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1.1 Purpose

Chapter 1: The Purpose, Method and Composition
NAKAGAWA Takeshi

1.1 Purpose

Bayon (latter half of 12th century), the central temple of
Angkor Thom, displays an ambiguous character as a result of
its complex history of transformation and expansion which,
as will be discussed later, is embraced by an architectural
style seen nowhere else. Bayon is not only a representative
structure in the cultural history of Khmer architecture along
with Angkor Wat (first half of 12th century). It would not be
an exaggeration to say that its uniqueness makes it a preemi-
nent monument in the history of mankind. In addition to their
value as a world heritage, Bayon and Angkor Thom are proof
of the prosperous history of the Angkor dynasty, they are liv-
ing places of worship not only for the residents of the Angkor
— Siem Reap area but for all the people of Cambodia, and
they are today the center of Angkor tourism. Precisely be-
cause the significance of Bayon goes beyond the symbolism
of traditional culture, it is one of the most important monu-
ments to the Cambodian people. However, due to reasons
that will be discussed later, Bayon is also one of the most
deteriorated monuments in serious danger of collapse. More-
over, because it is a dense agglomeration of buildings created
by impulsive, on-site construction techniques, it is one of the
most technically difficult monuments to restore.

Due to such compounded reasons, full-scale conservation
measures for Bayon Temple as a whole had continued to be
put on hold, even though it was in urgent need of conserva-
tion and restoration work.

Ever since JSA began preliminary surveys in October
1992, we held a strong wish to contribute to the conservation
of Bayon. However, based on an understanding of the dif-
ficulties mentioned above, we became keenly aware of the
need for a master plan that would present a comprehensive
policy for conservation and restoration, and realized that the
formulation of such a master plan would itself comprise a
long-term project. It was necessary for restoration activities
to be based on studies and research of Bayon and Khmer
architecture in general, as well as on an accurate grasp of
original Khmer construction technologies. More specifically,
in addition to a multidisciplinary study on the meaning of
Bayon, it became absolutely necessary to establish a route
for technology transfers. Japanese researchers and engineers
would first study the original technologies of Bayon that are
unusual even among traditional Khmer construction tech-
nologies, and they would then transfer the knowledge to
Cambodian workers. Around this time in 1992, the Northern
Library was considered to be facing the most imminent dan-
ger within the entire Bayon complex. The restoration of the
library was naturally our main goal, but we predicted that our
efforts to restore the library would simultaneously have great
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significance when formulating a comprehensive master plan
for Bayon.

Another basic feature of the Bayon Master Plan was that
it was formulated based on a framework of international co-
operation. Studies and research of Bayon and other Angkor
monuments conducted by I'Ecole Francaise d'Extréme-Orient
(EFEO) and past restoration and conservation efforts have un-
deniably contributed beyond measure. Since the beginning, we
at JSA hoped to learn from and cooperate with EFEO. In Au-
gust 1994, H. E. Mr. Vann Molyvann, State Minister in charge
of Angkor, summoned representatives from JSA and EFEO
to the Terrace of the Elephants in the Royal Plaza of Angkor
Thom, and expressed his wish to make Angkor Thom into a
heritage like the Heijo capital, the ancient capital of Nara, and
Bayon into a monument like the Ise Shrine. To that end, he
requested the close cooperation of JSA and EFEO in the con-
servation of Angkor Thom, and the efforts of an international
team which would include Cambodian workers to address the
restoration of Bayon from the survey and research stage.

The National Research Institute for Cultural Properties,
Nara, located at the site of the Heijo Palace, is the key center
for the study and research of ancient architecture and cities in
Japan and technologies for their conservation and restoration.
The Heijo Park, where the organization is undertaking the re-
storative development of the ancient capital, is also a mecca
for cultural tourism. H. E. Mr. Vann Molyvann also focused his
attention on Ise Shrine, not so much because it worships the
ancestral deities of the imperial family, but perhaps more be-
cause the beautiful environment of the sacred place is always
maintained as the spiritual home of the Japanese people. JSA
couldn't agree more with this idea.

In 1996, all foreign teams and the young generation of Cam-
bodians working in Angkor were called on to attend the Bayon
Symposium. As a part of the effort to carry out restoration ac-
tivities for Bayon and Angkor at the global level, world author-
ities in this field were asked to participate in the symposium
headed by APSARA, an organization affiliated with the Cam-
bodian government, organized by UNESCO, and sponsored by
JSA. The primary goal was the formulation of a framework for
the Bayon Master Plan, but there was actually a larger theme
of discussing the future direction of studies and research and
measures for conservation and restoration of not only Bayon
but the Angkor monuments as a whole.

An official international coordination council (ICC) for
cooperation in the conservation and restoration of the Angkor
monuments had already been launched in 1993. The council
was basically established so that formal discussions could be
held among the governments of approximately thirty countries
and international institutions. However, the Bayon Symposium
played an important role as a forum for technical discussions
on studies and technologies, and continued to be held every
year at Siem Reap, for a total of nine times until December
2004. The basic structure of the Bayon Master Plan was formed
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through the Bayon Symposiums, but it was precisely this
mechanism of international cooperation directed to formulating
the Master Plan that both directly and indirectly influenced the
activities of JSA and other foreign teams in Angkor. In this re-
spect, it can be said that half the goal of the Bayon Master Plan
has already been achieved.

Be that as it may, the objectives of the Bayon Master Plan
can be summarized as follows.

(1) To academically study and research the religious, artistic,
and architectural properties of Bayon Temple and the sig-
nificance of its conservation and restoration from a multi-
disciplinary approach.

(2)To carry out restoration work by integrating the processes
of elucidating, experiencing, training, and mastering the
traditional construction techniques of the Bayon and
Angkor monuments.

(3) To utilize past research results pertaining to the Bayon and
Angkor monuments and engage in plan formulation and
restoration work under a framework of international coop-
eration centering on Cambodian youths in order to apply
the knowledge and wisdom of the international commu-
nity.

(4)To fully harmonize the significance of Bayon to the Cam-
bodian people and society, to international tourism, and as
a world heritage, and to aim for eternal conservation.

(5)The records of activities implemented by each team in
Angkor should be disclosed and applied to the cultivation
of Cambodian experts.

The ultimate goal of the Bayon Master Plan is to provide a
fundamental and comprehensive policy that would ensure the
effective coordination and execution of the above interrelated
objectives.

1.2 Method and Composition

The execution of each of the structural objectives (1) to (5)
which define the goal mentioned previously is in fact that fun-
damental policy for the formulation of the Bayon Master Plan,
and the general framework of the Bayon Master Plan was cre-
ated through the accumulation of presentations, discussions,
and recommendations from the annual Bayon Symposium.

The theme for each year's Bayon Symposium was decided
in consideration of the deep problems confronting each team
involved in the actual conservation and restoration work for
the Bayon and Angkor monuments, and based on a conscious
awareness of the issues that should be addressed by the Bayon
Master Plan.

Therefore, teams participating in the Bayon Symposium
could present the results of their activities up to that point and
expect to be able to reflect the details of the discussion on their
examination of issues they are facing at that time. This was
probably the most important aim of the Bayon Master Plan.

Depending on the objective, surveys not only focused on
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Bayon, but were expanded to include other relevant Angkor
monuments (art history, architecture history). In addition to
various academic studies, such as the construction process of
Bayon (archaeology), identification of fallen elements (pe-
trology, archaeology), deterioration factors of the bas-reliefs
(conservation science, petrology), causes of structural deterio-
ration in tower buildings and terraces (architecture structure,
geotechnical and basic engineering, petrology), and measure-
ments and three-dimensional images, JSA's experiences, train-
ing, and results of restoration work for the Northern Library of
Bayon, the Northern Library inside the Outermost Enclosure of
Angkor Wat, and Prasat Suor Prat N1 tower in the Royal Plaza
of Angkor Thom were combined and reflected in the details of
the Bayon Master Plan. Details of the above are compiled in 2
chapters of the introduction, 3 chapters of the main discourse,
conclusion, and 13 sections of the appendix (documentation of
the results of each specialized survey and restoration work) of
the Bayon Master Plan.
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2.1 Previous Conservation and Restoration Activities at the Bayon Temple

Chapter2: The Present Situation of the Bayon
Temple and Themes for Conservation and
Restoration

2.1 Previous Conservation and Restoration Activities
at the Bayon Temple
SHIMODA Ichita

The condition of Bayon has been a matter of tremen-
dous concern since its initial discovery. The Ecole Francaise
d'Extréme-Orient (EFEO) conducted conservation and restora-
tion activities at the Bayon complex from the early part of the
20th century until the outbreak of internal conflict in Cambo-
dia. The status of these activities is recorded in their journal
entitled Rapports d'Angkor. The following is a summary of the
conservation and restoration efforts of the successive direc-
tors of the Service de conservation des monuments du groupe
d'Angkor.

Before setting up its base of operations at Angkor, the EFEO
began the process of eradicating undergrowth and felling trees
in 1901. Once the former Cambodian territories including
the Angkor region were returned by the France-Siam Treaty
of 1907, the removal of undergrowth and trees was begun at
Bayon. The first director of the Service de conservation des
monuments du groupe d'Angkor, J. Commaille, cleared the
vegetation not only from the temple complex, but also from all
the paths lead to the buildings of Angkor Thom, and cleared
a path from Bayon to the south gate of Angkor Thom in 1910
and a path from Bayon to the Gate of the Dead in 1911. The
process of removing and cataloging the fallen stones that had
piled up in the Outer Gallery was also begun in 1911, and the
same process was begun for the Inner Gallery in 1912. The res-
toration work at this stage consisted in resetting the stones in
their original positions. At the time Commaille was murdered
in 1916, the entire complex had been cleared of fallen stones
with the exception of the upper terrace.

H. Marchal continued this work, replacing the wooden sup-
port pillars Commaille had erected to prevent further collapse
of the structures with concrete ones and taking up the task of
removing the fallen stones from the upper terrace. Marchal
installed devices to strengthen the stonework and began using
metal supports, and worked to reinforce most of the complex.
No major work was undertaken in the period from 1919 to
1931 besides the clearing of vegetation and small-scale rein-
forcement of structures, but during this time, the eastern terrace
was damaged when an enormous tree fell on it, and the rest of
the trees in the complex were cut down.

In 1931 and the following year, the Outer Gallery was re-
stored under the direction of G.A.Trouvé. Most of the pillars
were restored and returned to their original positions. In ad-
dition, most of the fragments of the material for the baluster
was collected and restored to the greatest extent possible. Even
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during this restoration the buildings were gradually deterio-
rating, and in 1932 a terrible loss occurred when part of the
Central Tower collapsed. In 1933, work began on reinforcing
the Central Tower, and a scaffolding was erected around the
tower. Then, using block and tackle, the parts of the stonework
whose collapse posed the greatest danger were dismantled and
reassembled. The Central Tower's suspended gallery was also
reinforced at this time. That same year, Trouvé discovered a gi-
ant Buddha statue 3.6m high, 14m directly beneath the Central
Tower.

From 1939 to 1946, the construction work continued under
the direction of M. Glaize. During this time, the restoration of
nearly all the towers on the upper terrace was completed. This
restoration proceeded with the dismantling and reassembly of
the structures according to the degree of danger their collapse
posed, and these were reinforced with iron cramps. In this
phase of the restoration, most of the concrete supports installed
by Marchal were removed. From the end of Glaize's tenure as
director, this construction work was continued by his succes-
sors, and a number of towers were restored.

Then, from 1963 to 1966, the cleaning of the bas reliefs in
both the Inner and Outer Galleries was carried out under the
direction of B.P. Groslier in order to photograph every location
in the complex.

Following Cambodia's civil war, the conservation and res-
toration efforts at Bayon resumed immediately with the PKZ
project. In the 1980s, Poland launched a campaign for the
restoration of the Angkor ruins with Australia, India, Sweden,
Vietnam, and Cambodia, to establish Friends of Angkor Wat,
an international non-political aid organization for the restora-
tion of the Angkor temple complex. Benefiting from these
activities, a five-year plan was formulated from 1989 to 1990
for archaeological surveys and the restoration of the Bayon
complex, and archaeological surveys were conducted in 1990.
In the restoration plan submitted the same year for Bayon's
Northern and Southern Libraries and the East Tower of the
Outer Gallery, these three danger zones were shored up with
wooden posts. After this, preliminary activities for a survey of
the deterioration of the stonework at Bayon and Angkor Wat
were begun, but unfortunately, this project did not lead to any
actual restoration work.

Tracing the history of previous conservation and restora-
tion activities at Bayon, it is possible to get a glimpse into the
confrontation with imminent danger that the work entailed. We
are, after all, far removed from radical restoration work, but
this may be all to the good of Bayon, since, at the very least, it
has been kept from deteriorating beyond the point of no return.
Bearing in mind the difficulty of conserving and restoring the
entire Bayon complex and that we have inherited the efforts of
those who took on that work before us, a fund that allows us to
do our part as friends of Bayon is something we might give our
humble consideration.
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2.2 Outline of Architectural Inventory and Theme for
Conservation and Restoration
NISHIMOTO Shinichi, HATTORI Hiroki

Bayon! is a single complex composed of approximately 50
towers and rectangular buildings called pavilions and of gal-
leries that connect these buildings. These structures are all
constructed on top of platforms, which become gradually taller
toward the center. In making documents of the damaged parts
in the process of the study and restoration of this temple, the
naming of each part was a pending question from the very start
of the project.

In reports made by I'Ecole Francaise d'Extréme-Orient
(EFEO) 2, the buildings are numbered in a clockwise direction
beginning with the center of Bayon and going outward; a simi-
lar method using letters of the alphabet is employed for iden-
tification of structures that do not exist today. Another charac-
teristic of this system is that the numbers proceed in order from
the front of the temple, that is, its eastern side. This system
should be respected since it is already well known among
scholars. However, when we want to indicate a particular place
within Bayon, using the EFEO numbers will entail difficulties,
and therefore, the numbering system must be expanded in or-
der to comprehensively designate every damaged part.

Entries in a work journal show that each of the pillars of
the Outer Gallery, at least, was numbered by EFEO. From this
it may be assumed that for pillars with numbers 160 and 161,
three pillars each were grouped together into a set and that
these three pillars were distinguished by marking them with [
"JTand [ " ] after the numbers. If we compare the pillars with
their appropriate positions on a plan, this would show that the
pillars of the outer gallery were numbered in a clockwise direc-
tion and that for the rows of outer pillars [ ' ] and [ " ] marks
were added to the numbers.

However, there seems to be no clue as to the numbering
system for the pillars of the pavilions; as for the pillars of the
inner gallery, nothing has been mentioned at all. For these rea-
sons, any attempt to reproduce the numbering system used by
EFEO for the pillars had to be abandoned. The use of marks [
"Jand [ "] is advantageous in understanding the arrangement
of the pillars and in preventing the quantity of numbers used
from becoming unwieldy, but there is, on the other hand, a risk
of making errors. In view of these reasons, the use of marks for
identification in the process of making an architectural inven-
tory of Bayon was abandoned. Instead, the decision was made
to number all the pillars.

In spite of having put a great deal of effort into surveying
every structure, noting the architectural features, and discover-
ing the particularly notable vestiges, Dumarcay® discovered
no evidence to modify his theory, formulated on Parmentier's
thesis* that Bayon underwent a 4-stage construction process in
which none of the processes were completed before the next
was begun. On this point, the new theory advocated by Claude
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Jacques in recent years on the construction process of Bayon
has been completely disclaimed.

As shown elsewhere, a survey of the likelihood of collapse
was conducted in parallel with the architectural inventory, and
small-scale restoration was carried out by JSA giving priority to
structures according to their danger of collapse. In addition, a
database was begun of the many scattered stones, and it is par-
ticularly noteworthy that a number of stones that compose part
of the tower of faces have been discovered. The walls of the
Outer Gallery that are decorated with reliefs are expected to be
restored in the future by reattaching the stones that have fallen
from them. The central floor of the Eastern Pavilion, the floor
abutting the west side of tower 17 on the uppermost platform
as well as its northern floor, the upper northeast Inner Court-
yard of the second platform and other areas show remnants
of what are thought to be engraved lines relating to Bayon's
design. Measurements have been taken, and it has been pointed
out that in the future, analysis of these may reveal the units of
measure that were used at the time Bayon was constructed.

Below is a list of some of the results obtained by drawing up
the architectural inventory described above:

1. The condition of the remains of the many chapels, towers,
and galleries, and the courtyards into which they are subdivid-
ed became clear, along with their danger of collapse and ease
or difficulty of conservation and restoration.

2. Meanwhile, as a result of surveys concerning the joining
parts of the building, the order in which the entire complex was
built has been reconfirmed, supporting Parmentier and Dumar-
cay's theory while disproving that of Jacques.

3. A certain amount of the stone needed for restoring the
towers of faces and reliefs of the Outer Gallery has been dis-
covered among the scattered stones, and combining the results
of this survey and the architectural inventory will lead to a
definite plan for restoring this temple.

4. Preliminary lines that suggest the measure used in plan-
ning Bayon have been discovered, and taking into consider-
ation the actual measurements of such things as the intervals
between the pillars of the pavilions and the galleries may pro-
vide clues to interpolating the unit of measure used at the time
of construction.

The aspects of this temple's building process that have been
newly clarified are vital, since they mean that important new
clues have been obtained for accomplishing its conservation
and restoration in the future. Several important vestiges that
clearly demonstrate the building process must be passed on to
future generations, in particular such as the series of sections
connected with towers 12—15 on the uppermost platform, the
remaining sandstone floor of the chapel A, the vestiges con-
nected with chapel M and its Outer Gallery, and chapel P and
its Outer Gallery. Scrupulous care is needed when conserving
and restoring the features of these areas.
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2.3 Outline of Art History Investigation and Theme for
Conservation and Restoration
PARK Hyounggook

1. Methodology of Art Historical Investigation of Bayon
and Its Purpose

Construction of the Bayon Temple, located in the center of
the royal capital of Angkor Thom, was initiated by Jayavarman
VII in the latter half of the 12th century. The word Bayon
means "beautiful tower of heaven," and as the name indicates,
it is the temple monument consisting of a central tower (a cen-
tral sanctuary) in 40 meters high surrounded by towers (sanctu-
aries) of various heights.

Just before Jayavarman VII came to rule Khmer, the Khmer
went through a period of severe trial when the invincible royal
capital of Angkor fell in 1177 by the invasion of Champa
(An ancient country, located current central-south Vietnam)
and suffered from immeasurable psychological and religious
shocks. For this reason the king, upon retrieving the royal
capital, presumably endeavoured more than any previous kings
to protect the country by the power of religion. So long as
Bayon is the building representing this period of time, there is
no doubt that it is reflecting a background of the period. It is,
indeed, an eloquent proof of religious concept in the latter part
of the 12th century by the king and in the country, to be studied
not only from architectural aspects as ruins, but also to a great
extent from religious-historical aspects.

Temples are more historical relics decorated with religious
art than buildings. In religious art there exists no moulding
motif that bears "no meaning." In every shape is contained
some "meaning" and a message transmitted from individual
motif leads to elucidate character of the overall temple and
its purpose for erection. In the period when religious thought
related deeply to human production activities such as politics,
economy and arts, we presume, a shorter route to understand-
ing moulding activities connected closely to the people of
those days is rather to understand religious thought of the pe-
riod. Under the present situation where script documents are
extremely limited, we believe, religious art, indeed, can be a
beneficial spokesperson and there exists a significance of art-
historians' activities with respect to historic constructions.

The Art History Unit, engaged in investigation work for
many years, regard this presupposition as important and be-
lieve that art history investigation is one of the effective meth-
ods of elucidating ruins. It is the same with the investigation
of Bayon. Since Bayon is religious construction it is inlayed
with various religious and ideological messages. They may not
be worthwhile by technical, engineering or scientific approach
and not be cited even as an instance, but we have been attach-
ing importance to reading these messages as much as possible
in our investigation. We had covered elaborately all mouldings
(sculpture motif, reliefs on the walls or columns and three di-
mensional carving), and interpret each expression and accumu-
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late each interpretation. Then, by compiling them, we think,
we are able to approach at least near to message contained in
the whole Bayon Temple, religious thought held by the King
Jayavarman VII and religious or historical views of the Khmer
in the latter half of the 12th century.

2. Outline of Investigation Activities by the Art History
Unit

Investigation activities of the Bayon restoration by the JSA
Art History Unit were conducted from 1997 to 2002. First,
we started with an investigation of the enormous deity faces,
which are representing sculpture motifs at Bayon. We have
photographed existing 173 faces, and tried to make reports of
each face. We have considered the significance of investigat-
ing Bayon deity faces as sculpture work, from which we en-
visaged its consequence. Then using it as a guideline we have
made more detailed report. We have finalised the report ex-
panding our horizon further to deity faces of the Bayon period
seen on a rampart or the temple at Angkor Thom and Banteay
Kdei. We have reported in the JSA Annual Report as well as by
panel displayed at the site that the deity faces at Bayon are not
Bodhisattva Avalokitesvara of the Buddhism, Siva of the Hin-
duism or Devaraja, but they are universal gods in the celestial
world i.e. Devas, Asuras, and Devatas. Furthermore, we have
a hypothesis that placing deity faces on the top of towers was
possibly adopted referring to Bodhisattva or angry faces on
the handles of vajera bells and vajeras in the late esoteric Bud-
dhism.

Likewise, in order to prove that the temple was constructed
hoping for peace of the country and royal family under protec-
tion by "universal" and "all" gods, as was originated from deity
faces stated in the above, we have expanded our investigation
coverage to all over the Bayon Temple. As a result of study-
ing details of patterns in the carving motifs on the pediments
and lintels located around the sanctuary entrance and at the
various locations in the Bayon Temple, it became clear that
the temple was intentionally divided to habitat segregation
by religious belief, i.e. on the east side of the Bayon it is the
anecdote of Jayavarman VII royal family and belief to him, ex-
pressed by a special Devata image modeled after queen consort
of Jayavarman VII, situated on the both sides of the sanctuary
15 entrance; on the west side it is belief to Visnu; and on the
north side it is belief to Siva. On the remaining south side, it
was originally for the belief to Buddhism, but as a result of in-
tentional (or could be said political) movement for eliminating
Buddhism aspect for a certain period, it is converted to the area
where Siva and Visnu, with a stronger influence by Siva, are
expressed in combination. It is also elucidated by examining
intensively conditions of destructed seated images of Buddha
that we can find in Bayon.

This formation of "habitat segregation” is applied basically
to the reliefs of Inner Gallery. Moreover, in the Inner Gallery
it is possible to construct a story in the larger panel than pedi-
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ments, lintels or column decorations. The panels are construct-
ing various scenes of mythology or deeds by the king, contain-
ing various messages.

As described previously, at Bayon there are no small num-
bers of "destructed" carving motifs by human or natural de-
terioration. With detailed observation of chisel marks and
from the result of carving demonstration, there are quite a
few unnatural points clarified. As to images of Buddhist dei-
ties like seated images of Buddha and images of Bodhisattva
Avalokitesvara it is notable and it is extremely rare that they
escaped from destruction. Because of this situation, in the pro-
cess of above investigation it was necessary to confirm possible
original deity images of the Bayon period, enlisting all com-
parable examples, not only deity images of Buddhism but also
those of Hinduism. For this relevant investigation, we have
investigated art-works owned by the Preservation and Restora-
tion office of the Angkor Monuments, the National Museum in
Phnom Penh, as well as Khmers art-works of the Bayon period
owned by the Bangkok National Museum, Thailand, the Na-
tional Museum of Phimai. We have turned our eyes certainly
to temple monuments of the Bayon period located in Angkor
area and Banteay Chmar, located to the north-western area of
Cambodia, which is considered to be one of the strongholds,
or an advance base of Jayavarman VII. Among them the result
obtained from Banteay Chmar was beyond our expectation and
produced a strong clue to understand the original way of belief
by Jayavarman VIL

In this way while we grasp historical characteristics of icons
in the Bayon Period, on a parallel we have always kept our
eyes on the characteristics of universal and, in a sense, national
icons which are seen in the Khmer sculptures. This is also to
prevent us from forming an "extraordinary" and "misdirected"
opinion by mistake. This further led us to investigate ruins in
the Angkor area in the pre and post Bayon period, ruins around
Battambang, art-works possessed by the Battambang Munici-
pal Museum and ruins in the suburbs of Phnom Penh.

Let us take an example of the Hindu mythological motif,
"the Churning of the Ocean of Milk." The huge naga (Vasuki),
which coils itself around the Mount Mandara floating in the
sea, is pulled by the Devas from the right and by the Asuras
from the left or the other round. The side serves as an indica-
tor to measure strength of local characteristics and the Indian
influences. In this connection, there are reliefs of "the Churn-
ing of the Ocean of Milk" at Wat Ek (in the 11th century)
around Battambang, at Angkor Wat (in the first half of the
12th century) and at Bayon (in the latter half of 12th century).
Comparing among the three, while formation is the same at
Wat Ek and Bayon, divines at Angkor Wat are reversely placed.
A phenomenon like this will be used effectively when we ex-
amine the Khmer kings' descent in various periods and their
external contacts.

Our investigation, which may look as deviated from Bayon
at first sight, aimed to examine more comprehensively on
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Bayon, a monumental ruins representing the latter half of the
12th century. This is the very standpoint that we have been
aiming at consistently throughout our activities of the Art
History Units at Bayon for the real restoration of the Bayon
Temple.

3. Themes for Preservation-Restoration

What is a real restoration of Bayon?

Restoration of ruins is not just recovering fallen stone ma-
terials to compile for construction, nor maintaining a periph-
eral area as a monument park. Surely it may reflect figures
of Bayon of bygone days. However, so long as Bayon is reli-
gious construction, it was constructed for a specific purpose,
and only when its purpose and function are clarified, Bayon
can be said to be restored to the original figure. Without deep
understanding of the ruin itself, such as religious background,
functions of the temple and pilgrimage and pilgrimage route of
those days, the restoration will not achieve the original figure
of Bayon. For one of the effective methods to elucidate its
original purpose and function, we believe, investigation by art
history can be put forward. A significance of the contribution
by art history approach in the restoration activities, indeed, lies
in this point.

As we stated in the beginning of this report, temples are
more historical relics decorated with religious art than build-
ings. In religious art there exists no moulding motif that bears
"no meaning." In every shape is contained some "meaning."
In these days when no script documents were left, religious
art is its very beneficial spokesperson. We grasp "meaning" of
each individual motif, and compile them to understand whole
Bayon.

We present the role of art-historical investigation in the
restoration of Bayon and its procedure along with themes as
below.

Before everything through the investigation of deity faces
as previously stated, we have gained the fact that "comparative
examination among related objects is effective." The compara-
tive objects are carvings in the round of the Bayon period in
the Angkor area, needless to say carving motifs attached to
buildings, traditions of moulding in the Angkor area, mould-
ings in the area closely related to Jayavarman VII, and mould-
ings in the hostile area against Jayavarman VII, which may
seem strange.

Firstly, so long as Bayon is existing royal building in the
Angkor area, it must carry moulding tradition and moulding
principles that had been inherited until the latter half of the
12th century. We believe Bayon could not deviate from this
framework totally.

When we think of history of Japanese religious art, this is
often referred as "royal capital flavor" and artworks found in
Kinki district with Kyoto at its center exhibit difference that
was originated from incompatible tradition of moulding to that
of Kanto, Tohoku or Kyushu districts in the same period. It
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is comparing a scene of "royal capital" and "out-of-the-way
place." Confirming beforehand religious art of the pre Bayon
period in the Angkor area, would help to correct our erroneous
view with logical leap about Bayon.

Secondly, we take notice of moulding tradition from the
birthplace of Jayavarman VII who constructed Bayon. In case
we observe some motif that is not explained only by moulding
tradition in the royal capital, this second approach is utilized to
a great extent. Human being tends to produce his own birth-
place "color" as a matter of course. Jayavarman VII, who had
attained achievements in the war against Champa, was said to
originally come from a military force based in area from the
current northwest of Cambodia to the northeast of Thailand.
(In this connection it is especially essential that we investigate
temples in the northwest of Cambodia, the northeast of Thai-
land and southeast of Myanmar, which are considered to be
his territory of influence) It is considerable that the King may
utilize moulding tradition of his birthplace or intentionally may
not use it in order to manipulate his own identity. To this end it
is necessary that we confirm religious construction and transi-
tion of accompanying carving motifs in his birthplace.

Thirdly, we should understand mouldings in hostile territory.
It may be paradoxical, but when the enemy's territory comes
under control, it may be not a few cases that mouldings inher-
ited in the particular area are adopted on purpose. It is because
easier to visualize "poetic justice" clearly in terms of "Khmer"
vs. "Enemy (including Champa, and any resistance against the
King like a domestic rebel army)." When one sees a scene of
fierce battle engaged in a melee by the Khmer and the Champa,
he must distinguish which one is Khmer and its enemy at a
glance, and not only distinguishing, but he must read straight-
forwardly which side is dominating from the relief. Otherwise,
the effect as a relief will be diminished by half. There are some
agreed principles in mouldings which everyone of those days
should be familiar with, and it is imperative that we should also
become aware of it. Accordingly, we should acquire no little
knowledge about Khmer's hostile nations, from Vietnam down.

There are many battle scenes against Champa depicted on
reliefs of the Inner Gallery of Bayon. For the purpose of speci-
fying a motif correctly in these reliefs, we need to investigate
Vietnamese works as a comparative example, because cloth-
ing worn by those who have been assumed to be "Champa
soldiers" thus far can hardly found in Vietnam. We will have
to revisit by which characteristics people of those days distin-
guished Khmer soldiers from hostile Champa soldiers. De-
pending on a result from such investigation, a new interpreta-
tion to the theme of the reliefs in the galleries of Bayon might
be brought forth. By completing these works one after another,
we would like to elucidate complicated character of Bayon one
by one.

Only where above three approaches intersect, we believe,
we can envisage a real aspect of Bayon. Our big remaining
task for further investigation of Bayon is to explore this inter-
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section. In order to achieve each elucidation, we consider it is
necessary to conduct investigation of temples in the northwest
of Cambodia, northeast of Thailand and southeast of Myanmar
which are presumed as Jayavarman VII's territory of influence
and investigation of Champa, let alone investigation of the
Angkor area.

4. Summary

As stated above, this report presents the results of the survey
of the Bayon Temple conducted by the Art History Unit from
an art history approach, and what we have learned from the
survey so far. For our next step, we intended to aim for a more
comprehensive research that embraces the entire realm of the
Khmer art, as well as the trends in the Southeast Asia region.

A research on religious arts in the Southeast Asian coun-
ties, except remarkable achievement by Thai researchers in
recent years, had relied heavily on that of the I'Ecole Francaise
d'Extreme-Orient in the pre-war era, and we can hardly say that
its current level is better than each individual research from
those days when European countries governed these countries.
Now that situation of these Southeast Asian countries has
improved, we should regard these Southeast Asian countries
as one common cultural region lying between two giant cul-
tural regions of India and China, and engage comprehensive
research thereof. By this approach we believe we are able to
elucidate an original aspect of Bayon, one of the representative
constructions in the largest nation of Khmer of the Indochina
Peninsula in the 12th century.

The research of religious art in the regions from India to the
East Asia is today in the hands of researchers brought up in the
East Asia including ourselves. By an approach to the studies of
the Angkor ruins based on our religious awareness of the East,
we believe we can surely take a first step to a new research of
the Khmer art. Only when each individual, who is engaged in
the restoration, becomes aware of "what is Bayon?" accom-
panied with religious awareness of the East, there appear new
buds of significance of real restoration. They will be passed on
to a new generation and eventually bloom and bear fruits. Ar-
chitecture is not "a container," because it is providing "a stage"
where various human dramas are unfolded.
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2.4 Outline of Archaeology Investigation and Theme for
Conservation and Restoration
KONG Vireak, KOU Vet

1. Background

Since the previous century, much research has been con-
ducted on the architecture, art history, and inscriptions of the
Bayon complex. Archaeological research has also yielded
fruitful results. Beginning in 1919, the scholars of the Ecole
Francaise d'Extréme-Orient (EFEO), Henri Marchal and
Jacques Dumargay, conducted excavations at many sites inside
the Bayon complex'. Dumarcay and Bernard Phillip Groslier
published a report detailing the excavations entitled Le Bayon.?
Later, during the dark years of the Khmer Rouge, when Cam-
bodia became isolated from the rest of the world, many ar-
chaeologists were killed and all research in the country ceased.
In 1990, the Ateliers for Conservation of Cultural Property
(PKZ), resumed archaeological excavations on the east side of
the complex and published reports.’

2. Archaeological Excavation Conducted by JSA at Bayon

(Fig. 2.4-1)

Since then, no new archaeological surveys were conducted
at Bayon until the formation of the Japanese Government Team
for Safeguarding Angkor (JSA). The purpose of the archaeo-
logical investigations conducted by JSA is to reveal the con-
cepts of the building's construction, which are indispensable to
formulate the restoration plan. The goal of these archaeological
surveys is to shed light on structural concepts to formulate a
restoration plan. The excavations at Bayon were conducted
with two goals in mind. One was to conduct a survey in order
to formulate a plan for the restoration of the Northern Library,
and the other was to offer hypotheses on its construction pro-
cess.

2.1 Excavation Survey of Bayon's Northern Library

In order to restore Bayon's Northern Library, this excavation
survey set out to discover the construction techniques used in
building the foundation and to verify the period in which it was
built by analyzing remains recovered from the site.

2.1.1 Excavation of the Southern Side of the Northern Library
Part of the excavation area adjacent to the foundation of the
Library platform overlapped the trench excavated by the EFEO
in the 1960s (Fig. 2.4-1). The Northern Library was partially
dismantled when the excavation was conducted, and the survey
began by dismantling the sandstone pavement composing the
upper-tier and lower-tier laterite blocks (Pl. 2.4-2). Beneath the
pavement was the rammed earth compacted sand foundation
normally seen in these structures. The results of this excavation
revealed nearly the same foundation layer stratigraphy as that
found in the EFEO survey report. In this survey, the rammed
earth sand foundation layers were excavated down to the 15
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layers, and the area below that was surveyed down to the natu-
ral soil layer by coring with a hand auger.

2.1.2 Structural Survey of the Platform of the Northern
Library”

1) Excavation of the Area beneath the Platform

One theory held that the library might have been built on the
pavement of the courtyard, but when the stones of the terrace
floor were partially removed, no floor surface could be detect-
ed. It was confirmed that beneath the structure was a rammed
earth sand foundation similar to the one beneath the platform
foundation. To save time and for reasons of safety, the survey
had to be continued by hand auger. The result showed that the
rammed earth sand foundation on the interior of the platform
was adjacent to the sandstone blocks of the terrace floor. This
soil continued to approximately 160cm from the surface of the
terrace floor when the auger struck a hard material assumed
to be laterite. The tier of the laterite located beneath the pave-
ment had been severely damaged. According to Dumarcay,
Bayon underwent four phases of modification and the library is
believed to have been constructed in fourth phase. Our survey
showed that the present Northern Library was built after the
construction of the courtyard pavement, and that the pavement
was removed and constructed the foundation for building the
Library.

2) Excavation Survey of the Library Platform

In order to restore Bayon's Northern Library, an excavation
survey was necessary along with the partial dismantling and
reconstruction of the foundation inside the platform. The exca-
vation survey was conducted with the aims of elucidating the
construction techniques and the present condition of the plat-
form, and determining the period in which it was built. A multi-
disciplinary approach to the excavation was considered in or-
der to shed light on the construction techniques and structural
design, and the key questions to clarify were the characteristics
of the rammed earth inside the platform and the methods used
in building it. Observations were made of the characteristics
and composition of the earth in the foundation's central and
lateral sections, and of the earth buttressing the laterite walls,
the mortar between the stone blocks and the earth in every
other location. The upper, middle, and lower tiers of platform
were surveyed in sequence (Fig. 2.4-2), and the stratigraphy of
each one was observed and recorded (PI. 2.4-3). Architectural,
geotechnical and structural data were also collected. Fragments
of ceramics that might aid in determining the structure's age
were recovered from each soil layer and carefully recorded.
Needless to say, the stratigraphic record of the artificial laid
soil inside the foundation was made in a single period. These
excavations, as mentioned above in their purpose, were for
the architectural analysis. Soil stratigraphy from the top of the
upper platform to the lowest of the platform bottom blocks
was recorded. From this, it became clear that the platform was
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composed of 58 layers from the top of the uppermost section to
the bottom of the lowermost section.

2.2 Excavation Survey at the Outer Gallery

An excavation using a long trench extending from the In-
ner Gallery platform passing through the Outer Gallery to the
surrounding road on the north side of the Bayon Complex had
been conducted in November 1999 (Fig. 2.4-1). The Outer
Gallery platform was partially dismantled for the excavation.
The purpose of this excavation was to reexamine the hypoth-
eses advanced by Jacques Dumargay and Claude Jacques on
the construction process of the complex. Another goal was to
detect the existence of a moat surrounding the complex. These
excavations revealed new discoveries about the construction
process and the drainage system. It became clear that no moat
had existed on the northern side of the complex. For details of
this survey, see ARJSA 2000.5

2.2.1 Summary of detected Remains in the Long Trench
The following lists the recovered remains and an outline of
the stratigraphy in the excavated Long Trench.

1) Tunnel Running North-South through the Inner Gallery (Fig.

2.4-3)

The existence of a tunnel running north-south through the
Inner Gallery platform was confirmed when excavating the
rammed earth layer of the Inner Courtyard (Pl. 2.4-4). The en-
trance to the tunnel was blocked with sandstone blocks when it
was discovered. It measures about 38cm wide, and 68cm high.
The excavation continued up to the 11m-point, where it was
halted when nothing but a layer of sandy soil was detected. It
is assumed that this tunnel served as a conduit to drain rain-
water from center of the complex. This tunnel was probably in
use at the same time as the lower laterite pavement (mentioned
below) and may have been blocked up later, when the floor of
Outer Courtyard was raised. In any case, to ascertain the func-
tion of this tunnel, an excavation survey of the Inner Courtyard
will be necessary.

2) "Lower Laterite Pavement"

A laterite pavement laid about 1.4m beneath the present
Outer Courtyard pavement was detected (Pl. 2.4-5). Dumarcgay
had interpreted this as a pavement used in an earlier period, but
there was no evidence of a sandstone pavement laid over it.

3) "Laterite Walls"

Two "Laterite Walls" running east—west parallel to the
Outer Gallery were discovered under the Outer Courtyard
(Fig. 2.4-3). This feature was also mentioned in the reports of
Marchal and Dumargay. JSA found another laterite wall when
excavating the Outer Gallery platform. This laterite wall may
have been built during the same period as the floor discovered
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beneath the "lower laterite pavement".

4) The "Culvert" (Fig. 2.4-4)

Two "culverts" were discovered running north-south through
the Outer Gallery. One of these had already been reported by
Marchal (Pl. 2.4-6). These "culverts" were connected to the
blocked holes found in the wall of the Outer Gallery platform
(PL 2.4-7). Both were blocked up with a sandy soil. These are
both thought to have been part of the Bayon complex's drain-
age system.

2.2.2 Summary of Long Trench Stratigraphy

The trench is 80m long, and is divided into 4 zones. Trench
BY-99A is located at the Outer Courtyard, trench BY-99B at
the Outer Gallery platform, trench BY-99C from the Outer
Gallery platform to the outer laterite wall, and trench BY-99D
from the laterite enclosure to north side of the surrounding
road. A cross-section of the trench walls are recorded in a sec-
tional chart (Fig. 2.4-5). The soil stratigraphy observed was not
much different from that in the EFEO reports except for trench
BY-99D, which had not been excavated before. The soil strata
can be roughly divided into five layers starting with the topsoil
of the area belonging to trench BY-99C and BY-99D. Layer 1
(the topmost layer) is soil that has accumulated naturally from
the completion of the Bayon complex up to the present day.
This soil contains a mixture of earthenware fragments and
newer remains. Layer 2 was dated back to the Bayon period.
Layer 3 corresponds to the building of the sand foundation
of all the structures (Pl. 2.4-8). Layer 4 is the layer between
the sand foundation and the natural soil layer. This looks very
much like the natural soil of layer 5, but as this layer is mixed
with natural soil and the artificial sand foundation layer, it is
thought to have been buried when the foundation for the entire
Bayon complex was laid. Layer 5 is the natural soil. The soil is
densely packed, sticky silt. This natural soil slopes downward
from the Inner Gallery toward the center of the Bayon com-
plex. Ground water flowing into the trench obscured the natural
soil layer.

2.3 Artifacts Recovered from the Bayon Excavation
Survey

2.3.1 Ceramics: Khmer and Trade Ceramics

The ceramics excavated from this building consist of frag-
ments of locally-made earthenware and ceramics and trade
ceramics of mostly Chinese origin. At present, the local and
Khmer ceramics and Chinese ceramics are being dated. By as-
certaining the relationship of the local and Khmer ceramics to
the Chinese ceramics they were unearthed with, chronological
parallels may enable dating of the local and Khmer ceramics.

2.3.2 Metal Objects
An iron artifact was discovered beneath the sandstone pave-
ment of the Northern Library platform. When discovered, the
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artifact was covered with rust, but proved to be a stone-carving
chisel.

2.4 The Problem of Chronology

Until now, the main method of dating the Bayon complex
was by studying inscriptions of the each sanctuary. Archaeo-
logical excavations have been conducted to test hypotheses
about the construction processes, but until now, no detailed
chronological research has been done on Chinese ceramics. In
addition to research on construction methods, JSA has also put
their effort into determining the chronology of artifacts. The
fragments of the ceramics recovered from Bayon's Northern Li-
brary are also mentioned in Report on the Conservation and Resto-
ration Work of the Northern Library of Bayon. Most of the Chinese
ceramics recovered from the Northern Library platform date
from the mid-13th through the mid-14th centuries. Chronologi-
cal research on the Chinese ceramics excavated from the long
trench set from the Inner Courtyard to the surrounding road is
still in progress.

3. Suggestion: Issues to future archaeological
investigation at Bayon

Archaeological surveys of the Bayon complex are still in
their infancy. Sandstone and Laterite pieces now lie scattered
all around the area. They have been buried for many years in
the wet soil and spend almost half of every year immersed in
water. During the restoration of Prasat Suor Prat's N1 tower,
much of the pediment materials dug out of the Pond were
found seriously deteriorated and worn. The sandstone blocks
buried all around the Bayon complex are in a similarly serious
condition. Because these materials are very important to the
restoration of Bayon, future excavation surveys will be able to
protect these fallen sandstone materials from further deteriora-
tion and obtain new archaeological knowledge in the process.
This can be expected to further advance chronological research
on the Bayon complex.

The Bayon temple complex is said to have been begun to
constructed during the reign of Jayavarman VII (1181~1210),
but the Chinese ceramics recovered from the rammed earth
layer inside the Northern Library platform date mainly from
first half of 13th century to the early 14th century. It is thought
that the Bayon Complex underwent numerous renovations that
led to its present form, and because the process of these many
renovations has obscured the true dates of the structures, the
next task will be to apply chronological research and AMS C14
dating to the Chinese trade ceramics recovered from the sites.

Notes

1 H. Marchal, "Sondages au Bayon," BEFEO 37(2), 1937, pp.
637-650; J. Dumarcay, Le Bayon, Histoire architecturale du tem-
ple, Mémoire archéologique I11-2, PEFEO, Paris, 1973.
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1990-vol. 1, 1991.

4 JSA ed.: Report on the Conservation and Restoration Work
of the Northern Library of Bayon, Angkor Thom, Kingdom
of Cambodia, JICE-TOKYO 2000.

5 ARJSA 2000.



The Master Plan for the Conservation & Restoration of the Bayon Complex
Introduction Chapter 2 : The Present Situation of the Bayon Temple and Themes for Conservation and Restoration

2 J. Dumargay, Le Bayon, op. cit.

3 PKZ ed.: The Bayon Temple, the Report of the Polish-Cambodian
Archaeological and Preservation Mission 1990-vol. 1, 1991.

4 JSA ed.: Report on the Conservation and Restoration Work of the
Northern Library of Bayon, Angkor Thom, Kingdom of Cambodia,
JICE-TOKYO 2000.

5 ARJSA 2000.

References
H. Marchal:

- "Sondages au Bayon," BEFEO 37(2), 1937, pp. 637-650.
J. Dumargay:

- Le Bayon, Histoire architecturale du temple, Mémoire ar-
chéologiques I1I-2, PEFEQ, Paris, 1973.

JSA:

- ARJSA 1995-2000, JICE-TOKYO, 1995-2000.

- Report on the Conservation and Restoration Work of Bayon's
Northern Library, Angkor Thom, Kingdom of Cambodia,
JICE-TOKYO 2000

PKZ:

- The Bayon Temple. The Report of the Polish-Cambodian Archae-

ological and Preservation Mission 1990-vol.1, Warsaw, 1991.

28

SEXH
H. Marchal:
- "Sondages au Bayon," BEFEO 37(2), 1937, pp. 637-650.
J. Dumarcay:
- Le Bayon, Histoire architecturale du temple, Mémoire
archéologiques I11-2, PEFEO, Paris, 1973.
JSA:
- Ty 2 a—)VEpRE#R & 3] JICE-TOKYO, 1995-2000.
- Report on the Conservation and Restoration Work of Bayon's
Northern Library, Angkor Thom, Kingdom of Cambodia,
JICE-TOKYO 2000.
PKZ:
- The Bayon Temple. The Report of the Polish-Cambodian
archaeological and Preservation Mission 1990-vol.1,
Warsaw, 1991.



JSA 2005

2.4 Outline of Archaeology Investigation and Theme for Conservation and Restoration

Cimmiar Husd

Alpurarrt of lunriee bow s

:&Xﬂ 1 Tronches by BFHD

BY-99D

Algmmentn [T of sssnlsinee boks

.
el

iy Tk
o | I

Batiin Ead oo

—_—

Perriarrm wafi off biddrin Mook

s =k -
=8 Wa |
- -
l b =
St o Lenas Bl

] b

Fig. 2.4-1 Plot plan of the trenches by EFEO and JSA.
EFEO & ISA L2 b L U FREN .



The Master Plan for the Conservation & Restoration of the Bayon Complex
Introduction Chapter 2 : The Present Situation of the Bayon Temple and Themes for Conservation and Restoration

Fig. 2.4-2 Profile on the rammed earthed of the platform (schematic representation).
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Pl 2.4-1 Trench directly beneath the 2nd tier of laterite pavement on
the south side of the Northern Library.

M2 FDIT 51 b2 EEDET LR ).

Pl. 2.4-2 East wall of the excavation trench at the south side of the
Northern Library.
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PL. 2.4-3 Northern edge of the northwest corner raised one level at the PL. 2.4-4 The tunnel running south-north across the Inner Gallery,
finishing stage of the excavation. viewed from the north.
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PL. 2.4-6 Entrance to the drainage "Culvert" viewed from the south.
R EEA D (FEEINS) .

PL. 2.4-5 "Lower laterite pavement" viewed from the south.
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PL 2.4-7 "Culvert" exit found on the wall of the Outer Gallery plat- Pl 2.4-8 Cross section of the layer 3, viewed from the northwest.
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2.5 Outline of Building Structure, Geo-technological In-
vestigation and Theme for Conservation and Resto-
ration

IWASAKI Yoshinori, FUKUDA Mitsuharu

1. Recommendations of Tokyo Conference (1993) and

Scope of the Study

The Inter-governmental Conference on Safeguarding Angkor
in Tokyo 1993 resulted in important technical recommenda-
tions under a chapter titled "Future Challenges." Among them,
three topics were introduced on the mechanical problems of
soils and stone structures as follows,

1. Effects of degradation of drainage system,

2. Effects of ground to structural behaviors, and

3. Shrinkage and swelling effects of ground caused by
rainy and dry season.

Based upon the above viewpoints, JSA had carried out such
studies as deep boring to obtain basic knowledge of geological
and geotechnical characteristics, dynamic cone test for surface
ground, and laboratory soil tests for samples for site charac-
terization. We also performed installing flow meter to know
drainage capability against rain fall water, water level meter,
ground extensometer, and suction meter for ground, inclinom-
eter and crack gage for stone structure, as well as metrological
data of rainfall, temperature, and wind force. We intended to
keep measurement once every hour for 365 days of continuous
monitoring. However, we often experienced the recorder was
interrupted because of severe climate and other reasons.

Based upon the analysis for monitored data, we found the
fourth factor in addition to three factors aforementioned as

4.  Effects of strong wind against masonry structure.

We explain general aspects of study of natural ground and
measurement of structural behavior and their results. We also
show steps towards safeguarding Bayon Temple.

2. Surface Topology and Hydraulic Characteristics

25km south of the Angkor site, we reach north-west beach
of Tonle Sap Lake, the largest lake in Cambodia, and 25km
north of the site, we arrive Kuhlen mountains that run from
east-south to north-west parallel to the lake. The Angkor plain
expands 50km between the mountains and the lake with very
gentle inclination of 1/1000 in average. The special feature of
the lake is the long continuity of very shallow depth of 3m of
the lake in all the length of 150km, which indicates the stable
characteristic of the region with no active fault movements.
The Kuhlen Mountains extend their wings with 60km in two
mountains against the lake. The Siem Reap River, whose water
is supplied mainly from the East Kuhlen mountain, originates
between two mountains and had flowed south-west direction to
Tonle Sap Lake in the past. When the East Barai was construct-
ed, the river was diverted southwards to the Barai by manmade
canal. The present river runs to the north end of the East Barai,
turns to west and flows along the north of the Barai, changes
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to south at mid point between the Barai and Angkor Thom,
and reaches at French Dam leading to Angkor Wat, Siem Reap
city, and Tonle Sap in the end. The river is diverted to west at
French Dam supplying water to West Barai and recently fur-
ther diverted to south before West Barai to reach moat of the
Angkor Wat. The Siem Reap river that run enough water in
rainy season can not sustain necessary flow to keep the river
clean and far from the image of "Aqua-Angkor" in dry season.

3. Geological study by deep boring

JSA had planned deep borings in Angkor region to study
geological conditions down to reach base rock in 1994. The
boring was performed with SPT (standard penetration test)
for soil layers and with core sampling for rock formations. In
soil layers, an additional boring was carried out for sampling.
These two borings were used as monitoring underground water
level.

4. Ground Characteristics based upon boring results

Soils from the surface (ground level GL=+22m) to 40m
show SPT, N-value less than about 50 as shown in Fig. 2.4-1.

The SPT, N-value is the number of blows of dropping weight
to drive boring rod 30cm into the ground. N-value increases
with the hardness of the ground. Based upon the cyclic nature
of N-value along the depth, we may assume two depositional
stages. In quaternary period, each stage corresponds to glacial
cycle. The topsoil from surface to 18m corresponds to the de-
posit in Holocene (since 10,000 years before present) after the
last glacial period. The lower deposits down to the depth 40m
correspond to much older geological period of Pleistocene.

Based upon soil classification, these deposits constitute
mainly fine sand and silt with clay. Below GL-40m, sandy silt
soft stone continues 42.5m that was identified Tertiary based
upon hardness of samples down to GL-82.5m where very hard
rock was sampled as identified as Pre-Tertiary of geological
period.

According to the results of other borings including Bayon
site, soil deposits of 10~40m in thickness covers over the sur-
face of Angkor plain. The soils, whose mother rock are sand
stones in Kuhlen Mountains and decomposed by weathering,
are brought by flood and river flows. The size of the deposit
near the foot of the mountain may prevail gravel and sand
and becomes smaller soils of sand, silt, and clay in the mid of
Angkor plain.

5. Geotechnical characteristics

Soils are alternation of mainly fine sand and salty clay layers
in yellow brown in color. The color is due to oxidation of iron
and aluminum and characteristics of lateritic soils.

Grain size distribution of the sampled soil is shown in Tab.
2.5-1. Geotechnical engineering treats soils as clay or sand
type. Based upon composition, sand part exceeds more than
50% and called sandy soil. However, clay content is nearly
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Fig. 2.5-1 Geological/Geotechnical Boring at Bayon Site.

Tab. 2.5-1 Grain size distribution of soils in Angkor (depth < GL-40m).

Soil Type Clay Silt Sand Gs
Grain size range d < 0.005mm 0.005 <d < 0.075 0.075 <d Specific Density
Weight Percentage 25 £ 9% 15 £ 9% 57 £ 14% 2.614 £ 0.023%

Tab. 2.5-2 Average Atterberg Limits of clays in the surface layer in Angkor.

Natural W/C

Liquid Limit

Plasitic Limit

Plasticity Index

11-12%

37 £ 11%

11 + 3%

27 £ 10%

30% and behaves clayey like characteristics and called as "in-

termediate soil" that shows complicated behavior than simply

called sandy soil.

The diffraction X-ray analysis shows two major mineral
components as quartz and kaolinite, whose average specific
densities (2.65~2.66 for quartz and 2.60~2.68 for kaolinite) are
near the obtained Gs=2.61. Among clay minerals, no such clay

minerals as montmorillonite to show strong swelling character-

istic is not identified.

Clay soil changes its mechanical characteristics according to

water contents.

Atterberg Limits are obtained by laboratory test and shows
boundary water contents that correspond three phases of liquid,

plastic solid, and half solid, as shown in Tab. 2.5-2. Water con-
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tent of soft clay usually ranges around the Liquid Limit. If the
water content decreases the clay soil becomes harder. It shows
very stiff when the water content is around Plastic Limit. The
water content of clayey soil in Angkor is w/c = 10~11% that is
the same level of the Plastic Limit and considered as not likely
to cause large settlement like soft clay ground.

Ground deeper than GL-5m to GL-18m shows gradual in-
crease of SPT N-values and reaches N =40. The average is 20
and the ground is not considered soft soil of N less than 10 but
identified as relatively dense/stiff ground. Top surface ground,
however, being affected by water level change, shows seasonal
change of soil strength.

6. Underground water level and ground characteristics

Top soil from the ground to GL-5m changes its character due
to water level. In dry season, the water level becomes lower
and the water content decreases. When the water contents de-
creases, the soil becomes unsaturated and hardens by negative
water pressure (suction) between soil particles. In rainy season,
the suction decreases and the cohesion between soil particles
becomes low, which results in expansion of the soil with softer
strength. SPT, N-value changes according to season as shown
in Fig. 2.5-1. This is because of change of water level. Based
upon the monitored results of the underground water level,
the suction, the contraction and expansion of the surface soil,
3~5mm change of ground level was observed (Prasat Sour Prat
site). If these changes of ground settlement/heave take place
and cause settlement of the structure, the opening of the stones
due to uneven settlement continues to increase. These opening
gaps are observed in stone structures of Angkor.

7. Change of underground water level and underground

water flow

Based upon the observed data, underground level increases
in rainy season from May and decreases in dry season gradu-
ally to GL-5m at the end of the dry season of April. Supply
of the underground water has two sources of horizontal flow
from Mt. Kuhlen and vertical infiltration from rainwater. Let's
us consider velocity of horizontal flow in the Angkor plain.
The average permeability of the ground based upon field test
and estimated from grain size is k= 10 *cm/sec. Gradient of
the flow water is considered as the same of the ground surface
inclination of i = 1/1000. The average velocity may be obtained
as the order of 0.1km/year and requires more than 100 years
from the mountain to the lake. The annual change of the sur-
face water level of 5m is observed in whole area of Angkor
plain. What causes the change of water level? A model that
changes inflow rate at the north boundary of the Angkor plain
does not explain the annual change. Observation of rainwater
and water level revealed that underground water level increases
by infiltration of rainwater (1,500mm/year) and decreases by
evaporation (1,500mm/year) from the surface.
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8. Foundation structure of man-made compacted fill at

Bayon

The fundamental structure of the foundation structure in
Bayon was revealed by the archaeological trench work of JSA
(2000) that excavated from outside of the inner north gallery to
Outer Gallery to outside of the surrounding until the boundary
of manmade fill. According to the result, top surface soil of one
meter is identified as soil deposited after the construction of
the temple, the original ground level is estimated as one meter
below the present ground surface.

The foundation beneath the lower terrace was made by exca-
vation of two meters from the old surface and construction of
multi-material foundation structure that consists of compacted
fill with two meters and one meter, followed by pavement of
laterite block, manmade fill of one meter in thickness, upper
pavement of laterite block, and sand stone pavement at the top
surface. The lower terrace was three meters higher than the
original old ground.

9. Compacted Fill and Effects of Infiltration of Water

The fill is mainly made of fine sand and densely compacted.
Based upon the dynamic cone test for manmade ground at
Prasat Suor Prat which shows equivalent to SPT, N=15 of
comparable to natural ground density. Plate loading test (diam-
eter of the plate d = 10cm) at Northern Library, Bayon showed
a yielding stress greater than p = 1.15MPa/ The maximum load
expected in Bayon as 0.45MPa beneath the central tower and
has a safety factor of Fs =2.5.

While we performed a plate loading test for the compacted
fill at Prasat Suor Prat, the settlement was suddenly increased
under the constant load when water was poured into the testing
ground. We confirmed the compacted fill became very weak
against wetting condition. We measured relative height of the
peripheral of the foundation (d=25m) of the central tower and
found the maximum differential settlement of about 25cm that
might well be resulted from the settlement of compacted fill
caused by wetting.

The drainage system is very important for keeping stable
foundation in Angkor where the structure is founded upon
man-made fill that suffers settlement due to swelling by rain-
water.

Rain flow was measured at one of the drain outlet of outside
of west middle terrace. A comparison between the measured
flow and expected rainwater in the catchment area to the outlet
concluded that drain flow reaches only about 30% of the total
rain and the rest of 70% had infiltrated into the foundation sys-
tem.

10. Foundation system and masonry structure in Angkor
One of typical characteristics of the foundation-structure
system in Angkor is well compacted man-made fill covered
by laterite blocks. Fig. 2.5-2 shows a typical example of the
foundation system at Northern Library at Bayon. There are no
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recognizable differential settlements at the lower platform of
the foundation systems around the lower terrace level of the
ground.

The pillars at the both end of the each side of the porch suf-
fer severe settlement and porch and stairway portions are sepa-
rated by continuous cracks of the stones at the side face of the
platform from the central part of the main platform.

If we study carefully the arrangement of the structural ele-
ment in Fig. 2.5-2, we recognize that the Upper structural load
at the pillar is supported not only by stone elements but also
by laterite blocks and further by manmade fill as well at lower
level. If laterite blocks becomes thinner due to weathering, as
clearly found at Southern Library, it is easily anticipated that
differential settlements occurs and causes structural unbalance
that results in failure of the upper roof structure and induces
slide out of the porch portion from the platform.

Khmer engineer did not take account the different character-
istics of each structural elements of sand stone, laterite block,
and fill that they used. If the weak portion of laterite block
suffers weathering, local settlement may take place. If the
man-made fill is infiltrated by rainwater, local settlement also
occurs. If these local settlements take place, differential settle-
ments of the upper structure follow, resulting flow out of sand,
and possibly final failure at the worst case.
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Fig. 2.5-2 Character of Stone Structure in Angkor (Arrows indicate flow line of forces).
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Results of the measurements of inclination of four face tow-
ers in Bayon (2002), the maximum inclination is found for the
tower No.32 at the north-western corner of the Inner Gallery.
The top of the central tower has moved 66.8cm with towards
north-west direction, with an inclination of 4.94/100(cm/cm)(
=2.8 degrees).

Tab. 2.5-3 shows the distribution of the measured inclina-
tions and the tower with larger inclination than 1/100 reaches
more than 30%. These inclined towers might have some prob-
lems at foundation systems.

11. Restoration of Northern Library, Bayon

The foundation of North Library, Bayon is made of com-
pacted fill. Experience at Baphuon showed that fill failed when
the height exceeded five meters. The height of the North Li-
brary, Bayon is also five meters and the fill is not necessarily
safe as far as geotechnical engineering viewpoint. JSA intro-
duced soil mixed with slaked lime (2000) that has resulted in
higher ground strength and smaller permeability compared to
the original compacted fill.

12. Inclination and fall off stones of the central tower

There are eight sub-towers surrounding the central tower.
Most of the stone beams bridging among the sub-towers have
been destroyed and fallen. The shape of the top of the main
tower lacks original symmetry. The mechanical stability is one
of the main theme for safeguarding Bayon Temple.

There is a workable space at the middle height (+25m) of
the central tower(+45m at the top). To study the stability of
the main tower, we installed inclinometers on each side face
of the central tower and displacement sensors between gaps
between stones of sub-towers. Based upon inclination of the
central tower, daily change is found 0.05mm/m or less and an-
nual change is 0.2mm/m at the maximum. We do not find any
meaningful change of inclination and the rate of the inclination
common to the each inclinometer. We conclude at present there
is no impending danger of the tower failure.

Based upon the gap measurement, we found the daily
change is caused by shrink and expansion of the stones by
temperature and its recoverable nature. However, we also no-
ticed non-recoverable event that corresponds to wind generated
movement caused by stronger than the wind velocity 4~5m/
sec.

Outside of the stone columns of the main central tower does
not necessarily interlocked with the adjacent columns and
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Tab. 2.5-3 Inclination of Towers with four faces.
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Number 12 13 13
(%) 31.6% 34.2% 34.2%
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stand as independent vertical one. Several stone elements are
found to have cracks on side face of the stone. If these cracks
develop within the stone by any reason, the stone element may
fail and invites failure of column system or results in fall-off of
all the stone elements above the failed stone.

The lack of the symmetry of the central tower is caused by
fall-off of the stone elements at the tower top, which might
well be caused by very strong wind.

13. All of sudden phenomena

Displacements of the heritage structures are considered as
taking place all the time gradually. However, we observed the
phenomena took place all of sudden according to the observed
result of inclination of N1 Tower at Prasat Suor Prat (1998).
When the heavy rain reached 180mm for 24hours in September
25, 1997, N1 Tower began to incline northwards and kept the
movement as creep reaching 3.2mm/m after several months.
The change of the inclination was 1/13 of the present angle of
40mm/m. The tower was constructed in the end of 12th century
of about 800 years ago. If the same change inclination took
place under very heavy rain in every 50~60 years, the present
amount of inclination could be understood. Such extraordinary
heavy rain and strong wind might be major reason to cause wa-
ter infiltrated settlement of manmade fill and fall-off stones of
the central tower.

14. Tasks for restoration and safeguarding

10 years of experiences of field study and monitoring of
structural behavior in Angkor are summarized as tasks for res-
toration and safeguarding Angkor as follows,

The mechanical principals to have caused the present defor-
mation of masonry structure in Angkor are the effects of water
and wind as well as temperature upon ground, laterite and sand
stone.

Water infiltration into compacted ground causes local settle-
ment and flow-out of sand. Water level changes have caused
cyclic effects of ground contraction/expansion to the founda-
tion. Laterite material being weathered by water and tem-
perature deteriorated itself and lost its strength as foundation
resulted in deformation of upper structures.

Wind had strong effects on the development of the cracks
in the sandstones that have resulted in failure of the sandstone
and fallout of sandstone element from the central tower.

At present, not all of the cause is known to us; however, we
like to point out several tasks for restoration works to handle
two major components that compose main principal factor to
develop mechanical failure.

Natural ground: Natural ground affects upon heritage site by
ground movement caused by change of underground wa-
ter level. The present change of water level is about Sm.
Recent construction rush of hotels in the area accelerated
to pumping up underground water and the development of
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source for water supply for Siem Reap city was decided to
use underground water. If large drawdown of water level
takes place, the ground settlement is anticipated to oc-
cur. The settlement could cause crucial problem not only
for Bayon but also for whole Angkor area, the pumping
water should be restricted and monitoring of water level
as well as settlement is necessary at various points in the
area. Ground settlement caused by dewatering may appear
in large area and cause unrecoverable damage, we should
keep warning to the concerned authorities to realize the
importance of the matter.

Manmade compacted fill: Man-made fill is well compacted,

however, settlement caused by wetting or flow-out of sand
might have resulted in partial settlement. The soil mixed
with slaked lime that JSA have introduced improves the
characteristics with higher strength and smaller perme-
ability. We recommend this method to extend to restore the
manmade fill in Bayon in general because of high strength
as well as the counter measure against rainwater infiltra-
tion.

Water content of manmade fill is adjusted as the optimum wa-

ter content when compaction. There is some question if
the water content may change due to water infiltration with
time and reach to any stable level. We need to install some
sensors to measure water contents inside the fill and moni-
tor for a rather longer duration.

Laterite block: Weathering is caused by wetting and severe

temperature change. Recent development of chemical
membrane that prevents water infiltration from the sur-
face but allows moisture transfer through the membrane.
Though the test is necessary to confirm the effectiveness
against weathering, the surface treatment of the membrane
might be useful countermeasure to keep the laterite and
postpone the weathering.

Sandstone: It is necessary to understand the reason why ele-

ment of sandstone displaces and crack is induced in the
stone as well as how the crack develops. We assume most
of these deformations have been caused by differential
ground settlement and weathered laterite blocks. There-
fore, it is the basic and necessary treatment to repair and
restore foundation system of the monument before treat-
ment of sandstone element.

Restoration of Bayon Temple: Bayon may be restored by sev-

eral procedures of steps. One of the possible procedures is
to adapt the method of partial dismantling and performing
at a site to another continuously until the whole Bayon is
restored. If we consider preventing rainwater from infiltra-
tion as well as matching each stone corner continuously,
the restoration work may start from the central tower to
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middle gallery, further to Outer Gallery. It is better to dis-
mantle all the area of compacted fill to the depth at least
say 30cm and to be replaced by soil mixed with slaked
lime as a countermeasure to prevent rainwater infiltration.
Laterite blocks might well be treated by coating of the
anti-water membrane.

Central tower: It is necessary to fix stone elements by wind-
ing the central tower with rope to prevent fall-out of stone
element from the central tower. It is also better to inject
cementing material into the open cracks.

Observational Procedure: The monitoring of ground and struc-
tural members as well as meteorological data has been the
key to understand the various behaviors of the masonry
structures in Angkor. During the restoration work of Bayon
hereafter, it should be continued.

In addition, longtime change of water contents and strength
of slaked lime mixed soil is necessary to follow and it also
need a system with triggering ability of monitoring strong
ground motion to study behavior of tower under strong wind.

References
UNESCO:
- Safeguarding and Development of Angkor, The Report of Inter-
governmental Conference on Safeguarding and Development of
the Historical Area of Angkor, Tokyo, 1993.
Y. Iwasaki and M. Fukuda:
- "Geotechnology, Geology, and Environment," ARJSA 1996,
JICE-TOKYO, pp. 325-369.
JSA:
- Report on the Conservation and Restoration Work of the North-
ern Library of Bayon, Angkor Thom, Kingdom of Cambodia,
JICE-TOKYO, 2000.

45

FEDODRRKDL L, WSS T751 FORBD
ERIZEZDDBDTH B, NP A, WEMDEE
LEDIT, T, EHBICB I HBBIUS
TI4 N T 0y 7 OBERIEN X DERNZS D
ExAD,

INA T FRICBITBHEE N1 A BEOLEE

L Cld, effikn, &2 WIEED ki 5 3R
md B, TEORSS EELNNONKEEL
Ik, AEAOHMELEREEZEZR D &, FRE
MNHRA L CTHEE. X5 R OEF TE
HEEDD I ENEINEEBEZ NS, TEDHRET
B ETHRAEREED, R/INTRZEZIE30cm
BEOEIOHARREEELIMZE A WZRERL
TZ2470, RERE QN ERAKIRE DR IE %X
LZEMEN, TFIA1 MTOyrIL, RBOK
BN, Jeibk U 7z Bk Rz B AL 3 247 - TR
BTl n,

HRIEIT T Bt ¢ RIS RS D BREEICBE L T,

O M OBRANDEAEROIEAEES, KEL
78 EIT KD EM DEEIT K B ARtk DR I TANEE
Thb.

ZHEBMOMSE - ISA DNFEfEL TE2K%, HTFK,

HERBEYOEFCHMEE, REEOHIZ
W, 72 a—)VEB OGRS E) 2 R
WCHETHIATREREMREZL TEL. 58D
NAIBELIEICIRBWTY, TEDLRE TGS
LTENEELWN,

E5IT, REAR HAKREEELORIEDEK

HSsRE, B & DORIFE(L DB NLETSH

D, WEFFOEDRER S, MERIC N -7

5ED072, MEMBHOIDI LI AT LANBELS
%,

SEXH
UNESCO :

- Safeguarding and Development of Angkor, The Report
of Intergovernmental Conference on Safeguarding and

Development of the Historical Area of Angkor, Tokyo, 1993.

AL R

T - HHET - BREESE), T7 > a— BB s &
1996J. JICE-TOKYO. 1996 4, pp. 293-346.

JSA :

- TN I e & E TEHEZE D JICE-TOKYO.,
2000 4E .



The Master Plan for the Conservation & Restoration of the Bayon Complex
Introduction Chapter 2 : The Present Situation of the Bayon Temple and Themes for Conservation and Restoration

2.6 Outline of Petrology Investigation and Theme for
Conservation and Restoration
UCHIDA Etsuo

1 Stone materials
1.1 Stone materials used for Bayon

Sandstone, laterite and brick are main construction materials
used in the Angkor monuments. Brick is used for only relative-
ly old monuments constructed from the ninth to tenth century
and thus it is not found in Bayon. Laterite is one of the main
construction materials used frequently in the Angkor monu-
ments as well as sandstone. However, in Bayon, laterite is used
only in the inner part of the platform and is not observed in the
surface of the buildings. On the other hand, the enclosure of
Angkor Thom is made of laterite except for the Tower Gates.
Laterite can be roughly classified into porous laterite and
pisolitic laterite. Laterite used for Bayon and the enclosure of
Angkor Thom is porous laterite of low quality.

Sandstone is used for important parts in the Angkor monu-
ments. In the Angkor monuments, three types of sandstones,
that is, gray to yellowish brown sandstone, red sandstone and
greenish graywacke are observed, but red sandstone and green-
ish graywacke are used for restricted monuments, whereas gray
to yellowish brown sandstone is commonly used. Until the
early Bayon period, gray-colored and homogeneous sandstones
of high quality without remarkable bedding planes are used,
but after the construction of Bayon, yellowish brown or reddish
brown sandstones with remarkable bedding planes is observed
frequently, and the quality of the sandstones is not high. But
no difference is recognized in constituent minerals and in the
chemical composition. Therefore it is judged that they are pet-
rologically classified into the same category.

Gray to yellowish brown sandstones are supposed to be sup-
plied from the Terrain Rouge Formation (J, ) in Cambodia,
corresponding to the Phu Kradung Formation in the lower
part of the Khorat Group in Thailand. It belongs to Middle to
Upper Jurassic in age (Meesook et al., 2002). The Formation
crops out in the foot of Khorat plateau in Thailand, and is also
distributed from Northeast Cambodia to South Laos, gradually
diminishing westward. The Formation is mainly composed of
reddish siltstones, sandstones and conglomerates of continental
origin. However, it is interceded by coastal or lagoon deposit (5
to 10m in thickness) where gray to yellowish brown sandstones
used in the Angkor monuments were supplied. Several old
quarries of the gray to yellowish brown sandstones are found
in the southeast foot of Mt. Koulen corresponding geologically
to Khorat plateau in Thailand.

The gray to yellowish brown sandstones are of fine-to mid-
dle-grained and consist mainly of quartz, plagioclase, alkali
feldspar, biotite, muscovite and rock fragments. Biotite is often
altered into chlorite and goethite, which is a cause of yellowish
brown color of the sandstones. Large amounts of biotite and
muscovite are contained in the sandstones, and they show pre-
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ferred orientation along the bedding planes. Therefore the gray
to yellowish brown sandstones tend to be broken along the
bedding planes, and this is one of the causes of deterioration.

Main chemical compositions of the gray to yellowish brown
sandstones are almost in the ranges of SiO, = 66 - 72 %, ALO,
=12 - 14 %, Fe,0, (total iron) = 3.8 - 5.2 %, MgO =1.6 - 2.6
%,Ca0=0.9-33%,Na0=25-31%,and KO=18-23
%, and no difference in the chemical compositions is recog-
nized among the monuments.

1.2 Magnetic susceptibility of sandstone blocks

As mentioned above, no difference was recognized in the
constituent minerals and in the chemical composition of the
gray to yellowish brown sandstones, which are used commonly
in the Angkor monuments, and thus it is judged that the sand-
stones belong to the same petrological category. However, a
difference was recognized in the magnetic susceptibility and
the value is different by the construction age. Fig.2.6-1 shows
the magnetic susceptibility of the gray to yellowish brown
sandstones used for the principal Angkor monuments. In the
figure, a difference in the magnetic susceptibility is recognized
by the construction age and it is supposed that there were seven
quarries through the Angkor period. But enlargement and
renovation were performed in the monuments constructed in
the Bayon period, and the sandstone blocks are in general sup-
posed to have been supplied from plural quarries. Thus the de-
tail measurement of the magnetic susceptibility of the gray to
yellowish brown sandstones was carried out for representative
monuments of the Bayon period. The measurement was done
for 50 sandstone blocks at each point. A measurement result for
Bayon is shown in Fig. 2.6-2. In the Bayon period, the magnet-
ic susceptibility is high at the early period, then decreased, but
becomes high again in the later period. Bayon itself belongs
to the middle to later period as well as Banteay Kdei, and the
sandstones of low quality are used for Bayon. In Bayon, three
stages are confirmed based on the magnetic susceptibility (Fig.
2.6-3), and the Central Tower and the Inner Gallery belong to
the first stage, the Outer Gallery and the lower part of the East
Terrace to the second stage and the Northern and Southern Li-
braries and the upper part of the East Terrace to the third stage.
The obtained result agrees fundamentally with the result ob-
tained by the EFEO.

Bayon is the temple situated in the center of Angkor Thom.
The magnetic susceptibility measurement was carried out
for the sandstones used for the five Gate Towers and Prasat
Chrungs in the four corners of the enclosure of Angkor Thom,
and the relation in the construction age between Bayon and
them was discussed (Fig.2.6-4). As a result of measurement,
all shows low magnetic susceptibility similar to the first stage
of Bayon, and therefore it is concluded that the enclosure was
constructed in the same age as the Central Tower and the Inner
Gallery.
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1.3 Shape and size of sandstone blocks

The result of the size measurement of the sandstone blocks
used for the principal Angkor monuments is shown in Fig.
2.6-5. The measurement was carried out generally for monoto-
nous walls, 50 stone blocks were measured in each place, and
then the average value was obtained.

Besides the Roluos monuments belonging to the pre-Angkor
period, the sandstone blocks before Angkor Wat have the ra-
tio of about 1:1:2 for the width, thickness and length, and the
width is generally in the range of 40 to 50cm. After that, the
width and length are the same, whereas the thickness of sand-
stone blocks becomes thin, and their section is changed from
square to rectangular. In Bayon, the ratio of thickness to width
of the sandstone blocks is around 3:5, and stone blocks become
thin. In addition, the sandstone blocks show the large variation
in the shape and size, and the shape and size are not unified.

1.4 Stacking method of sandstone blocks

As mentioned above, the shape and size is not unified in
Bayon (Pl. 2.6-1), and the stacking of the stone blocks is sup-
posed to have been carried out without a plan. Until the Angkor
Wat period, the horizontal joint of sandstone blocks is regulat-
ed. In the construction period of Bayon, the horizontal joint of
sandstone blocks is not well regulated, lengthwise stone blocks
are also recognized, and therefore it seems that the stacking of
stone materials was carried out without a plan. In addition, the
vertical joint is frequently coincided, and therefore there are
many places collapsing due to this reason.

1.5 Bedding planes of sandstone blocks

The examination result for the orientation of the bedding
planes of the sandstone blocks in the principal monuments is
shown in Fig. 2.6-6. The sandstone blocks used for opening
frames and pillars are excluded from the examination. The
ratio of the stone blocks with vertical bedding planes is high
in the monuments constructed before Angkor Wat and reaches
to 30 to 50%. However, the ratio decreases suddenly to less
than 10% after Angkor Wat. In the latter case, the adjustment
blocks, so-called wedge stones, mainly occupy sandstone
blocks with vertical bedding planes, and the sandstone blocks
are fundamentally settled so that the bedding planes is horizon-
tal. The same tendency is observed in Bayon, and the ratio of
the sandstone blocks with vertical bedding planes is less than
10%.

2. Deterioration of sandstone blocks
2.1 Deterioration pattern of sandstone blocks

Various types of deterioration of the sandstone blocks as
shown below are recognized in Bayon. Among them, tafoni ob-
served in the inner pillars of the Outer Gallery is characteristic
and sometimes shows beautiful aspects.

a) Salt weathering due to bat excrement
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Habitation of bats is recognized in the Central Tower and
the Inner Gallery of Bayon. Phosphorus and sulfur components
are included in bat excrement. Sulfur is oxidized by the action
of sulfur oxidation bacteria, and then sulfuric acid is produced.
Stone materials are attacked and deteriorated by this sulfuric
acid. The rainwater containing phosphoric and sulfate ions as-
cends pillars and walls by a capillary action. When rainwater
evaporates, phosphoric and sulfate ions combine with cations
contained in the bat excrement and the sandstones, and then
precipitate as phosphates and sulfates. They expand interstices
of mineral grains by the crystallization pressure, and finally
cause deterioration of the sandstones (Pls. 2.6-2 and -3). Such
deterioration is recognized in 50 to 60cm high above the floor
inside the buildings, and gypsum and various phosphate miner-
als are recognized. This type of deterioration is observed re-
markably in Angkor Wat and Phnom Krom.

b) Salt weathering due to calcite crystallization

This is a deterioration phenomenon caused by the crystal-
lization of calcite and is observed in the inner surface of roof,
the surface of platform, the reentrant and so on. Such deteriora-
tion is observed in the places where water evaporates one-sid-
edly and no rainwater falls down directly. While water moves
inside stone materials, Ca component in stone materials is dis-
solved into water, and then Ca crystallizes as calcium carbon-
ate (calcite, CaCO,) on the stone surface with the evaporation
of water. The crystallization pressure of calcite exfoliates the
stone surface. Ca does not concentrate at the place where rain-
water falls down directly. Therefore this kind of deterioration
occurs in the inner surface of the roof and the surface of the
foundation where rainwater does not fall down directly (Pls.
2.6-4 and -5). This kind of deterioration is observed typically
in the platform of pyramid-style temples such as Ta Keo and
Phnom Bakheng.

¢) Stress concentration

Stress concentration occurs with the transformation of build-
ings, and causes the breakage of stone materials. Particularly
with unequal subsidence of the ground, breakage of stone ma-
terials is taken place by stress concentration occurs.

d) Cracks along the bedding planes

A large amount of mica is contained in the gray to yellow-
ish brown sandstones and they are arranged along the bedding
planes. Because mica has the property of exfoliation, sedi-
mentary rocks containing a lot of mica are easily broken along
the bedding planes. Therefore the sandstone blocks, which are
settled so that the bedding planes are vertical, are easily broken
along the bedding planes. In Bayon, the stone blocks are settled
fundamentally so that their bedding planes are horizontal. In
general, the bedding plane is vertical in pillars, vertical frames
in opening parts (doors and windows) and wedge stones, and
thus cracks along the bedding planes are often observed in
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these blocks (Pls. 2.6-6 and -7).

e) Cracks due to unloading

Due to unloading in the exposure process to the earth surface
or the mining process, cracks are often produced in rocks, es-
pecially along the bedding plane. Inhomogeneous sedimentary
rocks are easy to be broken, especially along weak bedding
planes (PI. 2.6-8).

f) Decay by the expansion-shrinkage cycle

According to the measurement result of the surface tempera-
ture of sandstone blocks, the minimum temperature is recorded
in the early morning, and the maximum temperature is reached
in the early afternoon. The temperature change in a fine day
exceeds 40°C, and the expansion-shrinkage cycle of minerals
with such a temperature change causes decay of stone materi-
als. In particular, rainwater in the daytime cools stone surfaces
abruptly and promotes deterioration of stone materials. Accord-
ing to the measurement result with a thermal infrared camera,
roof materials show the largest temperature change in a day
and are also easily attacked by rainwater. Therefore surface
exfoliation due to the expansion-shrinkage cycle is frequently
observed in the roof.

g) Tafoni

In the typical case, honeycomb-like holes are formed on
the stone surface. Such a weathering phenomenon of stones is
called tafoni. The formation process of tafoni is not necessarily
clarified yet, but it is said to be a kind of salt weathering.

Tafoni is a rare phenomenon in the Angkor monuments, but
it is recognized remarkably in the inner pillars of the Outer
Gallery of Bayon. Due to tafoni weathering, big hollows are
formed in the lower part of the pillars, relief on the surface of
the pillars become like a skeleton, or the bedding planes of the
sandstone blocks used for the pillars is emphasized (Pls. 2.6- 9,
-10 and -11). Clear explanation cannot be given yet why tafoni
is observed remarkably only in the inner pillars of the Outer
Gallery. Such a weathering phenomenon is observed remark-
ably in the south part of the Outer Gallery (Color Fig. 2.6-1)
and also in the outer side of pillars. Therefore it is supposed
that sunlight is related to this phenomenon.

h) Others (decay caused by heterogeneity of stone materials)

Detachment of relief is recognized in some places of the In-
ner and Outer Galleries of Bayon. Such sandstone blocks are
inhomogeneous and show brown color inside. Thus the detach-
ment of the relief is considered to be due to heterogeneity of
sandstone blocks and this is related to low quality of the sand-
stone blocks used in Bayon (Pl. 2.6-12).

2.2 Change in the moisture content
Water is indispensable in the deterioration of stone materials

such as salt weathering. Thus the measurement of the mois-
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ture content was done in the main parts of Bayon both in the
wet season and in the dry season in order to grasp the annual
change of the moisture content. The measurement was carried
out in September 1999 and March 2000, and the results were
compared. The moisture meter HI-500 of a dielectric type
made by Kett Science Laboratory was used for the measure-
ment. Before measurement, the calibration was done using
sandstone blocks used for the Angkor monuments.

The measurement result for Bayon is shown in Fig. 2.6-7.
The measurement was carried out in 29 places of the Outer and
Inner Galleries, the Central Tower and the Northern Library.
The moisture content in the Outer and Inner Galleries and the
Northern Library is low as about 0.2 to 0.5%. On the other
hand, the moisture content in the inner wall of the Central
Tower is relatively high as 1.8 to 4.8%, and the highest value
was recorded in the inner wall of the center part of the Central
Tower. In other words, the moisture content is low in the places
where ventilation is good, but high in the inner wall where
ventilation is not enough. In addition, no remarkable difference
in the moisture content was observed between the wet season
and the dry season.

3. Suggestions to conservation and restoration

The sandstone blocks used for Bayon is of relatively low
quality and yellowish brown colored sandstone blocks are fre-
quently observed. They are rich in color variation and show
remarkable bedding planes. The shape and size of the stone
blocks are not unified and thus it is supposed that they were
piled up without a plan. Therefore the buildings constructed in
the Bayon period tend to easily collapse.

Though it is not so severe as in Angkor Wat and Phnom
Krom, deterioration due to bat excrement is observed in the
lower part of the interior of Bayon. This deterioration is not
leading to immediate collapse of buildings. However, because
a lot of bats are now inhabiting in Bayon, some measures for
the exclusion of bats are expected.

Characteristic weathering of the sandstone blocks so called
tafoni is observed in the inner pillars of the Outer Gallery of
Bayon. In the typical case, holes reaching to 10cm in depth are
formed on the surface of the pillars. However, as the roof has
already collapsed in the Outer Gallery, collapse of the pillars
will not give any serious influence to the monument. Rather it
is a beautiful weathering phenomenon and so this is supposed
to become one of sightseeing spots.

In the relief of the Outer and Inner Galleries of Bayon, de-
tachment of stone materials due to low quality of sandstone
blocks is observed. Therefore periodical inspection by a per-
cussion rod and immediate repair are indispensable.
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Fig. 2.6-2  The distribution of the average magnetic susceptibility of the gray to yellowish brown sandstones in Bayon by 10-SI unit.
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Fig. 2.6-3  The construction sequence of Bayon deduced from the magnetic susceptibility of the gray to yellowish brown sandstones. Three
stages can be distinguished based on the magnetic susceptibility.
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Fig. 2.6-4
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e
Soath Wt Prasen Chrung o
12

‘st Gl

A \Q

StV el Clinmg,

(1.95 _X,

The magnetic susceptibility of the gray to yellowish brown sandstones used for five Gate Towers and four Prasat Chrungs of the en-

closures of Angkor Thom.

7>aA=)V s NADREEEZH S 5 DODOMEA4DDTTH—b « Fa)b VA INTNBKE~EB OIS DR

NIl Ciae

(N5 1]

ot il
———————

b7 \'

B Lbpiw

Erghre Bul Tgla

Ad =

[ R P Y

Fhlerm iicls

Bersny wan ibvw

Tewimil | ivwii|
flage

Failemy Hyle

Thighies | weEn

=

L]

|
[ [®

) 4

5

.HIE =

-

s
% sl Las) Srass O g
%=

S sRr LA
s &l
152

8

Wl Gk

L (A1

‘Sallﬂll-]'dll_lhamli T
LAn}

J

pl, al The Lives Birs
b1, ol ilm Elerrirds
(e T

ST

Bicpa

gk Thom Rle)
Bty el
skl

-Ta Prons

Pl S Pad
Bairimar Banrd

| Mo,

deuibt Wil

Banl Wb,

| Hagdapm

1 i st

2l Bhlsmiw

BN FE

LBoith B4 ldw

i may Srm

H s

Eisl ks

s BT T T
HPTEEel Travar
P B romd SaicLuiip )
P Broes P lsl fcmm
s Fajfery

HP . By Barid uinii
H¥ . Bk el s b

Prasl Ba Slgls

all

-
@

The change in the size (thickness, width and length) of the sandstone blocks by age in the Angkor monuments (older to younger

monuments from the bottom to the top).

T raA-)VEBICEA TSN TWSWAMORES (BE iE, £3) ITBF2RARLEML (Frs LiCh-> THWESH

SH L WEITOIRICIEATWD) .

- &

|
|
e
.
%
i
|
|
g

x|

H M
vimmlal

54

L almi
- Badoora
Hrrash B

L NLIRLLES

#



JSA 2005

2.6 Outline of Petrology Investigation and Theme for Conservation and Restoration

Fig. 2.6-6
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Fig. 2.6-7
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The moisture content of the gray to yellowish brown sandstone blocks in Bayon. Blue color indicates the value in the wet season and
yellow color that in the dry season (in %). (1)Wall in the south side of the Outer Gallery (100cm above the floor), (2)wall in the west
side of the Outer Gallery (100cm above the floor), (3)wall in the north side of the Outer Gallery (100cm above the floor), (4)wall in
the east side of the Outer Gallery (100cm above the floor), (5)outer wall of the south side of the Inner Gallery, (6) outer wall of the
west side of the Inner Gallery, (7) outer wall of the north side of the Inner Gallery, (8) outer wall of the east side of the Inner Gal-
lery, (9)inner wall of the south side of the Inner Gallery, (10) inner wall of the west side of the Inner Gallery, (11) inner wall of the
east side of the Inner Gallery, (12) inner wall of the north side of the Inner Gallery, (13)inner wall of the Central Sanctuary(central
part), (14) inner wall of the Central Sanctuary(west part), (15) inner wall of the Central Sanctuary(northwest part), (16) inner wall
of the Central Sanctuary(south part), (17) inner wall of the Central Sanctuary(southeast part), (18)inner pillar of the north side of the
Outer Gallery(165cm above the floor), (19) inner pillar of the north side of the Outer Gallery(45cm above the floor), (20) inner pillar
of the west side of the Outer Gallery(165cm above the floor), (21) inner pillar of the west side of the Outer Gallery(45cm above the
floor), (22) inner pillar of the south side of the Outer Gallery(165cm above the floor), (23) inner pillar of the south side of the Outer
Gallery(45cm above the floor), (24) inner pillar of the east side of the Outer Gallery(165cm above the floor), (25) inner pillar of the
east side of the Outer Gallery(45cm above the floor), (26)inner wall of the south side of the Northern Library, (27)inner wall of the
north side of the Northern Library, (28)outer wall of the south side of the Northern Library, (29)outer wall of the north side of the
Northern Library.

INA BT BIRO~EBAWEDOE/KE, FRIINBICBITSEERL , HAREBERICIBIT2EEZRT (EE%).
(1) ShETER EE HI1BE (RN S 100cm D X ), (2) SMEIERFE{IEE (A 5 100cm OF X ), (3) FMEIERALMIEE (KA S 100cm D
B ), (@) S EERHEMIEE (RN S 100cm D X ), (5) NIEIERFE RISLEE | (6) NEIERFERISLEE | (7) NIEERALHISLEE | (8) AI[E]
JERSEANSLEE | (9) PN [ETER FE AN EE |, (10) PAIE1ER PE A BE | (11) PAIEIERIE AP BE | (12) PNEIERSR RPN EE | (13) A i & N BE (
FRORER ), (14) AP UL PBE (PEMD), (15) AP oemm e POBE (JEPE ), (16) Hh s puBE (B0 ), (17) F s P BE ( RIS,
(18) S+ ERALBIPIEE (FEA 5 165cm D & ), (19) S EIERALBIPNEE (R S 45cm OF X ), (20) S EERFE IR (FK» 5
165cm DFE X ), (21) FMEERERIPIEE (PR 5 45cm D & ), (22) SMEIEREE HIPNAE (R S 165ecm O FE X ), (23) FhEE
BIPIAE (PR 5 45cm DE S ), (24) SHEIEREEIPEE (R 5 165cm D S ), (25) FMEIEREMPIEE (RN 5 45ecm DS ),
(26) LG R MINEE | (27) ALRERALMIPEE | (28) JLREEREE ISLEE | (29) JLRRRRALAISLEE |
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Pl 2.6-1

PL 2.6-2

Pl 2.6-3

PL 2.6-4
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The gray to yellowish brown sandstones used for the Outer gallery
of Bayon. The size and shape of the sandstone blocks are variable
and the stacking of the blocks seems to have been performed with-
out a plan.

INA A 2 DIEIERIZE DN TN D IRE~ B AR S . 1E
DREE EPEEICE S, Wabhid B IR Nz L
H=ns .

The exfoliation of the sandstone blocks by salt weathering due to
bat excrement in the lower part of the inner wall in the Inner Gal-
lery (west side) of Bayon.

INA I ZANEER (ERD ONEEFRICR 5N E'Y OHF
YN TR S 2 ARG IC K D WA b O RIEE .

The exfoliation of the sandstone blocks by salt weathering due to
bat excrement in the lower part of the inner wall of the Tower 7 in
the central part of Bayon.

NA I OFDIHBETHEONETHICA SN ITEY
OHEMYNTRE N T DI IZ L D E R O FIEE .

The exfoliation due to crystallization of calcite in the under bed of
the architrave in the Outer Gallery (East Entrance) of Bayon.

NA I HEEE GREIAT) o7 —F L —M TFHEHIZES
DI IRO ORI & B FEE
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PL 2.6-7

PL. 2.6-8
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P1. 2.6-5 Holes formed in the reentrant due to crystallization of calcite in the

West Tower on the cruciform platform of Bayon.
INA I 2 OTFREEMICAET DEDOAVBICR S NS
A DHTHNT K D AR E N7

PL. 2.6-6  Cracks along the bedding planes in the pillar with the vertical bed-

ding planes in the Inner Gallery (south side) of Bayon.
NA A WEER (FEHD ICh5MBHERORICR SN E
B> 7R

Crack along the bedding plane in the gray to yellowish brown
sandstone block with the vertical bedding planes in the Outer Gal-
lery (north side) of Bayon.

INA A HMEER AUAD 125 B HEEE E R o o IR~ 6
WEMIIA SN2 EEEICH > -8R .

Cracks along the bedding planes in the pillar constructed with
sandstone blocks with the horizontal bedding planes in the North-
ern Library of Bayon.

INA 3 AR D KRR 2 R DR A M D S S NS
RonzEHmcn-> 8% .



JSA 2005

2.6 Outline of Petrology Investigation and Theme for Conservation and Restoration

PL. 2.6-9 Reliefs of dancing Apsaras on the pillars in the southeast corner
building of the Outer Gallery of Bayon. (a) intact Apsaras and (b)
weathered Apsaras due to tafoni.

INA F HNER DR A H D EEY OREICR S NS W 5T
THIOLU—T . @ EERT THIE b)Y T+ZICKD
UL L7277 795 .

PL 2.6-10 Emphasized bedding planes due to tafoni in the pillar in the south-
east corner building of the Outer Gallery of Bayon.

NA I UHEIFROREEAICH D EEYWORICR SN Y T
+ I K DPEFE L7 o T2 E I .

Pl 2.6-11 Large hole formed by the action of tafoni, observed in the inner
pillar of the Outer Gallery (in the south part of the east side) of
Bayon.

INA A HMEEE CRAEEER) OWEICR SN2 Y 7+ =1
X DERENIZRERIN.

PL 2.6-12 Detachment of relief due to heterogeneity of the sandstone block
in the Outer Gallery (in the east part of the south side) of Bayon.

INA 3 HNEER (FEFRERMAD IR S NS EM ORI EE
ZLB LU —T DR .
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2.7 Outline of Conservation Science Investigation and
Theme for Conservation and Restoration
ARAI Hideo
1. Introduction

At the time the late Dr. Daigoro Chihara and his colleagues
conducted a survey of the state of the monuments of Angkor
site in 1989, it was reported that these monuments had received
severe damage due to various organisms. When the Japanese
Government Team for Safeguarding Angkor (JSA) was orga-
nized in 1994, the authors participated in the survey of damage
from the viewpoint of biodeterioration, since cultural proper-
ties in a tropical climate zone are deteriorated severely by vari-
ous organisms that inhabit high-temperature and high-humidity
regions. They have also been studying measures to be taken
against such damage.

There have been severe biodeterioration caused by trees,
lichens, algae, microorganisms, termites, bats and so on at
Angkor site. It may fairly be said that Bayon is covered by
lichens. Blackening effects and scaling-like deteriorating of
stone materials can also be found at Angkor site. In addition,
many bats have been inhabiting the Central Mass of Bayon and
its surroundings, and an old termite nest was found in the foun-
dation of the Northern Library of Bayon.

The authors first carried out the taxonomical and ecological
investigations of lichens and algae not only at Bayon but also
at other monuments of Angkor site. Moreover, they conducted
experiments of 9 chemicals for their effects as lichenocides and
algaecides; that is, their growth inhibiting effect and removal
effect against lichens and algae were monitored for 4 years.
Secondly, when they carried out microbiological analyses of
scaling-like deteriorating parts of stone materials, particularly
on sulfur bacteria and nitrifying bacteria, sulfur oxidizing bac-
teria were detected in these samples. The result informed the
authors that the scaling-like deterioration of stone materials
at Angkor site are closely related to the inhabitation of bats.
Therefore, it should be said that bat control is an important
problem for the conservation of Angkor site.

2. Causes of biodeterioration in Angkor site
2.1 Lichens
2.1.1 Identification

In Angkor site, the growth of lichens is most severe at
Bayon. The Northern Library of Bayon is also without excep-
tion, and various kinds of lichens cover all its pillars and wall.
Genera Pyxine, Dirinaria and Lepraria were identified among
the samples taken from the Northern Library of Bayon. Gen-
era Dirinaria, Buellia and Lepraria were identified among the
samples from the faced towers and the west corridor. However,
there are many unknown lichens which are impossible to iden-
tify because they are imperfect lichens.

There is a great number of carved statues and reliefs with a
unique style in the Central Mass of Bayon. Compared with the
other monuments, Bayon is surrounded by trees that inhibit
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ventilation. Also, it is ill-ventilated because of its complicated
structure and enclosing walls. Moreover, stone materials used
at Bayon are inferior in quality from the sandstones in Angkor
Wat. These reasons may caused severe growth of lichens.
When measures for the conservation and restoration of the
Central Mass of Bayon are planned in future, methods of clean-
ing and controlling lichens should be carried out.

2.1.2 Deteriorating process by lichens

It is said that lichens are a consortium in which fungi and al-
gae live in symbiosis. They form lichenic products which can-
not be found unless both fungi and algae exist. Characteristic
organic acids produced by lichens called lichenic acids are one
of the important features for the identification of lichens.

When lichens grow over the surface of stone materials, the
stone covered by the thalli holds water over a long times, caus-
ing dusts and soil to accumulate between stone and thalli; in
some cases depending on the species, hyphae penetrate into the
stone. In other words, the provision of water and nutrients on
the surface of the stone create an environment that allows vari-
ous soil microorganisms to grow, and the metabolic materials
of these microorganisms encourage biodeterioration. The stone
materials break down, crumble and turn into soil by this pro-
cess over a long period of time.

Stone cultural monuments may be furnished with inscrip-
tions and reliefs, and if lichens start to grow over their surface,
these may ultimately become impossible to decipher. The in-
scriptions on cultural monuments provide information of ines-
timable value about their origins and so it is essential to main-
tain them as far as possible in a state that allows them to be
deciphered. It is therefore desirable to find ways to remove the
lichens growing on such monuments and prevent them from re-
colonizing.

2.2 Algae
2.2.1 Identification

Members of 6 genera belonging to Cyanophyceae and 6 gen-
era of Chlorophyceae were found among samples from Angkor
site. These algae are so called "aerial algae" but are also found
in aquatic environment or on damp soil. Most aerial algae have
a thick gelatinous sheath enveloping the cells. They are also
able to endure drought without entering into a special resting
stage because of their thick sheath and easily form various dor-
mant spores in the dry season.

Genus Gloeocapsa (colonial Cyanophyceae)

Colonies of this genus consist of 2, 4 or 8 cells enveloped
with thick, soiled and lamellated sheath of brown, reddish-
brown or bluish-green. Many species having aerial habitat
are included in this genus. Two species forming colored
colonies of this genus were observed among the samples.
One form having large cells enveloped with solid sheath was
found in many samples; the other one is rather smaller.
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Genus Chroococcus was found as the other genus of colonial
Cyanophyceae.

Genus Scytonema (filamentous Cyanophyceae)

Filaments of this genus consist of short cylindrical cells
enveloped with thick, lamellated sheath of yellow or yellow-
ish-brown, and are dichotomously branched in places. Many
species of this genus grow on a moist habitat and in water.
Two species of this genus were found in the samples. One
species was found in many sample forming felt-like black-
ish- or greenish-brown colonies. The other one had larger
cells than the former and a few colonies of this species were
observed in some samples.

Genus Stigonema and Lyngbya were found as the other fila-
mentous Cyanophyceae.

Genus Protococcus (unicellular Chlorophyceae)

Cells of this genus are solitary or in flattened packets of 2,
4 or more. Solitary cells are globose or ellipsoid and with
a thick wall rather than being in gelatinous envelope. Cells
have a single parietal laminate chloroplast without a py-
renoid. Cells are usually arranged in a cruciform just after
division, and sometimes show irregularly branched short
filamentous conditions in colonies. This genus is generally
found forming a green coating on stone materials, woodwork
or tree trunks in moist conditions. One species showing uni-
cellular or short filaments was found in some samples.
Genus Chlorococcum was found as the other unicellular
Chlorophyceae.

Genus Trentepohlia (filamentous Chlorophyceae)

Species of genus Trentepohlia are a strictly aerial alga. Their
filaments consist of barrel or fusiform cells arranged in a
single row and irregularly branched. They grow as a felt-like
layer on rocks or leaves and the bark of trees. The cells have
many laminate chloroplasts in vegetative stage. However,
the chloroplasts are completely obscured by many carotene
grains in dried conditions and the felt-like mass generally
appears yellowish- to brownish-red in color. Colonies of this
genus are easily recognized by their unique color. One spe-
cies was found in some samples from the dry stone materials
on the sunny side.

Genus Hormidium and Phisolium were found as the other
filamentous Chlorophyceae.

2.2.2 Succession of algae on stone materials

Aerial algae obtain their water wholly or in large part from
moisture in the air and are autotrophic in nutrition. They are
also able to endure drought without a special resting stage and
easily form thick walled dormant spores. Aerial algae are of
considerable ecological importance as pioneers in the coloniza-
tion of rocky habitats.

Succession of algae on stone materials might have progress
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in Angkor site as follows;

a) First, growth of colonial Cyanophyceae, e.g. genera
Gloeocapsa or Chroococcus, having drought resistance
due to the thick gelatinous sheath.

b) Next, growth of colonial unicellular Chlorophyceae, e.g.
genera Protococcus or Chlorococcum, in or between
colonies of Cyanophyceae, thus holding moisture.

¢) And then, growth of filamentous Cyanophyceae,
e.g. Scytonema, Stigonema or Lyngbya, having thick
gelatinous sheaths.

d) Finally, growth of filamentous Chlorophyceae, e.g.
genera Hormidium, Trentepohlia, or Phisolium, between
or mingling with the former colonies of filamentous
Cyanophyceae.

Spores of lichens and mosses will be able to grow gradually

on these algal colonies.

2.3 Microorganisms

Deterioration of stone cultural property is a part of the pro-
cess by which stones turn into soil in nature. For example, scal-
ing, one of the deterioration effects found on stone materials,
means that stones exfoliate in layers and powderize under its
layers. Rocks in nature change gradually into soil by actions of
wind, rain, animals, plants and microorganisms. Soil cannot be
formed without biological factors. Particularly, the role of mi-
croorganisms is impossible to neglect in the formation process
of soil from rock.

The authors analyzed microorganisms in the deteriorating
stone materials of Angkor site. The analyses concentrated more
in the detection of sulfur bacteria and nitrifying bacteria than
of other kinds of microorganisms.

2.3.1 Microbial analyses of deteriorating stone materials

Detection of sulfur bacteria was mainly tried on the hypoth-
esis that the deteriorating effects of stone pillars, like scaling,
in Angkor Wat were caused by soil microorganisms. Well
growing media of these autotrophic bacteria were prepared and
samples of deteriorating stone materials from Angkor site were
inoculated aseptically in the media.

2.3.2 Results obtained

a) It was proved by microbial analyses that Thiobacillus spp.
inhabit the deteriorated parts of stone materials at Angkor
site. This matter is of great importance to the conservation
for stone cultural property, because when Thiobacillus
spp. grow on the surface of stone materials, sulfuric acid
is metabolized by the oxidation of sulfur and compounds
including sulfur. Since sulfuric acid is an inorganic and
non-volatile strong acid, stone materials are gradually dis-
solved and weathered. And then, scaling as a deteriorating
effects is formed on the surface of stone materials. Finally,
calcium sulfate is produced and stone materials turn into
powder.
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b) In a preliminary experiment of samples from Angkor site,

it was found that when feces of bats were incubated in a
medium of sulfur oxidizing bacteria, there was a drop of
pH value. This shows that the feces of bats are closely re-
lated to the growth of Thiobacillus spp.
In this microbial analyses of deteriorating stone materials,
samples in which Thiobacillus spp. were detected have a
close relationship to the inhabitation of bats and their fe-
ces. For example, the northeast tower of Angkor Wat has
been called the "tower of bats" because a great number of
bats had inhabited it for a long time. Severe deterioration
can be seen on the stone materials of this tower. Sample
No. Aw-3 gathered from wall of the tower showed remark-
able drop in the pH value of the medium by Thiobacillus
spp- Moreover, many feces of bats could be seen at many
parts in the corridors of Angkor Wat. Sample No. Aw-5,
which was gathered from a pillar at the north side in the
first corridor of Angkor Wat, showed a drop in the pH
value of the medium by Thiobacillus spp. The drop in pH
value of the medium could be seen also with sample No.
By-2-1, which was gathered from a pillar of the entrance
to the central shrine of Bayon. Feces of bats were also
found here. Based on these results, it may be considered
that the deterioration of stone materials in Angkor site is
closely related to Thiobacillus spp. derived from bats.

¢) Ammonium oxidizing bacteria and nitrite oxidizing bac-
teria could not be detected in the samples of deteriorating
stone materials from Angkor site.

2.4 Termites

When the foundation of the Northern Library of Bayon ap-
peared, a nest of termites was found. Termites inhabiting areas
around Bayon were hunted and their genera and species were
identified.

2.4.1 Macrotermes sp.

The nest of termites found in the foundation of the Northern
Library of Bayon was built by genus Macrotermes belonging
to subfamily Macrotermitinae, family Termitidae and order
Isoptera. The species seems to be Macrotermes gilvus.

Termites belonging to subfamily Macrotermitinae are dis-
tributed mainly in Africa and partially in Asia. These termites
have unique habits in that they cultivate a mushroom in the
nest and that the structure of their nests is highly developed.
These termites build a large ant hill on the earth with sand and
their saliva. Particularly, their nests have special rooms in order
to cultivate mushrooms.

2.4.2 Nasutitermes sp.

Genus Nasutitermes belonging to subfamily Nasutitermi-
tinae and order Termitidae. The genus distributed in tropical
regions. Soldiers of this genus have a characteristic head whose
tip jut out like a long-nosed genie. The nest is built by a paper-
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like material made mainly by feces, and clay is added to the
nest of some species. Species of this genus in wet regions build
their nests on trees and species in dry regions build their nests
in ant hills on the earth.

2.5 Bats research

It is well known that numerous bats have inhabited the
Angkor sites. Scientific researches of bats are essential for the
conservation of historical monuments. JSA carried out ecologi-
cal and taxonomical researches of bats inhabiting the Angkor
sites for the first time.

Bat species of Angkor sites consist of 9 species, 4 families.
All species are insectivorous. Hipposideros larvata was the
dominant species in Bayon and Rhinolophus affinis, R. shamel-
li, Hipposideros bicolor and H. cineraceus were identified as
other species. Taphozous melanopogon was the dominant spe-
cies in Angkor Wat and Hipposideros armiger and Pipistrellus
pulveratus were found as other species.

3. Preventing lichenic and algal growth
3.1 Chemicals used

Nine chemicals of algaecides and lichenocides were applied
in tests for preventing lichenic and algal growth at Angkor site,
and comparisons were made of their effects as growth inhibitor
for lichens and algae as well as their effects as removal agents
for lichens and cyanobacteria. The chemicals used in these ex-
periments are shown in Tab. 2.7-1.

3.2 Comparative experiments for the effects of chemicals
used
3.2.1 Effects as growth inhibitor for lichens and algae

Stones heavily colonized with lichens and algae were se-
lected from fallen masonry accumulated on the west side of
the approach to the north entrance of Bayon. The colonized
parts were cleaned with a high pressure water spray, and then
divided into 10 sections about 200 to 300 cm? in size. In each
treatment, chemicals were applied with a brush to each of the
9 sections. The control areas between the 7 and 8 sections and
between the 8 and 9 sections were left untreated after cleaning
for the purpose of comparison.

The results of 17 months after treatment were described.
Since the growth of lichens is very slow, they had not yet
grown on these stone surfaces, even on the untreated sections.
But as cyanobacteria (blue-green algae) grow faster than li-
chens, their growth could be found both on the untreated and
on some treated sections.

Sections 1 to 6 were treated with chemicals A to G, and
growth of cyanobacteria was indicated in all these sections.
However, in sections 7 and 8 treated by chemicals H and I, no
growth of cyanobacteria could be found at all. Section 9 was
inoculated with a mixture of algae and lichens, and here the
growth of cyanobacteria was remarkable. In section 10 which
was untreated with chemical, cyanobacteria had grown most
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widely in the control area between sections 7 and 8. This was
due to the strong influence of the areas above the test sections
that had not been cleaned. In other words, cyanobacteria grew
faster and spread more widely in those sections that had cya-
nobacteria growing above them. The most striking effects as
growth inhibitor for lichens and cyanobacteria could be found
in chemicals H (Koretrel-2) and I (Koretrel-3) which have
lichenic extract as their main component mixed either with tri-
azine group compound or urea group compound and tetrachlo-
roisophthalonitrile. However, chemical G (Koretrel-1), which
contains lichenic extract only, could not control the growth of
cyanobacteria.

3.2.2 Effects for removal of lichens

The chemicals designed for this purpose were D, G, H and
I of Tab. 2.7-1. The result of 17 months after treatment was
described. In section 1 which was treated with chemical D
(Guanidine), the lichens were sterilized and their thalli had
flaked away, but the treatment had no effect on cyanobacteria.
However, in section 3 and 4 which were treated with chemicals
H (Koretrel-2) and I (Koretrel-3), containing lichenic extract
as main components, the lichens were sterilized and their thalli
had flaked away completely. Cyanobacteria had also lost color,
indicating the effect of these chemicals on their removal as
well. Chemical G in section 2 (Koretrel-1) sterilized the lichens
and caused the thalli to flake almost completely, but was only
partially effective in controlling cyanobacteria.

3.2.3 Effects for removal of cyanobacteria

Chemicals D, G, H and I of Tab. 2.7-1 were applied for
this purpose. The results of 17 months after treatment was de-
scribed. No effect in removing cyanobacteria could be expect-
ed from chemical D, and chemical G also had little noticeable
effect. However, in section 3 and 4 which were treated with
chemical H (Koretrel-2) and I (Koretrel-3), having lichenic
extract as their main components, cyanobacteria had lost color
considerably and much of the cyanobacteria that had been
growing in the sections had disappeared.

3.24 Application of new algaecidal and lichenocidal agents (Koretrel-1)

Although many methods to sterilize and remove lichens
growing on stone materials have been tried, an effective treat-
ment has not yet been found. Recently, new lichenocidal chem-
icals, which contained lichenic extract as their main compo-
nents, have been developed based on a new conception. Kore-
trel-2 is a denatured alkyltrihydroxybenzene polyoxide + alkyl-
aminotriazine + N'-(3,4-dichlorophenyl)-N, N-dimethyl urea
dissolved in lower alcohol alkyleneoxide addition compound;
Koretrel-3 is a denatured alkyltrihydroxybenzene polyoxide +
urea compound + isophthalic acid chlorinated compound dis-
solved in lower alcohol alkyleneoxide addition compound.

New lichenocidal chemical, Koretrel-2 and -3, have the fol-
lowing characteristics:
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(1) Lichens growing on stone materials need not be cleaned
off prior to treatment.

(2) After thalli of lichens are treated directly by spreading
or spraying these chemicals, the thalli are sterilized and
removed within 3 to 12 months without brushing.

(3) For rapid removal of crustose lichens, it is possible to
remove thalli artificially by soft brushing with a wet
sponge, after the discoloration of the thalli is recognized
by the treatment of these chemicals.

(4) Cyanobacteria (blue-green algae) can also be sterilized
and removed.

4. Conclusion

Elimination of lichens and cyanobacteria (blue-green algae)
growing on stone cultural monuments has been a subject of
research in many parts of the world over a long period of time.
In recent years the effectiveness of lichenocides and algaecides
having lichenic extract as their main active component, a new
conception developed in Japan, has been tested on stone ob-
jects and monuments. In addition, tests were carried out on
stonework at Angkor site with various types of lichenocides
and algaecides to compare their effectiveness.

These new lichenocidal and algaecidal chemicals (Koretrel)
indicated the possibility that lichens can be sterilized and re-
moved simply by spraying or spreading application, and with-
out the need for abrasive measures. This means that lichens and
cyanobacteria can be eliminated without any risk of damage
to stone surfaces. Thus, the use of lichenocides and algaecides
having lichenic extract as their main active component offers
an extremely effective means of preserving stone cultural mon-
uments.

It was found microbial analyses that the deteriorated stone
materials of the northeast tower of Angkor Wat, where nu-
merous bats were said to have inhabited, showed significant
lowering of pH value caused by Thiobacillus as also seen on
other samples of Bayon in Angkor site. Moreover, results that
suggest the existence of sulfur oxidizing bacteria in feces of
bats were also obtained. Thus, it is possible to see some con-
nection between the presence of sulfur oxidizing bacteria in the
scaled stone materials and the existence of bats. One of authors
considers that it is possible to control the progress of scaling
at Angkor site by coating stone materials with some porous
waterproofing agents that allow air to pass but prevent water to
penetrate from outside.

Ecological investigations of bats in the Angkor sites showed
that the dominant species in Bayon was Hipposideros larvata
while in Angkor Wat it was Taphozous melanopogon. More-
over, the presence of Rhinolophus affinis, R. shamelli and
Pipistrellus pulveratus were reported for the first time in Cam-
bodia by these researches.
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Tab. 2.7-1 Chemicals used.

PSR
Chemicals Main ingredients
LRER ERS
A Urea group compound
REZILEY)
B Triazine group compound
MUY P RIEEY
C Triazole group compound
RO TV RILEY)
D Guanidine group compound
77 =Y U REEW
E Ampholytic ?urfactant
P 5 T
F Concentrated microbe agent
e P A A 5
G Lichenic group compound (Koretrel-1)
MR RILEY (AL NL—IL D)
Mixture of lichenic, benzimidazole and
triazine group compounds (Koretrel-2)
H MK RIEEY RN XA 25
=R, MUT D RILEHDOIREH
@avhb—ib2)
Mixture of lichenic and urea group
compounds and tetrachloroisophthaloni-
I trile (Koretrel-3)

&R DR ERBROLEY, KOT
rNoroo4qy7&a=Z hNJJ)LDORES
B (@l bL—)L3)
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2.8 Outline of the Drainage System of the Bayon Temple
and Theme for Conservation and Restoration
So Sokuntheary

1. Introduction

The drainage investigation was carried out as a part of prepa-
ratory work to compile a master plan for the conservation and
restoration of the whole Bayon Complex.' To properly drain
mountain temple structures has long been a common challenge
for many monuments in the Angkor region. Therefore the pur-
pose of the study was to identify and distinguish each drain by
its purpose, physical features and function as well as to analyze
how the present malfunction of these drains is contributing to
the temple building deterioration.

Prior to the ongoing investigation, H. Marchal first discov-
ered in 1919 three drain outlets in the east wing of the outer
gallery's north end. He also discovered similar drains in the
west wing of the north end, as well as in the east and west
wings of the Outer Gallery's south end.? In 1967, J. Dumargay
took on Marchal's discovery and made further study on the
drains, drawing up a drain plan with a short explanation on
water evacuation. This drain plan (Fig. 2.8-1) includes those
located in Inner Gallery, the cruciform gallery, and the Outer
Gallery.? Our study was based upon Dumarcay's original plans
and his theory of the Bayon drainage system.

2. Research Methodology

The most recent major research project regarding drains has
been conducted by the Japanese Government Team for Safe-
guarding Angkor (JSA) since 1995.* In addition, the team, led
by the authors, conducted a series of individual drain tests from
August 1997 to January 1998. The purpose of the field survey
was to confirm the setup of the entire drainage network system
as well as to verify its present function. After the clearance
work, tests were conducted by pouring water into the drains to
clarify its structure and function (Pls. 2.8-1 and -2). During this
process, we became aware of new drains and gained a clearer
understanding of the general network system.’ The plan in Col-
or Fig. 2.8-1 shows the drain locations. Many of these drains
were found buried in sand and earth due to lengthy neglect.
Some drains requiring particular attention were confirmed us-
ing a microscopic camera inserted into the cavity while the
images were monitored by a portable computer in situ to verify
their underground routes and internal structure while causing
no damage (P1. 2.8-9).% Very few of them were confirmed to be
functioning as originally intended. Research into the drainage
system included various field surveys in the field of petrology,
archaeology, surveying, and geology. This chapter attempts to
ascertain drainage systems based upon the cross-referenced
data obtained from the above-mentioned surveys.’

3. Types of Drains
As a result of document research and a series of field sur-
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veys, drains in the Bayon can be categorized largely into two
types according to their purpose: those made for special pur-
poses and those made to function as regular drains. Drains
with special purposes were created to discharge sacred water
(Somasutra) used for rituals and religious ceremonies (Pls.
2.8-1 ~ -5).® While the importance of these special drains is
never to be dismissed, we would like to leave that subject for
a later opportunity. Only the rainwater drains (3) through (14),
described below, were to be the subject of this study.

3.1 Drains with special purposes
(1) Drains (a~0) were built to evacuate water from the in-
side of the towered shrines to the outside (Pls. 2.8-1 ~
-5).
(2) Drain A adjusted the water level of the so-called "Lucky
Well" (Pls. 2.8-6 and -12).
These sets of drains are obviously distinguished from the
others for their purposes and function; therefore, they have
been excluded from the following discussion.

3.2 Drains to evacuate rainwater

(3) The B group drains (B-1~B-7), built at the foot of the
upper terrace platform to let rainwater flow down from
the upper terrace and accumulate in the area between
the upper terrace and the cruciform gallery (Pl. 2.8-6).
This accumulated water will eventually run through the
C and D group drains.

(4) The C group drains (C-1 and C-2), built across the
cruciform gallery to evacuate the above-mentioned ac-
cumulated rainwater from the foot of the upper terrace
to the inner courtyard (four corner courtyards inside the
inner galleries).

(5) Unlike groups B and C, the D group drains (D-1~D-7)
were built in the structure located at the four ends of the
cruciform gallery and run through the foundation plat-
form (Fig. 2.8-2). The drains are designed to let the wa-
ter come out from the outlets found in the Inner Gallery
foundation wall. These drains evacuate accumulated
rainwater from the foot of the upper terrace drain to the
outside of the inner galleries (Pls. 2.8-8 ~ -10).

(6) Grooves carved into pavement stones in the cruciform
gallery, inner courtyard, and outer courtyard, allowing
water to run through and into the inlets found in the
cruciform gallery, Inner Gallery, and Outer Gallery (Pl
2.8-13).

(7) The E group drains (E-1~E-5), built across the Inner
Gallery to evacuate accumulated rainwater from the in-
ner courtyard to the outside of the Inner Gallery.

(8) The F group drains (F-1~F-19), built under the porch
steps connecting the Inner Gallery to passage halls (no
longer in existence). These drains evacuate accumu-
lated rainwater from the outer courtyard of the lower
terrace between the inner and outer galleries.
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9) The G group drains (G-1~G-13), built to cut across the
Outer Gallery and evacuate accumulated rainwater from
the outer courtyard to the outside of the Outer Gallery
(Pls. 2.8-7,-13 ~-17).

(10) The H group drains (H-1~H-5), built on the causeway
(east) to evacuate rainwater from the causeway to the
lower marsh ground located to the north and south of
the causeway.

(11) Drains built under the naga balustrades in the cause-
way, Outer Gallery, and upper terrace. The outlets of
these drains are found at the base of each balustrade
(PL. 2.8-12).

(12) Grooves carved into the surface of the roof ridge to
drain the rainwater that had accumulated on the roof,
especially at the roof ridge of the gallery eaves.

(13) Tunnel and culverts that run under the inner and Outer
Gallery platforms (Figs. 2.8-3 and -4). These drains
were discovered while conducting excavation research.’

(14) Sumps (S-I~S-V) were built around the foot of the up-
per terrace to collect rainwater and rubbish (Pl. 2.8-6).

4. Analyses of Drains - Value of finding chronological
order of drains

Looking closely into the drains chronologically to identify
their construction processes brings about a new discussion of
the Bayon's architectural history. The archaeological excava-
tion survey (Fig. 2.8-5) revealed a tunnel and a culvert inlet."
This became an important piece of evidence that supports J.
Dumargay's theory of architectural chronology. In accordance
with a summary of Dumargay's theory, the building phases of
the Bayon were divided into four stages.!' Furthermore, the
results of a petrological survey that mapped distributions of the
magnetic susceptibility of the sandstone blocks also favorably
support J. Dumargay's theory. The summary of Bayon's suc-
cinct relative chronology made by the petrological survey was
divided into three stages: the first stage, the central tower to
the cruciform gallery and Inner Gallery; the second stage, the
Outer Gallery; and the last stage, attributed to the construction
of libraries and the causeway's raised terrace.'?

The characteristics of the "drain" itself are worthy of de-
scription. Of particular note was how some drains were aban-
doned while other drains were added. Additions could have
been made later to ameliorate problems, but never placed
independently. Thus a detailed chronological analysis of the
Bayon's drainage system is of value in revealing the temple's
complex constructional phases. Fig. 2.8-6 summarizes the
drainage system's chronology.

5. Analyses by their physical features and function

The Bayon's basic drainage system evacuated rainwater
from the uppermost terraces, making use of a series of drains in
various locations and eventually reaching the outside at ground
level.
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However fine the drainage system in the Bayon could have
been, the present condition of these drains is obviously far
from working properly. The reasons for their malfunction could
either be original poor design, lack of maintenance, displace-
ment of the building itself, or a drastic change in local weather
patterns.

As far as the entire drainage system is concerned, what
puzzles the observer are the sizes of drains and their place-
ment. Though it is quite natural to place larger drains on the
exterior, the existing drains do not show such a tendency; on
the contrary, the drains tend to become even smaller. This ten-
dency is more evident in the southwest section of the building
(Tab. 2.8-1). According to Tsukawaki's research conducted in
1996, generally speaking the climate condition in the area must
not have been too different from what it is today, therefore it
is unlikely that the people at that time were not used to heavy
precipitation.'® The investigation into drained water volume
conducted by the Geotechnology, Geology, and Environment
unit of JSA in 2002, together with an analysis of the four-step
drainage design, resulted in an unprecedented yet credible hy-
pothesis in regard to the traditional approach for draining rain-
water: to make excessive water distribute throughout the build-
ing and seep intentionally into the internal foundation mass.'*
This hypothesis was backed up by an unfavorable phenomenon
apparent in various places: sand is being washed out with rain-
water through the small joint openings in the foundation walls
(PL 2.8-18).

What has been happening to the building over time due to
its unique system seems to be adversely affecting the building.
Since the system allows the internal sand to flow out continu-
ously and lessen the absolute volume of the foundation mass,
eventually it led to uneven displacement of the building, shift-
ing of vertical architectural members, and inclination of hori-
zontal surfaces, all of which contribute to further malfunction
of various drains, thus creating a vicious cycle of building de-
terioration. The lengthy stay of unwanted water also becomes a
direct factor in chemical and biological problems that degrade
the building material: sandstones (Pl. 2.8-19).

During JSA's summer mission in August 2004, Bayon's
drainage system was checked again to observe its drainage
function. Tab. 2.8-2 shows the results of the drainage system
observation on a rainy day. The level of drain function was
divided into four categories A, B, C and D; only 13 percent of
the drains still functioned well, while 35 percent were not func-
tioning at all.

On the other hand, a May 2002 report states that rainwa-
ter remains inside Bayon after every rainfall.”” The rainwater
flooded the lower level for at least two or three days (Fig.
2.8-7). Rainwater infiltrating the foundation mass contributes
to the ongoing foundation displacement, subsidence, gap for-
mation, and accelerated erosion, ultimately causing the towers
to incline and the bas relief to decay, as well as inviting dam-
age due to vegetation and the erosion of walls and pillars. All
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of these phenomena are tied to the deterioration of the general
hydrological system.'®

6. Restoration and maintenance of the Drainage System

Most of the Khmer monuments seen to have the problem of
malfunctioning drainage systems. There are many cases that
renovation of the drainage systems or installation of a new
additional drainage to support existing one had taken place in
conjunction of the restoration of temples in the Angkor region.
The restoration projects of Candi Borobudur, Angkor Wat and
Baphuon supply a model for the Bayon temple. Nevertheless,
the question here still remains to be answered concerning the
best way and method in order to conserve and restore unique
characteristics of the Bayon among the Khmer architecture.
This is a challenging subject, we believe, of conserving and
contriving an effective drainage system at Bayon.

1) Protection of the Terrace Platform from Rainwater

Penetration

Some intervention should be carried out to protect the pres-
ent inner foundation platform from rainwater penetration and
consequently to improve the flow of water from taking place
in the foundation mass. In practice, the existing stone pave-
ment of the platform should be removed in part and re-aligned
so as not to leave any gap in- between for improved flow of
rainwater, especially on the sandstone pavement.'” By sealing
the surface on the foundation and ensuring the quick drain of
rainwater, the monuments will be able to avoid the problem of
dampness inside the complex in the long run.

2) Revival and Renovation of the Original Drainage System:

At Angkor the drainage facilities were installed under the
pavement or in tunnels under galleries so that rainwater drains
from the inside the monument complex toward outside. The
drainage system itself is laid as a tunnel crossing under the
pavement surface or the gallery. When the drainage becomes
inadequate or malfunctions, rainwater starts penetrating into
the foundation mass and consequently weakens the inner soil
mass. On the contrary, if the drainage network runs well, it will
reduce the penetration of water into the inner embankment.
The terrace pavement, however in the present state, has sunk
and it will be difficult to bring rainwater to the original inlets of
the drain. In some cases the pavement has to be dismantled and
re-set in order to align the inlet and outlet points at the same
level so that rainwater can be evacuated.

The culvert tunnels at Bayon were constructed during the
third phase, stage-1. These drains lost their function when
the replacing drain of E-group for the Inner Gallery and the
new drain of G-group for the Outer Gallery were installed
in the third phase, stage-2.'"® During the excavation of the
long trench carried out by JSA in 1999, we found the tunnel
at the northeastern corner of the Inner Gallery and the inlets
of culverts in the Outer Gallery. We assume that there should

73

FEEREESHML TS, RNERKSVDENF. &Y
PRI > TWB Z &3, bR B I OEY 2
FMEOBEENER /2D, TORETM TH D
AEREBLTWS (PL28-19),

2004 8 HDISA B2 w3 HIMHPITHA,
NA A DHKRI AT LDHEEEEZBRT S7-DDH
EEE[M Lz, Tab. 2.8-213. B OHEKS AT 4
DEENS/BOENIHERTH S, PIKBEEEIT4 DD
HFITU—IZHEIN (A, B, C, D). @YICHEEL
TWHEKBIZ2RDEN 13% THo7= T ENWRSE
N7z 21% WIHEEREL TWEDODRIFEIZEZT.
TAKBRIIMADTHD., RO OKIIFEENTITRSEL
Tz, 31% 13 SITEN R EDORAKNRIN S D H
T, FBEBEEL TWisho Tz, 7255 35% 134<
BEREL TWizh o 7z,

fit 5. 2002 4F 3 A O W& FITIIBEIOFEN O,
NA I ONERICHANIERGFE L TWz Z EHME X
NTWa5 FEOTY 7i3bika< &H2~3 HORM,
KL TW= (Fig. 2.8-7) . ZEBENEICIRSE L 72K
W BEEE T OBEO#EST. LT, HHOBE 5]
EFEIL, INSBEREAICIIE OmER. HERD
DL, T B EREOEROER. BB
L UOHORETZBLIC L D BT, KRS 2T LER
DHITEN>TNDS ",

6. YIRS AT LDBHEEAYTF VA

7 A=)VEBEDOKET. 20K D ITHEREMIZIZR
THICEOLNBPK AT LEZAELTVS, 7> O—
JUIEBMRE RIS, FOBEICEL. FRICEE
DHIK L AT L% BERE. HDW0NIEH = dkiEz
HALTHBRT 2602 A2 oNs, AoT
Re—)VERE, 7>aA—=)b-Tv b NT—F2D
BEHNI. NI UICEL>TEVWETIIT—ATH
b, ZREUMER., 7 A—IVEEDOFRTH/NA I >
NET 2 HER VR EREEEL TW 2D D&
EBREIMD, £ 0D AT/ 50 E, &
DNVETFENRAINAERED, EWHZEITH 5,
ZAUINA T BN TR HKR S AT L DR
HFEBEHEEERZL TV ETOEEICEE R
HTHhD,

D) BETLWAKNE DT T AFEHEORE :

HENHOELZ S SR DMKDRENSHREL .
BLENERICHET 2KORNZHET S0 DIUE
WHETH D, MEOEEREZEONOETICH
WTHIDS L, B#thZzMe % 2 & THERE DK
2D 2 EITRD. RICHAEBAERE TOMKDH
NewETLHENEEND Y, HE oK%
BEL, WKZEEICTIEP BN CHET 2 Z



The Master Plan for the Conservation & Restoration of the Bayon Complex
Introduction Chapter 2 : The Present Situation of the Bayon Temple and Themes for Conservation and Restoration

be tunnels at the northeastern, southeastern and southwestern
corners respectively as well."” If they are found, we are pos-
sibly able to renovate the inlets and outlets of the tunnels and
to make connections to the outlets of culverts, thereby forming
new channels between the inner and outer galleries. (Color Fig.
2.8-2)

3) Improving against the Infiltration and the Insertion of a New

Structure

In the long history of restoration work that has been carried
out by EFEO at the Angkor Wat as well as other monuments in
the Angkor complex, the technique of inserting a new structure
by concrete and a drainage pipe has been developed to prevent
the infiltration. The aim is to isolate the wall materials from
the infiltrated inner embankment by creating the new structural
system.” In the actual case of Banteay Srei, the new drainage
system included the installations of trickle shafts in various
places in the complex and a new underground discharge chan-
nel with mud boxes. The trickle shaft performs an important
function of letting the rainwater trickle down to the groundwa-
ter level, thereby minimizing the infiltration and preventing the
structure from sagging down.?! At the Bayon temple, as shown
in Color Fig. 2.8-2, it is one idea to install the mud boxes at the
inlet and outlet of the tunnel, at the inlets of the culverts, then
to construct the new underground channel for connecting the
tunnel and culvert. The mud box will be made of appropriate
materials like laterite or sandstone. The over of the mud box
should allow the accumulated rainwater on the pavement to
flow through to the box and must be easily cleaned when it is
necessary. Like the mud box, the underground channel should
also be made of laterite or sandstone (stone masonry).

We should be seeking additional intervention measures and
recommendations on this subject from the world leading ex-
perts, while considering the authenticity of Bayon.

7. Conclusion
In conclusion following arguments are to be recognized as an
outcome of the study. As a result of comprehensive investiga-
tion conducted by the authors with a cooperation of JSA, it is
noteworthy that several drains as well as tunnels were newly
confirmed. With a due to the nature of drain functionality, value
of chronological analysis of the drainage system should not be
ignored as far as the research on construction chronology of the
Bayon. It is not unreasonable to say that the findings based upon
existing research or future discovery in regard to the drainage
system would directly affect various theory of construction
chronology of the Bayon. How existing drainage system does
not function as expected greatly contribute to the degradation
of the building at the present. Conservation and maintenance of
the drainage system is an important issue for future restoration
work, and to create alternative measures and the original system
is insufficient to ameliorate existing problems could possibly
prevent further deterioration of the building.
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Fig. 2.8-1 Bayon, Plan of drains by J. Dumarcay.

Plan

Fig. 2.8-2 The plan and section of Drains D-4 and D-5.
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Fig. 2.8-4 The section plan of culvert, JSA, 1999.
——rm Tab. 2.8-1 Rainwater obtained area and size of outlet.
1
No. | M Place Area (m*/min) Size of Drain Outlet
Area Drain point 10mm/h | 40mm/h | Width (m) | Length (m)| Size (m)
ity o 1 Upper terrace SE 842.41 D-1 0.14 0.56 0.18 0.20 0.04
o ) 2 Upper terrace SW 610.81 D2 0.05 0.20 0.18 0.28 0.05
— PP - D3 0.05 0.20 0.22 0.30 0.06
o e C-1 0.05 0.19
|I 3| UpperterraceNW | 3812 D45 0.05 0.19 0.20 0.17 0.03
- - Cc2 0.07 027
: 1 4 Upper terrace NE 806.14 D67 007 027 019 08 005
T & - E-1 0.04 0.15
—— | e 5 Inner courtyard 84 | 448.74 ) 004 015
o i 6 Inner courtyard 85 392.27 E-3 0.07 0.26
7 Inner courtyard 86 392.89 E-4 0.07 0.26
8 Inner courtyard 87 446.34 E-5 0.07 0.30
G-1 0.14 0.57
G-2 0.14 0.57
9 Outer courtyard SE | 2149.80 3 014 057
G-4 0.14 0.57 0.20 0.26 0.05
10 | Outer courtyard SW | 1915.65 G-5 0.49 1.95 0.26 0.20 0.05
G-6 0.12 0.48
G-7 0.12 0.48
11| Outer courtyard NW | 1917.30 58 o2 048
G-9 0.12 0.48 0.44 0.24 0.05
G-10 0.14 0.57
G-11 0.14 0.57 0.16 0.16 0.03
12 | Outer courtyard NE | 2150.65 G2 014 057
G-13 0.14 0.57
13 G-4/C1 - - 0.24 0.25 0.06
14 G-4/C2 - - 0.20 0.25 0.05
15 G-5/C1 - - 0.17 0.17 0.03
16 G-5/C2 - - 0.24 0.10 0.02
17 G-9/C1 - - 0.22 0.15 0.03
18 G-9/C2 - - 0.26 0.13 0.03
19 G-11/CI outlet - - 0.40 031 0.12
20 G-11/Cl inlet - - 0.25 0.30 0.07
21 G-11/C2 - - 0.36 034 0.12
22 Tunnel outlet - - 0.38 0.68 0.26
23 Tunnel inlet - - 0.35 0.40 0.14

Fig. 2.8-5 Excavation plan, JSA, 1999.



JSA 2005

2.8 Outline of the Drainage System of the Bayon Temple and Theme for Conservation and Restoration

First Stage Second Stage

A o

| .
Ll
Firt i
- i L
'|1 '
S I

w5
i
-

i
[
]

5

Fig. 2.8-6 (pp. 79-80) The chronology of drainage system, Bayon.
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2.8 Outline of the Drainage System of the Bayon Temple and Theme for Conservation and Restoration

Tab. 2.8-2 Actual Functioning Drain of Bayon Temple.
(Observing during the raining day, August 20, 2002 and August 21, 2004)

No. Drain name Rank Drain name Rank
A B C D No. A B C D
1 A-1 A 36 F-14 o
2 B-1 [ J 37 F-15 o
3 B-2 A 38 F-16 o
4 B-3 A 39 F-17 A
5 B-4 A 40 F-18 o
6 B-5 A 41 F-19 A
7 B-6 [ J 42 G-1 o
8 B-7 [ J 43 G-2 ©)
9 C-1 O 44 G-3 o
10 C-2 O 45 G-4 A
11 D-1 O 46 | Culvert G-4,C1 ©)
12 D-2 O 47 | Culvert G-4, C2 O
13 D-3 O 48 G-5 A
14 D-4 [ J 49 | Culvert G-4, C1 ©)
15 D-5 O 50 | Culvert G-4, C2 O
16 D-6 A 51 G-6 A
17 D-7 O 52 G-7 A
18 E-1 O 53 G-8 A
19 E-2 [ J 54 G-9 A
20 E-3 O 55 | Culvert G-4, C1 O
21 E-4 O 56 | Culvert G-4, C2 A
22 E-5 [ J 57 G-10 ©)
23 F-1 O 58 G-11 o
24 F-2 O 59 | Culvert G-4, C1 A
25 F-3 o 60 | Culvert G-4,C2 A
26 F-4 [ J 61 G-12 A
27 F-5 A 62 G-13 A
28 F-6 [ J 63 H-1 O
29 F-7 [ J 64 H-2 O
30 F-8 [ J 65 H-3 O
31 F-9 [ J 66 H-4 O
32 F10 [ J 67 H-5 A
33 F-11 [ J 68 DUB*1 A
34 F-12 [ J 69 DIT*2 A
35 F-13 A 70 DTS*3 [ J

Notes:

A(© ): Well functioning drain: drains, which the amounts of rainwa-
ter runoffs so well through the drain

B(O): Functioning drain but not so good: drains, which small amount

2 A
of rainwater runoff through the drain, and other amount = =i
disappear through the platform Hi

C( @ ): Not functioning well drain: drains, which very small amount Bn

of rainwater runoff through the drain
D( A ): No functioning drain: drains, which no rainwater runoff
through the drain
*1 DUB: Drains Under the Balustrates of upper terrace and outer gal-
lery terrace
*2 DIT: Drains Inside the Tower shrines of upper terrace, cruciform
gallery and Inner Gallery
*3 DTS: Drains on the Terrace Surfaces of upper terrace, inner gallery,
inner courtyard, outer courtyard and on east front terrace

These datas was collected in during the raining day in August 2002
and August 2004, by observing the characteristic of the rainwater
flows through the drainage system.
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Fig. 2.8-7 The Drainage System of Bayon Complex.
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Pl. 2.8-1 Tower 46, Drain (m), Inside. Pl. 2.8-2 Tower 46, Drain (m), Outlet.

SOmumsuira

Pl. 2.8-4 Tower 15, Inlet (d).

Pl. 2.8-5 Tower 15, Outlet (d). Pl. 2.8-6 Drain A, Drain B, and Around basement.
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Pl. 2.8-8 Drain D-1, Inlet.

Pl. 2.8-7 Drain G-7, Chisel traces (additional drain).

Mnkarm bead

Pl. 2.8-9 Drain D-1, Internal structure.

Pl1. 2.8-11 Present state of Lucky Well.

i g - T

Pl. 2.8-13 Inlet of G-2, Drain of surface.
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v lcl ol G4

Pl. 2.8-14 Drain G-4 and two culverts below. Pl. 2.8-15 Drain G-5 and two culverts below.

Pl. 2.8-16 Drain G-9, Culverts. Pl. 2.8-17 Drain G-11, Culverts.

P1. 2.8-18 After rain, sand from inside of upper platform. Pl. 2.8-19 After rain, rainwater remained on courtyard ES.
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Pl. 2.8-20 Rainwater remained on the pavement of pavilion 55, the
lady guard try to sweep and clean the rainwater.

PI. 2.8-21 Drain G-2, drain works.

Pl. 2.8-22 Drain G-4, culvert G-4, C1 and G-4, C2. Pl. 2.8-23 Drain G-5, culvert G-5, C1 and G-5, C2.
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2.9 Bayon, As a Living Temple -Message from the
Scene of the Bas-relief of the Bayon Temple-
ANG Choulean

It is practically impossible to produce an exhaustive bibli-
ography on Bayon, one of the main monuments of Angkor and
Cambodia. Just take even one sector of study "the iconogra-
phy," for example, you may find it difficult to obtain a com-
plete list of works which covers the study of various scenes
depicted in bas-reliefs as well as brief interpretations.

Having been investigating on rituals of funeral, especially
from the viewpoint of diacritic ethnology, in current Cambodia
for some time, I have naturally become aware of the plastic
representation of this subject. At Bayon my attention was at-
tracted to such scene on the bas-reliefs of the walls at various
places of the gallery. In this note, I would like to state one of
the scenes' among them. The scene gives an impression that
a provisional pavilion of cremation of current Cambodia has
a direct filiation to that of ancient Cambodia, at least of the
Angkor period.? Pl. 2.9-1 is the display of the scene.

The pavilion, open in four directions, is seen from the front.
Its structure is fundamentally no different from that of Mén,?
or of Phnom Yong,* which have been built actually for crema-
tion in several villages of Angkor. The pavilion has four spans
between the pillars, and consists of a nef in the centre and two
bas-cOtés on both sides. On the pediment is drawn a Rahu (a
monster who makes solar and lunar eclipse).

In this scene at Bayon, two successive ritual scenes are co-
incided into one. First phase is shown by the presence of the
cinerary urn on the left bas-coté. The cinerary urn is to be in-
stalled at the top of the step-wise pyramid in the centre of the
pavilion. The installation requires a delicate and complex pro-
cedure, employing an inclined plane. If we refer it to today's
ritual, this urn, which contains a corpse in a position of like
a fetus, has been brought in solemn procession from another
place. The second phase is expressed by the presence of the
same urn on the central pyramid. I present a few photographs,
which I had borrowed from the collection of the late professor
Madeleine Giteau on the cremation of Venerable chief of the
order Thomayut in the 1960's. P1. 2.9-4 shows the erection of
the pyramid and Pl. 2.9-5 is the descending pedestal, sliding
down on the inclined plane, which receives the urn and then
goes up the plane. Pl. 2.9-6 is showing the urn was finally laid
in state, which scene can be compared with a fresco painting of
the Silver Pagoda (P1. 2.9-7).

In this brief note I have simply taken up just one example,
and even if that is an obvious statement, I would like to em-
phasize again the importance of the bas-reliefs at Bayon. Cus-
tomarily, while it is pointed out that the Outer Gallery displays
daily life of those days and important historical scenes, the
Inner Gallery appears to contain less "vivid" motifs at a glance.
Nevertheless, we should be careful lest it is left neglected or
underestimated. As a matter of fact, above example clearly
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denies such conventional concept. I just wish I could elucidate
here all about the scenes and depicted objects and ritual equip-
ments, but, to me, they still remain to be under a mysterious
veil. Moreover, a scene, even where the motif is identified,
remains to be enigmatic. A well-known example is the scene
of "Sacrifice of water buffalo" in the south wing of the eastern
Outer Gallery. A question arises as to; whether it was a special,
or rather rare ritual at least in the Angkor region among the
Khmer of those days, or whether it was a ritual of animism
prevailed among the Khmer, as is similarly practiced by the
"Mountain people" currently.

I have attempted interpretation of ritual practices, but, not
only to this extent, the bas-reliefs at Bayon provide us with an
immeasurable source of ethnography on the daily life of differ-
ent social layers.

Notes

1 My remarks on the scene that represents closeness to funerals may
possibly be challenged bwy other interpretations. For example,
an object I believe to be a coffin installed in the centre of a pavil-
ion open to four directions, is described as a linga in some other
books.

2 I have pointed out this representation in the east wing of the
northern Inner Gallery in "La mort-renaissance en abstraction in-
conographique," UDAYA 5 (APSARA, planned to be published in
2005).

3 This is transliterated from Meru. The phonetic corruption in pro-
nunciation is ascribed from the Siamese. Normally this appellation
is reserved to the pavilions for cremation of important persons,
such as royalty or clergymen, whereas the appellation of Phnom
Yang (see note 4), less solemn word but the similar meaning of
mountain, is applied to the pavilions of common people.

4 It is transliterated from bhnam you. This generic term means "soar-
ing mountain" alluding to Meru or sacred mountain, the places of
rest after death.

5 Not stating its crucial importance among the plural peoples in
Indonesia.
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2.9 Bayon, As a Living Temple -Message from the Scene of the Bas-relief of the Bayon Temple-

PL. 2.9-1 Pavilion of cremation. The same cinerary urn is seen on the left bas-coté and on the summit of the pyramid.

KENE, SRR CEENEMELPRES Iy FEHELIZHMIMTNS .

Pl. 2.9-2 Phnom Yong in the simplest structure (Sré Changhaut
village, Angkor region): four pillars at the corners are
supporting the roof of Mukh Dach type. A Rahu is vis-
ible on the pediment.

e ® i FE725% D @ Phnom Yong (7 > O — )L ,
Sré Changhaut ¥f) : WUREDFEDY Mukh Dach % 1
DEBEZEFZZTND . RF 4 X2 ND Rahu DTF
ENEEENS .

Pl 2.9-3 Mén for cremation of a monk (Vat Run, Angkor region): the roof
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is supported by each four pillars in four lines, It is consisting of
a nef where the coffin is laid in state (in the box made of banana
timber) and two bas-cOtés. A Rahu is also seen on the pediment.

B2 EEDKEER Mén (7 > 32—V, Vat Run) : BIR
AR S NZUEADHTXASNTHED, 1§ (ZIT
BN FORTIHES NIZHFRNICRD 5NTNRDS) Z2INE
T2HELMAEENBREINTND. RT 4 A2 MR
13D Rahu BRZT 5N 5.
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PL 2.9-4 Construction of the pyramid. Pl 2.9-5 Descent of the mobile pedestal for bringing the urn onto the
I3y RO . top of the pyramid.
FHEEZET Iy ROHENES 2D OB BHED T
3

Pl. 2.9-6 The urn finally lies in state on the pyramid. PI. 2.9-7 Scene of cremation (a fresco of the Silver Pagoda).
I3y ROTE LICRE S N2 . KEOBE (VT y— - XTYDOT L ATMH).
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Chapter 3 : Destruction and Degradation Phenomenon in
the Bayon Temple
SHIMODA Ichita

1. Introduction

It is not confined to the matters of one particular historic
building, but the process of deterioration happening in the
Bayon is complicated: multi lateral interrelationships of deteri-
orating elements and causes simultaneously affect the building
intricately, and as a result brought the monument to its present
state. JSA has been conducting investigations and surveys to
find the best possible ways to sustain this historic architecture
made of stones.! Our approaches for the investigation is to look
into the individual problems from all related fields microscopi-
cally, while comprehensive and macroscopic analysis shall
be given by paying attention to the interrelation of problems,
which could be achieved by cooperation of professionals from
various fields and in some case to create a multidisciplinary ef-
fort if necessary.? This section of the paper attempts to provide
an overview and a summary regarding destruction and dete-
rioration of the Bayon in accordance with numbers of separate
JSA reports or papers publicized either in the annual reports or
public symposiums. It should be used more like an annotated
directory that leads to the further detailed analyses given in an-
other section of this report.

2. Definitions of Destruction and Degradation

The temples of Bayon period tend to have strong character-
istics of integrated art in architecture and plastic art. Therefore,
an each stone element as well as the compilations of these
numerous stone elements are inextricable to constitute sig-
nificance of the structure. However, to better understand the
process and mechanism how the structure became damaged
the paper classified the problems, for descriptive purposes, as
follows: destruction includes the damage affecting the archi-
tecture which one could detect by the naked eye as supposed to
degradation includes deterioration affecting the chemical com-
ponents of the structure or structural elements, which eventu-
ally led into the physical damage of the architecture.

Destruction in this context is caused by the relative displace-
ments occurred in between each stones, or a stone and founda-
tion earth mound originated by physical movements. Destruc-
tion in general could be seen in the forms of collapse, shearing,
deformation, cracks, or detachments. On the other hand, deg-
radation phenomenon is generally self-contained in each stone
caused by chemical and biological effects.® Strictly speaking,
the stone elements constitute the Bayon are of sandstone and
laterite, however, the paper discusses only on degradation of
sandstones. Degradation phenomena appear to our eyes in the
forms such as exfoliation, scaling, micro-cracks, lifting, dis-
solution and others. Each phenomenon, however, are difficult
to isolate and classify individually since degradation symptoms
are closely linked one another.*
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The following diagram exhibit how the process and mecha-
nism of destruction and degradation works under such com-
plex context. (Fig. 3-1) While degradation on a stone element
progressively degrades due to various causes instigate physi-
cal destruction of the structure, destruction caused by various
problems changes the equilibriums by altering microclimatic
condition or internal force brings degradation of elements to
another degree. Especially, the degradation of laterite and com-
pacted earth hidden underneath of sandstone superstructure are
in progress without being detected that could bring forth detri-
mental destruction that affect the structure as a whole.

3. Destruction of the Bayon
3.1 Overview of destruction phenomena in the Bayon

The Bayon is essentially comprised of the Outer Gallery, the
Inner Gallery and the main building built on top of the three
layered foundation mass. Although the detail of the interior
structure of the foundation mass is not exactly known, follow-
ing method of construction to build foundation is largely ac-
cepted as far as the Angkor monuments are concerned: first dig
in to the ground and fill back in with sand to form a mound and
then build outer encasement with sandstone backed by laterite,
then fill more compacted sand to form a base structure; upper
structures are built on top of such base structure under dry ma-
sonry construction. The Bayon is one of the so-called mountain
temples, however, its interior mass has not slipped off as seen
in Baphuon because the gradient of the Bayon is relatively
gentle. Moreover, there is no particular evidence of displace-
ment both in horizontal and vertical direction, again relatively
speaking; the state of structural condition is fairly stable.’
Nevertheless, the mountain temple in general in the region that
expects heavy rain regularly is structurally less stable than the
horizontally comprised temples that situated many pavilions
over a man-made platform. When JSA made precise survey of
inclination of 38 remaining towers, condition of which are con-
siderably well, it is confirmed that the tendency of inclination
is all leaning outward, which reflects the structural weakness of
this type of architecture.®

The section most conspicuous in destructive state is the
Outer Gallery in the temple plan. All the roofs with corbelled
arch were collapsed. At the same time, the roofs of the corner
pavilions were also collapsed and the original roof form is not
certain.” Outer gallery walls were covered with bas-reliefs:
themes of the bas-reliefs depict one of the most unique char-
acteristics special to the Bayon among monuments in Angkor.
Voices are raised for reconstruction wall or even just to recon-
struct the bas-relief elements of fallen stones. Following the
Outer Gallery, attentions are called for the porches in the main
building. Independent pillars on the extended terraces used to
support corbelled arch roof, but almost none are in original
state. Movements appeared in the stone layers of the porch
foundation as well as the independent pillars which were sup-
posed to carry concentrated load of the roof both became struc-
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tural weaknesses, which led to the partial destruction seen here
and there.

Forest of towers in the main building, having been the sub-
ject of previous partial restoration, rarely retains the original
state all the way to the top.® Especially, the roof part of the
main tower where multiples of elements were thickly layered,
lost from its outer surface: now almost no element that consti-
tuted the outer surface of the tower.’

The library building stood on top of the layered, proportion-
ally tall foundation platform severely suffers from deformation:
the foundation mass is bulging out in the middle; displacement
of the superstructure is evident. At the moment, the South
Library perhaps is the structure facing most imminent danger
in the monument. In addition, there are numerous structurally
dangerous areas or members in different degree of seriousness
all over the monument. Presently 529 entries are registered to
JSA''s watch-list and a map of dangerous-parts.'®

3.2 Process of destruction

Hypothetically, if no external environment factors affected
architectural elements such as stones or earthen mass, original
state of the architecture would be retained almost as it was.
Therefore, what instigates destruction is mainly caused by ex-
ternal factors and then its pathology progresses.

What constitutes the outer factors that may alter the con-
dition include: climatic environmental factors such as rain,
wind, sunshine, temperature, humidity or underground water;
biological environmental factors such as vegetation or infes-
tation of microbiology; and human factors. Being located in
the tropical monsoon climate zone, though it is free from the
reservations from earthquakes and freeze-thaw effects, under
the harsh climatic condition of intense temperature and high
humidity, individual destruction factor amplifies and affect the
monument. The process of destruction is how an each factor
influences the physical substance that used to be in an equi-
librium state to move and eventually lead into another state of
equilibrium. Human factors described above do not only mean
negative factors such as vandalism, but also mean an interven-
tion for the purpose of conservation, preservation and restora-
tion. In a broad sense, preservation and conservation activities
could be considered as an action to bring physical monument
from one equilibrium state to another in a human society, but
exceptionally the human action affects the equilibrium state of
the monument in reverse manner.

In organizing these multiple factors by putting them on the
course of destruction processes, it is effectual to see the prob-
lems from the underground up of the monument. Although
destruction phenomena can happen simultaneously basic prin-
ciple could be as simple as: what lies underneath affects what
lies on top. Therefore, cause of the problems are in the order
that problem underground foundation followed by the founda-
tion platform and then the superstructure.(Fig. 3-2) Since it is
rare to have the lower section affected by the upper section,
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causes of destruction increases as architectural parts keep go-
ing upwards.

3.3 Causes of destruction

As described earlier, causes of destruction systematically
organized according to the architectural parts from the under-
ground up as follows:

3.3.1 Ground foundation
a) Settlement

Settlement occurred to the formation ground due to the struc-
tural load of a building above could happen over long period
of time. However, the clay layer in the soil that is subject for
consolidation is relatively thin and consolidation yield stress is
expected to be large, therefore the settlement due to consolida-
tion in this case is fairly small in scale and rather elastic."

b) Movement of underground water and how it affect on the

ground surface by the suction effect

Annual fluctuation of underground water in the Bayon area
was observed to be 4 m.!? The behavior of the underground
water in the vicinity of Prasat Sour Prat Tower N1 where more
precise investigation was conducted is considered to be simi-
lar to the ones of the Bayon and its annual differences in the
ground level is about 6mm."* However, this kind of fluctuation
is rather seasonal and not believed to be accumulating.

¢) Rainwater

Loss of strength in the ground surface due to the rainwater is
inevitable and in the region recurrence of softening and harden-
ing between dry and wet seasons is the norm. As expected, the
plasticity of the ground surface increases seasonal instability
would apply to the superstructure during the wet season. The
soil penetration test conducted on the same ground in different
seasons confirmed that the properties of bearing capacity of the
soil largely fluctuate depending on the season. '

d) Settlement due to leaching of soil minerals

Mineral composition of the soil largely consisted of quartz
grain (Si0,), Aluminum Silicate Hydroxide{ Al,Si,0,(OH),}
and underground water quality holds pH<6. The results indi-
cate chemically stable condition thus suggest low probability
of occurrence of settlement due to leaching of soil minerals in
the Bayon."

e) Loss of the soil grains due to rush of groundwater flow

Void space between natural ground and dug under founda-
tion construction as well as the penetration coefficient are both
small in scale, it is not likely to see great amount of loss in soil
grain.'®
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3.3.2 Foundation platform
f) Uneven settlementof the foundation platform and relative
superstructure movements
Behavior of foundation mass such as uneven settling or
structural deformation outward is inevitably affected directly
by the behavior of ground foundation since the foundation
mass was piled up on top of the foundation ground.

g) Loss of compacted soil of foundation mass

Penetrated water flows out eventually from the foundation
platform, at the same time some amount of compacted soil
grains are lost together with such water flow."” In case of the
Bayon, since there were not enough drain system built origi-
nally for the building, in addition, many of existing drains are
malfunctioning because they were blocked with accumulated
dirt, retained overflow water gets penetrated in the foundation
mass then were slowly dissipated out from the small vacancy
in between stone elements.'® At the same time compacted sand
forming the foundation mass have been slowly disintegrated
and loss out together with such water flow. Once this viscous
cycle begins, disintegration of the foundation mass causes de-
formation of foundation building, thus opening between stones
widens, and more water will dissipate: the progression rate of
deterioration accelerates. When the water flow is concentrated
to some unwanted voids made such as by ants or other insects
contribute further destruction of the structure.

h) Weathering and compression of laterite materials in founda-

tion platform

There are evidences in other temples made of laterite that
some laterite materials present deformation due to compressive
strength over time. The same phenomenon is expected to have
happened to the laterite materials laid inside against the sand-
stone materials. In addition to such compression, recurrence of
wet and dry condition along with water flow weathers laterite
greatly and disintegrated much faster than sandstones. Disinte-
gration of laterite also helps invite more rainwater to penetrate
and accelerate the rate of vicious water flow cycle occurs in the
foundation mass.

i) Loads of superstructure and compression occurred in the

compacted sand layers

Settlement in the foundation platform occurs mostly under
the same condition and the same mechanism happening in
the ground foundation. Except, while load distribution for the
ground foundation is even over wide area, concentrated stress
load of the superstructure are unevenly distributed and applied
to the foundation mass, which causes local compressive settle-
ment. The uneven floor surface is also attributed to the differ-
ence in stress resistance coefficient of laterite, sandstone and
compacted sand.
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j) Formation of anthill

Inside the temple there are numbers of large anthills. These
ants were often bringing compacted sand out from the founda-
tion mass. It could be expected that some void spaces created
by these ants contribute to a sudden fall of the superstructure,
which would be hard to detect from outside. Furthermore, the
void space can become nurturing ground for fungus and would
help growing more spores. '’

3.3.3 Superstructure
k) Destructive movements affected by the movement of the

foundation mass

As movements of the foundation mass are directly affected
by the one 's of the ground foundation, ones of the superstruc-
ture are directly affected by the ones of the foundation mass.
Rotation or inclination observed in the pillars and walls may
appear to be minuscule but since each degree amplifies at the
top of structural elements, what affects to the roofs becomes
substantial. The corbelled roof structure in particular is very
unstable because: the structure is originated from the walls and
pillars that are already displaced; stones are loosened in the
girder direction, which will be led to the fall from the gable
side that will eventually become a source of roof destruction.

1) Uneven stress concentration

Movements such as rotation, inclination, or sliding often ap-
ply concentration of compressive strength at the corner of each
stone material to cause either detachment or breakage. When
over-concentration of compressive strength is applied to a
doorjamb, and then transfers to a sill, which eventually causes
breakages in a sill. This also triggers cyclical destruction pro-
cess: detachment or breakage occurred in an element breaks
the equilibrium and may cause fall of other elements, a force
of collapsed elements may cause another detachment or break-
age, and so on. Destruction occurred whether small or large in
degree, will definitely cause structural deformation as a whole.

m) Vegetation problems

According to historic photographs taken in the early 20th
century, we know that the jungles were taking over the
Bayon.? At present, trees are cultivated and periodical removal
of grass as part of maintenance, but one can easily imagine
the magnitude of natural force that could have destroyed the
stone monuments when you compared the monuments state
of Ta Phrom today. Large trees typical of the region manifest
signs of life form through their own unique appearances, the
effect is even more enhanced when they are entangled together
with stoic historic stones. Some even pose an almost discrep-
ant question for discussion: how to coexist with such natural
life forms and historical monuments. Higher plants tend to be
rooted in between the stones and widening the gaps as they
grow bigger. Once they grew larger, bending forces during the
storm are so great that often become a cause of collapse. These
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trees are susceptible for sudden collapses since they tend to
grow big quickly because they are relatively hallow inside and
frequently their cores are infested by insects.?!

n) Wind pressure

Wind velocity of 20m/s is not so unusual during the tropical
storm season of the Angkor. Strong wind pressure could cause
sudden damage to the building.”> Such damage tend to be an
elastic behavior and the changes made usually retain back to
how it was either in a couple of hours or days.? However, once
foreign objects such as sands or dirt were invited in between
the temporary gaps, they will not go back and changes made
accumulate over time. Wind pressure also affects displacement
of the elements once gaps between the elements become wid-
ened.

0) Default failure of original masonry construction

Like other monuments in Angkor region, use of special con-
struction techniques to strengthen the stability of structure such
as the use of an old iron cramps,* or to create voids to distrib-
ute load concentrations were confirmed also in the Bayon.>® On
the other hand, some evidences of default failure of original
construction that contribute to accelerate destruction processes
were also confirmed.

For example, main architectural element, sandstone is a sedi-

mentary stone, which must be placed lateral to the grain layer
of the material.”® There are quite a numbers of sandstones used
in pillars for example are used vertically to the grain layer,
therefore numerous cracks occur along the joint layers.”” When
joint layers run diagonally in the material, inclination of the
pillars became detrimental to the shear force of the structure.
Among the several construction types of pillar placement con-
firmed in the same building, the weakness for sliding and rota-
tion is evident with a type that is to place a pillar with a tenon
made in a plinth.”® In addition, there are other examples such
as using cut stones instead of one stone for independent stones
became weakness for structural stability. However not enough
detailed investigation in the Bayon there are, construction tech-
niques to adjust declination of pillars were not found in Khmer
architecture, simple pillars do not withstand against the thrust
of the corbelled roof.?
In dry masonry technique applied in Khmer architecture, fric-
tional force between stones brings about the stability. Techni-
cal improvements such as mortise and tenon type of joints for
higher structural stability are evident in Angkor but not in the
Bayon.* It is not rare to see evidence of straight joints that be-
came a cause of destruction, the question would be raised how
to deal with such default constructional failures when "original
construction method" must be respected in preservation of the
historical monuments.
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4. Degradation
4.1 Overview of degradation phenomenon of the Bayon

Unlike some destruction phenomenon that may bring the
monument in sudden danger of collapse, degradation problems
of stone material hardly affects the monument abruptly but
instead they gradually but surely deprive artistic expressions
appeared on the stone surface that can never be replaced once
lost. The bas-reliefs of the inner and outer galleries are full of
life in subjects and exceptionally unique even compared with
other decorative sculpture that could be categorized in styles.*!

Under the photographic comparison survey conducted by
JSA,? degradation of stones are seriously progressed even in
this 100 years.*® What could be said for the degradations of the
stone element is by and large similar throughout Angkor monu-
ments, but relatively speaking, degradation state of the Bayon
is not considered to be serious.

Degradation of dimension stones is either originated by the
property of the material, or by the structural formation or set-
tings of materials. As far as the quality of stones are concerned,
colors of the stones can tell the difference in quality. Stones in
the Bayon are patch-worked with sandstones of slightly dif-
ferent colors, but this subtle difference in colors can be the
indications of durability. One of the examples of the cases of
degradation caused by the structural formation is delamination
phenomenon occurring on the side of foundation mass walls.*
Degradation phenomena appear specific to a certain architec-
tural parts such as: bases of pillars and doorjambs, behind the
roof, or stiles and rails of fenestrations are communal problems
of monuments in Angkor.*

Although degradation is complex and multi-lateral problem,
its causes can largely be classified by the physical-chemical
causes affected by such as thermal change and efflorescence
and biological infestation causes affected such as by plants,
lichens and algae, or bacteria. Countermeasures for degrada-
tion of stones usually include removal of infested substances,
consolidation, or application of repellants, but in case of the
Bayon, the choice of materials and methodology are extremely
limited because of harsh environmental condition throughout

the year.*

How causes of degradation appear to the surface is
not uniform as well. There is an occurrence of a thin scaling to
delamination of progressed to the several layers. Decomposi-
tion of the substance is so progressed in some areas that the
surface shows sugaring. Lifting and micro cracks can occur
not only on the surface but also inside of the stone, which only
could be detected either by knocking on the surface as an in
situ non destructive test. It was recorded that some stones has

lost layers of more than 100mm from the surface.

4.2 Causes for degradation

Understanding how difficult it is to make clear distinction of
each cause for degradation, dividing causes either by chemical
or biological factors will help organize and better comprehend
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the state of degradation phenomenon presently occurring in
the Bayon. Following analyses are thus made somewhat hypo-
thetically since all degradation phenomenon changes its course
of progression and symptom depending of relativity to one
another. As the most influential factor separate section is made
for efflorescence problems.

4.2.1 Chemical degradation

Since chemical degradation eventually comes out to surface
by physical destruction in minor scale for our eyes, it is per-
haps more suitable to describe chemical-physical degradation.

a) Thermal expansion and shrinkage

It is suggested that recurrence of shrinkage and expansion
caused by drastic thermal difference within a day or rapid drop
in temperature mostly after heavy rainfalls eventually result
into fatigue failure that occurs by the differences in cubical
expansion coefficient of each rock-forming minerals. Accord-
ing to the investigation using thermal infrared camera, changes
in surface temperature of the roof within a day are as high as
40°C and after the rain temperature can drop lower by 30°C.
This severe condition is considered to be contributing to the
degradation of the material.

b) Decomposition of rock minerals

Repetitively being under the condition of dry and humid,
sandstone material loses its clay minerals or its cementitious
mineral, which will have the material eventually decompose
over time by the chemistry of compound substances. Cementi-
cious material in the subject sandstone here are mostly of mica
group (belongs to Aluminum silicate compounds group +
(AlSi,0,)(OH,F),) or of kaolinite. (AL,(Si,0,)(OH),) Thus, the
material gradually disintegrates and eventually granulates and
crumbles. Moreover, with an introduction of water into pores
and subject to heat, micas are turned into vermiculite (hydrated
laminar-magnesium-aluminum-iron silicate). Vermiculite un-
der subject to heat (helped by introduction of water) breaks
the bond of silica (SiO,) to instigate chemical reaction caus-
ing mechanical separation of layers, i.e. expansion of volume
would occur: exfoliations of layers push off to the surface. In
addition, this physical change in property allows more water to
penetrate deeper into the stone to accelerate chemical reaction
further. Generally speaking, these mineralogical degradations
of material precede biological degradations.”’

¢) Efflorescence

Perhaps the most directly affecting chemical degradation
phenomenon in dimension stones we have to deal with is ef-
florescence. Mechanism of efflorescence could either by the
force caused by hydration or the force caused by crystalliza-
tion. Although where the problematic sodium comes from is
not exactly confirmed, chloride contained naturally in the ore,
phosphoric acid or nitric acid contained in bat guano,® or cal-
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cite contained in the rainwater are probable. For further detail
in regard to efflorescence please see sections below.*

e) Acid rain

According to the survey of 1960, the rainwater collected in
Angkor region retain ph factor of 5.95 to 8.35.% In recent sur-
vey, in comparison, ph factor was recorded of 6.0 in the begin-
ning of precipitation and by average throughout the precipita-
tion of 6.5.*' The number indicates it is not yet reached in the
range of danger as far as the precipitation acidity is concerned.
However, when the rainwater is collected on the surface of
the stone, soluble acid generated by lichens or algae should be
in consideration when investigating influences of acid in the
stone.*?

Sandstones used in Angkor region carries small portion of
carbonized mineral low in acid resistance. In case when the
stones are exposed to the water with high acid content, these
substance will be dissolved and bondage between particles will
be weaken. Undesirable factor such as industrialization and
toxic waste problems in China may affect the moment during
the dry season when northerly wind likely occur.

4.2.2 Biological degradation
f) Degradation due to higher plants

How the higher plants could affect the monument with their
powerful roots were described above under one of the destruc-
tion causes. The higher plans, on the contrary, have no effect
on the monument directly in terms of degradation of materi-
als.* Except, plants retain the power to control microclimate
the surrounding by containing temperature and humidity,
reducing evaporation rate and harshness of rainstorms. They
would rather contribute to retard the rate of degradation.

g) Degradation due to lichens and algae

When lichens and algae found their beds on the surface of
a stone, they interfere the stone from breathing naturally from
its surface: they tend to make the stone to retain moisture lon-
ger than usual, which contributes to the factors that accelerate
chemical degradation of mineral compound as described ear-
lier.** In addition, when the surface are soiled on top of these
organism, it provides suffice living environment for lichens and
algae. Some organism that live by releasing spores could dam-
age the stone with their spores sent inside of the stone. lonic
exchange is assisted by the acid released by lichens: negative
Hydrogen ions released from lichens attract charges from posi-
tive metal irons contained in the stone to activate some kinds
of chemical reactions. Algae are said to have been contributing
to control the amount of nitrogen contained in the air. The
sandstones used in the Bayon are all quite greenish in color. If
one compares to the surface of sandstones in Angkor Wat, ob-
vious difference in living condition of the surface are noticed
immediately. There was no research conducted to look into the
relativity between the previous chemical cleaning intervention

102

AT BHERICE OB BRENRIEFINDICES
BEbHbHD, O, BOSMICBIESNZAA >
R, BN S A U KEA F 2 DY O &R
AF L EDOKMBENRT D ENEDON TS, &
W= REOETEICHIHEEOREZRZL TN
LAEHEMEN D B P, N1 I OWEITEIRITRRA
EHOTHBO, 7>ad—)b-Uw hERBETBER
MBEEOBEEOELIRTICHENBREVWRD S, 7
>a—)b - T hTBEITONALFEN SRS
FINA I T TN ERNNWN, A Ofb
FRERZRANTZEAICE. 2O L2 iggamNn
HELRAD,

h) AT X 551k

BTG T 2 MAEMIIRE D THEY 2%
BT HEEREME &, BEYZRXENITT D
v s e R (i PNl N 5 SR AR

MEHESEEHETHER SN TW A HEEREME IS,
HARIEOFHENET D Z LI DR IN-HAH
MaERFENEL, TNSESMELTOEL . A
B75 EDFINER R E Z Ml IR T 5, BRI
NHWHEMBEIIEMORHEZEZRLZITENTEEZS
NTWEN, ZOHREIIMD TESCHLBRDHDTHD
EEZOND, ISAICKBHFAETIE, #HELeT
DRBHZBWT 1g H72 D 10°CFU O F — ¥ — Tt
N, BT AREARERRSNAN> /Y,

Ty (o SRl TR (o o) S R SR NOE 7 311187/ A
ERXEENDIHESCT T2 T LR EOEMAYE
ZRALTHEEL. MECHERR E OREE 2 Mfast
WCHER T %, MR OSMTHRE S Ny E XA M
BBRINT ZEICK 0B EED D, o B
13, ik 9 2 HARA DM 0 ICB 59 5 HE AL D
WRICBWTHEERKRFZREZL TN D,

FREBBALEIC D WTIE, T ZEEDOREFR 2
BEICLD, FE2ED UBLEENTE< Ao TWSZ
EMBHSNERS TS, MENOERNTER<
KO- &R, —BBEMOEENKD
W7 B EBRBEICB W TAE TR, BEMTED
KWpH Z2F#M LT HHBEORMICTEDDDDH S
ZEMHERIN TS,

PEIBFBME, MERLCHEOmMEEBIC, WF
WIEENR AL L TWB 2 EREREINTH D,
K5 DIMEDHIE D EFICKESFET D Z &0
BHLTW3 Y,

4.3 EEAKPEE(LD 70k A (Fig. 3-3)

43.1 FREEHHIC XA EEEL

KA O T HREEHIC K 2B LIIREn e
HZERIFL TV, HMEBEIEERNH > THiEHRb
5D, TA—)OEERETFICEWT HHE
E2RET. ZOHIE. ERBERE WS ZRED S
B ENBENALD 60cm FEDOE X ETTHIN. - TR
DOENDFEEOFERFRNTH S *, EBRICT > a—



JSA 2005

that could have alter the condition of susceptibility for growing
algae on the surface.

h) Degradation due to microorganism

Microorganisms related to degradation on architectural
stones are largely classified by its carbon source nutritional
group: autotrophic bacteria that require carbon dioxide (CO,)
include bacteria such as nitrifying oxidizer or sulfuric oxidizer;
and heterotrophic bacteria that require organic substrate.

Autotrophic groups are consisting mainly of bacteria or fun-
gi, taking nutrients from algae or lichens that live on a surface
of a stone. Studies on stone degradation found that the acid
substances, though weak, affect the stone material eventually,
but the speed of degradation are very slow.*® On the other hand,
nitrifying and sulfuric oxidizing bacteria release much stronger
aid. Moreover the nitric and sulfuric substrate are becoming se-
rious source of problems of efflorescence that are most evident
in the foot of pillars and wall elements. The mechanism of such
efflorescence degradation is further described in the following
section.

According to the recent survey, amount of sulfuric oxidizing
bacteria is in the tendency of decline. Periodic cleaning of bat
guano must be the direct contribution to alter such environ-
mental change for microorganisms. The same survey noted that
activities of bacteria are more prevalent during the rainy sea-
son, which suggest that activities of bacteria could be regulated
if water source is controlled with some means.*’

4.3 Principal process of efflorescence appeared in the
Bayon (Fig. 3-3)
4.3.1 Efflorescence due to sulfuric acid

Sulfuric type of acid affects is the most influential substance
that causes efflorescence on the stone. Sulfuric acid crystallizes
even under the presence of humidity, degradation occurs in the
humid tropical climate environment. This type of degradation
is most conspicuous in the form of delamination occurring
about bottom 60cm of vertical architectural unit such as walls
or pillars.*® In fact, according to the investigative analyses, the
chemical compound of the pillar bottom of Angkor Wat pre-
sented higher contents of sulfurous material as compared to the
upper part of the same pillar.* From the material analyses con-
ducted on the core samples taken from the pillar bottom under
40cm, the higher concentration of sulfur was confirmed in the
surface lcm layers.

Origins of sulfuric substance are presumed for several
sources.” Sulfur contained in bat guano is the highest prob-
ability. Sulfuric contents in rainwater was also confirmed.’' In
addition, sulfuric substances generated by the microorganism
living in the soil sucked up by capillary action are accumulated
in the stone overtime. Sulfuric compound originally contained
in the sandstone should also be taken in an account. Portland
cement used for previous intervention also contains sulfuric
substance.> Streptomyces also reduces sulfuric substance.
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Sulfuric substance produced by chemical reduction is oxi-
dized by Thiobacillus thiooxidans and dissolved into rainwater
then into the stone. The speed of the process is much slower
without the presence of microorganism. The water, into which
sulfuric substance is dissolved, further goes upward by capil-
larity, keeps dissolving calcareous material contained in the
stone. Thus, in the process of chemical reaction occurring
within the upper limit of capillarity: about 60cm, sulfate is
produced on the surface by dehydration. During this process,
calcium sulfate, or gypsum is produced by the chemical reac-
tion of concentrated sulfur and dissolved calcareous materials,
which eventually change the volumetric property and result
into disintegration of stone as a unit. Origins of calcareous ma-
terials are found not only from the stone itself but also from bat
guano or cementicious materials used in previous restoration
intervention.>

4.3.2 Efflorescence due to calcite

Rainwater contains carbon dioxide in the air and slightly
high in acidity. When the water hits the stone surface the con-
tents of carbon dioxide gets higher since it is produced by mi-
crobiology living in and on the stone. This water also assists in
chemical reaction of dissolving calcareous materials contained
in the stone and by dehydration it forms calcium carbonate,
like calcium sulfate, increasing volumetric property that causes
physical destruction of the stone. Architecturally speaking, the
stone used for the roofs, window frames, or joint members are
subject for this type of degradation since exposure to sun and
air helps dehydration process. Stone grain is used horizontally
in this case affects adversary to instigate degradation processes.

4.3.3 Efflorescence due to phosphoric acid

Phosphate contained in bat guano forms crystallization of
calcium phosphate. Process and mechanism of formation is just
like the ones of calcium sulfate described above. In addition,
phosphate contained in bat guano is acid and water soluble
without an assistance of oxidization by microbiology. Phos-
phate is rapidly suck up into the water.

4.3.4 Efflorescence due to nitric acid

Ammonium substance contained in bat guano turns into
strong nitric acid. This strong acid with an assistance of nitrify-
ing bacteria decomposes the stone. Formation of nitric acid is
either by oxidization from ammonium to nitric oxide, or by the
nitrite nitrogen produced as a middle form in the nitrification
process. Chemical reaction process of nitrite nitrogen is faster
than the one from ammonium.

Notes

1 Following lists include reports and publications that discuss dete-
rioration of materials or structures in Angkor monument site:
[Materials in French]
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P. Fusey, Altérations biologiques des grés cambodgiens et rece-
herche de moyens de protection, Paris, 1991; J. Dervert, "Recher-
ches sur I'EROSION des gres des monuments d'Angkor," BEFEO
51(2), Paris, 1963, pp. 453-534; E. Saurin, "Quelques remarques
sur les gres d'Angkor," BEFEO 46(2), Saigon, 1954, pp. 619-634.
[Materials relating to the previous interventionof Angkor Wat by
Indian Team]

K. M. Srivastava, Angkor Wat and cultural ties with India, Books
& Books, New Delhi, 1987; B. Narasimhaiah, ANGKOR VAT:
India's Contribution in Conservation 1986-1993. Memoirs of the
archaeological survey of India, New Delhi, 1994.

[Materials by Polish Team]

The Atelier for Conservation of Cultural Property ed.: The Bayon
Temple: the Report of the Polish-Cambodian archaeological and
preservation mission, vol.1, n.p., 1990.

[Materials by GACP]

H. Leisen and E. V. Plehwe-Leisen, "Untersuchung und Kon-
servierung der Apsara- und Devata-Reliefs am Tempel Angkor
Wat, Kambodscha," in W. Altermann, E. v. Plehwe-Leisen and H.
Leisen (Hrsg.), Beitrage aus der Lagerstattenforschung, Archaom-
etrie, Archaologie und Denkmalpflege, Munchener Geologische
Hefte; Reihe A 23: 203-214; Munchen, 1998.

[Material relating to the general structural behavior]

G. Croci, The structural behavior of the temples of Angkor, Phnom
Penh, 1998; G. Croci, The conservation and structural restoration
of architectural heritage, Advances in architecture series, UK,
1998.

[Material relating to new investigative method]

T. Moriai, Y. Matsumura and K. Sorith, "Diagnosis of the stone of
Banteay Kdei using the resonance method," Culturelle du Cambo-
dia Institute of Asian Cultures, Sophia University, no. 14, 1997. In
addition, Tokyo National Institute of Cultural Properties is in pro-
cess of making a report in relation to the stone deterioration found
in Tanei site.

For establishing countermeasures for deterioration of the monu-
ment, investigation teams of JSA are divided in the following
units: 1) Geology, geotechnology and environment, 2) Petrology,
3) Conservation science, 4) Restoration design, 5) Architecture.
Tafoni degradation is not discussed in this context. For more de-
tailed discussion, please refer to : E. Uchida ef al., "Deterioration
of the Sandstone Material in the Angkor Monument, 2. Tafoni ob-
served in the inner pillars of the Outer Gallery of Bayon," ARJSA
2002, pp. 188-189.

Classification of pathology of deterioration by GACP are: 1) Sin-
gle scale - thin, 2) Single scale — thick, 3) Multiple scale, 4) Flak-
ing, 5) Sanding, 6) Exfoliation, 7) Splitting, 8) Chipping/Disinte-
gration, 9) Weathering of components, 10) Cracks — micro cracks /
wide cracks / breakage, 11) Sub florescence, 12) Efflorescence, 13)
Mineral inclusions.

Architecture unit of JSA confirmed that the central points of each
towers in Bayon are located accurate geometrical position. And
Geology, geotechnical and environment unit also confirmed little
uneven subsidence around the central tower, please refer to; Geol-
ogy, geotechnical and environment unit of JSA: "Measurement
Survey of Inner Gallery and the Main Tower in the Bayon," ARJSA
1999, pp. 213-214.

N. Matsukura et al., "Investigation on Inclination Tendency of the
Towers in Bayon," ARJSA 2002, pp. 337-358.
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Stone piles compiled in the inner courtyard is often referred as "tas
Commaille" after Jean Commaille who took on the major restora-
tion campaign in 1911 under EFEO project.

Maurice Glaze directed the partial reconstruction project of the
towers in Bayon from 1939 to 1946.

Y. Iwasaki, "Stability of Main Tower at Bayon and Some Results
based upon Monitored Structural Behavior," ARJSA 2000, pp.
281-296.

Dangerous-parts are classified in to three levels; 1) Need an emer-
gency measure, 2) Need a measure and 3) Need a monitoring.
Geology, geotechnical and environment unit of JSA: "Boring re-
sults and ground condition," ARJSA 1996, pp. 328-358.
Underground water behavior has been monitored since April of
1995 by Geology, geotechnical and environment unit of JSA.

M. Fukuda, "Behavior of the ground near N1 Tower and Suction,"
ARJSA 2000, pp. 271-280.

Geology, geotechnical and environment unit of JSA: "Seasonal
Change of Underground Water and Ground Characteristics,"ARJSA
1996, pp. 362-363; Y. Iwasaki et al., "Study of Ground near the
Northern Library inside the Outermost Enclosure of Angkor Wat
by Dynamic Cone Penetration Test," ARJSA 2002, pp. 295-304.
Geology, geotechnical and environment unit of JSA: "Geological
and Geotechnical Study," ARJSA 1995, pp. 240-248.

Geology, geotechnical and environment unit of JSA: "Boring Re-
sults and Ground Condition," ARJSA 1996, pp. 328-358.
According to the recent monitor of condition on Southern Library
of the Bayon, loss of interior soil is evident after the precipitation.
T. Narita and S. So, "Survey of the drains at Bayon," ARJSA 1998,
pp.48-60. And efficiency of the drainage system in Bayon is ar-
gued in; Y. Iwasaki, "Conservation of Angkor Monument: Surface
and Underground Water," in JSA ed. Final report of the 8th Bayon
Symposium on the Preservation and Restoration of Bayon, UNES-
CO, Siem Reap.

K. Yamano, et al.: "Conservation science survey (1), Investigation
of termites," ARJSA 2002, pp. 313-314.

EFEO commenced the maintenance work such as weeding and
removing the dangerous trees since 1901. In recent years, JSA
carried out the removing the big trees around restoration site in
Bayon and Prasat Sour Prat. N. Matsukura, "Cutting down of
dangerous big trees around Bayon for dismantling," ARJSA 1998,
pp-527-528.

About 200 kinds of the plant were identified in and around the
Banteay Kdei and Preah Khan. J. Yokoyama, "Biological envi-
ronment surrounding the monument," Renaissance culturelle du
Cambodge (5), 1991, pp.124-138.

Wind velocity and direction have been monitored by Geology,
geotechnical and environment unit of JSA in the Bayon. Y. Iwasaki
and M. Fukuda, "6.2 Meteorological and underground water
study," ARJSA 1998, pp.331-340.

op. cit., note 9.

Metal clamp has been used on the stone masonry in Khmer archi-
tecture. By the chemical analysis of clamp that was found from
Northern Library of Bayon, this clamp is by iron and buffer mate-
rial between clamp and stone is by lead. Petrology unit of JSA,
"Chemical analysis of the clamp discovered from Northern Library
of Bayon," ARJSA 1997, p. 265.

Though head of the door opening is one of the weak points of gen-
eral stone masonry, Khmer structure adopted the various shape of
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open space above this element in order to reduction the load. Gen-
erally, this shape in Bayon is rough triangle.

Stone elements were placed intentionally in horizontal bedding
layers after Angkor Wat style period. E. Uchida: "3.3 Petrologi-
cal Investigations," in JSA ed.: Report on the Conservation and
Restoration Work of the Northern Library of Bayon, Angkor Thom,
Kingdom of Cambodia, 2000, p. 68.

As every Khmer quarries that have been discovered up to now are
strip mining type of method, long material is supposed to be cut
off in horizontal direction.

B. Choi, Study on the development of construction technique of the
religious architecture in Angkor Period, Khmer empire, Doctoral
thesis in Japan University, 2001, pp.112-113.

Though the nave-eaves structure has tendency to incline the pillar
inside because of uneven load of roofing structure, there are no
technique to set the pillar with inclination for increase the stability
in Khmer architecture. I. Shimoda: "Present State of Displacement
in the Northern Library inside the Outermost Enclosure of Angkor
Wat," ARJSA 2002, pp. 55-72.

Following articles discuss the masonry techniques in Angkor
monuments. H. Parmentier, "La construction dans l'architecture
khmere classique," BEFEO 35, Paris, 1935, pp.243-309; J.
Dumargay, "La stéréotomie de 1'Asie méridionale du VIlle au XIVe
siecle," BEFEO 63, Paris, 1976, pp.397-445; B. Bruguier, "Sur
quelques procédés de liaison utilizes dans 'architecture de 1'ancien
Cambodge," BEFEO 78, Paris, 1991, pp.179-202; J. Dumargay
and P. Royere, Cambodian architecture- eighth to thirteenth centu-
ries, Handbood of oriental studies vol. 12, Leiden, 2001, pp.14-17;
H. Mauger, "L"Asram Maha Rosei," BEFEO 36(1), Hanoi, 1936,
pp.65-94.
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Fig. 3-2 Main process of destruction.
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