in
columns was the fact that the tenons were pulled out of their mortises at these locations.

Figure 8 is a finite element model and main mode shape of the palace. It was found that the main mode shape
of the un-strengthened structure exhibited rotation of beams in a horizontal direction near the joint locations,
while the upper roof truss remained relatively still (see circled locations in Figure 8), which is consistent with the
damage symptom. Thus, the tenon loosened from the mortise prior to the earthquake and without preventive
strengthening is the main cause for damage at the Da-Xiong Palace.
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(a) finite element model (b) plan view of main mode shape (c) side view of main mode shape

Figure 8. Finite element analysis on Da-Xiong Palace

The second example 2 is of Xiao-Yao Palace, a strengthened structure, Xiao-Yao Palace in Guangyuan
city (Zhou et al. 2009). [Figure 9a] Built during the Qing dynasty, it measures 25.0 x 12.7 x 12.0 m (Length x
Width x Height), and was only slightly damaged during the 2008 Wenchuan earthquake. The ancient building
was strengthened in 2005, tilting columns were reassembled [Figure 9b], and slacking mortise and tenon
joints were strengthened by iron hooks. [FIGURE 9c] Due to this preventive strengthening, the Palace was
still in good condition after the earthquake. Figure 10 shows a finite element model and main mode shape of
the building. It was found that the main mode shape of the strengthened building appears to translate in level
plane, which is helpful for earthquake resistance.

(a) front view (b) column (c) mortise and tenon joint

Figure 9. Photos of Xiao-Yao Palace post-earthquake
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(a) finite element model (b) plan view of main mode shape (c) side view of main mode shape

Figure 10. Finite element analysis on Xiao-Yao Palace
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Conclusions

1. In addition to the strength of an earthquake, the existence of seismic performance deficiencies is a main
cause of damage in ancient Chinese wooden buildings.

2. Typical seismic performance deficiencies of ancient Chinese wooden buildings include decay of column
bases, slacking in dougong, tenons pulled out of their mortise, cracks in beam and columns, efc....

3. Typical strengthening methods for solving the problems include replacement, wrapping, connection,
assembly, which should be applied to buildings preventively in order to minimize damage during an
earthquake.
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Protection against Deterioration and Enhancement of Interpretation:
Preservation of Hong Kong’s Rock Carvings
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136 Nathan Road, Tsim Sha Tsui, Kowloon, Hong Kong
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Abstract. This paper focuses on outlining the major problems with the preservation of rock
carvings in Hong Kong and conservation measures adopted by the Antiquities and Monu-
ments Office (AMO) over the years, to reduce the risks to these monuments and improve their
overall protection, with valuable inputs from various heritage professionals and government
departments. It also examines how the challenges give rise to an opportunity for AMO to repo-
sition the role and functions of the rock carvings from heavily protected items to more acces-
sible resources for public interpretation and appreciation. The paper concludes with some
reflections on heritage conservation as demonstrated in the development of rock carving pres-
ervation in Hong Kong from 1977 to present.

1 Protection of Rock Carvings in Hong Kong

There are currently eight rock carvings' in Hong Kong which have been declared as monuments under the
Antiquities and Monuments Ordinance. [FIGURE 1]. They are Rock Carving at Big Wave Bay, Rock Carvings
on Po Toi, Rock Carving on Tung Lung Chau, Rock Carving at Shek Pik, Rock Carving on Kau Sai Chau,
Rock Carvings on Cheung Chau, Rock Carving at Lung Ha Wan and Rock Carvings at Wong Chuk Hang.
[FIGURES 2-55] They form a homogeneous group with basic geometric patterns, some of which give hints to
human or animal images. It is difficult to establish when, how and by whom the carvings were made. Since
their patterns resemble strikingly those on the Bronze Age stamped pottery and bronze vessels unearthed
locally, it is believed that the rock carvings belong to Hong Kong’s Bronze Age, i.e. about 3,000 years ago. It
is important to point out that the above rock carvings are scattered mainly along the coastal areas and have
undergone weathering for many years.

The earliest initiative of AMO to protect the rock carvings was the commissioning of the consultancy study
conducted by Mr. Richard L. Thomas, an expert in geotechnical engineering, in 1977. This consultancy was
meant to study and develop proposals to supress the weathering process and improve the physical stability
of the rock carvings on Po Toi. In his report, Thomas highlighted that the primary force of weathering was the
chemical process caused by ground water in the rock joints and surface water or sea spray on the rock surface
(Thomas 1977). A further study covering all the rock carvings was conducted in 1979. Both studies recom-
mended the construction of sturdy protection structures, such as surface channels to intercept groundwater
and surface water flow, viewing platforms and shelters to protect the rock face from wave attack and sea water
spray, and the concrete buttress to enhance the overall stability of the block of rock.

Consequently, AMO implemented the protective measures over the past decades with assistance from
the former Public Works Department, the Architectural Services Department (ArchSD) and the respective
District Offices. Although these measures were the most advanced we had at that time, some of the facilities
have deteriorated and a number of the measures are obsolete judging from the present international stand-
ards of heritage conservation and interpretation as stipulated in the ICOMOS Charter for the Protection and
Management of Archaeological Heritage (1989), European Convention on the Protection of the Archaeological
Heritage (Revised 1992) and ICOMOS Charter for the Interpretation and Presentation of Cultural Heritage
Sites (2008).
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Figure 1. Location map of the eight rock carvings in Hong Kong

2 Major Problems with Preservation of Rock Carvings

The problems with rock carving conservation are numerous and complex and there seems to be no
consensus about the best strategy for addressing them (Sanders 2005). In general, conservation problems
can be attributed to natural deterioration and human impact.

Wind and water erosion can cause damage or even destruction of the rock carvings. It is probable that all
the rock carvings exposed to natural forces will eventually succumb to them. However, it should be noted that
the process could be controlled so as to supress the deterioration process. In fact, the rock carvings in Hong
Kong have been standing at the sea front and survived countless tropical storms over thousands of years.

In order to review the effectiveness of the protective facilities of the rock carvings, AMO invited Dr. Richard
Engelhardt, a heritage preservation expert, Mr. William Meacham, a local archaeologist, Mr. Andrew Thorn and
Dr. Valérie Magar, rock art conservation experts, to conduct a consultancy study, which identified the following
major problems with the preservation of rock carvings. [FIGURE 2-55]

2.1 Harmful effects caused by cement structures

The cement structures of the water diversion dams, shelters, visitor platforms, pathways, staircases not
only changed the landscape of the heritage sites but also altered the natural and archaeological context of the
rock carvings, adversely affected the interpretation of these heritage sites (Meacham 2010).

Besides, the cement structures facilitated water accumulation and acesslerated the chemical and biological
processes. The cement water diversion dams, for example, could not stop water flow because the bonding
of cement structures with rock is poor. Water with harmful soluble salts leached out from the cement could
be slowly released through the joints between the cement and rock surface. The bulky cement structures of
the protective facilities could also block the flow of underground water and alter the water table near the rock
carvings (Engelhardt 2010; Magar 2010; Meacham 2010; Thorn 2009).

2.2 Creation of micro-climate

The iron shelters with Perpex screens were constructed to protect the rock carvings from wind blow,
sea wave attack and vandalism; however, they created a micro-climate inside the shelters with tempera-
ture and humidity contrasting with the environment outside. The micro-climate disturbed the equilibrium
that has long existed between the rock carvings and the natural environment as well as sped up the
weathering process indirectly (Engelhardt 2010; Meacham 2010).

2.3 Damage of bio-growth

The existing humid environment, which was further accentuated by the construction of the water diversion
dams, fosters the bio-growth that would affect the stability of the engraved surface. Although the application of
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water repellent and biocide is effective to repel water and control the bio-growth respectively, the water repellent
or consolidant only affects the moisture on the rock surface but not within the rock (Engelhardt 2010; Magar 2010;
Thorn 2009), and most importantly, both chemicals could cause irreversible damage to the rock carvings.

2.4 Viewing obstruction

The shelter, the viewing platform and the concrete buttress may have facilitated the viewing and protection
of the patterns of the rock carvings; it was however at the expense of blocking the view of the whole natural
setting of the rock carvings. Moreover, the deteriorated Perspex screens of the shelter are an obstacle to

appreciating the rock carvings (Engelhardt 2010; Magar 2010; Meacham 2010; Thorn 2009).

3 New Conservation Measures in Practice

In order to tackle the aforementioned problems, improve the overall protection, and enhance the public
visitation of the rock carvings, AMO has been collaborating with the Conservation Office (CO) of the Leisure
and Cultural Services Department (LCSD), ArchSD and the Civil Engineering and Development Department
(CEDD) of the Government of Hong Kong Special Administrative Region to follow up the recommendations of
the consultancy reports. Implementation of the new conservation measures have been carried out in phases.

After considering the harmful effects caused by cement structures, AMO decided to remove the cement
structures at the rock carving sites. ArchSD has assisted in removing the shelter for the Rock Carvings on
Kau Sai Chau [FIGURE 31], Po Toi and Tung Lung Chau [FIGURE 20] and the cement water diversion dams
above the rock carvings at Big Wave Bay [FIGURE 6] and Po Toi [FIGURE 14]. Conservators of LCSD have
also removed the cement capping on the surface of the rock around the carving at the site on Cheung Chau
[FIGURE 38]. To prevent leaching of soluble salts from the cement structures, the conservators also studied
and recommended suitable materials, such as siliceous grout, for reconstructing the water diversion dams
above the rock carvings at Cheung Chau, Po Toi, Shek Pik and Wong Chuk Hang, if applicable.

To monitor the physical condition of the rock carvings, AMO launched a number of phased studies, including
geological surveys of all the rock carving sites and hydrological assessments of Rock Carvings on Po Toi and
Cheung Chau. These studies were conducted by CEDD, and the climatic studies within the shelter of Rock
Carvings on Po Toi were carried out by the conservators of LCSD.

Although the experts of the consultancy study have different views on the use of chemicals to control the
bio-growth and moisture on the rock carvings, it is generally agreed that the chemical treatments should be
continued with careful monitoring of their impacts on the rock carvings. Conservators of LCSD have adopted
the chemical treatment recommended by the consultants to arrest the bio-contamination on the rock surface
and monitored the effect of chemical treatment closely at all the rock carving sites.

With assistance from ArchSD, the Perspex screens of the shelters at Lung Ha Wan [FIGURE 46], Po Toi
and Tung Lung Chau [FIGURE 20] have been removed to let visitors appreciate the engravings clearly.

For better management of the rock carving sites in the future, AMO has sought advice from CEDD to
arrange 3D laser scanning for collecting information on the monuments and monitoring the rock carving
surface. Appropriate mitigation measures would be arranged based on the scanning findings.

4 Opportunity arising from Challenges: Enhancement of Public Appreciation of Rock
Carvings through New Protection and Visitor Facilities

The challenges of preserving the rock carvings in the past decades have provided AMO with a good oppor-
tunity to comprehensively review and improve the conservation measures through the consultancy study. The
consultancy reports recommended enhancing visitor interpretation of each rock carving and its linkage with
other rock carving sites in Hong Kong to promote public awareness as well as the value of the rock carvings
as a public educational resources. This approach would help educate the visitors about the historical value
of the sites, and also convey a message against vandalism in a gentler and visually pleasing way. During the
implementation of the recommended measures, it is important to strike a balance between conservation and
public appreciation so that the rock carvings would not be overly-protected or aggressively promoted.

In April 2011, the Community Project Workshop (CPW) of the Faculty of Architecture of the University of
Hong Kong (HKU), was commissioned by AMO to prepare the proposals for the design of protection and visitor
facilities for the rock carvings. CPW reviewed the recommendations of the consultancy reports and consulted
the four experts as well as the conservators of LCSD before writing up the design proposal report. It was based
on the premise that an equilibrium condition should be achieved by keeping all the rock carvings in their natural
setting while protection could be achieved by keeping a safe distance between the monuments and visitors.
The level of protection varies according to the natural landscape, accessibility and number of visitors to the
rock carving sites. CPW submitted a report to AMO in March 2012 with recommendations of the following three
design approaches for new protection and visitor facilities at the rock carving sites. [FIGURES 7 and 8, 15
and 16, 21 and 22, 26 and 27, 40 and 41, 47 and 48, 54 and 55 — examples of controlled pathways; FIGURE
32- example of psychologial barrier]
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4.1 Controlled pathway

In areas with heavy tourist traffic and easy accessibility, construction of bypasses with balustrades will
keep visitors at a reasonable distance from reaching the rocks while still be able to view the carvings clearly.
For example, to prevent vandalism by increasing the distance between visitors and the rock carving, CPW
suggests constructing an extended walkway starting from the existing concrete platform at the rock carving
site on Tung Lung Chau. An interpretation plate is also suggested for incorporation into the railing to provide
more background information on the rock carvings, and educate visitors about protecting the cultural heritage
of Hong Kong (Community Project Workshop 2012).

4.2 Physical barrier

Physical barriers which are visitor-friendly yet can prevent vandalism are proposed (Community Project
Workshop 2012). This approach is not applicable to any of the eight rock carving sites.

4.3 No physical barrier / psychological barrier

For sites with infrequent visitors, construction of a barrier is not recommended. Eye-catching signs or struc-
tures will not be installed, but an information panel will be added as a psychological barrier. This approach is
applicable to the rock carving site on Kau Sai Chau where only a standalone interpretation plate is suggested
to provide more background information on the rock carving and educate visitors about protecting the cultural
heritage of Hong Kong. The above suggestion complies with the views of the experts that the site not be devel-
oped into a popular tourist destination to ensure minimum disturbance to the rock carving and the environment
(Community Project Workshop 2012).

It is believed that the new protection and visitor facilities will be able to reinstate the interaction between the
rock carvings and the natural environment. Protective screens would be replaced with a controlled pathway or
psychological barrier to facilitate the visitors’ appreciation of the rock carvings. Visitors could also understand
more about the sites and their important heritage value through the enhanced interpretation plates. AMO
is seeking assistance from ArchSD and other government departments to implement the new architectural

design works in phases.

5 Heritage Conservation: An Evolutionary Process

From Thomas’s Report of 1977 to Community Project Workshop’s Report of 2012, the approaches to
preservation of rock carvings in Hong Kong have been undergoing remarkable changes. The integration of
human-object interactive elements into the conservation measures reflects that heritage conservation is an
evolutionary process which keeps pace with the latest international trends and standards.

In the 1970s, the concept of preservation of rock carvings in Hong Kong focused mainly on physical protec-
tion. Initially, AMO used protective facilities, such as shelters, to protect the rock carvings against direct potential
threats from sea wave attack, weathering and vandalism. These traditional object-orientated conservation
measures were, however, subsequently proved to be inadequate to meet the requirements of international
charters and principles of heritage conservation and interpretation. For better protection of the monuments,
AMO started to review the conservation measures and reposition the role and functions of protection and
visitor facilities since 2009. The incorporation of human-object interactive elements into the design proposals
for the new protection and visitor facilities, is an experimental attempt in Hong Kong. The ultimate goal is to
allow the public to understand more about the rock carvings and to standardise preservation methodsand to
limit continuous human intervnetions, as well as limit the effects of these changes to the natural settings of the
carvings. Therefore, the new preservation strategy of AMO not only emphasizes the physical protection of rock
carvings but also stimulates visitors’ understanding and appreciation of their heritage value. This approach will
enhance the public education and awareness as well as prevent the vandalism of the rock carvings.

Apart from the evolution of preservation approaches, it is not difficult to find that heritage conservation has
been developing into a multi-disciplinary subject which brings together professional knowledge from various
fields. In the consultancy study of 1977, Mr. Thomas, an expert in geotechnical engineering, recommended the
conservation measures primarily from an engineering point of view. In the course of reviewing the conservation
measures in 2009-10 and designing the new protection and visitor facilities for the rock carvings in 2011-12,
AMO collaborated with Dr. Engelhardt (heritage preservation expert), Mr. Meacham (archaeologist), Mr. Thorn
(rock art conservator), Dr. Magar (rock art conservator), the Community Project Workshop (academic institu-
tion with expertise in architecture) and various specialists in government departments (conservators of LCSD,
architects of ArchSD and engineers of CEDD) to ensure that all recommended conservation measures and
design proposals were thoroughly studied from various professional perspectives, and could strike a balance
between conservation and public appreciation. This collaborative experience demonstrates that the engage-
ment of heritage conservation professionals can inspire high quality, technically feasible ideas and concepts.

With the provision of new conservation measures as well as new protection and visitor facilities, AMO
hopes to bring the rock carvings back to nature and get them closer to the public at the same time. There is
no perfect method to prevent the rock carvings from deteriorating, which makes preservation of rock carvings
an ongiong and challenging task. Nevertheless, AMO will keep doing its very best to provide them with appro-
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priate protection and interpretation in compliance with the latest international trends and standards.

Endnotes

'The term ‘rock carving’ in this paper is referred to as ‘rock engraving’ and ‘petroglyph’ in international rock art literature
which describes a motif that has been pecked into the bedrock resulting in a lowering of the surface to form the motif.
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