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1.1 Characteristics of the Bayon Temple

Chapter 1 : Fundamental Idea for the Conservation
and Restoration, and the Utilization of
the Bayon Temple

1.1 Characteristics of the Bayon Temple
NAKAGAWA Takeshi

1. Introduction

The first time I actually saw the Bayon Temple was in Oc-
tober 1992. Giant deity faces that can either be interpreted
as sculptures or a part of the architecture, the dense, three-
dimensional structure that emanates a sense of spaciousness
that is rare in Asia, and the appearance that exudes a mysteri-
ous aura full of energy, were just as I had imagined. However,
I also felt something resembling a sense of balance within the
overall atmosphere of Bayon. It was a strange atmosphere that
could perhaps be described as a fragile equilibrium between
destruction and peace. This sensation was unexpected to me,
and hit me only after I actually stood facing Bayon. Over half
the masonry of the central tower was collapsed, but regard-
less, the towering appearance was a bold sight. At the same
time, there was also a precariousness that tended to impose a
feeling of tension in all who lay eyes on the building. Indeed,
throughout the intricate appearance of Bayon, the masonry of
pillars and walls everywhere were in danger of collapse, and
the monument almost seemed to be eloquently demonstrating
the fact that even stones fall into decay. Yet, there was also a
sense of security in the air. This ambivalent feeling was beyond
my imagination, and came as a complete surprise. Personally, it
was this wonderment that stirred in me the desire to participate
in the project to restore and conserve Bayon. Since then, I have
studied Bayon in depth with many specialists from different
fields, but its mysteries seem only to keep deepening. Natu-
rally, this is a good sign, and there is much that I have learned.

2. Overview of Bayon

Bayon is the central temple of Angkor Thom, but the center
of the royal city and the center of Bayon are slightly but clearly
non-concentric. It is the accepted view that Bayon was built
by Jayavarman VII (ruled 1181 - 1219) as a Mahayana Bud-
dhist temple, but it was converted to a Hindu temple in later
years and also used as a Theravada Buddhist temple as well
as a place of worship of the native religion up to the present.
However, JSA expert teams in art history and architecture have
presented different theories based on the results of studies con-
ducted by the archaeology and petrology teams. In regard to
the construction purpose of Bayon, there are theories that claim
Bayon is a tomb or a monastery, but I must agree with the art
history view that it was constructed as a temple.

The temple faces east. The main building forms a rectan-
gular plan with a front face that is approximately 130 meters
wide and side faces that are approximately 140 meters long. A
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large terrace projects out from the east frontal to accommodate
an approach. There is a rectangular pond on both the north and
south sides of the terrace.

The perimeter of the temple is surrounded by two galleries.
They will be referred to as the inner gallery and outer gallery in
this paper. The inner gallery has a ground plan with a complex
shape. It is comprised of a gallery having a cruciform-shaped
ground plan (hereinafter referred to as the cruciform gallery)
and another gallery which was later added in a shape created
by connecting the four corners of the cruciform gallery (here-
after referred to as the corner gallery).

The temple is composed of three levels: an upper terrace
(central terrace), a middle terrace, and a lower terrace. The up-
per terrace was constructed so that it touches the inside of the
cruciform gallery, and a group of buildings forming the central
complex was placed on top of it. The tower-shaped central
sanctuary in the center of the complex has a somewhat oval
ground plan. It is connected to a tower-shaped gate pavilion on
all four sides (north, south, east, and west), and tower-shaped,
same-style side sanctuaries at the diagonal point. Furthermore,
a group of four pavilions (worship towers) is attached to the
east frontal, and another pavilion is attached to each of the
north, south, and west faces. In addition, three small sanctuar-
ies stand separately on the upper terrace.

The middle terrace is mainly composed of the inner gallery.
A cruciform-shaped terrace conforming to the outline of the
cruciform gallery is placed on a rectangular terrace. A gate pa-
vilion composed of three tower-shaped structures forms each
of the four end faces in the north, south, east, and west direc-
tions of the cruciform gallery. Similarly, a corner pavilion com-
posed of three tower-shaped structures stands in the reentrant
part of the four corners. There is also a tower-shaped pavilion
in the four corners of the corner gallery. On the inside of the
cruciform gallery, there are two small sanctuaries and a small
structure covering a well, partly overlapping with the upper
terrace.

The outer gallery surrounding the perimeter of the lower
terrace has a gate pavilion in the four directions and a corner
pavilion in the four corners. On the lower terrace inside the
outer gallery, a single pavilion stands inside the east gate pavil-
ion of the outer gallery, and the Northern Library and Southern
Library stand in the northeast corner and southeast corner,
respectively. There are also traces of sixteen rectangular-based
structures connecting the small gates constructed on each side
of the outer gallery, the gate pavilions and corner pavilions of
the inner gallery.

In addition to the complex architectural style mentioned
above, other characteristics of Bayon in terms of Khmer archi-
tecture include the forest of towers carved with massive deity
faces and the sculptural decorations applied to the walls of the
galleries. There are 52 towers adorned with deity faces. The
deity faces are primarily carved so that they face the four direc-
tions, but some towers do not necessarily conform to this rule.
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Therefore, although roughly 180 deity faces were planned to
be carved in all of Bayon, only 173 faces actually exist.

The JSA Art History Unit (PARK Hyounggook et al.) con-
ducted an analysis of the deity faces and submitted that they
represent the faces of Deva, Devata, and Asura. They are com-
mon stereotypes of deity figures of the time, and display dif-
ferent characteristics. It is believed that they were carved on
the towers as an expression of the protection of the temple by
the might of the gods and goddesses. Also, there are sculptural
decorations in the form of bas-reliefs mainly on the walls of
the gate pavilion and corner gallery of the inner gallery and on
almost all the walls of the outer gallery, including the pavil-
ions. The subject matters of the bas-reliefs are diverse, ranging
from Buddhist and Hindu myths, to the lifestyles of the nobles
and the people of the time, and battles with Champa forces.

From 1908 to 1937, 'Ecole Francaise d'Extréme Orient
(EFEO) almost continuously carried out restoration work at
Bayon, although there were some brief intervals of discon-
tinuation. Specifically, it sorted collapsed and fallen stone
elements, partially dismantled, and rebuilt the building, and
conducted temporary repair of places in danger of collapse.
EFEO also implemented an excavation survey centered on
an architectural measurement survey, and compiled reports
containing diagrams of the actual state of the monument and
conjectural images of the monument's original form, as well
as the process of additional constructions and modifications.
In 1990, a Polish team conducted an excavation survey around
the east terrace. The collapsed and fallen stone elements they
gathered in various places inside and outside the complex are
still left as they are, because aside from a few journal entries,
no records have been discovered to date that indicate how the
fallen stone elements from which area were organized, much
less their numbering system. The identification of fallen stone
elements is therefore posing one of the greatest difficulties for
future restoration work. The exact same situation was also true
at the Northern Library. With a focus on the Northern Library,
we conducted a search and an identification survey of fallen
stone elements of the northeast portion of the temple grounds
which account for roughly one-fourth the total area of Bayon
Temple. We carried out each task sequentially, beginning with
(1) a rough discrimination of the elements according to style
details such as the presence of sculptural decoration. We then
(2) roughly categorized them based on a study of the suscepti-
bility of stone elements, (3) divided elements thought to belong
to the Northern Library from those that do not, (4) classified
them by the parts of the Northern Library, and (5) identified
them through partial trial assembly. Tasks (3) to (5) above were
a survey of individual elements. There were a total of about
7,000 elements, and we created survey sheets for a total of 411
elements. Of these elements, 57 elements were identified as
those belonging to the Northern Library of Bayon. In regard to
the other stone elements, we documented them and temporar-
ily grouped and placed them in appropriate locations separate
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from those that were identified. It took a team composed of an
average of ten members approximately four months and con-
siderable skill to carry out all the necessary tasks.

At present, beginning with the Southern Library, there are
many buildings such as the central sanctuary which are in
great danger of collapse. The roof of the outer gallery is al-
most entirely collapsed, excluding a part of the gopura, and
the sculptural decorations on the walls are left exposed to the
rain. Deterioration is progressing everywhere, and there seems
no way of determining where to begin restoration. In addition
to these problems, the facts that Bayon is a living temple and
the greatest tourist mecca along with Angkor Wat, and that the
temple grounds is extremely small are further exacerbating the
difficulty of implementing conservation and restoration work.
However, an even larger problem is in revealing the complex
religious significance of Bayon through the various sculptures,
the dense and energy-filled form of the group of high towers,
and the dimensional planning, masonry method, and arrange-
ment of detailed motifs which continue to deviate from any
basic principle. In other words, it is important to elucidate the
reason why Bayon came to be, how it was planned, and what
made its actual creation possible. The very existence right be-
fore our eyes of a temple which seems to jut out into the world
is itself the greatest mystery of Khmer.

Our challenge of solving this mystery took shape through
the process of partial dismantlement and rebuilding of the
Northern Library of Bayon (ARJSA 1997-2000).

Our exploration of the origin of Bayon still continues today
through the survey of the Sambor Prei Kuk monument of the
pre-Angkor era (7th~9th century).

The section below is an interim report up to the present of
our findings regarding the characteristics and transition of
Bayon Temple compiled from the above results and the results
of surveys conducted by the JSA Architecture Inventory Unit
and the Art History Unit.

3. The Characteristics and Transition of Bayon Temple

By integrating various specialized surveys conducted by JSA
to date, we have come to the following provisional conclusion
as of the present.

The most noteworthy characteristics of Bayon Temple are
the following three points.

(1) The three-deity composition of Deva, Asura, and Devata,
which was originally used in Indian and Khmer tradition
to symbolize the creation of a new world through the co-
operation of different elements, such as represented by the
"Churning of the Sea," was skillfully placed on the city
gate and temple entrances to create a new formation of
guardian deities.

(2) The formation of the above three deities was represented
in the structure of the unique and giant deity faces on the
towers.

(3) With the religion of Jayavarman VII himself and of the
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symbolize, famous legendary motifs of the three major
religious sects—Siva worship, Vishnu worship, and Bud-
dhism—were incorporated to respond to the wishes of
each religious sect. At the same time, the legitimacy and
authority of Jayavarman VII's reign were ingeniously ex-
pressed.

In regard to the transition of Bayon Temple, we should take
notice of the views of Professor C. Jacques, who spent many
years studying Khmer inscriptions. However, given the real
traces left in the building, we feel inclined to agree to a large
extent with Professor J. Dumargay's four-stage transition theo-
ry

At the present stage of studies by JSA experts, we believe
that Bayon was initially created as a Hindu (Visnu) temple,
later converted to Buddhism, and then converted back to Hin-
duism. However, we must further investigate this possibility
and carefully track the process through which each of the fa-
cilities and parts were boldly scaled down, expanded, and re-
positioned.

Notes

1 H. Park, "Notes on the Character of the Chambers on the Terrace
of Bayon Temple and Pilgrimages Made To Them," ARJSA 2001,
pp. 107-150.

2 H. Park, "Notes on the Reliefs of the Inner Gallery of the Bayon
Temple (Supplementary Notes: Reliefs of the Gallery of Banteay
Chmar)," ARJSA 2003, pp. 141-155.

3 T. Narita et al., "Outline of Excavations and Investigations at the
Outer Gallery of the Bayon Complex," ARJSA 2000, pp. 3-22.

4 O. Cunin and E. Uchida, "Contribution of the Magnetic Suscepti-
bility of the Sandstones to the Analysis of Architectural History of
Bayon Style Monuments," ARJSA 2002, pp. 205-254.

According to Dumargay's research, it is believed that Bayon
achieved its appearance today after additions and modifications
were made in four separate stages (Dumargay/Groslier, 1973).
However, C. Jacques presents a different theory from Dumargay
based on his study of inscriptions ("Historical Aspect of the Bayon
Temple," Bayon Symposium, 1998).

In particular, Dumarcay's above literature reports not only on the
history of studies and restoration at Bayon, but also other details
such as the meaning of the monument, construction technologies,
the architectural structure of the monument, molding styles, con-
struction procedure, construction period, and excavated artifacts.
PKZ ed.: The Bayon Temple — The Report of the Polish-Cambodi-
an Archaeological and Preservation Mission 1990-vol.1, Warsaw,
1999.
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1.2 Environmental Preservation
NAKAGAWA Takeshi

There is no doubt that a culture system is born from a certain
environment and is maintained by that environment. We can
say that mankind has continued to protect and nurture culture
at times by receiving the blessing of nature, and at times by
confronting and controlling severe environmental conditions.
In this respect, the preservation of the environment is essen-
tial to conserving cultural heritages in living form. The term
"environment" in this sense can be roughly taken to mean
the natural environment, culture, and social environment, but
these three types of environment are actually fused together,
so "environment" here refers to the interconnected concept of
environment. Take, for example, the expression "Angkor, the
city of water." It expresses the nature and value of the Angkor
monuments which flourished by attractively and aesthetically
utilizing the abundant natural resource of water. However, at
the same time, it also refers to the efforts that were made to
overcome climatic constraints and expand agricultural produc-
tion. In other words, our views of the environment supporting
culture are determined on how we interpret the value of a cul-
tural heritage.

1. Monitoring and Preservation of the Natural Environ-
ment

Climate:
We are inclined to think that unstable climatic fluctuations of
recent years are closely linked to global environment trends,
and are a problem which cannot be solved by Cambodia or
Angkor alone. However, the relationship between the move-
ments and deterioration trends of monument buildings and
climatic fluctuations are recently garnering widespread at-
tention. Additionally, basic weather data are extremely im-
portant to the conservation of water and forest environments.
The fact that a local governmental institution in Siem Reap
has begun to disclose weather data is a welcome develop-
ment, but weather conditions greatly differ between Siem
Reap city and the Angkor monument area. Also, since the ac-
cumulation of weather data over many years is vital, weather
data should be collected from at least three locations (e.g.,
Angkor Wat, Angkor Thom, Banteay Srei, etc.) under the
leadership of APSARA, without depending on foreign teams
engaged in each of the monuments.

Water:
The water environment of the Angkor monuments is roughly
comprised of rainwater, surface water from Siem Reap River
and other rivers, pooled water of the West Baray and Lake
Tonle Sap, and groundwater, such as in wells. However, it is
receiving serious damage from today's rapid development of
the city, the increase in population and number of tourists,
and changes in lifestyles and industries. In regard to urban
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1.2 Environmental Preservation

development, a JICA team and the Cambodian government
are presently in the process of preparing countermeasures,
but the monument areas have yet to be addressed. For ex-
ample, it is necessary to study how rainwater flowing from
the Mount Kulen region fluctuates when it reaches rural vil-
lages, the monument areas, the city, and the mouth of Lake
Tonle Sap. Detailed data must be collected on the seasonal
fluctuations in the water level of ponds, moats, barays, and
the vast numbers of wells, and the water environment of the
entire Siem Reap and Angkor region must be structurally un-
derstood based on that data. It is also important to engage the
cooperation of residents to discover and learn about tradi-
tional wisdom concerning water use. For example, this may
involve collecting data on the amount of rainwater in Bayon
or other monuments that seeps into the ground. This data
should then be analyzed in relation to the composition of the
water environment of the entire area, and used to address the
conservation and restoration of Bayon’ s unique wastewater
facility. The cause and effect of utilizing great amounts of
well water in large hotels and the structural stability of the
ground under the monuments cannot be easily established.
Additionally, although the cause and effect of the conserva-
tion of forests, agriculture, and the urban landscape and the
conservation of the traditional water environment can be
understood at the commonsense level, it is similarly difficult
to say for certain. Comprehensive monitoring of the water
environment is a significant means of analyzing such rela-
tionships.

Forests:

According to JSA botanists, a large part of the royal city of
Angkor Thom is occupied by secondary virgin forests. Even
so, there are surprisingly few small animals beside monkeys.
Leaving that aside, however, the surrounding forests are an
indispensable part of the appearance and scenic attraction of
the Angkor monuments. This makes us wonder, then, what it
was like during the old Angkor era. In addition to the stone
temple, it is believed that wooden dwellings existed inside
Angkor Thom. Therefore, the virgin forests we see today
probably did not exist in the same way. Nevertheless, re-
liefs at Angkor Wat and the galleries of Bayon show images
abound with trees and forests, so it would be safe to assume
that forests were also familiar and essential to the Angkor
era.

As represented by Ta Prohm temple, the appearance of
massive tree roots tangled around monuments looks like a
stifling battle between the man-made and the natural, and is
considered one of the enticements of the Angkor monuments.
However, the giant trees of Angkor are unexpectedly weak.
As they grow, the core becomes hollow, causing the trees
to fall easily in a thunderstorm, or their branches to break
from their own weight. From the perspective of monument
protection, giant trees near the monuments are extremely
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dangerous. Yet, they cannot be easily removed, and require
governmental permission and careful technology from the
standpoint of forest conservation. To address this problem
as well as to protect the forests, it is not sufficient to merely
prohibit local residents from entering the forests surrounding
the monuments. Most important is to restore the harmoni-
ous co-existence of residents and the forests as depicted in
the reliefs of the Angkor era. Residents can contribute to the
conservation of monuments by fostering and protecting the
forests.

2. Monitoring and Preservation of the Cultural

Environment

Religious Belief:

The seated image of Buddha, which is the principal deity im-
age of the early Bayon era, has been repaired and ensconced
in the modern temple located to the east of the Royal Plaza
of Angkor Thom, and is not found in Bayon today. However,
Angkor Wat and Bayon are apparently significant places of
spiritual worship for people not only from the vicinity of
Angkor Thom, but also from throughout Cambodia. In other
words, Bayon as well as most of the other Angkor monu-
ments are living places of worship in two respects that are
expected to offer a quiet space for worship.

Intangible Cultural Heritages:

The apsara dance is one of the representative intangible
cultural heritages of Angkor. When performed at Angkor
Wat and the Terrace of the Elephants in Angkor Thom, it
produces a most splendid atmosphere. In a way, this is to be
expected, since social life revolved around the temple dur-
ing the Angkor era, and the temple served as the stage for
culture and the arts. It would be ideal to actively maximize
this traditional function of monuments and to utilize them
as places to stage performances of shadow plays, music, and
other small-scale intangible cultural heritages.

Cultural Tourism:

The Angkor monuments compel visitors to dialogue with the
inner self. This is perhaps because of the liberating feeling
of blending into the far sky and vast forest. It may also come
from the mystic aura emanating from the reliefs, structural
technologies, and the appearance of the buildings. Bayon,
in particular, is a monument having the potential to attract
tourists as a place to learn about the findings of academic
surveys and studies related to such mysteries. Conservation
of the cultural environment should focus on harmonizing
the reverent atmosphere of the monuments as places of quiet
worship with cultural tourism aiming to offer traditional
performances and provide academic information to enhance
people's understanding of the monuments.
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3. The Relationship between the Bayon Temple, Angkor

Thom, and the Angkor Monuments area

Angkor Wat and Bayon are monuments with different char-
acteristics. However, we must remember that their differences
will lose all significance if the cohesive image of the Angkor
monuments is lost. The cohesive image is directly linked to the
basic principle of conservation, and the results of all activities
based on this principle are embodied in the appearance of the
monuments. This is because individual studies and restoration
work exist to collectively provide answers and contribute to
the common questions of what the Angkor monuments are,
and why they must be conserved. Even if specific restoration
methods differ according to each site, the monuments would
still display a common image in regard to temporary site plans,
construction operations, and the policies of environmental
conservation after restoration. Underlying it all is perhaps the
feeling of love and respect for the traditional culture of the
Angkor monuments, and the explicit expression of that feeling
materializes as the appearance of the monuments.
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1.3 The Dimensional Plan of the Bayon Temple
-A Comparison between the Bayon Northern
Library and Southern Library-
MIZOGUCHI Akinori

1. Introduction

The question regarding the type of planning technique that
was employed in planning Khmer architectures is the subject
of a massive research encompassing the characteristics of the
measurement system and construction technologies of those
times. The process of examining the concepts and architectural
plans of monuments at the time of their construction often
tends to be considered an unessential aspect to the restoration
activities of cultural properties. However, the elucidation of
a monument's margin of construction errors and distortions
caused by aging could be pivotal to carrying out restoration
activities on individual monuments starting from their present
state of ruin. That is, if such elucidation could shed light on
the target appearance as well as the planned and conceptual
appearance of a monument, then there is nothing that could
provide a greater clue for the formulation of a basic restoration
policy.

To understand the actual conditions of past architectural
plans, it is first of all necessary to gain an understanding of the
construction measure of that time. However, to investigate the
construction measure, a certain level of knowledge concern-
ing the general conditions of architectural plans is required.
It would be difficult to understand the construction measure
without first gaining an accurate grasp of what the architec-
tural plans were like in those days. At the same time, it would
be difficult to deduce past architectural plans without a clear
understanding of the actual length of the construction measure.
Therefore, we hardly had any clues to rely on, and the only re-
search method we possessed was to apply various possibilities
and hypotheses to the monuments and develop in increasingly
substantial argument by examining each. This is clearly the
case even when dealing with the research history of the con-
struction measure, which will be discussed later. We must bear
in mind that the results of these trials and errors in studying the
research history are the only clues, albeit negative ones. How-
ever, the difficult challenges notwithstanding, this study topic
is undoubtedly the latest significant issue in the restoration of
cultural properties.

The exploration of the construction measure which was em-
ployed to build the Bayon Temple is a particularly complex is-
sue. As is widely known, the numerous architectural structures
composing the Bayon Temple are not only severely ruined, but
many parts of the stone elements are unshaped or display traces
indicative of hasty work. These conditions make it extremely
difficult to seek a precise estimation of the construction mea-
sure from the actual dimensions of the monument. This prob-
lem is also a conspicuous feature of the two libraries discussed
in this chapter.
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1.8 The Dimensional Plan of the Bayon Temple -A Comparison between the Bayon Northern Library and Southern Library-

This study is intended to present estimated values of the
construction measure of the two libraries of the Bayon that are
characterized by the above conditions. We hope it will provide
a significant clue to future restoration work on the various parts
of the Bayon Temple. Numerical references we utilized for the
analysis of the Northern Library are based on numerical data
obtained after JSA's restoration work on the Northern Library,
and that which we utilized for the analysis of the Southern Li-
brary are based on current measurement data obtained through
a JSA-APSARA joint study.

As previously mentioned, the restoration work on the North-
ern Library has been completed, but the current state of the
two libraries does not satisfy the conditions required to gain an
understanding of their systematic dimensional plans. Before
conducting further analyses of the libraries, other monuments
should perhaps be addressed in search of substantial clues.
Therefore, this paper will introduce the results of a survey con-
ducted by the JSA Architecture Unit on the dimensional plan
of the complexes of Banteay Samre Temple and Thommanon
Temple, and use those results as clues to analyzing the two li-
braries of the Bayon.

2. Characteristics of the construction measure
2.1 History of studies on the Khmer measurement

At the end of the 19th century, academic researches into
Khmer monuments were begun by French researchers. Until
now, noteworthy results have been accumulated, especially
such as the chronology of monuments which is elucidated
through the decipherment of inscriptions and the studies of
art styles, and the discovery of construction techniques which
is revealed through restoration works. Even so, in regard to
aspects concerning the dimensional plan and design technol-
ogy of Khmer architecture, the ancient measure remained
undiscovered. Except for an attempt to estimate the standard
measurement by deciphering inscriptions, the studies produced
little result. In recent years, however, certain discussions have
gradually emerged in this field, and each of the studies that are
now being conducted is focused on revealing the module of the
construction measure based on data obtained from actual mea-
surements of monuments.

Within the history of studies in this field, one of the com-
monly held perceptions was that the unit of measurement em-
ployed by the Khmer dynasty was probably similar in length
to the hasta or hatta observed throughout Indian culture. The
"hasta" and "hat" found in Khmer inscriptions and the pres-
ence of "hatta" in Cambodia today provide the basis for this
estimation.

Hatta is said to refer to the portion "from the tip of the
middle finger to the elbow," with the hand open and extended.
It is a unit of length based on the human body, and corresponds
to the mh of ancient Egypt, the cubit of Mesopotamia, and the
hasta of ancient India. However, as will be discussed later, it
must be noted that an anatomy-based measure which allows
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individual differences and an official, nationally-controlled
measure are two completely different standards of length.

On the other hand, the existence of a unit of length, called
"vyama" or "a span of the extended arm," has been known
and was discussed sometimes in the field of epigrahpy. Louis
Finot interpreted 1 vyama as 1.6 m ! or 1.7 m,> while George
Ceedes suggested that 1 vyama is equals to around 2 m and cor-
responds to 4 hat.> He also mentioned that 1 hasta equals ap-
proximately 0.45 m.*

Both arguments were developed in the first half of the 20th
century, and they are undeniably noteworthy precedent studies
in terms of the fact that they take into account the meticulous
decipherment of inscriptions, the knowledge of the measure
used in Cambodia today, as well as the conversion relationship
with the sok and wa of Thailand. However, at the time, those
arguments were not sufficiently verified through measurement
surveys of monuments.’

Eleanor Mannikka performed a dimensional analysis of
Angkor Wat, and derived a construction measure of 436 mm.
This theory is also interesting—it was analyzed based on the
belief that design plans were created according to special
numbers related to ancient astronomy. The relevance of this
type of argument is, however, difficult to judge. As it accepts a
certain form of numerology, it retains a problem which must be
addressed with special discretion in the process of numerical
analyses. In the future, a thorough examination must be carried
out to verify whether design techniques could have received
numerological influences originating in ancient astronomy and
astrology, and whether they can be justified as effective design
methods. At this stage, however, the construction measure of
436 mm is not completely acceptable.

In his concise report on a dimensional analysis limited to the
central area of Angkor Wat, Sébastien Saur estimates that the
unit of a measurement system called hat is 28.753 cm and that
a module is 25 cm. However, his argument only offers abrupt
conclusions, and fails to present any clear reasoning. In order
to clarify the relevance of his estimated measure, he must pres-
ent a restorative account of his designing procedure and proof
of its relevance. Even if the standard measurement that was
estimated through an arbitrary study of certain architectural
parts is somehow fitting, that alone is not sufficient as a persua-
sive basis of argument. Yet to begin with, Saur's argument does
not even indicate which architectural part actually matched
his theory.” As such, it fails to satisfy the level that can be ac-
knowledged as an analytical study of construction measures.

Another analysis of Angkor Wat was conducted by Takeshi
Tsuchiya, who derived a module of 485 mm. His argument
does not pursue construction measures that strictly comply
with a certain measurement system, however, but is limited
to the unit of length that emerges secondary to the designing
method. Tsuchiya therefore makes no mention of the measure
that gives origin to the module, and for this reason, his argu-
ment that his estimated module is in fact the module, is not a
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sound argument. In order for Tsuchiya's estimated module to
be accepted, he must present the actual length of the measure
that serves as the origin of the module, as well as the plan and
procedure through which he derived the module.®

Takahiko Chubachi extracted a construction measure from
a measurement survey of the twelve Prasat Suor Prat towers,
and came up with the same 436 mm as Eleanor Mannikka.
Chubachi's argument is also interesting, but as is well known,
the Prasat Suor Prat towers are incomplete, and do not display
their final form. The laterite terraces and wall surfaces were
to be trimmed even more and shaped to be smaller toward
completion. This means that a straightforward analysis of the
construction measure from numeric values obtained from the
present state of the towers would necessarily give a somewhat
larger construction measure than originally intended. There-
fore, the problem with this argument is that it was constrained
by the low degree of completion of the targeted monuments,
and requires further investigation.’

Tatsuya Fujita and the author conducted an analytical study
of the construction measure of the Northern Library of the
Bayon. Their study was restricted by certain limitations of
measurement surveys at the time, and their argument goes no
further than to point out that their estimated standard measure-
ment of about 1245 mm corresponds to three times the length
of 400 mm — 450 mm, which is considered the most likely
construction measure. Restricted by the fact that the monument
was not formed completely, their argument had become highly
circumspect, and as a result, they failed to present a persuasive
argument concerning the construction measure. '

In addition to the above, discussions have also been pre-
sented which attempted to seek the golden ratio in the plan
of Angkor Wat. However, such arguments are completely ir-
relevant to the restoration study of construction measures and
planning methods.

As seen above, there are a variety of arguments and conclu-
sions concerning the construction measure of Khmer archi-
tecture. It is interesting to note that, excluding a few, they all
estimate the actual length of the construction measure as fall-
ing somewhere between 400 mm and 500 mm. We believe this
coincidence is grounded in the common understanding that the
hasta or hat of the Khmer era has its origin in the hasta of an-
cient India.

2.2 Characteristics of the measure of ancient architectural
technology

The system of weights and measures established by auto-
cratic nations must meet an absolute requirement to go beyond
individual bodily differences and provide a universal and tran-
scendental standard. In other words, whatever the length, the
actual length of a measure established as a system of measure-
ment must principally be a single length. The measure defined
by an autocratic king must be the only absolute standard which
governs all (measurements of) lengths, and no other standard
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can exist. Since the systems of weights and measures formed
the basis of the tax collection system, they were extremely im-
portant to the kingship, and they necessarily had to continue to
be an unalterable standard. It is reasonable to assume that the
construction measure of same-era monuments, at the least, is
an identical length in principle.

Additionally, the modality of ancient design technologies,
which largely hinges on the construction measure, generally
shows a marked dependency on a measurement planning sys-
tem by whole numbers (hereafter called "whole number sys-
tem"). In this system, the size and lengths of an entire building
and its parts are controlled by the integral multiple of the nu-
merical value which serves as the unit of measurement. It is a
dimensional plan that is commonly being discovered in ancient
architecture throughout the world.

The operation of controlling lengths and the process of
measurement are in a sense characterized by the manipulation
of numbers. The essence of a measure is its ability to convert
various lengths into numerals and to replace them into a form
that can be manipulated numerically. It is also the only method
capable of reproducing lengths and sizes. The basic character-
istic of a measure, therefore, is that it is governed by numerical
attributes.

The "whole number system" is a planning method that best
shows how the dimensional plan was completely dependent on
numerical attributes. Numbers in the ancient world were exclu-
sively synonymous with integers. This was an ancient feature
of the numeric culture dominated by Pythagoras and Plato.
Decimals and fractions as understood by us modern research-
ers were beyond their concept of numbers. Therefore, the act
of controlling lengths by numbers meant depending on the con-
venience of integers in ancient times. Even numeric control,
which seemingly utilized fractions, was essentially the act of
dividing something based on integers, and not a mathematical
manipulation. This act of dividing is unrelated to the concept of
fractions, and presents the modality of technologies before the
existence of arithmetic. The mathematical concepts of fractions
and divisions should instead be considered to have originated
from this type of numerical manipulation. The essential differ-
ence between fractions and the procedure of dividing is wheth-
er the object to be divided is a number or a physical entity. The
dividing of numbers, or division, is simply an operation which
metaphorically expresses the concept of dividing.

|

The "positional notation system," which forms the core of
the decimal concept, is unrelated to the measurement system
hierarchy. For instance, in the ancient Indian measurement sys-
tem, the multiplication of 8 is regarded as a unit, and the units
seem to keep changing for each multiplication of 8. However,
actually, it is a chain of conversions made between units of
lengths that were conceptually established, and not a notation
system of numbers. It also coincides with the fact that the an-
cient Indian notation system of numbers used base 10. What

we must note here is the complex characteristic of the measure.
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In other words, the hierarchy of a measurement system may at
times govern a plan, while in other contexts the notation sys-
tem of numbers may govern a plan. It is important to be aware
of such complex problems that exist behind the whole number
system.

Based on the above preliminary discussion, the following
two points can provide clues as preconditions for dimensional
analyses.

1. The construction measure is a standard length which con-
forms to a measurement system. It is controlled by the
kingship, and philosophically maintains a single length.
Therefore, in principle, it can be considered a standard
length that was commonly applied to monuments built in
the same era.

2. As an essential characteristic of the measure, lengths were
practically controlled using numbers, and the numbers that
were used were principally restricted to integers. Elucidat-
ing dimensional plans which utilized integral multiples of
the standard measurement could be considered a universal
technique which can provide clues to the analysis of mon-
uments.

3. Construction measures of Thommanon Temple and

Banteay Samre Temple
3.1 Overview of the studies

Studies on the Thommanon and Banteay Samre Temples
were conducted as part of JSA's surveys and research on
Khmer architecture, and especially as a preliminary research
to the investigation of the construction measure of the Angkor
Wat period.

The on-site measurement survey was conducted over a
month and a half long duration from the middle of July to
August in the summer of 2002. Thereafter until the summer
of 2004, supplementary measurement surveys were conducted
and data were inspected on the occasion of each JSA mission.
Numerical data were accumulated through measurement sur-
veys which involved measuring several hundred points and
positions established throughout the monuments using Total
Stations. They were then plotted using CAD software to create
an accurate diagram.

3.2 Thommanon Temple and Banteay Samre Temple
Thommanon Temple was built immediately preceding the
construction of Angkor Wat. Banteay Samre Temple is a temple
monument considered to have been built at the end of the same
period. Both are small-scale temples in the Angkor region. Al-
though they are monuments of the same era, their construction
period seems to differ by a half century at the longest. They
both have a similar central sanctuary (tower) with a connecting
pavilion on the east side. They are located in almost the same
region, and when comparing Thommanon Temple and the cen-
tral part of Banteay Samre Temple excluding the outer gallery,
they are extremely similar in scale as well. On account of these
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characteristics, it is easy to mutually compare and analyze the
two monuments in search of the construction measure.

In restoration studies aiming to elucidate the construction
measure and design techniques of a specific monument, there
is a limit to how much information can be obtained simply by
analyzing a single monument. Especially when the research
theme is the elucidation of the construction measure, a com-
parison of multiple monuments is certainly an essential method
for achieving a common perception in this type of research.

Thommanon Temple is a rectangular complex that is long in
the east-west direction. The east side is its main facade. It has a
simplistic structure with gopura on the east and west sides and
a enclosure wall surrounding the complex. Only the bottom-
most layer of the laterite enclosure wall remains; in particular,
the northeast and northwest corners are completely missing. As
there are no traces indicating the presence of other buildings
in the vicinity of the complex, it is difficult to conjecture the
conditions outside the enclosure wall and the boundaries of the
temple at the time the complex was constructed. Inside the en-
closure wall, there is a central sanctuary (tower, prasat) in the
center of the complex with a connecting pavilion (mandapa)
on the east side, and a library in the southeast area.

Banteay Samre Temple is a complex with two concentric
galleries, with gopura in the four directions of the galleries.
As with Thommanon Temple, the buildings inside the inner
gallery include a central sanctuary and pavilion in the center
of the complex. However, unlike Thommanon, Banteay Samre
Temple has two libraries, one in the southeast corner and the
other in the northeast corner. Compared to the scale of each of
the buildings, the inner side of the inner gallery is narrow and
exudes a distinct atmosphere. The reasons for this will be dis-
cussed later.

At a glance, the complexes of the two monuments appear to
differ greatly in structure and scale, but when the inner gallery
of Banteay Samre Temple is compared with Thommanon Tem-
ple, it is easy to see that their rectangular outlines and dimen-
sions are very similar. Plans of the complexes shown in Figs.
1.3-1a and on were all drawn on a same scale. The dimensions
indicated in Fig. 1.3-1a are values derived from the measure-
ments of the four sides of the complex. Specifically, they are
the values of the outer edges of the short elements directly be-
low the platform of the enclosure wall and galleries that come
directly into contact with the ground surface and compose the
foundation of the building (plinth). The plinth is composed of
elements that form the foundation of Khmer architecture, and
extends outward from the outer edges of the platform. Various
parts could be considered to represent the standard positions of
the dimensional plan, but as will be discussed later, numerical
data indicates that only some positions are significant, and the
most fundamental position is the outline formed by the plinth.
Because this outline has the largest value among the measure-
ments of the monument, it is believed to be the source of scale
plans and dimensional plans for the other parts.!! For this rea-

132

SIRBEREOMHANHED T — Th 56, #E

BoEBZILKL, HET2EZAHOMBERAS

ZE. BELL ZOEOMIEICE > THRARES

ETH5,

b=/ CFEBRIIEELH ET 2 HBIZEWERED

MEZFHE, EREICT—7 S 20EL TEETHA

PHEEBBROFRTH D, 7771 MDA

& FEETNERD, & <ITdbE &AL OB idsE 4l
KON TWD, MEEORDITHEEEZ /R IR

W59, BCUYOFABEDOHORM, FHOME

RS ZEINEETH D, FEEENIIHRmE (B,

TIH—R) EZORICERTLIER (X>FN)

ZHOUIEE L, mMEICREEREL T\,

—H. NTFTA - Y LALFRIZ. ZEOREE

BOMEME T, SEBEOMEICTNETNI—T 5

ZEET 5, NEERNTOEZRIZ N~/ > Fhi & H

BRIC, Wi s & B A g O L ICEE T 5 A,
REN2DH O, TNENHEEMR. LEBICHES

NTN5, FEMOBEITEL U THIEIE O NIk

<, MFBOFHKZR > TWDEMN, ZORKIZDOW

T3k 2,

2DDEMIT. —H U TMEERMR, RS HICR

RBEDICRZABM, NoFT A - AL FREON
EEZ T 280 EWWTh~ /) > Fhstbid s &,
MRS, YofR— 3 eIt TNSEZ
EWVH B, Fig 1.3-1a LT OMEEEEKIZ. TXTEH
RA—)VCH %, Fig. 1.3-1a IZR L= EHMEIL 4 30
PERULZEZERLZHOT, FEBIOEED
HEOBETIZHD, WHMESHREFEL TWIEY
JRERDOERH (plinth, LAUF THEE) EIEFR) DSbumd
BZERLEZBDTH D, HEIT, 7 A—IVEEIHE
KT BEM T, BREAROmE LD —E 0 KE S}
WAL TWS, ~HEFTE OB E ZFHT 5
THEMED D HEMIZS TS KICEZ LN, B
THEIIZ. BEER» G EERSNDAEILR
5., bo EBMENRALENIEE TR S N5 mEL
THD, ZOMTILEBOLRN TRAEEZR DD,
BEEIH P S TR OE S 2R L TnDS &%
Z605 ", 2O Fig. 1.3-1a TIZEMEZ BT, &
DALE D FHEEZ T 2R Uz, 2 DOME ORI
HNEEHETSHE, LTFOLSTHS,

1. hYJ 2HFBROEBEDINENRET D HIEICE
WL, N T 7 A - B AL SFBED NEIEED
SMEOERE S ERT D &, HPEE, mAbiE s ®,
FIEFE—OTEEERF> TWDEEDICTAHX %,
MAtBICHhTARBHEENR SN D I ONTIE
BRL7=0n,

2 FEEEBIOCNEEROBHIDORMNT, 2 DDOFK



JSA 2005

1.8 The Dimensional Plan of the Bayon Temple -A Comparison between the Bayon Northern Library and Southern Library-

son, we indicated only the dimensions of this position in Fig.
1.3-1a to avoid complications. The similarities of the two com-
plexes can be summarized as follows.

1. The external dimensions of the enclosure wall of
Thommanon Temple which demarcates the east-west
elongated rectangle appears to have almost the same east-
west and north-south widths as the outline of the external
dimensions of the inner gallery of Banteay Samre Temple.
The slight difference in their north-south widths will be
discussed later.

2. Within the outline of the enclosure wall and inner gallery,
the central sanctuaries of the two temples appear to oc-
cupy almost the same relative position.

3. The scale and layout of each of the buildings are similar,
but the scales of the central sanctuary and pavilion bear a
particularly close resemblance.

The position of the center of the enclosure wall of
Thommanon Temple differs greatly from the position of the
reference line that passes through the center of the inner gallery
of Banteay Samre Temple. However, the outlines of the outer
edges of the plinth of the two monuments imply that a similar
implicit dimensional plan exists between the two.

Here, we are comparing the outline of the plinth of the en-
closure wall of Thommanon Temple and the outline formed
by the outer edges of the plinth of the inner gallery of Banteay
Samre Temple, not including the gopura and protrusions of the
gallery corners. In many existing monuments, these elements
lie buried in the ground and do not appear above the ground.
However, as can be seen in Thommanon Temple, the end of the
plinth are sometimes decorated with reliefs, even if the base is
only 200 mm to 400 mm high from the ground surface. This
means that those elements were not components of the under-
ground foundation.

Banteay Samre Temple has four gopura each in its inner
and outer galleries. The layout plan of the gopura appears to
be governed by the axis line running through the center of the
central sanctuary. This indicates that the relative position of the
central sanctuary and the layout plan of the gopura mutually
influence each other. Although Thommanon Temple does not
have gopura in the north and south sides of its enclosure wall,
its central sanctuary appears to occupy a position closely simi-
lar to the central sanctuary of Banteay Samre. Therefore, it is
highly possible that the layout plan of the gopura is unilaterally
governed by the position of the central sanctuary. At the same
time, we can assume that the layout plan of the central sanctu-
ary conforms to a separate rule independent of the gopura.
Details on the dimensional plan of the central sanctuary and
other buildings will be discussed separately, and will not be ex-
amined in this paper.

3.3 The modification process of Banteay Samre Temple
It is believed that Banteay Samre Temple has undergone at

least two major modifications. There are vestiges of the modi-
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fication work throughout the temple, and the process of modi-
fication can be understood relatively easily. First of all, there
are traces that indicate that a enclosure wall was attached to
the wall inside the inner gallery on both sides of each gopura,
without exception.'? This points to the fact that a enclosure wall
had once been erected in the place of the present inner gallery.
Additionally, traces at the joints of the inner gallery and gopura
indicate that stone elements were added and shaped afterwards.
The construction of the inner gallery is unique—that is, it has
no entrance. The gallery is cut off by the narrow walls on both
ends of the side faces of the gopura. They are walls that cannot
have openings. Perhaps because it is not possible to pass inside
the gallery, the openings along the inside wall are windows
with balusters instead of entrances, and all thoughts of entering
the gallery seems to have been abandoned. For this reason, the
gallery has a projected terrace on the inner side corresponding
to the height of the gopura platform, each gopura platform is
widened as though to form a matching terrace, and a balustrade
runs along the outline. Because such a terrace running the pe-
rimeter of the inner side of the inner gallery was established,
the platform of the libraries ended up connecting to this ter-
race, producing a complex of unprecedented narrowness. It is
believed that this modification was performed almost immedi-
ately following the construction of the enclosure wall.'®

The JSA Art History Unit, however, believes the outer gal-
lery may have been formed before the inner gallery. This esti-
mation is based on the determination of the styles of the relief
remaining on the pediment on the inner and outer gopura and
the naga balustrades on the inner gallery terrace. This presents
the possibility that there was a time when Banteay Samre Tem-
ple displayed a unique complex structure in which a gallery
was created on the outside of a complex that was already en-
closed by a wall. However, it seems unlikely that the enclosure
wall was modified into a gallery after the outer gallery was
completed.

Thereafter, another large-scale modification appears to have
been carried out, centering on the east gopura. The timing of
this modification is unclear, but judging from the post-modifi-
cation laterite masonry which displays the characteristics of the
Bayon period and from the JSA Art History Unit's determina-
tion of the style of the pediment outside the east gopura, it ap-
pears to have been performed about a half century to a century
after the initial construction. This judgment is also as already
reported.*

In the beginning, the very center of the Banteay Samre
complex was enclosed by a wall and four gopura. The bottom
part of this wall is embedded in the gallery platform and can-
not be confirmed in its present state, but it could not have been
the same outline as the present inner gallery. Rather, it should
have been positioned inward a maximum of 2 m. Therefore, it
was probably only after the modification produced the current
outline of the inner gallery that the total width of the plinth
acquired a similar appearance to the complex of Thommanon
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Temple. What should we make of this situation? It leads us
to assume that there was an underlying basic plan which al-
lowed variations as seen in the Thommanon enclosure wall, the
Banteay Samre enclosure wall, and the Banteay Samre inner
gallery. As long as it was followed, the basic plan would have
produced even greater similarities in the dimensions of the out-
lines of the Thommanon enclosure wall and the Banteay Samre
inner gallery. Based on this understanding, let us begin our
analysis.

3.4 The dimensional plan of the complex

As shown in Fig. 1.3-1a, the north-south width (outermost
dimension) of the base of the Thommanon Temple enclosure
wall is 40660 mm, and that of the inner gallery of Banteay
Samre Temple is 41400 mm. There is an approximately 740
mm difference between the two. However, given the fact that
the east-west width of Thommanon is 46671 mm and that of
Banteay Samre is 46505 mm, and taking into consideration
construction errors, weathering effects, slight individual dif-
ferences in the scale of the construction site, and measurement
errors, they are values that can be considered to have been the
same at the time of planning. A similar trend can also be con-
firmed regarding the length of the north-south axis which runs
through the center of the distance between the east end and
the central sanctuary (the center of the gopura in the case of
Banteay Samre Temple).

The group of architectural structures at Angkor which ap-
pears to be neatly arranged, has been shaped after the sand-
stone elements and laterite elements were stacked. Since the
process of shaping the elements simply involved scraping away
their surface by hand, the finishing surface did not play an im-
portant part in the structure itself. This means that a relatively
large margin of error was allowed. It is a feature rarely seen in
wooden architecture that is usually built by intricately combin-
ing various elements, but in stone structures, it is not rare for
even clearly symmetrical structures to have a 200 mm or so
difference between the left and right sides. Therefore, the fact
that two completely different temples have extremely similar
values must be assumed to be a significant part of their plans.

The north-south width of the Banteay Samre outer gallery
is 81852 mm at the outer edges of its base. Like Thommanon
Temple, it is almost double the total north-south width of the
inner gallery. The difference between the total east-west widths
of the outer and inner galleries seems to be the same value as
the difference between the north-south widths of the two gal-
leries. Therefore, when the inner and outer galleries are com-
pared in terms of the rectangle formed by the outer edges of the
gallery plinth, it is clear that the two galleries are concentric
rectangles and that the north-south width of the inner gallery is
half the north-south width of the outer gallery.

During the process of estimating the standard position of
the dimensional plan, it is possible to seek the reference line in
various positions, such as the central line of the inner gallery,
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the inner outline of the inner gallery, the inner and outer out-
lines of the building above the gallery platform, the central line
of walls, external dimensions, and internal dimensions. How-
ever, there is no reference line other than the outline formed
by the outer edges of the plinth that can provide a clear mutual
relationship such as the above. Therefore, we can assume that
this outline served as the basic scale plan and dimensional plan.

3.5 Estimation of the construction measure

Let us estimate the construction measure based on the above
salient characteristics. As already mentioned, we can safely as-
sume that the construction measure falls somewhere between
400 mm and 500 mm. If we examine values within this range
that could be considered significant to the plan, we obtain a
value of 412 mm (referred to as u below). When u equals 412
mm, the total north-south width of the outer gallery of Banteay
Samre Temple is 200u, and that of the inner gallery is 100u.
This is shown in Fig. 1.3-1b. In most monuments of Khmer
temples, no buildings are placed on the central line which
equally divides the north-south width. Without exception par-
ticularly in east-facing complexes, an axial line is commonly
established slightly toward the north, and the central sanctuary,
pavilion, and the east and west gopura are arranged to coincide
with this line.'”® In the case of Banteay Samre, the difference
between the north-south asymmetry in reference to the axial
line is 618 mm. This suggests that an axial line was newly
established 1.5u to the north of the central line which equally
divides the total width of the complex. At Thommanon, on the
other hand, the distance from the center of the gopura to the
south end of the enclosure wall is 20818 mm, and the distance
from the center of the gopura to the north end of the enclosure
wall is 19754 mm, so their difference is 1064 mm. Since the
distance from the center of the gopura to the south end of the
enclosure wall can be considered to be 50u, we can assume that
the north-south width of the enclosure wall was shortened by
1.5u from only the north side so that the axial line is in effect
shifted to the north. In other words, we can estimate a dimen-
sional plan that is 50u on the south side and 48.5u on the north
side.

As opposed to the dimensional plan of the total north-south
width, the value of the total east-west width is somewhat un-
clear. The total width of the enclosure wall of Thommanon
Temple is 46671 mm, and the total east-west width of the inner
gallery of Banteay Samre Temple is 46505 mm. When con-
verted to u-values, the measurements are equal to 113.3u and
113.0u, respectively, and do not clarify the dimensional plan.

Fig. 1.3-1c is the result of repeated examinations of meth-
ods that can create an east-west elongated rectangle. It shows
that when one side of a 100u square is divided into eight equal
lengths and one of those lengths is added to the east-west
width, the east-west width becomes 112.5u. For convenience
sake, Fig. 1.3-1c is drawn as a square that is extended to the
west. The veracity of this procedure cannot be determined, but
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it is possible to assume from this figure that a 100u square was
first formed, and the east-west width of 112.5u was derived
from it.

As shown in Fig. 1.3-1c, the grid produces eight small
squares in the north-south direction and nine small squares in
the east-west direction. Especially noteworthy in regard to the
inner gallery of Banteay Samre Temple is the fact that the axial
lines of the four sides of the envisioned grid appear to corre-
spond to the central lines of the gallery building. These central
lines are also the central lines running through the gopura, and
correspond to the central lines of the initial enclosure wall.
The rectangle which connects the central lines of the gallery is
equal to seven grids in the north-south direction and eight grids
in the east-west direction, so theoretically, it appears to be a
rectangle with a north-south width of 87.5u and an east-west
width of 100u. According to this estimation, the possibility
remains that the primary determining factor of the dimensional
plan was to make the distance between the east and west gal-
leries 100u in reference to the central lines of the inner gallery
building. However, because the dimensional plan of the outer
gallery has a north-south width of 200u, it is unlikely that the
east-west width of the inner gallery served as the source of the
plan. We should rather assume that the basic plan originated
with the north-south width.

From the envisioned grid, the central line of the inner gal-
lery building can be estimated to be half the 12.5u value of the
outer edges of the inner gallery, or at the 6.25u position. As
shown in Fig. 1.3-1e, the measurement of the cross section of
the gallery is such that the central line of the gallery is 6.75u
from the outer edges of the inner gallery. Taking into account
the margin of error during construction, this value can be safely
assumed to match the central axes of the four-sides of the en-
visioned 100u/8 grid. Although the gopura of Banteay Samre
Temple are clearly arranged more on the inside than those of
Thommanon Temple, it can be said that the reference line gov-
erning these positions was also subject to a grid plan similar to
that of Thommanon. If even the half interval position adjust-
ments of the grid are regarded as having a definite significance,
then there are many points that have yet to be clarified, but for
now we will consider them methods of adjusting positions in
relation to the gopura of the outer gallery. The positions of the
inner gopura which appear to be inexplicable, in fact support
the possibility of the envisioned grid.

The standard grid plan which divides 100u into eight equal

lengths closely resembles the "Manduka plan," one of the
mandalas described in "Manasara," an ancient Indian treatise,
which divides a square into eight equal portions. It not only
functions as a foundation of the ground-purifying ritual per-
formed when building a central structure of a Hindu temple,
but also as the planar planning lines for a sanctuary. How-
ever, since it is a simplistic technique that repetitively divides
lengths in two, we cannot necessarily ascertain the underlying
mandala concept. At this point, we can only suggest the possi-
bility.
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3.6 Relative position of the central sanctuary

The relative position of the central sanctuaries of both
temples within the enclosure wall or inner gallery appears to be
almost the same. It was also analyzed based on the above plan
lines of the east-west elongated rectangle. This is shown in
Fig. 1.3-1d. From this figure we can see that the total east-west
width was divided into five equal lengths, and the axis line
west of the center was used to determine the central position
of the central sanctuary. We can also assume that the central
position of the central sanctuary is 67.5u from the east and 45u
from the west in relation to the total east-west width of 112.5u,
and that the north and south gopura attached to the galleries
of Banteay Samre Temple were placed in accordance with the
reference line running north-south. Thommanon Temple does
not have gopura in the north and south, but a similar planning
method can be confirmed. Therefore, it is clear that the position
of the central sanctuary was not determined in direct relation to
the gopura, but rather, the gopura were arranged in unilateral
conformity to this reference line.

3.7 Summary

We hope the above discussion provided a general under-
standing of the scale plan and layout plan of the complexes
of Thommanon Temple and Banteay Samre Temple. The
construction measure common to both monuments was 412
mm, and this was presumably a common measure employed
throughout the Angkor Wat period. We also believe that it is
equivalent in length to 1 hat of this era.

The scale plan of the complexes is based on a length of 100
hat. The fact that this is a clear perfect whole number dimen-
sional plan based on the notation system of numbers as well as
a simple value, indicates that it was the primary starting point
of the dimensional plan. This length is applied to the north-
south width, and 1/8 the length of 100 hat is added to the east-
west width to produce 112.5 hat, thereby creating an east-
west elongated rectangle. This horizontal rectangle is the basic
outline of the complex plan. The scale of the outer gallery of
Banteay Samre can be determined from the dimensional plan of
the inner gallery. It measures 200 hat in the north-south direc-
tion and 212.5 hat in the east-west direction. In other words, it
forms a concentric rectangle with the standard rectangle of the
inner gallery. The total east-west width of 212.5 hat appears as
though it reflects the total east-west width of the inner gallery
of 112.5 hat, but it is not clear whether the scale of the outer
gallery unilaterally conforms to the inner gallery. By compar-
ing it with Thommanon, it may seem that the scale of the inner
gallery was determined first, but the 200 hat total north-south
width of the outer gallery is a perfect whole number dimen-
sional plan with relatively strong independent properties.

At Thommanon, we can determine that the 112.5u east-west
width of the reference line of the established rectangle was di-
vided in five equal lengths, and the center of the central sanctu-
ary was arranged to coincide with three of those lengths from
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the east. However, in the case of Banteay Samre, the reference
line that runs through this position simultaneously governs the
positions of the north and south gopura.

In the process of generating the reference line, we envi-
sioned the process of dividing one side into eight or five equal
lengths. It may seem as though this division method was se-
lected arbitrarily, but it should be noted that in either case, a
value capable of dividing 100 hat by a 0.5 hat increment was
originally selected. This is probably because a value had to be
selected that can produce a value relevant to the perfect whole
number dimensional plan in conjunction with the basis of 100
hat.

The basic plan of the scale plan of the two complexes built
in the beginning and at the end of the Angkor Wat period, as
well as its relationship to the various procedures derived from
it, can be explained almost completely without contradiction.
Therefore, it is highly probable that the construction measure
of 1 hat or 1 hasta during the Angkor Wat period was around
412 mm. Using this value as a clue, let us examine the dimen-
sional plan of the two Bayon libraries.

4. The construction measure of the Libraries of the Bayon

Temple

The construction measure derived from the results of the
measurement survey of the two temples built in the beginning
and at the end of the Angkor Wat period is a unit of 412 mm.
One of the characteristics of the theory of measures in an auto-
cratic nation is that the measurement system is carefully main-
tained and controlled by the kingship so that it continues to be
the only standard of length. In ancient Egypt, a single measure
was maintained for roughly 3000 years. In ancient China,
where there were frequent interchanges of royal power, old
systems of weights and measures were aggressively eliminated
and new systems were constantly established. However, when
taking into consideration the great confusion that a change in
standards can cause, it would be most realistic to maintain a
fixed system.

If large changes in the regime between the Angkor Wat
period and the Bayon period could be envisaged to a certain
degree, estimations of the changes in the measurement system
would also change. However, no significant changes in regime
can be envisaged between the two periods. In other words, be-
tween the two periods defined by modern research, there is no
reason to assume that the measurement system had changed.
Therefore, the unit of measurement 1 kat = 412 mm should
also be positively assumed for the Bayon era as well. Based on
this premise, let us examine the dimensional plans of the two
libraries of the Bayon Temple.

4.1 Structure of theLibraries

As shown in Fig. 1.3-2a and Fig. 1.3-2b, the two libraries
of the Bayon have an unusually high platform. At the bottom
is a plinth commonly seen in Khmer architecture. A two-layer
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lower platform is first placed on top of the plinth, and an up-
per platform is placed on top of the lower platform. The main
structure which goes on top of the platform has a central nave
three spans wide in the east-west direction and one span wide
in the north-south direction. The north and south sides of the
central nave is connected to an aisle three spans wide in the
east-west direction and one span wide in the north-south direc-
tion, and the east and west sides are connected to a one-span
square porch. Excluding the aisles on the north and south sides,
the roof is completely lost, but a beam remains on the porch
pillars and main beams also remains on which the upper wall
and roof of the nave was placed.

4.2 Dimensional analysis of theLibraries

Fig. 1.3-2a and Fig. 1.3-2b are the respective planar and el-
evation views of the Northern and Southern Libraries arranged
on a grid measuring 206 mm, or half of 412 mm. The detailed
outline formed by the stone elements is rough and markedly
uneven, but a close observation clearly indicates that the grid
conforms to the parts of the planar and elevation views. In Fig.
1.3-2c, the outlines of each part of the planar view were orga-
nized in accordance with the grid and made darker so that they
are easier to understand. This diagram is significant as present-
ing a conceptual restoration proposal of the dimensional plan.
Based on this conceptual model, the dimensional plan which
forms the basis of each part was organized focusing on the out-
lines of those parts and shown in Fig. 1.3-2d. Let us examine
the basic dimensional plan according to this diagram.

The total east-west width of the outer edges of the base of
both the Northern and Southern Libraries is 45 hat. Because
the total north-south width of the Northern Library is about
27 hat and that of the Southern Library is 26 hat, the Northern
Library appears to be 1 hat larger. However, the base plinth of
the Northern Library tends to be particularly large on the north
side where the wall of the outer gallery looms close. For this
reason, we can assume that the total north-south width of both
libraries was originally planned to be 26 hat.

Of the two-layer lower platform, the outline of the bottom
platform is reduced by 1 hat in each of the east-west faces and
1 hat in each of the north-south faces for both libraries, so the
basic plan has an east-west width of 43 hat and north-south
width of 24 hat. In regard to the size of the top platform of the
two-layer lower platform, in the Southern Library, it is 1.5 hat
smaller than the outline of the lower platform, so the east-west
width is 40 hat and the north-south width is 21 hat, but in the
Northern Library, the west face is reduced by 2 hat where the
other three sides are reduced by 1.5 hat, so the east-west width
is 39.5 hat and the north-south width is 21 hat.

The outline of the upper platform is 1.5 hat smaller in all
directions from the outline of the top half of the lower platform
for both libraries. Therefore, the upper platform of the South-
ern Library is 37 hat in the east-west direction and 18 hat in
the north-south direction. The upper platform of the Northern
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Library complies with the reduced size of the top half of the
lower platform immediately below it, so its east-west width is
36.5 hat and its north-south width is 18 hat.

The walls which constitute the main structure is slightly
thicker toward the outside at the bottom (corresponding to the
base) in conformity with the convention of the Khmer archi-
tectural style. The dimensional plan of the wall thickness can
be regarded as 1.5 hat at the base and 1 hat at the body of the
wall. The cornice at the top of the wall is assumed to have a
thickness of 1.5 hat. When focusing on the outline formed by
the base of the wall, including the nave and north-south aisle,
the east-west width of both libraries is 23 hat and the north-
south width is 16 hat, although the southwest corner of the wall
of the Northern Library and the southeast corner of the South-
ern Library are slightly shifted toward the inside. Therefore,
the external dimensions of the wall is 22 hat in the east-west
direction and 15 hat in the north-south direction; the interior
dimensions of the wall, or the internal dimensions of the cham-
ber is 20 hat in the east-west direction and 13 hat in the north-
south direction. The pilaster erected on the sides of the east and
west entrances are 1 hat thick from the surface of the wall both
inside and outside the chamber. The base of the pilaster outside
the chamber is 0.5 hat larger than the surface of the pilaster
and connects to the base of the wall. The capital at the top of
the pilaster is the same shape.

The two pillars of the porch and the four pillars inside the
chamber have 1.5-hat square shafts, and 2-hat or slightly
smaller 1.75-hat square capitals. The widths of the base and
capital of the porch pillars are the same. The porch pillars are,
as shown in Fig. 1.3-2d, positioned so that the distance from
the outer surface of the wall base to the external dimension
of the pillar base is 6 hat. This corresponds to the position of
the outer ends of the porch beam. However, the west porch of
the Southern Library is slightly shorter, and measures 5.5 hat.
Therefore, the total east-west width of the building including
the porch is 35 hat in the Northern Library and 34.5 hat in the
Southern Library.

Let us indicate the mutual relative positions of the four pil-
lars inside of the chamber in reference to the outline connect-
ing the external dimensions of the pillars and the outline of the
internal dimensions of the pillars. In the Southern Library, they
form concentric squares measuring 8.5 hat and 5.5 hat, respec-
tively, but the Northern Library is somewhat elongated in the
east-west direction, so they form a rectangle that is 9 hat in the
east-west direction and 8.5 hat in the north-south direction, and
another rectangle that is 6 hat in the east-west direction and
5.5 hat in the north-south direction. The relative position of the
chambers is such that they are arranged in the center, but the
distance to the east-west wall differs slightly depending on the
library. The distance from the inner side of the east-west wall
to the outer surface of the pillars is 5.75 hat in the Southern Li-
brary and 5.5 hat in the Northern Library.
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4.3 The height plan of the libraries

The envisioned construction measurement unit of 412 mm
also applies to the control of the height dimension. This is
shown in Fig. 1.3-2e. The height of the plinth, the part com-
posing the bottom, is different between the two libraries. In
the Northern Library, there is a slight difference between the
heights of the east and west edges. It seems that the height of
the east side became 1 hat because the height of 0.5 hat of the
west edge was maintained when making the base level. On the
other hand, in the Southern Library, there are no changes in the
height of the plinth, and is 0.5 hat all around.

The height of the platform of the Southern Library from the
upper edge of the plinth totals 12 hat. The height of the bottom
half of the lower platform is 4 hat, the top half is 6 hat, and the
upper platform is 2 hat. In regard to the Northern Library, the
height of the bottom half of the lower platform is 3.5 hat, the
top half is 6 hat, and the upper platform is 2.5 hat. The break-
down is slightly different from that of the Southern Library, but
in both libraries, the total height of the platform from the top
edge of the plinth is the same 12 hat. Some parts of the plat-
form of the Northern Library are slightly slanted. In the south
elevation, the height of the bottom half of the lower platform is
close to 4 hat, and the top half is about 5.5 hat. The total height
of the lower platform therefore remains 9.5 hat, and the height
of the upper platform of 2.5 hat and the total height of the
plinth of 12 hat are the same as the north side.

The height of the main structure is 10 hat up to the upper
edge of the main beam, as shown in Fig. 1.3-2e. The height
of the porch pillars is 8 hat, as are the four pillars inside the
chamber. On top of these pillars were placed a 2-hat high main
beam, a small wall that was probably about 3-hat high, and fur-
thermore, a 5-hat high roof. We assume that the porch roof was
of the same height, but since it did not have a small wall, it was
probably 3 hat lower than the central portion. The conditions
of the upper structure of the Southern Library is not as clear as
the Northern Library which was restored, but judging from the
height of the beam remaining on the west porch, it was prob-
ably planned in the same way as the Northern Library.

4.4 Characteristics of the Northern Library

As analyzed through discussions on each planar and eleva-
tion part, we can better understand the dimensional plan of the
libraries by assuming the standard measurement of 412 mm.
Since we now have a general understanding of the dimensional
plan, let us reorganize the characteristics of the Northern Li-
brary.

The width and height of the platform, the features of the
pillars inside the building, and other general aspects appear
to conform to the dimensional plan of the Southern Library.
However, compared to the Southern Library, the Northern Li-
brary displays a somewhat peculiar trend. As compared in Fig.
1.3-2d, the nave of the Southern Library is precisely arranged
in the center of the platform, but in the Northern Library, it is
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shifted 0.5 hat to the east. This accords with the fact that the
west side of the top half of the lower platform is 0.5 hat shorter
than the east side. The distance from the bottom of the stairs
on the west edge of the plinth to the entrance of the building
is 1 hat longer than the distance from the east edge. Because
the building is shifted toward the east, on the east face, the
distance between the east edge of the upper platform and the
porch pillars were made closer, so that only a length of 0.5 hat
remained instead of 1 hat. The lengths of the east and west
stairs as projected on the planar surface are different by 1 hat,
with 6.5 hat on the west side and 5.5 hat on the east side. The
gradient of the west side stairs is more moderate than the east
side stairs and easier to climb, but a probable reason for this is
that, regardless of the east-west symmetrical architectural style,
the west side was considered the main entrance and adjust-
ments were made within the scope of this style.

This correction is probably related to the pra-dakshina
(clockwise) method of worship. The west face of the library is
considered the main fagade in relation to the flow of worship
which rotates clockwise around the complex. This is perhaps
the same reason why in Khmer temples, the entrance of the
library within an east-facing complex is usually created in the
west for most cases. However, in regard to the Southern Li-
brary, no clear deflection can be observed as in the Northern
Library, and the east-west symmetry is faithfully maintained.
Yet, as mentioned earlier, the west porch is 0.5 hat shorter,
and the stairs is positioned this same amount inward. The east
stairs, like the west stairs, is 6 hat in the east-west direction as
projected on the planar surface, but it is shifted 0.5 hat toward
the outside to correspond to the length of the east porch. This
amount is compensated by the step established on the east face
of the east side base and on top of the base. Therefore, it is pos-
sible to perceive the intention of making the west face the main
fagade of the Southern Library as well.

5. Conclusion

We attempted to conduct a detailed analysis of the two li-
braries of the Bayon, if only partially. As a result, we came to
the conclusion that 412 mm is the standard measurement sup-
porting the dimensional plan of the libraries. The scale plan
of the libraries was determined by the scale of the plinth, and
measured 45 hat in the east-west direction and 26 hat in the
north-south direction. In this scale plan, the northwest corner
of the platform of the Southern Library is positioned on top of
the platform of the inner gallery. Taking this into consideration,
we can see that the scale plan was not something that could be
freely adjusted to match the premises, but that a predetermined
shape was somewhat forcibly realized. According to the study
results of the JSA Architecture Unit, the east-west width of the
Innermost Library of Angkor Wat is also 45 hat (the standard
measurement is slightly longer than 412 mm), so we must as-
sume the possibility that a scale plan based on a unit of 5 hat
had existed. If this inference is correct, there is the possibility
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that the scale plan which indicated the total north-south width
as 26 hat was actually based on 25 hat but was changed to an
even value to facilitate the symmetrical dimensional plan.

The dimensional plan and architectural style can be consid-
ered to be strongly interrelated, but given the above analysis
results, we can conclude that the construction measure of the
libraries was 412 mm. We also have reason to believe this con-
struction measure was succeeded from the Angkor Wat period.
Although the measure employed during the era of the Khmer
Empire is yet undiscovered, we can still assume from the above
analyses that the actual length of 1 hat, the unit of measure-
ment of those times, was around 412 mm.

Notes

1 L. Finot, "Notes d'archéologie cambodgienne : I. Nouvelles in-
scriptions cambodgiennes, II. Deux bas-reliefs d'Angkor Vat,"
BCAI, 1912, pp. 187-188.

2 L. Finot, "Inscriptions d'Ankor," BEFEO 25, 1925, pp. 289-407,
esp. pp. 393-406.

3 G. Ceedes, "Etudes cambodgiennes," BEFEO 24, 1924, pp. 345-358,
esp. pp. 348-349.

G. Ceedes, IC, 1, pp.69-71.

5 G. Ceedes, "Etudes cambodgiennes," op cit.

E. Mannikka, Angkor Wat: Time, Space, and Kingship, University
of Hawaii Press, 1996.

7 S. Saur, "Etude numerique des formes du troisieme étage d'Angkor
Vat. Recherche de I'unite du mesur," BEFEO 82, 1995, pp. 301-305.

8 ARJSA 2000.

9 ARJSA 1996.

10 Report on the Conservation and Restoration Work of the Northern
Library of Bayon, Angkor Thom, Kingdom of Cambodia, 2000.
This report is based on the results of an analysis of Khmer monu-
ments in Eastern Thailand, which was presented in T. Nakagawa
ed., Research Reports of the Field Investigation of Asia's Historic
Architecture, Waseda Univ. Asian Regional Architecture Laborato-
ry, 1999. In the East Thailand measurement survey, nineteen small-
scale complexes built throughout the region by Jayavarman VII
and designated as ancillary temples to highway station buildings
were measured and analyzed. Their preservation conditions differ
greatly according to monument, and there were many constraints
to the survey, but a certain trend was discovered thanks to the large
number of relevant monuments. The analysis of the Bayon library
presented in the report respected the results of the East Thailand
survey results and presents discussions within its scope.

11 Also in the East Thailand analysis results mentioned in note 10
above, the position of the outer edges of the elements composing
the bottommost part of the enclosure wall was believed to form the
reference position of the dimensional plan.

12 The shape of the cross section of the enclosure wall is created on
the wall on both sides of the gopura. The bottom half of the en-
closure wall is buried in the podium platform of the gallery and
only the top half can be confirmed, but there is no doubt that it
was attached to this wall. Additionally, there are also examples
where reliefs were engraved at the top of the gopura wall, indicat-
ing that the enclosure wall directly appeared on the outside before
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it was incorporated into the entry-less gallery. Today, it
is possible to enter the gallery from the windows without
balusters, but since the gallery does not have an entrance,
it was originally impossible to enter it. This means that the
vestiges of the enclosure wall could not have been visible,
and is perhaps why the vestiges remained on the walls
without any attempts of processing the wall surface.

M. Glaize, RCA, 1941-2 and 1942.

M. Glaize, RCA, 1944-1 and 1944-2.

Analyses are made of the reason why the axial line was
considered taboo in the "Research Reports of the Field
Investigation of Asia's Historic Architecture" mentioned in
note 10 above.
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1.3 The Dimensional Plan of the Bayon Temple -A Comparison between the Bayon Northern Library and Southern Library-
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1.3 The Dimensional Plan of the Bayon Temple -A Comparison between the Bayon Northern Library and Southern Library-
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Fig. 1.3-2e Abstraction of plan of measurements in elevation of Libraries.
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1.4 Restoration Techniques

1.4.1 Traditional Construction and Structural
Method of the Bayon Period and the Techniques
of Conservation and Restoration

TSUCHIYA Takeshi

1. Introduction

In this chapter, the structure of buildings symbolic of Khmer
architecture and the methods by which they are constructed in
reference to the characteristics, damage trends, and conserva-
tion and restoration techniques of Angkor Wat and Bayon in
particular is briefly described.

In their restoration projects, EFEO and other organizations
have similarly conducted structural analyses of the monu-
ments and assessed their problems, as well as examined and
implemented various restoration methods.! G. Croci also gives
a detailed account of the structural properties and restoration
methods common to all Khmer architecture in his reports and
published works.? Please see the previous chapter for an over-
view of construction techniques.® Structures of Khmer archi-
tecture, including their characteristic corbel vault roof, demon-
strate movements and damage trends that are basically similar
to those commonly seen in stone architecture. There is a wealth
of studies and restoration experiences accumulated primarily
by project teams from Western Europe that is related to the
structural properties, damage processes, and conservation and
restoration techniques of stone architecture. The study and res-
toration of Khmer architecture could therefore be regarded as
an extension of those studies and experiences. However, it is
also a fact that there are many subjects that need to be studied
in more detail.* These include the relationship between ground
composition, natural environment and foundation compacting
method, and the movement of the lower structure; the relation-
ship between the natural environment and the deterioration of
materials; and the relationship between dry masonry stonework
and the movement of the upper structure.

2. Traditional construction methods and damage

characteristics
2.1 General structure and damage processes

Structures of Khmer architecture can be divided into the
subbase consisting of the ground, the basic foundation, and
the platform, and the upper structure that includes walls, pil-
lars, and the roof. The upper structure is for creating an inter-
nal space, and the subbase is structured to stabilize the upper
structure. In other words, the upper structure can be said to be
the significant part of the building, while the subbase is a sub-
ordinate structure. However, in temple architecture, where the
building itself is an object of worship along with deity images
and the linga, it is frequently more important to achieve a ma-
jestic appearance than to create an internal space. In this case,
the high platform and terrace of temples are constructed more
for the sake of appearance than for the purpose of supporting
the upper structure. Also, one-story buildings and galleries of-
ten have a corbel vault so that the roof, which is an adoption of
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the design of wooden architecture, can be placed on top. Mate-
rials normally used include wood, burnt bricks, sand, laterite,
and sandstone, but the compound utilization of these materials
can be seen in many places as a result of the gradual shift in
the chief construction material, from wood to brick structures,
and finally to sandstone ashlar masonry. This shift occurred in
the process of seeking a more durable, high caliber material
and experimenting with various sandstone construction meth-
ods. However, it was not necessarily an improvement from the
long-term perspective, because buildings with a sandstone up-
per structure have many structural disadvantages.

The main characteristic of the subbase structure of Khmer
architecture is the sustaining wall built by dry masonry and the
compacted filling of the basic foundation and platform. The
wall is comprised of vertically stacked blocks and is vulner-
able to shear stress originating from the internal soil pressure.
The compacted ground composed primarily of sand has slid in
some cases, such as in the periphery of the multi-tier terrace
of Baphuon, while in the multi-tier terraces of Angkor Wat
and Bayon, it continues to support the massive load of the up-
per structure to this day. Deformations seen at the subbase of
monuments are more or less stable today because the soil has
consolidated, but they probably advanced rapidly at an early
stage after construction. It is highly likely that many towers
and galleries collapsed during the Angkor era.

There are four construction methods for the upper structure
of Khmer architecture: wooden roof truss (Fig. 1.4.1-2.1a), cor-
bel dome (Fig. 1.4.1-2.1b), corbel vault (Fig. 1.4.1-2.1c¢), and
pillar and beam structure. They feature 1. a corbel upper struc-
ture placed on thin walls, and 2. the concomitant use of corbel
masonry and a pillar and beam structure. The planar shape of
the towers in most monuments shows that wall thickness is
normally less than one-third its span. Because the upper load
is concentrated on thin walls, large deformations occur in the
subbase, and ultimately cause the upper structure to collapse.
This is in direct contrast to corbel towers in India in which
wall thickness is usually greater than half its span. Similarly,
in many one-story buildings and galleries, pillars and beams
support the massive load of a corbel roof, so shear and flexure
factures of pillars and beams occur in conjunction with concen-
trated uneven subsidence. In the 11th century, a corbel three-
aisle layout appeared (Fig. 1.4.1-2.1d). The layout of wooden
architecture was probably adopted to create a more expansive
interior space. The roof of the aisle and connecting beams of
this layout function as flying buttresses and help stabilize the
roof of the nave. We do not know to what extent the builders
of the time were aware of this function, but various measures
were applied to the joints of the connecting beams. The nonuse
of connecting beams and the vaulted aisle in the gallery of
Bayon were probably one of the conclusions achieved by
Khmer construction. The thick pediment of one-story buildings
is another feature of Khmer architecture. Because a pediment
weighs much more than other components of a building, the
platform subsides greatly in proportion to the pediment. Along
with pillar height, it is a principle factor that causes a porch to
collapse easily. In one-story buildings, there is often loss of el-
ements at the corners of the aisle wall. This is primarily due to
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the extreme concave deformation of the platform caused by the
difference in the weight of the pediment over the nave and over
the aisle.

The damage process of an entire structure can be considered
as shown in Fig. 1.4.1-2.1e. General damages to a building
are fundamentally perceived as upper structure deformations
and collapse. Put another way, general damages are shifts and
failure of the dynamic equilibrium of a building structure. The
primary cause of upper structure damage is subbase deforma-
tion. The firmness of the subbase is directly reflected in the
stability of the building. The second cause is the collapse of
upper structure elements. The uneven load produced by corbel
masonry can easily cause sandstone and laterite elements to
fracture, as they are relatively weak stone elements. Regular
maintenance work was probably carried out to repair leaks and
to remove plants. However, short of changing the construction
style, there was no way to halt the damages, because the above
causes of damage are all related to the structural properties of a
building. Dismantlement and rebuilding of an existing building
would have been impossible with the technology of those days.
Therefore, although repairs were made, we assume the repair
work simply involved the partial replacement of damaged ele-
ments and the addition of structural reinforcement.

The section below will discuss the characteristics and dam-
age trends of structures and construction methods that are char-
acteristic of stone structures.

2.2 Corbel dome

Towers in Khmer architecture are structured as a pointed
corbel dome. Because a rectangular plane is used, the upper
load concentrates on the central parts of each wall surface.
However, as the subbase of those central parts compresses and
subsides, an arch effect is produced in each wall surface and
works to gradually disperse the load. If the subbase slides, the
structure becomes unstable. Thus the problem lies in the thin-
ness of the walls. The weight of the load per unit area directly
influences the movements of the tower. When towers began
to be used in combination with a vault-roofed side chamber,
we see the emergence of structures in which an arch is opened
in each wall surface to support the upper structure, as well as
structures where the tower is built on a cloister vault. If the
tower is supported by an arch or a cloister vault, the subbase
is more likely to deform, but because the four faces of the up-
per structure is supported by the side chamber, this structure is
generally stable.

Major damages related to the corbel dome include the falling
and vertical cracking of the entire upper structure and the col-
lapse of the elements at the foot of the walls.

The falling of the entire upper structure is caused by the tilt-
ing of the platform. This phenomenon in which the entire plat-
form subsides unevenly in a certain direction occurs most read-
ily in an environment where the soil pressure of the foundation
tends to be released in one direction.

Vertical cracking of the entire upper structure is caused by
platform deformation. Vertical cracks are caused by horizontal
joint openings and by vertical shifts. Horizontal joint openings
in the upper structure occur from the top down when the bot-
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tom surface of the platform wall subsides outward, and occur
from the bottom up when the subbase filling slides outward. In
the former, each of the wall surfaces gradually open outward
as the joints continue to open, and the roof eventually col-
lapses. When a platform slides, vertical shifting accompanies
the horizontal opening of the joints. When this happens, the
interlocked elements of the structural frame try to resist the
shifting of elements. Therefore, joint openings are more likely
to occur where the elements are small and their masonry al-
lows for only a small amount of interlocking. Particularly in
the towers of Bayon, there are noticeable fractures in the cor-
ners of the upper structure. This is because the stonework at the
corners of the towers' upper structure has almost straight joints.
It is not known, however, why such masonry style was taken.
Also, when a doorway is installed in the middle of a wall in
the tower, the upper load becomes concentrated on the left and
rights sides of the doorway span and tends to cause the subbase
to slide. At this time, horizontal joint openings are produced
from the lintel over the doorway in an upward direction in ac-
cordance with the displacement of the platform. In the case of
joint openings caused by intruding tree roots, the roots often
serve to reinforce the entire upper structure from the outside
and essentially protect it from collapse. However, as the trees
grow, the elements gradually collapse and the building eventu-
ally loses its shape. Moreover, trees that take root in the upper
structure cause it to collapse under their weight.

The collapse of elements at the foot of walls occurs when
the upper load concentrates on the outer side of the foot of the
walls. It occurs more readily in towers with a large span. In the
case where a sustaining platform wall extends from the foot
of the walls, the elements of the sustaining wall may also col-
lapse. These damages are extremely dangerous, because they
may undermine the structural balance of the building if there
are too many of them.

2.3 Corbel vault

The corbel vault is the most distinguishing feature of Khmer
architecture. It has the following properties: 1. because the
friction between elements supports the horizontal shear stress,
thrust size is restricted by the maximum static friction of the
upper surface elements, and 2. due to the extremely unbal-
anced load, the weight and span of the vault is restricted by the
strength of the material. In order to create a vault, it is neces-
sary to distribute the weight evenly across the cross section of
the frame structure. Khmer builders probably came to this con-
clusion through long years of experience and gradually worked
up to constructing vaults with larger spans. However, despite
the fact that the load per unit area on the platform is much
smaller than that placed on the tower, the majority of the roofs
of existing monuments are collapsed. Judging from this situa-
tion, it is clear that the method went beyond what was structur-
ally reasonable.

Major damages related to the corbel vault include the tilting
and collapsing of walls and pillars, inner shifting of roof ele-
ments, horizontal cracks in the cornice element of the breast
wall, vertical cracks and flexure fractures in the pillar elements,
flexure fractures in the connecting beam of the aisle, and ero-
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sion of stone elements in the rear surface of the roof and the
interior of the breast wall.

Walls and pillars tilt and collapse due to the concentrated
load applied to the platform. Uneven subsidence may either
occur in an inward or outward manner, depending on the direc-
tion of the unbalanced load of the upper structure and the inner
structure of the subbase. In the outer gallery of Bayon, the nave
wall is relatively thin compared to its height, clearly indicat-
ing a lack of understanding regarding structures. The walls are
largely tilted outward, and the entire roof is collapsed.

Inner shifts of roof elements occur when the thrust exceeds
the frictional force between the roof elements. Small slides in-
dicate that the thrust was automatically adjusted, and therefore
help stabilize the entire structure rather than the opposite. On
the other hand, if the span increases due to the tilting and col-
lapsing of the walls and pillars or from element damage, the
roof tilts greatly inward. The increased thrust causes the entire
structure to become unstable. If the roof tilts inward and cannot
maintain its balance, it collapses.

Horizontal cracks in the cornice element of the breast wall
occur when an unbalanced load is placed on the elements
between the lower edges of the vault to the cornice. This is
because the unbalanced load creates a large compression and
tensile stress in the cornice element and causes damage along
the bedding plane.

Vertical cracks in pillar elements refer mainly to the cracks
in the porch pillars and aisle pillars of the gallery. Porch pillars
directly support the vault roof by their small cross sections, so
the load per unit area is larger than when the vault roof is sup-
ported by a wall. Also, compared to a three-aisle layout, the
load imbalance, or the bending moment, is large. When the
direction of the resultant force and the tilting of the bedding
plane of pillar elements are almost the same, a shear fracture
occurs in that direction. Vertical cracks in aisle pillars are es-
pecially conspicuous in the outer gallery of Angkor Wat. This
is thought to be the result of the large stress applied from the
connecting beam to the pillar, which is used with its bedding
plane in the direction of the aisle beam to compensate for the
unbalanced load produced by the deflection of the aisle beam.
The flexure facture of pillar elements can be seen mainly at the
base of insert-type pillars, where the bending moment from the
thrust is basically thought to be greatest.

The flexure fracture of the connecting aisle beam is especial-
ly pronounced in one-story buildings and galleries of Angkor
Wat. This is because the nave pillars at Angkor Wat are erected
so that a connecting beam is tucked between the elements of
the pillar shaft and pillar capital. This construction is extremely
effective as a buttress, because it can disperse the torque placed
on the nave pillars to the aisle wall as a normal vertical stress.
However, once the nave pillars begin to subside, the displace-
ment increases the bending moment of the connecting beam
and immediately causes flexure fracture. Since even a compres-
sion distortion of a shaft element could cause flexure fracture
of a connecting beam, it is questionable why this method was
applied to Angkor Wat. Moreover, even if the connecting beam
does not fracture, any tilting would make the contact area with
the shaft element extremely small and would cause vertical
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cracking.

In the inner gallery of Bayon and many other monuments of
the Bayon era, the aisle roof is constructed using a vault instead
of a half-vault. This method was probably adopted so that the
span of the aisle could be increased, but in effect, the increased
size of the aisle enhanced its function as a flying buttress and
helped stabilize the nave structure. In the outer gallery of
Bayon, a method of directly abutting the upper surface of the
aisle roof against the sides of the nave beams is applied instead
of using a connecting beam. If the upper elements of the aisle
roof are made to rest on the sides of the nave beams, it would
take much effort to process the rebated joints. It is possible that
the aisle roof was made directly abutting the beam at Bayon in
order to eliminate the trouble of processing the joint. However,
the collapse rate of aisle roofs is generally high regardless of
the construction method, so the pros and cons of using rebated
joints are difficult to evaluate from a structural perspective.

The erosion of stone elements occurs when rainwater is re-
tained behind the roof and inside the breast wall due to leaks
in the roof. In order to prevent the infiltration of rainwater, a
rebated joint that is slanted toward the outside is applied to the
side faces of the roof elements in most monuments. However,
it is actually difficult to completely prevent the leaks because
joint openings in the roof are closely linked to deformations
of the platform and walls. Moreover, due to the subsidence of
the nave pillars, the upper surface of the aisle roof tilts inward,
making it easy for rainwater to penetrate the building. As a
result of the above, the underside of the aisle roof is especially
eroded.

Details on the corbel vault structure will be discussed again
section 4 in this paper.

2.4 Pillar and beam structure

In order to make an opening in the wall, the pillars and
beams are structured so that the beams receive the load of the
roof and transmit most of it to the pillars. However, this causes
the beam elements to sag and applies a large pressure to the
pillar elements. Door and window frames basically have the
same structure; that is, the head element (lintel) receives the
load of the upper elements and conveys it to the jamb elements
(mullions). In other words, a horizontal frame element and sup-
porting pillar elements are combined. The construction method
of doorway openings has undergone many major changes
within the development process of Khmer architecture, and is
testimony to the efforts of the great builders of the time.

Major damages related to the pillar and beam structure in-
clude flexure fractures of horizontal elements and threshold el-
ements, vertical cracking and buckling of stay elements, loss of
top and bottom surfaces of stay elements, and erosion of stone
elements in stress-concentrated parts.

The most typical flexure fracture of horizontal elements is
the bending of beams. In monuments built after the 12th cen-
tury, nave beams were reinforced by aligning two beams to
serve as one. A more effective reinforcement would have been
to increase the beam height, but perhaps because of the diffi-
culty of hoisting such an element during the construction work,
there are few examples of this. Most nave beams in Bayon-era
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monuments are composed of two elements placed side by side,
apparently in an effort to increase the speed of construction.
Beam elements are the next heaviest elements beside pillars, so
reducing their weight by half would greatly facilitate the con-
struction process. However, this places an unbalanced load on
the inner side of the beam, and because only one of the beam
elements on the inside must support the load of the roof, flex-
ure fracture occurs.

Doorway frames are usually created in the center of a wall
of a tower or a pediment of a one-story building, so the upper
load is heavy. If the load is placed directly on the head ele-
ment, it would easily bend and fracture. There are two types of
flexure fractures: those in which cracks appear from the center
of the bottom surface where tensile stress is greatest to the joint
corners in an upward direction, and those in which the bottom
surface peels off along the bedding plane. To reduce the up-
per load that is placed on the center of the lintel, a small arch
is commonly made in the head element to disperse the load to
the left and right sides. In the case where jamb elements stand
on a threshold element, the difference in the amount of sub-
sidence at the center and at the ends of the threshold element
could cause flexure fracture. In the inner gallery of Bayon, the
threshold is prevented from such flexure fracture by either cre-
ating doorway frames with a threshold comprised of multiple
elements or by not placing the jamb elements on the threshold.

Vertical cracking and buckling of stay elements are most
often caused by the unbalanced load of the vault roof in the
case of pillars. In the case of doorway jamb elements, they are
caused by extreme concentration of the upper load.

Loss of the top and bottom surfaces of stay elements is
caused by the deflection of horizontal elements and threshold
elements. At Bayon, the upper surfaces of pillars are often
made of a different material from the rest (Pl. 1.4.1-2.4c). This
was probably to avoid transmitting the load of the beam un-
evenly to the pillar elements that were used with the bedding
plane in vertical orientation. The pillars support the two ends
of the beam but, because the beam element deflects due to the
load of the roof, the load concentrates on the edges of the top
surface of the pillars (Fig. 1.4.1-2.4c). When directly placing
a beam on pillar elements, the shear stress that occurs along
the bedding plane becomes large and causes the edges to chip
easily. However, if the beam is cribbed by an element whose
bedding plane is used horizontally, the load placed on the top
surface of the pillar element can be evened out, and thereby
reduce the risk of chipping. This method is also used for the
mullions of the doorway frame in the outer gallery.

Erosion of stone elements occurs when micro-cracks in
stress-concentrated areas suck in rainwater based on the capil-
lary phenomenon. Therefore, deep erosion is likely to occur at
the bottom edges of mullions where compression stress con-
centrates, the underside of lintels and top surface of thresholds
where tensile stress concentrates, and at the base of embedded
nave pillars that have a large bending moment.

3. Conservation and restoration techniques

Engineering and chemical technologies used in the con-
servation and restoration of cultural property buildings were
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basically taken from technologies developed in other fields and
modified. Conservation and restoration techniques refer to the
method of applying those engineering and chemical technolo-
gies to conservation and restoration work. The applications of
engineering and chemical technologies to conservation and res-
toration can be broadly divided into two purposes: preliminary
surveys and conservation and restoration measures.

The focus of preliminary surveys is wide-ranging. Firstly,
preliminary surveys are conducted to elucidate the historical
and archaeological properties and values of a monument, as
well as the construction methods and technologies used. Sec-
ondly, they are to analyze the structural and scientific condition
of a monument as well as the causes of its damages. The third
is to assess the relationship between the monument and social
and natural environments in order to predict future conserva-
tion and development activities. The above three points must
be examined comprehensively from the perspective of multiple
academic fields, which is a time-consuming task. As long as
survey results are the determinants of the future course of con-
servation and restoration, however, surveys are given consider-
ably more weight than the implementation of countermeasures
in the field of conservation and restoration. Moreover, com-
pared to countermeasure developments, new survey technolo-
gies are constantly being adopted, reflecting the sudden and
recent development of information technology.

Conservation and restoration measures also have three focal
points corresponding to the objectives of preliminary surveys.
The first point pertains to the question of what properties and
values of monuments should be conserved. The second is
determining the engineering and scientific measures to be ap-
plied. The third concerns how to implement environmental
maintenance and regional development measures in surround-
ing areas. The first point is especially important because it
defines the guiding principle for the second and third points.
It must be clear, and it must be based on a long-term perspec-
tive. In regard to technologies used to implement the measures,
versatility based on an accumulation of practical applications is
more important than the innovativeness of advanced technolo-
gies.

The question of what properties and values of monuments
should be conserved has already been widely examined and
discussed in the New Charter of Athens, the Venice Charter,
and at the Nara Conference. Therefore, in this report I will sim-
ply give an overview of some points that may pose problems in
the conservation and restoration of Khmer architecture.

3.1 Should the existing state of a monument be maintained
or should its original form be restored?

Monuments are large-scale objects of art. At the same time,
they are an aggregation of information that may be of particu-
lar interest to studies in the fields of history, archaeology, and
other disciplines. The former has enormous value as symbols
of ethnic identity and as tourism resources. The latter provides
the greatest primary data on studies in Southeast Asian history
and Khmer culture. The two mutually complement each other,
and unless their development can be pursued concomitantly
as a project, it would be difficult to manage them politically
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as well as financially. From the perspective of conservation
and restoration measures, the basic issue is how much of a
monument's value as an artwork and its intrinsic information
can be maintained. Monuments not only possess historical, ar-
chaeological, and artistic information, but they also offer other
useful information for elucidating the civil construction tech-
nologies and the social and natural environments of ancient
times. Monuments also possess hidden aspects and factors that
have remained unrecognized to this day. Therefore, when deal-
ing with monuments, conservation and restoration tasks must
be conducted with an eye to matters that may even appear to be
insignificant.

The policy of placing priority on maintaining a monument in
its existing condition is essentially based on two fundamental
principles of conservation and restoration: 1. there is histori-
cal value in the existing damaged condition itself and, leaving
aside the pros and cons of that concept, 2. a certain amount of
information will be lost if direct action is taken on the structure
and elements. As the capacity to treat such a vast number of
monuments is absolutely lacking today, it cannot be helped that
maintenance of the existing condition is usually established as
the primary goal. Possible measures are limited to the applica-
tion of external supports to structurally dangerous areas and the
treatment of wastewater around the monument.

As opposed to the above, in cases where the existing con-
dition cannot be maintained without directly acting upon the
structure or its elements, a decision must be made between
either 1. stabilizing the monument in its existing condition or
2. repairing the inner structure and elements of the subbase and
restoring the original form. Once direct action is taken, it be-
comes difficult to return the building to its state before the ac-
tion was taken. Therefore, judgment should be based on what
kinds of information could be preserved by implementing the
selected method. Based on this awareness, technologies and
materials that are durable and that do not have profound influ-
ence on the original materials must be selected. At the same
time, since restoration work is an extension of maintenance
work from a long-term viewpoint, methods that allow the re-
implementation of restoration measures are ideal.

The problem is even clearer in the case of partially or com-
pletely collapsed monuments. Monuments that have already
collapsed have four options: 1. maintain the existing condition,
2. reproduce the monument in a drawing based on surveys,
3. reassemble only the collapsed elements, or 4. restore the
original form using new materials in places where the original
elements have collapsed and are lacking. In terms of surveys
and investigations, their objective can be fulfilled by accu-
rately documenting the details of the existing condition and
taking measures to conserve that condition. On the other hand,
when a monument is considered an artwork, its overall value
can be increased by restoring the appearance of bygone days.
In this case, securing sufficient records of the existing condi-
tion as well as the credibility of the restoration work are the
prerequisites for restoration, although a long survey period
would be required. Additionally, when reassembling fragile
sandstone and laterite elements, an effective repair method and
an experienced construction organization must be established.
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Otherwise, there is risk of undermining the existing condi-
tion of the monument and its elements. Furthermore, large-
scale surveys and construction require a substantial amount of
money and manpower. If these needs can be fulfilled, the social
significance of restoring cultural properties is huge. Partial or
complete restoration should also be conducted as a means of
effectively preventing the loss and deterioration of collapsed
elements. The same goes for the entire dismantlement and re-
building of monuments.

3.2 What kind of methods should be used to implement
restoration measures?

First, let us take a look at the problem of how to prevent the
collapse of the upper structure, most of whose elements are
damaged and its structure is largely deformed. As an indirect
measure for small deformations, it is common to use wood and
steel reinforcements in the damaged areas of the elements and
tie a steel belt around the entire monument. As opposed to this,
direct measures are taken on structures that are clearly in dan-
ger of collapse. Depending on the damage condition, the fol-
lowing five methods have been used to date: 1. embedding steel
clamps, beams, and other tension materials in the damaged ar-
eas of elements as reinforcement, 2. bonding elements together
with steel clamps or cement mortar, or applying tension to the
entire frame using wire or steel bars to stop the deformation,
3. supporting the entire structure with reinforced concrete or a
steel reinforcing frame, 4. dismantling parts that are particular-
ly in danger of collapse and reassembling them so that they are
more stable, and 5. dismantling the entire structure and rebuild-
ing it from the subbase to ensure stability. Methods 1, 2, and 3
are relatively easy to implement but, because they are external
measures, the exposure of concrete and other materials to the
natural environment shortens their useful life, not to mention
undermines the appearance of the monument. Methods 4 and
5 have such advantages as being able to restore the monument
to a state close to its original form and being able to make re-
pairs to the elements in a dismantled state. However, these two
methods cost more and require more time and more advanced
technologies than the first three methods. They also require
thorough analysis of such issues as the stability of the structure
that is to be rebuilt, the extent of reinforcement needed, and the
required strength of repair elements. The methods to prevent
the collapse of the upper structure are different phases of mea-
sures corresponding to the damage condition, and allow little
scope for selection. It is therefore important to refine each of
those methods and to standardize their specifications.

Subbase damage is the principle cause of damage to a monu-
ment. The greatest problem is how to conserve or restore a
subbase that is greatly deformed. Some of the mainstream ap-
proaches that have been taken up to now include 1. creating a
sustaining wall of reinforced concrete inside the subbase and
rebuilding the upper structure above it, and 2. constructing a
reinforcing frame of reinforced concrete around the subbase.
Other methods have also appeared in recent years, such as 3.
repairing the deformation of the subbase by externally adjust-
ing the soil pressure and reinforcing it with piles and impreg-
nated adhesive, and 4. using adjusted soil that can be expected
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to retain its strength for a long time or adding geotextile and
other reinforcing materials to rebuild the subbase to a state
close to its original form. Methods 1 and 2 are the most versa-
tile, since reliable strength can be achieved in a short time and
their implementation period is shorter than the other methods.
Method 3 can be implemented without dismantling the entire
monument, so it has the advantage of being applicable to other
monuments made of brick or other materials which are not
suitable for restoration involving dismantlement and rebuild-
ing. However, a complete restoration of the subbase deforma-
tion is difficult using this method, not to mention the fact that a
high level of technology is required for its implementation. The
advantage of method 4 is that the entire structure including the
subbase can be almost completely restored to its original form.
This, however, requires careful implementation and quality
control, because implementation inconsistencies could cause
deformations again. In future restoration work, the frequency
of methods 3 and 4 will likely increase, but construction speci-
fications would still need to be standardized in this case.

Another principle cause of damage is the presence of trees.
This would not be a problem if an effective management sys-
tem is in place for regular maintenance activities. However, the
majority of the monuments in Cambodia were left abandoned
since the fall of the Angkor dynasty. Damages caused by trees
have intensified more rapidly than other structural deteriora-
tions in a monument. Therefore, when considering the conser-
vation of Cambodian monuments in general, the priority lies
in forming countermeasures to this problem. Major damages
caused by trees are the following: 1. collapse of the upper
structure due to the intrusion of roots and the load of trees en-
snared around the monument, 2. deformation of the subbase
caused by the intrusion of tree roots, and 3. collapse of the
upper structure brought on by the impact of trees falling near
the monument. In the cases of 1 and 2, damage to the monu-
ment will be aggravated if left to take its own course. From a
short-term perspective, measures should be taken to inhibit the
growth of trees by cutting off their branches or using a growth-
retarding agent. However, other than dismantling and rebuild-
ing the entire monument and completely removing all trees,
there are no effective long-term measures. Also in these cases,
if the monument is made of brick, appropriate technology
would be needed to cut the brick walls into blocks and han-
dling them so they will not break. In regard to 3, wires could
be used to prevent the trees from falling toward the building in
the short run, but if and when a tree actually falls, the damage
would be greater than that caused by other factors. Therefore,
in any case, the trees would need to be cleared as early as pos-
sible.

With respect to materials, one of the problems is determining
what type of adhesive should be used to halt the peeling and
flaking of decorated parts. Adhesives used up to now include
portland cement, epoxy resin, acrylic resin, polymers, and ethyl
silicate. These materials were considered the best choices at the
time each restoration work was conducted. However, in most
cases, their actual useful life and impact on original materials
can only be confirmed after several months or years. Solidifi-
cation of the deteriorated areas of elements is one of the most
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difficult measures to re-implement, and it is also a measure
accompanied by extreme urgency. For these reasons, it is nec-
essary to implement repair measures beginning with areas that
are at greater risk of collapse, while simultaneously conducting
systematic studies and experiments in search of new materi-
als. In regard to adhesives used today, the more recent ones are
more expensive. Therefore, in terms of future versatility, their
widespread application would be difficult, and the procurement
of more inexpensive, alternative materials must be considered.
The above points can also be said of adhesives and reinforce-
ments used to repair damaged elements, fillers to be in injected
in joint openings of elements, and other materials in general
used for restoration.

4. Structural properties of corbel masonry

The structural properties of corbel masonry in Khmer archi-
tecture were studied by G. Croci, who reviewed the movement
and damage trends of arches in his published work. Other than
that, there are no reports that deal dynamically with the move-
ments of corbel masonry*. This section will present an analysis
of basic load distribution and movement trends using a simple
block model and a model of the cross-section of a monument.

4.1 Cantilever corbel masonry

Let us first examine the projection width of cantilever corbel
masonry from the position of its center of gravity and its bal-
ance. Please refer to the drawing plates.

<Fig. 1.4.1-4.1a>

Let us place block 1 with width w and height h on a horizon-
tal plane. At this time, the block's center of gravity (indicated
by the black dot) should be at the center of the block. There-
fore, the resultant force of the block can be said to be applied
to the center of the bottom surface (indicated by the white dot).
This point is called the point of application of the resultant
force.

<Fig. 1.4.1-4.1b>

Next, let us place block 1 on top of block 2 of the same size,
with block 1 projecting out on the right. When the projection
width is 1/3*w, the center of gravity of block 1 will be on the
inside of the right shoulder of block 2. Therefore, block 1 can
be placed on top of block 2 in a stable manner.

<Fig. 1.4.1-4.1c>

When the projection width is 2/3*w, the center of gravity of
block 1 extends outside the right shoulder of block 2, so block
1 will fall to the right in a clockwise motion using the right
shoulder of block 2 as leverage.

<Fig. 1.4.1-4.1d>

When the projection width is 1/2*w, the center of gravity of
block 1 coincides with the right shoulder of block 2. The mass
distribution of block 1 is evened out to the left and right sides
with the right shoulder serving as leverage. A slight touch to
the right half will cause block 1 to fall to the right in a clock-
wise motion. This then is the threshold limit of the projection.
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<Fig. 1.4.1-4.1e>

At this threshold condition, let us add another block to the
bottom. When blocks 1 and 2 are considered as one, the center
of gravity is at the center of the two centers of gravity, or point
¢,. Since the shift between blocks 1 and 2 is 1/2*w, c, is a point
1/4*w from the right end of block 2. Therefore, the projection
width threshold of block 2 in reference to block 3 is w/4. At
this time, the projection width threshold of block 1 in reference
to block 3 becomes (1/2+1/4)*w.

<Fig. 1.4.1-4.1f>

Let us add another block in a similar manner. When blocks
1, 2, and 3 are considered as one, the center of gravity is at c,, a
point that divides the line connecting ¢, and the center of grav-
ity of block 3 by 1:2, the opposite of the weight ratio of 2:1.
Since the horizontal distance between ¢, and the center of grav-
ity of block 3 is 1/2*w, c, is a point 1/6*w from the right end
of block 3. Therefore, the projection width threshold of block
3 in reference to block 4 is 1/6*w. At this time, the projection
width threshold of block 1 in reference to block 4 becomes
(172+1/4+1/6)*w.

<Fig. 1.4.1-4.1g>

When more layers are added in a similar manner, the projec-
tion width threshold of each tier becomes w/2n, and the projec-
tion width threshold of the entire corbel structure becomes >
w/2k. If, for example, 16 tiers of blocks are stacked, the projec-
tion width threshold becomes 1.659w. However, in actuality, it
is not possible for blocks to be projected to the threshold limit,
because distortions occur in proportion to the upper load and
the tiers start tilting to the right with each additional tier.

Two conclusions can be drawn from the above.

1. If the height of each block is the same, block height has no
bearing on projection width. In other words, if all blocks
are of the same height, in theory more tiers can be stacked
using blocks of small height and with a larger projection
width. However, in practical terms, if the block height is
small, the cross section secondary moment acting against
the bending of the projection becomes smaller, and the
blocks reach their limit of strength at an early stage. There-
fore, block height should be made smaller as the blocks
become higher to maintain good balance in terms of both
weight and strength. In this case, the lower the blocks, the
heavier their weight is, so the center of gravity of the entire
structure shifts outward, and the structure becomes stable.

2. If the width of each block is the same, the amount of pro-
jection width would be directly proportional to block width.
If, for example, the width of the topmost block is doubled
and its height is reduced by half, the projection width can
be increased w/2 without changing the weight balance. Al-
ternatively, by expanding the curve of the left shoulder to
the outside, the center of gravity of the entire structure will
also shift toward the outside and stabilize the structure. In
other words, in cantilever corbel masonry, it is possible to
attain a greater projection in reference to the width of the
bottommost block by changing the width and height of the
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blocks in each tier.

<Pl. 1.4.1-4.1>

We used the corbel masonry technique to stack ten tiers of
sandstone blocks having vertical and horizontal lengths of
30cm, height of 10cm, and average mass of 21.6kg. Each tier
was stacked with a projection width that is 1cm less than the
projection width threshold of w/2n. According to this method,
the overall projection became 33cm, and completely exceeded
block width w.

4.2 Load distribution in corbel masonry

Next, in regard to the load between each tier in the corbel
block structure, let us calculate the load distribution in the
case where the reactive force between the blocks is uniformly
distributed. First, let us establish a coordinate system for each
block with the x axis extending horizontally to the right and
the z axis extending vertically in the upward direction from the
lower left corner.

<Fig. 1.4.1-4.2a>

When the block is placed on a horizontal plane, its load is
evenly distributed along the bottom surface. Where m is block
mass and g is acceleration of gravity, the load on the horizontal
plane is represented by the equation N = mg. At this time, the
loading strength per length (q) of the bottom surface of the
block is calculated by the equation q = N/w = mg/w. The point
of application of the resultant force of the load applied to the
horizontal plane is the position where x = 1/2*w when x =0 at
the left end of the bottom surface of the block.

<Fig. 1.4.1-4.2b>

When two blocks are stacked with a projection of 1/5*%w
each, in regard to block 1, the point of application of the resul-
tant force of load N, is x = 1/2*w (= u,), and the loading range
of N, is the contact surface with block 2, or x = w — 4/5*w. At
this time, the precondition for the stability of block 1 is N, = §
q,(x) dx = mg, M1 = N *u, - § ql(x)*x dx = 0, where M, is
the torque of block 1 at x = 0 and q,(x) is the loading strength
per length at position x. Assuming ql is distributed evenly by
q,(x) =k*x + a, k, and a, can be obtained by solving the si-
multaneous equations for N and M. As shown in the figure, the
load distribution is greater toward the right as a result of the
disproportionate center of gravity in relation to the application
range.

<Fig. 1.4.1-4.2c>

When three blocks are stacked with projections of 1/5*w
and 2/5*w, solving the simultaneous equations of N and M for
block 1 gives k, = (100/9)*(mg/w) and a, = (-5/3)*(mg/w). In
other words, q, (x) becomes a tension at the left end and a com-
pression at the right end. However, because block 1 is stacked
by dry masonry, no tension occurs between blocks 1 and 2, and
the loading range of N becomes narrower towards the right
side. When q is distributed evenly, the loading range is wider
than the point of application of the resultant force by 2:1 due to
the equilibrium of M. Therefore, the distribution of q, (x) is q,
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(x) = (200/9)*(mg/w)*x - (20/3)*(mg/w) at a range of x = 0.3w
— 0.6w. Load distributions g, and q, of the combined load of
blocks 1 and 2 (N,), and the combined load of blocks 1, 2, and
3 (N,) also lean toward the right, as shown in the figure.

4.3 Arch 1: Changes in the horizontal thrust

Next, let us assume a condition where equilibrium of the
forces in a corbel structure is not established and calculate the
external pressure needed to support it.

<Fig. 1.4.1-4.3a>

When three blocks are stacked with projections of 2/5*w
each, the point of application of the combined loads of blocks
I and 2 (N,) extend beyond the right shoulder of block 3 by
1/10*w. At this time, the torque of blocks 1 and 2 which uses
the right shoulder of block 3 as leverage is M, = N *1/10*w.
If no external force is applied, blocks 1 and 2 will fall to the
right in a clockwise motion, as shown in Fig. 4-3b. To stop this
rotation, the same amount of counterclockwise moment should
be applied, as shown in Fig. 4-3c. When external force T is ap-
plied to the right shoulder of block 1 in a horizontal direction,
a counterclockwise moment of T*2h is produced. At this time,
the external force that works to achieve M, = 0 is T = N *1/
10*w/2h. The counterclockwise moment produced by external
force T is directly proportional to vertical distance v from the
leverage point to the point of application of T. Therefore, if the
point of application of external force T is at the lower right cor-
ner of block 1, the vertical distance is reduced by half (h), and
T would need to be twice as large to stop the rotation of the
block.

<Pls. 1.4.1-4.3a, -4.3b>

We used the corbel masonry technique to stack sandstone
blocks having vertical and horizontal lengths of 30cm, height
of 10cm, and average mass of 21.6kg, and measured T. When
the specific gravity of sandstone was 2.4kg/cm?, the clockwise
moment of blocks 1 and 2 produced by their own weights was

M = N*1/10*w = 43.2kgf * 3cm = 129.6kgf*cm When ap-
plying horizontal external force T to the lower right corner of
block 1, the rotation could be stopped if

T =129.6kgf*cm / 10cm = 12.96kgf (PL. 1.4.1-4.3a)

When applying T to the right shoulder of block 1, the rota-
tion could be stopped if

T = 129.6kgf*cm / 20cm = 6.48kgf (Pl. 1.4.1-4.3b)

Provided that, when the measure for measuring T is used
horizontally, the display shows a value 2.0kgf less than the ac-
tual value.

<Fig. 1.4.1-4.3d>

Let us examine the load distribution between each block
when the corbel structure is supported by external force T.

Where R is the resultant force of N, which is applied from
block 1 to block 2, and T, its point of application is at the cen-
ter of the torque produced by N1 and T, and the vertical com-
ponent is equal to N .

In regard to the vertical loading strength per length q,(x) ap-
plied from block 1 to block 2, N, = § q,(x) dx, M = 0 stands
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true when block 1 is stable. Where v, is the vertical distance
from the contact surface to the point of application of T, q,(x)
can be determined by solving the following simultaneous equa-
tions:

N =§ qx)dx=mg M, =N*ul -T*v, - § q(x)*xdx =
0 Similarly, g,(x) and g,(x) can also be determined for N, and
N..
At this time, the point of application of R, for calculation
purposes is at the right shoulder of block 3. If left in this condi-
tion, the loading range of R, will concentrate on one point, q,
will become infinitely great, and the right shoulder of block 3
will fracture from shear stress. In reality, however, sandstone
will distort, but will not fracture.

<Fig. 1.4.1-4.3e>

Assuming that q, applies a load over an extremely small
range, the right shoulder of block 3 distorts in proportion to that
load distribution. Where 6 is the tilting angle of block 2 due to
the distortion, the clockwise moment produced by N, increases
by N,*h 6 . To support this, T also increases by N,*h 6 /2h.
However, if T further increases, the point of application of R,
shifts to the left and 6 becomes smaller. Therefore, to actu-
ally support the corbel structure, T increases slightly until 6 is
close to 0 from the value obtained by the equation of balance
for M. At this time, the distortion is extremely small, so the in-
crease of T is negligible for calculation purposes.

<Fig. 1.4.1-4.3f>

Next, let us stack the blocks symmetrically and create an
arch. First, the arch is created by placing the block 1s of both
the left and right sides so that their side surfaces are closely ad-
joined, while supporting them by hand. Then, gradually release
the hands supporting the blocks.

At this time, the right shoulder of block 3 distorts due to
N,, and block 2 gradually begins to tilt as the supporting force
is weakened. When there is no arch (Fig. 1.4.1-4.3e), this tilt
of 6 causes the upper surface of the right side of block 1 to
shift horizontally by 2h 6 and the lower surface by h 6 .
However, if an arch is assembled, any distortions to the arch
would be symmetrical, so the right side of block 1 cannot shift
in the horizontal direction. Instead, a horizontal compression
distortion and horizontal reactive force T corresponding to 0
are produced in blocks 1 and 2. At this time, assuming that the
distribution of the distortion of blocks 1 and 2 is equal to the
projected horizontal shift of the side surface of block 1, the
point of application of T can be considered to be roughly at the
center of the side surface of block 1.

When T increases in response to the increase of 6 |, the
point of application of R, eventually shifts to the left, and in
turn, the load distribution of R, gradually evens out. At the
point where 6 becomes equal to the tilting of the distortion of
block 3 due to the load distribution, the load and reactive force
acting between blocks 2 and 3 become the same, and 6 stops
increasing. In other words, 6 and T reach equilibrium when
the distortions related to them coincide.
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<Fig. 1.4.1-4.3g>
On the other hand, when horizontal reactive force T arises

between the two block 1s on the left and right sides, a horizon-
tal shear stress of the same amount as T is produced between
blocks 1 and 2. This is also true for blocks 2 and 3 and for
block 3 and the ground surface. The frictional force applied
between the blocks works to resist the horizontal shear stress,
but when the shear stress exceeds maximum static friction, the
blocks begin to slide. Maximum static friction is directly pro-
portional to the load's vertical component on the contact sur-
faces, so it is extremely small between blocks 1 and 2. Where f
is the maximum static friction coefficient, the maximum static
friction between blocks 1 and 2is F, = f*N, = fmg. Through
experiments, a value of approximately 0.4 was obtained as the
maximum static friction coefficient between smooth surfaces
of sandstone, so in this case, F, =0.4mg can be assumed.

If, for example, vertical load distribution is calculated when
h/w = 0.5, T = 0.4 mg, the result is as shown in Fig. 1.4.1-4.3g.
At this time, it is clear that 6 , T, and the distortion are not
balanced, but rather, 6 and T further increase. In other words,
T tries to exceed F, _, and as a result, block 1 begins to slide.
When this happens, two changes occur in the relationship be-
tween 6 , T, and the distortion.

1. The horizontal distortion is reduced by an amount equal to
that of the slide and T decreases. At the same time, 0 begins
to increase once more. In other words, T becomes smaller by
the amount of the slide in relation to 6 .

2. The two block 1s on the left and rights sides are only in con-
tact with each other at the upper edges, so the point of ap-
plication of T shifts from the center of the side surface to the
upper edges. As a result, the minimum necessary T to keep
the blocks from falling inward (T, ), or in other words the T
obtained from M = N*u - T*v = 0, becomes smaller. In this
case, Tmin decreases from (2/15)*(w/h)*mg = 0.267mg to
(1/10)*(w/h)*mg = 0.2mg. As a result of the smaller contact
surface, the rate of increase of T in relation to 6 also be-
comes smaller.

<Graph 1.4.1-4.3>
Graph 1.4.1-4.3 shows the relationship between 6 and T.

1. When the supporting force is removed from the arch, T in-
creases in response to the increase of 6 . When T exceeds
F,, .. sliding occurs.

2. When the slide is smooth, the slide and the increase of 6
are simultaneous, and a balance between 6 , T, and the
distortion is achieved while T = F,  is maintained. At this
time, the vertical load distribution in this balanced state is as
shown in Fig. 1.4.1-4.3h.

3. When the slide is small and occurs accompanied by small
bounces, T greatly decreases the instant the slide occurs, and
increases once more in response to the increase of 6 . Due
to the shifting of the point of application of T, the inclination
of T/ 6 becomes small. The slide occurs little by little re-
peatedly until a balance is achieved between 6 , T, and the
distortion. At this time, the equilibrium value of T is close to
F

Imax”
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4. 5. When the slide occurs accompanied by large bounces, the
amount of distortion in relation to 6 and T is compensated
in a single slide. At this time, the equilibrium value of T falls
in the range F, - T . according to the size of the slide. If,

for example, equilibrium is achieved by T = 0.3mg, the ver-
tical load distribution is as shown in Fig. 1.4.1-4.3i.

The following two conclusions can be drawn from the above

points.

1. In a corbel arch, the size of T is adjusted by the sliding of the
blocks.

2. The size of T and the load distribution between the blocks
greatly differ depending on the manner of the slide.
Here, T functions as the horizontal component of the thrust
of the arch. Therefore, T refers to horizontal thrust.
When the blocks are small, the above process is difficult to
apply, because distortions of sandstone elements would be
extremely small compared to the larger inconsistencies in the
arch assembly and roughness of the elements and the ground.
The balance of 6 , T, and the distortion is constantly main-
tained, but the size of T is more likely to be determined by
how the arch is assembled.

<Pl. 1.4.1-4.3c ~ f>

We assembled a four to six tier arch using sandstone blocks
having horizontal and vertical lengths of 30cm, height of 10cm,
and average mass of 21.6kg, and measured the thrust that was
produced (P1. 1.4.1-4.3c ~ f). In this experiment, the equipment
was set up so that the lower right edge of the arch would slide
to the side in accordance with the expansion and contraction
of the spring measure. Therefore, block 1 does not slide, and
a balance is maintained by the expansion/contraction of the
spring measure and the rotation of the block. The equipment
had two horizontal stainless steel round bars placed on top of
two vertical round bars on a tiled floor that served as rollers.
The measurement value included a margin of error for the pre-
cision of the spring measure, the sloping of the floor surface,
and distortions of the round bars. When used on a level surface,
the display on the measure indicated a value 0.3kgf less than
the actual value. The T applied to each arch showed a value
close to the Tmin obtained from calculations. In this condition,
pushing block 1 slightly to the inside of block 2 increased their
T to around 11kgf. In other words, we were able to confirm that
the maximum static friction coefficient of the block used in the
experiment is approximately 0.5, and that T changes according
to the adjustment function of the slide.

4.4 Arch 2: Collapse process
Next, let us analyze the state of equilibrium where the col-
lapse of an arch halts with the tilting of the blocks.

<Fig. 1.4.1-4.4a>

When three blocks with h/w = 0.5 are stacked with projec-
tions of 1/2*w each, the point of application of R, is on the
inside of the right shoulder of block 3 even when T equals
0.4mg, which is the maximum static friction of block 1. In
other words, when sufficient T is applied that could counter the
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clockwise torque of the blocks produced by their own weights,
the frictional force of block 1 cannot withstand the horizontal
shear stress. Therefore, block 1 greatly slides and the arch be-
gins to collapse inward.

<Fig. 1.4.1-4.4b>

When block 2 tilts to a large degree and block 1 keeps slid-
ing, the rotation of the block stops at a certain angle. At this
time, the load of blocks 1 and 2 is supported only by the right
shoulder of block 3, and therefore M = 0 for blocks 1 and 2.
Based on this, let us consider the force applied to blocks 1, 2
and 3 when block 2 is tilted by 6 .

Where p is the projection from the right shoulder of block
3, the point where the center of gravity of blocks 1 and 2 coin-
cide, and v is the vertical distance of the contact point between
the two block 1s on the left and right sides from the right
shoulder of block 3, p and v are expressed by equations (4) and
(5). At this time, T in relation to 8 can be determined from M
=N/*p-T#*v=0.

Where coordinate system x'-z' is coordinate system X-z ro-
tated by O , the x' components of the force applied to block 1
are the x' component of T, the x' component of N, and the fric-
tional force between blocks 1 and 2. The shear stress between
blocks 1 and 2 is S, =T -N, , and because the maximum static
friction between the said two blocks is directly proportional to
the vertical component of the contact surface of the load, F,
= *(N,,+T,). At this time, the precondition for preventing
block 1 from slidingisF, =S, ,or f*(N, +T )=T -N, .

On the other hand, the x components of the force applied to
block 3 are T and the frictional force between block 3 and the
ground. The maximum static friction between block 3 and the
ground is F, = *N.. At this time, the precondition for pre-
venting block 3 from sliding isF, =T.

Calculating from the above, the precondition for the arch
to stop collapsing is F,_ =S  and F, = T. Of these four
elements, F, ., S ,and T are functlons of 6 , while F, .. 1s
unrelated to 0 and is a constant. Graph 1.4.1- 4 4 shows the
values of the four elements in relation to 6 when f = 0.4. The
range of O which satisfies the precondition is 0.15r ~ 0.64r (9°
~ 37°), and considerably broad.

We used the corbel masonry technique to stack sandstone
blocks having horizontal and vertical lengths of 30cm, height
of 10cm, and average mass of 21.6kg, with projections of 14cm
each, and confirmed the process of collapse. When the support-
ing force was removed after assembling the arch, block 1 be-
gan to slide, and blocks 1 and 2 began to rotate. They stopped
when they tilted 0.14r (Pl. 1.4.1-4.4a). When pressure was
applied intermittently from above block 1 in this condition,
blocks 1 and 2 rotated and stopped repeatedly (Pl. 1.4.1-4.4b).
The arch collapsed when the tilting exceeded 0.44r.

The following two conclusions can be drawn from the above

points.

1. A corbel arch has two types of balance.

2. Because the large range of 6 in which balance can be main-
tained, the rotation stops even if the collapse of the arch is
symmetrical.
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4.5 Cross sectional structure of a monument

Next, let us calculate the load distribution of an actual
monument, taking the cross sectional structure of the Northern
Library inside the Outermost Enclosure of Angkor Wat as an
example. This Library is composed of a cruciform-shaped main
chamber with a planar three-aisle layout, rectangular east and
west side chambers also with a planar three-aisle layout, and a
four-sided porch.

4.5.1 Low porch

Let us first analyze the cross sectional structure of the east-
west porch (Fig. 1.4.1-4.5.1a), which is the smallest structure.
The east-west porch is approximately 5.6m high from the top
surface of the platform to the large ridge of the roof. The dis-
tance from pillar center to pillar center is approximately 2.4m,
the width of the pillar shafts is approximately 0.48m, and the
height of the pillars are approximately 3.1m. A nave beam
lies across the pillars, and there are five tiers of roof elements
and a tier of ridge elements stacked on it. When the blocks are
numbered from the top, the left and right sides of the vault roof
coincide with block 3. Block 2 is a single element. The bottom
corner on the inside of block 6 is set back from the nave beam.
This is thought to be the crossbeam trestle for installing the
wooden lattice ceiling.

A model of this cross section is created using elements with
a height of 0.12m. The distance between pillars in the ridge
direction differs in places, but here let us assume a distance
four times the width of the pillar shafts, or 1.92m, and that
a pair of pillars supports their portion of the roof load (Fig.
1.4.1-4.5.1b). In this cross sectional structure, the pillars are
deformed in such a way that their top surfaces open outward
due to the thrust (Fig. 1.4.1-4.5.1¢c).e At this time, the left and
right sides of the roof adjoin the upper surface of the inner
side of block 3, and cause a horizontal thrust to take effect.
This will be called horizontal external force H,. At the same
time, a horizontal reactive force the same size as the horizontal
thrust is applied to the lower parts of the pillars. This will be
called horizontal external force H,. Also, since block 3 tilts
inward due to the deformation of the cross sectional structure,
the weight of blocks 1 and 2 bears down on the outer edges of
block 3. At this time, we assume that no distortions occur in
the floor surface.

For each element of the cross sectional structure, let us solve
the equations for N and M from the above, and calculate the
point of application of the resultant force (thrust) of the vertical
load and horizontal thrust of the block (uR), the vertical load
distribution per unit area (s(x)), and deformation of the element
due to the load. Provided that, the specific density of sandstone
is 2400kg/m?, the maximum static friction coefficient of the
smooth surface is 0.40, Young's modulus is 10GPa, and Pois-
son's ratio is 0.20. In regard to load distribution, both compres-
sion and tensile stress act between consecutive elements, while
only compression load acts between non-consecutive elements.
For element deformation caused by the load, the vertical dis-
tortion is calculated in relation to the load distributed on the
top surface of the element, and the horizontal displacement of
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the element is determined from the tilting of the distortion. The
finite element method can be applied to each element to derive
an approximation of each block's actual deformation, but note
that we are using the above method for the sake of simplicity.
The point of application of the resultant force, load distribu-
tion, and deformation caused by the load can be obtained as
functions of H,. Here, because the cross sectional structure is
symmetrical, horizontal displacement of the upper surface of
the vault is 0. Therefore, in order to establish H1, the sum of
the horizontal displacements from the lower surface of the pil-
lar to the upper surface of block 3 (hd,) must be 0. The load of
the roof and breast wall on a single pillar is 102kN, and that on
the part from the bottom of the pillar to the platform is 123kN.

Graph 1.4.1-4.5.1a shows the analysis result. At this time,
H1 = 6.6kN, corresponding to 0.56 times the maximum static
friction between blocks 3 and 4. Therefore, block 3 does not
slide. The point of application of the resultant force is slightly
outside the center line of the pillar at the bottom surface of the
pillar, and the vertical load on the floor surface is distributed
unevenly toward the outside, but at 0.39MPa at the outer edges
of the plinth, this is not a large force. The vertical stress (s(x))
becomes greatest at the upper and lower surfaces of the pillar
shaft. The largest is a compression stress of 0.90MPa, and no
tensile stress is produced. This stress distribution largely corre-
sponds to the actual damage condition of the pillars. However,
the uniaxial compression strength of sandstone used in Khmer
architecture is 40-50MPa in the orthogonal direction to the
bedding plane, so as long as no distortions occur in the plat-
form, the cross sectional structure can be evaluated as stable.

Now let us examine what would happen if the floor of this
cross sectional structure subsides unevenly.

In the case where uneven subsidence causes the floor to
tilt outward, H, becomes 0 when the horizontal displacement
of block 3 caused by the gradient of the subsidence reaches
4.9mm (Graph 1.4.1-4.5.1b). The cross sectional structure of
the porch can stand by itself even without a horizontal thrust.
However, if the gradient of the subsidence becomes larger, the
load of blocks 1 and 2 applies to the inner surface of block 3 so
that the roof falls inward and eventually collapses. At this time,
the point of application of the resultant force is toward the in-
ner surface of the pillar, so a large vertical stress is applied to
the inner surface of the pillar shaft.

In the case where uneven subsidence causes the floor to tilt
inward, H, exceeds the maximum static friction (to be called
F, . between blocks 3 and 4, and block 3 begins to slide when
the horizontal displacement of block 3 caused by the gradient
of the subsidence reaches 3.8mm (Graph 1.4.1-4.5.1b). At this
time, the point of application of the resultant force is toward
the outer surface of the pillar, so a large vertical stress is ap-
plied to the outer surface of the lower edges of the pillar shaft.

4.5.2 High porch

Next, let us analyze the cross sectional structure of the north-
south porch (Fig. 1.4.1-4.5.2a). The porch is approximately
6.8m high from the top surface of the platform to the large
ridge of the roof, the distance from pillar center to pillar center
is approximately 2.9m, the width of the pillar shaft is approxi-
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mately 0.48m, and the height of the pillars is approximately
3.8m. A nave beam lies across the pillars, and there are six tiers
of roof elements and a tier of ridge elements stacked on it. The
vault is such that the left and right sides of the roof coincide
with blocks 3 and 4. This is applied to the same model as the
east-west porch. The north-south porch is approximately 1.2m
higher and the distance between pillars is approximately 0.5m
longer than the east-west porch. The roof projects slightly out-
ward. This has the effect of reducing the weight of the roof, but
it also brings the roof’s center of gravity inward. Once the sup-
ports are removed after construction and the roof begins to de-
form due to its own weight, horizontal external force H, is first
produced on the inner side of the upper edges of block 3. When
H, exceeds F, __, block 3 begins to slide, and the inner side of
the upper edges of block 4 becomes abutted against it. Where
H, is the horizontal external force produced where blocks 3
and 4 adjoin, the horizontal thrust is the sum of H, and H,, and
horizontal reactive force H, applied to the bottom of the pillar
becomes equal to the horizontal thrust. The load of the roof and
breast wall on a single pillar is 112kN, and the load on the part
from the bottom of the pillar to the platform is 137kN.

Graph 1.4.1-4.5.2a shows the analysis result. Unless the de-
formations of the platform are included in the calculation, the
cross sectional structure of the north-south porch will show the
same deformation and load distribution as the east-west porch.
At this time, H, = 10.9kN, corresponding to 0.97 times F, .
Therefore, block 3 will not slide, and H, will not be produced.
The point of application of the resultant force will again be
slightly outside of the center line of the pillar at the bottom
edges of the pillars, and the vertical load on the floor surface
will be distributed unevenly toward the outside. The load at
the outer surface of the plinth becomes 0.57MPa. The vertical
stress (s(x)) also becomes greatest at the upper and lower sur-
faces of the pillar shaft. The largest is a compression stress of
1.46MPa and a tensile stress of 0.44MPa.

In the case where uneven subsidence causes the floor to tilt
outward (Fig. 1.4.1-4.5.2b), the point of application of the re-
sultant force between blocks 7 and 8 moves toward the inner
surface of the bottom of block 7, and the roof begins to fall
inward when the horizontal displacement of block 3 caused by
the gradient of the subsidence becomes greater than 31.6mm.
At this time, H, decreases once to 8.4kN and increases again
according to the degree of rotation. When H, exceeds F, _,
block 3 begins to slide. At the same time, the point of applica-
tion of the resultant force between the pillar bottom and the
floor surface moves close to the center line of the pillar, and the
vertical load on the floor surface more or less evens out.

In the case where uneven subsidence causes the floor to
tilt inward (Fig. 1.4.1-4.5.2¢), H, will exceed F3max and H,
will be produced when the horizontal displacement of block 3
caused by the gradient of the subsidence becomes greater than
6.9mm. At this time, the point of application of the resultant
force between the pillar bottom and the floor surface moves to-
ward the outer edges of the pillar bottom, and the inner surface
of the pillar bottom begins to rise.

4.5.3 Three-aisle structure
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Next, let us analyze the cross sectional structure of the main
chamber (Fig. 1.4.1-4.5.3a). The main chamber is approxi-
mately 8.2m high from the top surface of the platform to the
large ridge of the nave roof. The distance from pillar center to
pillar center in the nave is approximately 3.4m, the width of
the nave pillars is approximately 0.48m, the height of the pil-
lars is approximately 3.6m, the distance between aisle center to
aisle center is approximately 1.5m, and the height of the aisle
wall is approximately 2.8m. A nave beam lies across the nave
pillars, and there are three tiers of breast wall elements, seven
tiers of roof elements, and one tier of ridge elements stacked on
it. The aisle walls are made of seven tiers, and there is a win-
dow in the middle three layers. Three tiers of roof elements are
further stacked on top of them. The nave pillars are composed
of the pillar shaft element, connecting beam element, and pil-
lar capital element, and the connecting beam lies across the
upper surface of the aisle walls. The bottom edges of the pillar
shaft element are tucked into the platform floor element. This
is applied to the same model as the porch. There are five hori-
zontal external forces at work in the nave structure: H, applied
to the upper edges of the inner surface of block 3, H, applied
to the upper edges of the inner surface of block 4, H, applied
to the area from the upper edges of the aisle roof to the upper
edges of the outer surface of the nave beam, H, applied to the
area from the aisle wall to the connecting beam, and H, ap-
plied to the area from the upper surface of the floor element to
the base of the pillar. At this time, the values of H, and H, can
only be established when the horizontal displacement of the
nave and aisle are the same at the height of the upper surface
of the aisle roof and the height of the lower surface of the con-
necting beam. Also, the vertical external forces in effect on the
nave structure are the reactive force from the nave pillars and
V4 from the aisle wall to the connecting beam. The load of the
roof and breast wall on a single pillar is 170kN, and the load
on the area from the pillar bottom to the platform when V =0 is
214kN.

Classified broadly, there are three types of three-aisle struc-
tures: those without a connecting beam, those in which a con-
necting beam abuts against the nave pillar, and those in which
the connecting beam is tucked into the nave pillar. In order to
confirm their differences in structural properties, let us examine
their differences in load distribution by applying each condi-
tion to the cross sectional structure of the Northern Library.

An analysis of a structure that has no aisle and whose nave
stands alone (single-aisle structure) produces the results shown
in Graph 1.4.1-4.5.3a. At this time, H, = 12.1kN, H, = 1.7kN,
and the sum of the horizontal thrusts is 13.8kN. The point of
application of the resultant force at the lower edges of the roof
is at the inner surface of the bottom of block 8, and the load of
the roof is concentrated toward the inside of the upper surface
of the breast wall. In other words, even when there is no plat-
form deformation in the nave structure, the outer sides of the
roof had begun to rise. The vertical load on the area between
the pillar bottom and platform is also distributed unevenly,
with the force at the outer edges being 2.70MPa. Maximum
horizontal displacement is 3.64mm on the upper surface of the
breast wall. This means that an approximately 4mm distortion

177

HAR—F LHLOAR EMES G E2E LD, TO
EE.H =109kKNTHO., ZHULFyp D 0.97 51
YT 2, Ko T. 70w I 313ATA14 REBZIT,
H 130w, 8HOEARITRIRIDHE T TR
FLRE DD UANMTEF D, R~ O FEE R H D51
35 E DRATE & 725, HES NGO E L 0.57MPa
I272%, TEIGHE (s(x) BRIEDHEHD ETuHT
BAIZI2 % B KB IIERE T 1.46MPa, 5[5E T 0.44MPa
12785,

RNt NI AL T T 5856 Fig
1.4.1-452b), ZOWWTOARICED T O T 3 DK
SEZEALIN 31.6mm PL EIZAR B &, Oy 7 7-8 MDA
TERRENT Oy 7 TRENmICEHE > TLEN, B
WONEONEIED S, ZDEE, H 13— 84kN £
TEFLAK BEERECRCTHEEML T <,
ZDOH NFy WA 5ET70Y 7 3DAT1 RN
WMED, . HE-KEMOAIERAITHEDH
DRZET D, KEANOEEMEIZIFIFEEN T 5,
R AN NI AERL T T 58546 (Fig.
1.4.1-452¢). ZDLTOAEIZEZTOw 7 3 DK
SEZENLN 6.9mm LA 12725 & H, 13 Fy 22T
LEW, WKL, Z0&EE, HE-KEHMOE
TEA SRR IGICEF > TLUE W, HENMINE
ZHRD D,

453 ZJERRZEHE

KIZ, FEOWmHEE (Fig. 1.4.1-4.53a) 12D T
SEEfTS., ERIE, EEEE»S BERBRAME
TOREINHK 8.2m, HEHME L) 3.4m, H&EHE
EEDY) 0.48m, ALY 3.6m, JEFIE 4 D) 1.5m,
JEBERR N 2.8m DRESITH S, HERLD LIZHE
RINBEMMY, 2O LICEREEME 3 8. BIEME 78,
Kt %z 1| BRD. A7 EREA T, H3BICE
ZHOT 5, 20O LICERMZ 3 BEE. &I
HEM, BEEM, HEMO3IMNoHBRI N, B
EVRIIEEE EURICARIEI NS, FEEM FimId A
RO LUAENTWS, TNz R—F EFE
DETIICHIN TS, BERBITERNT BKEHT)
W, 7oy 3N ESICE»S H, TOy g 4N
A L35I #HN 2 Hyy FERAR LU 5 & &35l L
N D Hy, EBEN S BERITHN D H,. M i
MOFTICHND Hy, D5SDO0RH B, TDOEE, H,
EH,OEZEEDDHEMIT. HER Liim S BER
THiESICB T2 HEEFOKEEMNEL LD
ZETHB, £ HEREBICERT 5EEI I,
BEENS KN, BENSBERAV, MEAL
TWb, H1ANZIT % BRENEREDRTEIL 170kN,



The Master Plan for the Conservation & Restoration of the Bayon Complex
Main Discourse Chapter 1 : Fundamental Idea for the Conservation and Restoration, and the Utilization of the Bayon Temple

occurred in the stone masonry of the roof when the supports
were removed after construction. As a frame structure, it is a
failure. In the case where no openings are made in the wall
using pillars but a solid wall is created instead, the load per
unit area decreases by approximately 1/4, so the horizontal
displacement also decreases by approximately 1/4. Therefore,
a structure this high can be made relatively stable if it is built
by walls. Indeed, among existing monuments, there are single-
aisle structures made of high walls, but there are no single-aisle
structures made of pillars and breast walls.

The next analysis is of the cross sectional structure without
a connecting beam and whose aisle structure connects to the
nave structure at the upper surface of the roof only. Graph
1.4.1-4.5.3b shows the results. At this time, H, = 12.1kN, H,
= 3.4kN, and the sum of the horizontal thrusts is 15.4kN. A
horizontal stress of 6.7kN is applied to the area from the nave
beam to the aisle roof, and due to the reactive force (H,), the
maximum horizontal displacement is reduced from 3.64mm
to 0.74mm. In other words, the outward collapse of the nave
is controlled. When the aisle structure is added to the nave
structure, two changes occur: 1. a larger area of the nave roof
and breast wall adjoin, and the concentration of the roof load
lessens, and 2. the bending moment which applied to the nave
pillars with the increase of horizontal thrust decreases, and
the unbalanced load on the area from the pillar bottom to the
platform also lessens. H, causes the point of application of
the resultant force of the aisle structure to move down and
toward the outside, so that at the bottom half of the wall, it is
almost outside the wall. The largest vertical compression force
is 1.66MPa at the upper surface of the pillar shaft, and hardly
any tensile stress is produced. In other words, as long as no
deformations occur in the platform, the structure is stable even
without a connecting beam.

The next analysis is of the cross sectional structure with
a connecting beam abutting against the nave pillar. Graph
1.4.1-4.5.3¢c shows the results. At this time, H, = 12.1kN, H2
= 3.1kN, and the sum of the horizontal thrusts is 15.2kN. A
horizontal force of 14.3kN is applied by the connecting beam
to the area from the nave pillar to the aisle wall, and the con-
ductivity of the horizontal force from the nave beam to the
aisle roof becomes 0. The maximum horizontal displacement
becomes 0.49mm in the upper half of the breast wall. The ad-
dition of the connecting beam brings about two changes. The
first change is that a large horizontal reactive force was able to
be produced between the aisle and nave. The reactive forces
(H,, H,) are supported by the frictional force that acts between
the elements of the aisle. The maximum static friction of the
upper surface element of the aisle roof (block 16) is 6.9kN,
while the static friction of the upper surface element of the
aisle wall (block 19) is 24.9kN. Therefore, the beam connected
to the upper surface of the aisle roof can support a greater re-
active force. On the other hand, depending on how the joint
between the connecting beam and the upper surface of the aisle
wall is processed, the limitation of the reactive force to support
the connecting beam will differ. The upper surface element of
the aisle wall is also the head element of the aisle window, so
in many cases it is made of two long elements in the horizontal
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direction. This serves to disperse H, entirely across the upper
surface of the aisle wall. The second change is that the horizon-
tal force applied to the nave pillars becomes close to 0, because
the horizontal thrust is almost entirely supported by the con-
necting beam. This can control the unevenness of the load on
the pillars and reduce the bending moment. Many monuments
with a three-aisle layout are actually constructed according to
this method.

Finally, Graph 1.4.1-4.5.3d shows the results of an analysis
of the cross-sectional structure where the connecting beam is
tucked between the pillar shaft and pillar capital elements. At
this time, H1 = 12.1kN, H2 = 4.8kN, and the sum of the thrusts
is 16.9kN. A horizontal force of 14.5kN is applied from the
nave pillar to the aisle wall through the connecting beam, and
conductivity of the horizontal force from the nave beam to the
aisle roof is 0. The connecting beam conveys the horizontal
force and also disperses the vertical load onto the nave pillars
and aisle wall. This makes it possible for the aisle structure to
support a greater torque of the nave structure. The maximum
horizontal displacement is 0.24mm in the upper half of the
breast wall. In other words, it is restricted to 1/3 the case where
there is no connecting beam, and 1/2 the case where the con-
necting beam abuts against the pillar. For this reason, in terms
of achieving stability of the nave roof, this method is the best.
That is, if the deformation of the platform and the vertical dis-
placement of the pillars are not taken into consideration.

When the connecting beam is tucked between the pillar
shaft and pillar capital elements, the vertical load applied to the
top surface of the pillar shaft element is 192kN. This causes
a 0.2mm vertical distortion in the pillar shaft element. Also,
because a concentrated load causes most pillars to subside due
to the structural properties of the platform, the nave subsides
unevenly in relation to the aisle. When the nave sags in relation
to the aisle, the deflection maintains the bottom surface area of
the connecting beam while the amount of subsidence is small,
but if the amount of subsidence becomes larger, the inner sur-
face of the pillar shaft element and the inner surface of the aisle
wall must support the connecting beam at two points, as shown
in the left half of Fig. 1.4.1-4.5.3c. When the connecting beam
tilts, the nave structure above it also tilts and causes the roof to
shift inward.

Graph 1.4.1-4.5.3e shows the analysis results when the sub-
sidence of the nave in relation to the aisle is Imm and the de-
flection of the connecting beam is ignored. At this time, a load
of 192kN, or approximately 20 tons, is concentrated on the in-
ner surface of the nave pillar shaft element, and causes flexure
fracture. Also, the horizontal thrust reaches the maximum static
friction of block 4, and blocks 3 and 4 begin to slide. The shift
between blocks 3 and 4 becomes 0.14mm, and between blocks
4 and 5 becomes 3.35mm. This shift increases almost propor-
tionally to the amount of subsidence of the nave pillars, so if
the nave pillars subside 10mm, the shift between blocks 4 and
5 become approximately 34mm. Also, because the vertical load
of 56kN from the connecting beam is concentrated on the inner
surface of the aisle wall, the point of application of the resul-
tant force of the wall moves inward and causes an unbalanced
load to be placed on the inner side.
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If the nave pillars continue to subside, the connecting beam
will not be able to withstand the bending moment, and flexure
fracture occurs at the pillar side. In this case, the connect-
ing beam abuts against the pillar, so the dynamic condition
of the structure can be considered the same as shown in Fig.
1.4.1-4.5.3c. However, because the inner shifting of the roof
remains as it is, an inward-rotation such as that shown in the
right half of Fig. 1.4.1-4.5.3c is needed to obtain a horizontal
thrust that can sufficiently support the roof once more.

The following three points can be drawn from the analyses
of a monument's cross sectional structure.

1. Each of the structures is stable as long as the platform is not
deformed. Neither the load produced between the elements
nor the stress inside the elements exceeds a maximum com-
pression force of 2MPa. In other words, the collapse of the
upper structure is caused by deformation of the platform,
and the degree of stability differs according to the size of the
structure in relation to the deformation and the construction
method.

2. In order to stabilize a high vault roof structure, the use of pil-
lars should be avoided, or an aisle should be added. At this
time, if a connecting beam is installed, it can keep the defor-
mation of the nave structure to a minimum.

3. The construction method in which the connecting beam is
tucked between the pillar shaft and pillar capital elements
can effectively control the deformation of the nave structure,
but in actuality, it is not practical, because an uneven subsid-
ence could easily fracture the connecting beam.
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Fig. 1.4.1-2.1a Wooden Truss Structure.

Fig. 1.4.1-2.1b Corbel Dome Structure.

Fig. 1.4.1-2.1c Corbel Vault Structure.

Fig. 1.4.1-2.1d Corbel Vault Structure with Aisles. Fig. 1.4.1-2.1e Process of damage.
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Fig. 1.4.1-2.1a Ki&/NEH .

Fig. 1.4.1-2.1b HIH UREA B — 4.

Fig. 1.4.1-2.1c JHIUFEA T+ —IV b .

Fig. 1.4.1-2.1d ZEGEH UEA T +—)L . Fig. 1.4.1-2.1e BfE 7Ot 2 .
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Fig. 1.4.1-4.1a Fig. 1.4.1-4.1b Fig. 1.4.1-4.1¢
Fig. 1.4.1-4.1d Fig. 1.4.1-4.1e Fig. 1.4.1-4.1f
Fig. 1.4.1-4.1g PL 1.4.1-4.1
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Fig. 1.4.1-4.2a Fig. 1.4.1-4.2b Fig. 1.4.1-4.2¢
Fig. 1.4.1-4.3a Fig. 1.4.1-4.3b Fig. 1.4.1-4.3¢
Pl. 1.4.1-4.3a
Pl 1.4.1-4.3b
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Pl 1.4.1-4.3c

Pl 1.4.1-4.3d

Pl 1.4.1-4.3¢

Pl 1.4.1-4.3f
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Fig. 1.4.1-4.3d Fig. 1.4.1-4.3e

Fig. 1.4.1-4.3f

Graph 1.4.1-4.3

Fig. 1.4.1-4.3g

Fig. 1.4.1-4.3h
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Fig. 1.4.1-4.31

Fig. 1.4.1-4.4a

Fig. 1.4.1-4.4b Graph 1.4.1-4.4

Pl 1.4.1-4.4a Pl. 1.4.1-4.4b
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Fig. 1.4.1-4.5.1a Fig. 1.4.1-4.5.1¢

Fig. 1.4.1-4.5.1b

Graph 1.4.1-4.5.1a Graph 1.4.1-4.5.1b

Graph 1.4.1-4.5.1c

189



The Master Plan for the Conservation & Restoration of the Bayon Complex
Main Discourse Chapter 1 : Fundamental Idea for the Conservation and Restoration, and the Utilization of the Bayon Temple

Fig. 1.4.1-4.5.2a Fig. 1.4.1-4.5.2¢

Fig. 1.4.1-4.5.2b

Graph 1.4.1-4.5.2a Graph 1.4.1-4.5.2b

Graph 1.4.1-4.5.2¢c
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Fig. 1.4.1-4.5.3a

Graph 1.4.1-4.5.3a

Graph 1.4.1-4.5.3b

Fig. 1.4.1-4.5.3b
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Graph 1.4.1-4.5.3¢ Graph 1.4.1-4.5.3d Graph 1.4.1-4.5.3¢

Fig. 1.4.1-4.5.3¢
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1.4.2 The Cultivation of Cambodian Restoration
Workers, Engineers, and Researchers
NAKAGAWA Takeshi

Conservation and restoration of cultural heritages funda-
mentally require the reenactment of original, traditional tech-
nologies. This is especially important in regard to the Angkor
monuments. Conventionally, a complete reenactment of tradi-
tional technologies was considered theoretically impossible,
and the mainstream view was to preserve the originality of the
monuments without making any changes. However, even in
regard to cultural heritages, there are rising expectations of res-
toration technologies. Various restoration efforts have begun to
receive recognition, such as efforts to secure the effectiveness
of conservation activities that would allow monuments to be
used even while they are being restored, the importance of re-
turning fallen stone elements to their original positions, and the
authenticity of monumental appearances. Yet, we must be fully
aware of the fact that technologies for preserving original ele-
ments no matter how weathered they are and the reenactment
of traditional technologies are two different concepts.

Within the course of elucidating traditional technologies, it
is an extreme privilege to be able to witness the dismantlement
of a monument. Even for this reason alone, we are obligated
to leave a record of our work for future generations. It is the
responsibility of researchers to uncover original techniques,
for example by carrying out comparative studies as necessary.
Let us assume that new materials must be employed as sup-
ports when returning existing original elements to their original
positions. It is the role of restoration engineers to design the
work process for creating the new materials based on dimen-
sional information derived from studies of the original form,
and the role of restoration workers to actually produce the new
materials according to that work process while harmonizing
the understanding of original technologies with the principles
of restoration. Such separation of work details and division
of roles also apply to a large extent to other work, including
the conservation and restoration of reliefs. Naturally, it is not
completely impossible for one person to organically perform
the roles of researcher, engineer, and worker alone, but in most
cases, various people in charge of different tasks work in close
cooperation with each other. Essentially, each person is ex-
pected to have a clear understanding of his role and its mutual
relationship with other roles, to efficiently combine on-site
training with desk work, and to engage in the assignments of
short-term, mid-term, and long-term training systems. It would
be particularly necessary for training systems to promote in-
teractions with other monuments and other teams, presenta-
tions at public opportunities, and if possible, overseas study.
Additionally, the establishment of a qualification recognition
system and the guarantee of a workplace are most essential for
human resource development. This issue may pose limitations
to foreign teams, but we must actively disseminate the sig-
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nificance of this way of thinking and cooperate to the greatest
extent. In any event, there is no doubt that the principal aim of
international cooperation in the conservation and restoration of
cultural heritages is human resources development. Therefore,
so we must concentrate on achieving a good balance of restora-
tion workers, engineers, and researchers.
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The Angkor monuments naturally hold different phases of
significance to the Siem Reap and Angkor region, to the Khmer
people, and to the country of Cambodia, but their significance
forms the core of concentric circles formed by the region, the
people, and the country. Even as a world heritage, this is a
rare situation. It can be said that the Angkor monuments are
a strong afferent symbol of the traditional spiritual culture of
Cambodia. They might well be considered the mainstay of
Cambodian nationalism. Meanwhile, as part of the peace pro-
cess and social recovery of Cambodia after one of the most
tragic civil wars in modern world history, the global communi-
ty planned to harness their cooperative efforts to safeguard the
Angkor monuments. It was a groundbreaking attempt in terms
of the fact that there was to be a constant participation of resto-
ration teams from seven to eight countries at all times in actual
restoration activities. Such a feat probably could not have been
achieved even in UNESCO-based conservation projects at the
Nubia monument in Egypt and the Borobudur in Java.

UNESCO's philosophy that acknowledgment of cultural
diversity forms the foundation of world peace is certainly true
in a sense, but it is also true that cultural differences are tend-
ing to generate conflicts in today's world. Is it really alright for
foreign teams to descend en masse on the sacred land of Cam-
bodia's traditional spiritual culture? Generally speaking, the
situation can trigger off a serious conflict at any time. I believe,
however, that the very nature of the Angkor monuments helped
mitigate any conflicts between nationalism and international-
ism.

The basis of existence of the Angkor monuments lies in the
power to control water, to blend into the forests, and to har-
monize the native tradition with new culture. In other words,
the Angkor monuments constantly seek to maintain harmony
with the environment. If this is true, efforts to contribute to
restoration and conservation based on an understanding of the
harmony concept, whether by Cambodians or foreigners, can-
not be completely unrelated to this concept. Rather, it can be
said that the significance of the harmony concept in today's
world has come to be universally accepted owing to interna-
tional cooperation, and is what reconciles the two factors. The
various efforts made in Angkor over the past ten years received
high praise at the Second Intergovernmental Conference for the
Safeguarding and Sustainable Development of the Historic Site
of Angkor held in Paris in November 2003. In fact, they were
regarded as a model of international cooperation for the safe-
guarding of cultural heritages as part of the peace process and
social recovery of conflict-affected regions. The significance of
protecting the wealth of human heritages through international
cooperation is becoming increasingly important.
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