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2.1 Establishing Survey Items for Pre-Restoration Surveys

2.1 Establishing Survey Items for Pre-Restoration
Surveys
AKAZAWA Yasushi

Before implementing conservation and restoration work on
a monument, it is necessary to have an accurate grasp of the
existing state of the monument. At the same time, restoration
of the monument must be considered from the perspective of
restoring its original appearance. Surveys and examinations for
the above can be approached in two ways: from an academic
perspective, and from the perspective of technologies neces-
sary for restoration and conservation. The former approach is
based on architectural studies, archaeology, and other academic
aspects, while the latter approach is necessarily taken for more
practical purposes.

In addition to understanding the existing condition of a mon-
ument, conservation and restoration work includes studying
why damages occurred (deterioration and damage factors), and
where and how they occurred (deterioration and damage fac-
tors). Based on this analysis, it must be examined from where
and how (restoration scope and technique) to begin repairs, and
what (restoration materials and method) to repair with. In some
cases, the situation may call for experiments to develop new
implementation methods. The actual restoration work can only
begin after full consideration of the above matters. Therefore,
the survey items of pre-restoration surveys should be relevant
to gaining an accurate assessment of the existing state of the
monument and to elucidating the major causes of deterioration
and damage.

Assessment survey items
Architecture survey
Documentation of existing condition
Architectural style and scale
Technique details
Measurement
Architectural structure, construction method, strength, du-
rability
Restorative survey
Conditions of deterioration and collapse
Danger area countermeasures
Survey of vestiges
Past repairs
Survey of scattered conditions of surrounding areas

Petrology survey
Sandstone
Laterite
Analysis of deterioration factors
Origin identification

Conservation Science survey

Survey of biological damages and countermeasures
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- Algae

* Lichen

* Microbes
* Insects

* Bats

Geotechnology, Geology, and Environment survey
Climate and weather
Geological conditions
Environment (especially rainwater)
Foundation of the monument
Behavior survey in present condition

Archaeology

Art History
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2.2 Overview of the Restoration Plan

2.2 Overview of the Restoration Plan
NAKAGAWA Takeshi, AKAZAWA Yasushi

1. Stone elements, Supply, Storage, Processing,

Maintenance
1) Stone elements

The stone elements used in Bayon are sandstone and laterite.
Gray to brownish yellow sandstone is used most frequently
throughout the Angkor monuments, and is mainly comprised
of fine to medium grain quartz, feldspar, biotite, rock chips,
and white mica. As for laterite, the reddish to yellowish brown
porous laterite is most frequently used.

Refer to: Report on the Conservation and Restoration Work
of the Northern Library of Bayon, Petrological Investigations)

2) Supply

In regard to elements that are markedly chipped or deterio-
rated and are structurally difficult to re-use, the minimum nec-
essary replacement with new materials are taken into consider-
ation. It is preferable for the new materials to be supplied from
the quarry from which the supply of new materials has recently
become possible. According to an analysis of the surveys con-
ducted as part of the conservation and restoration work on the
Northern Library of Bayon, the quality of the stones from this
quarry is good, and is of a quality similar to the original stone
elements used in Bayon.

The supply of new materials from this quarry should be
considered in conjunction with transportation means from the
quarry and timing. Since the new materials must be brought
inside Angkor Thom, transportation vehicles would necessarily
be restricted to those that can pass through the South Gate. As
regards timing, the new materials should be transported during
the dry season when road conditions are more favorable.

3) Storage

The new materials are normally ordered in a reasonably
large size and re-processed at the restoration site before use.
Therefore, it is necessary to secure a temporary storage area
until they can be re-processed. A storage area for dismantled
elements would also be necessary in the event a part of the
building is to be dismantled and rebuilt. If heavy transportation
equipment is available, the storage area could perhaps be lo-
cated at a certain distance from the site. However, to allow on-
site verification, it should be near the restoration site as much
as possible.

Concerning storage method, dismantled elements need to be
laid out flat so that they can be easily confirmed. On the other
hand, roughly processed new materials can be stacked on top
of each other to a height that would not be dangerous.

4) Processing
As mentioned above, when cutting out new materials from
the quarry, the necessary dimensions must first be envisioned,
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and the material must be cut out according to several common
dimensions. A new material corresponding to the necessary
dimensions of an element that is markedly chipped or deterio-
rated and must be exchanged, is then selected and re-processed
on site. In the case of a simple rectangular stone element that
constitutes a single header bond, of its six faces, the top, bot-
tom, left, and right faces that come into contact with the sur-
rounding elements are first processed, and after the element is
placed in position, the elevation surface is finished.

Many careful discussions have been held on the final finish-
ing method of new materials. Even at the actual site, it is nec-
essary to be able to visually distinguish the new materials from
the others. At the same time, it is also important not to make
the difference too evident. To address this problem, the last
surface is finished using a tool that was not used in the initial
construction of the building. Needless to say, all new materials
are given an identification mark on one of their hidden faces
and are accurately documented.

5) Maintenance

Periodic maintenance helps keep the building in good con-
dition, as well as provides an opportunity to check for any
movements of the building. Daily maintenance and manage-
ment can make a great difference in the continued existence of
a building. It is therefore important to formulate maintenance
and management plans based on thorough studies of regional
characteristics and the weaknesses of the building.

2.2.2 Safety plans, Ensuring Durability, Re-repair
1) Safety plans

Safety plans should be considered from both the perspec-
tives of securing the safety of the restoration work and securing
the safety of tourists while the building is under construction.
In addition, the safety of tourists after completion of restora-
tion must also be considered and examined. To ensure safety
during restoration, it would be necessary to restrict access to
the restoration site and to change tourist routes to circumvent
those sites. At the same time, the conservation and restoration
work itself must be conducted with extreme care to prevent ac-
cidents. After completion of all construction work, measures
may need to be taken against the possibility of falling elements
and parts of the building may need to be reinforced to make
sure that tourists can tour the site safely.

2) Ensuring durability, re-repair

Durability is closely related to re-repair and maintenance
plans. JSA classifies conservation and restoration work into
three levels: (1) small-scale restoration (normal maintenance),
(2) medium-scale restoration (partial restoration), and (3) large-
scale restoration (restoration of an entire building).

Large-scale restorations are considered to be needed at an
interval of 100 years. This means that large-scale restoration
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2.2 Overview of the Restoration Plan

work is expected to last just that long. In this way, durability
and re-repair must be considered together.

Also, the fact that re-repairs may be needed in the future
means that restoration is never finished or complete after a
single repair job. Just as a building may change with time,
progress and developments may also be made to conservation
and restoration technologies and materials. It is ideal to make
repairs as needed in order to apply restoration measures that
are most appropriate to the condition of the building at the
time.

2.2.3 Documentation Method and Storage

As stated in Article 16 of the Venice Charter, all works of
conservation and restoration must be documented and dis-
closed. The conditions of the building before restoration, dur-
ing restoration (including details of the tasks involved), and
after restoration, must be accurately documented and later
disclosed. The disclosed records will be conveyed to future
generations.

The documentation method is directly linked to the objec-
tive of conservation and restoration. Since documentation
itself is an integral part of conservation and restoration as
mentioned above, the very act of documenting information
should be conserved and passed down as well. To ensure that
it can be passed down, the most basic type of measurement,
manual measurement, should be emphasized. Confirming the
conditions (including details and hidden areas) of a building
firsthand essentially marks the beginning of conservation and
restoration of the building. Once this basic method is mastered,
it can be more widely applied. As long as the fundamental mat-
ters concerning documentation are understood, it can be read-
ily applied to various other purposes. Many new techniques
and methods are increasingly being used today, such as laser
scanning, GPS, and management of records using digital data
obtained from those technologies. However, the significance of
the fundamental aspects of documentation remains unchanged
even in the field of conservation and restoration.

It is important that the documented information is widely
disclosed to the public. Not only does it serve as reference for
the maintenance and re-repair of the building, but it is also
used make comparative studies with other monuments.

When disclosing the information to the public, accessibility
is an important factor that must be considered in today's soci-
ety. For example, it may be necessary to provide a digital ar-
chive of the documented information so that it can be accessed
by anyone and from anywhere in the world.
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2.2.4 Development of Conservation and Restoration
Techniques Required from Investigation Results

Surveys are conducted to ascertain the state and causes of
deterioration and damage of a building. The results of those
surveys and the objective of restoration are taken into consid-
eration in determining restoration methods and tools. Conser-
vation and restoration methods and materials necessarily differ
according to the state of deterioration and damage, to their
causes, and to the objective of the restoration. Furthermore,
as mentioned earlier, required durability and the need for re-
repairs must also be borne in mind when implementing a com-
prehensive restoration plan.

The development of structural reinforcement methods and
new materials may at times become a vital factor in the conser-
vation and restoration work.

2.2.5 Process Planning and Project Initiation

When creating an overall process plan with an eye to project
initiation, it is important to consider the general budget and
time constraints. However, in the case of a monument con-
servation and restoration project, it is necessary to prepare a
different type of process plan from that of regular construction
work of modern times.

First of all, the process plan for the implementation of a
conservation and restoration project must allow ample time for
tasks required prior to launching the project and after comple-
tion of the project. Before launching a project, surveys of the
actual state of a monument and documentation often require
time, and after completion of a project, a certain amount of
time is also needed for observations and post-project documen-
tation. Furthermore, since many matters and situations surface
only after a project is actually launched, changes in materials
and construction methods must be made as necessary even
during the implementation stage of the project. In that sense
as well, it is preferable to draft process plans that provide for
spare time. A certain amount of experience is also necessary
to determine how much time each process requires within the
entire work process.

Additionally, in the course of creating a process plan, con-
siderations must be given to plans related to maintenance and
management for both during and after the conservation and
restoration project. A post-project maintenance management
system must be established that would ensure an accurate
transfer of practical maintenance and regular inspection work
to the project implementing body. To this end, the project
should provide for the timing as well as allow adequate time
from the planning stage.

From the standpoint of project initiation, this allowance in
the work process can easily be anticipated to pose a budgetary
problem. However, the creation of a budget plan that would en-
sure an appropriate conservation and restoration process plan is
also an important aspect of project initiation.
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2.2 Overview of the Restoration Plan

Up to now, such conservation and restoration projects have
been implemented in the Angkor region mostly through the
assistance of foreign countries. In the near future, it is hoped
that the Cambodian people themselves will be able to take over
and continue those projects. In this regard as well, the estab-
lishment of a system that would allow the implementation of
monument conservation and restoration activities as a project
is strongly desired. In addition to governmental agencies, the
private sector will also be able to participate in such projects
hereafter. Therefore, we can perhaps expected even more sus-
tainable efforts for the conservation and restoration of monu-
ments in the future.

2.2.6 The Significance of Each Task whithin the Master Plan

A master plan is usually a general framework which estab-
lishes the objective, main authority, budget, and duration of a
project. It provides a concrete implementation plan connecting
project background with superior plans, and coordinates the
two. However, the Bayon Master Plan is based on JSA surveys
conducted over a period of roughly ten years, its experiences
in restoration activities, and discussions held at Bayon Sympo-
siums. In this sense, it is created with a view to establishing an
ideal conservation and restoration project that we must aim to
achieve for the entire Bayon complex.

A joint team comprised of members from APSARA and JSA
will be implementing the actual restoration activity plan over
the next five years. The plan is only described in Section 3 on
particulars of the restoration plan in Chapter 2 of the main dis-
course. Naturally, the other chapters and sections should also
be mentioned in the immediate implementation plan, as they
can be expected to play an important role in the full-scale con-
servation and restoration project for the entire Bayon complex
in the future.
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2.3 The Theory for the Restoration Plan

2.3.1 Stabilization of the Central Tower and
Countermeasures for Long Term
IWASAKI Yoshinori, YAMAMOTO Isamu
ARAYA Masato

This part was written by Yamamoto, Iwasaki, and Araya.
Iwasaki first drafted a countermeasures based upon analysis
of stability of the tower as well as answers to questionnaire
on Bayon restoration. Yamamoto then examined and made the
final draft plan, and Araya reviewed the draft from structural
viewpoint. This section consists of the outline of the Main
Tower, summary of answers to the questioners on Bayon Mas-
ter Plan, summary of stability problem of the Main Tower,
major principles of conservation of the main tower, and appen-
dix.1 and 2.

1. Outline of the Main Tower

Main Tower of Bayon is a masonry structure of 42m in
height from the surrounding ground. However the real height
is about 31m in height, since it is founded upon the upper ter-
race of 13m high from the ground. The planer shape of the
upper terrace is rather complex of crossover of two rectangular
shapes of lengths of 38m and 25m in east-west and north-south
directions.

Four rectangular side embankments surround the Tower and
make a cross shape. The Main Tower consists of the central
tower and eight sub towers that have porch at the front of the
tower.

The height of top of these sub towers is about 20m from the
upper terrace. The porches are 9m in height. There is a small
gallery between the central and subtowers, where we can walk
around the central tower, at 15m in height from the upper ter-
race as shown in Fig. 2.3.1-1.

The shape of the top of the central tower is different accord-
ing to the direction to observe. When it was constructed, the
tower shape might have some symmetry. The reason why it
has lost the symmetry might have been caused by fallout of the
sandstones that had composed the tower.

The present position of the center of the tower is found dis-
located to 235mm to the north and 275mm to the west (in total,
361mm to the north-west) from the center of the cross lines of
entrance gates of the central tower at the upper terrace. If this
dislocation is caused by inclination of the tower, the inclination
is 12.4mm/m or 0.71 degrees of the angle of the inclination.

2. Summary of Answers to the questioners on Bayon
Master Plan
(Summary only for answers on mass foundation here, ques-
tioner and answers are shown later)
We have summarized them into the following four points.
1. Mass foundation needs geological and geotechnical inves-
tigation.
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PI. 2.3.1-1 Bayon Tower (from west- north side), Fig. 2.3.1-1 Schematic Section (from east side).

2. Continuous monitoring of displacements of structures and

mass-foundation might well be useful to consider and de-
termine the countermeasures for the long term conserva-
tion.

. For the conservation of mass foundation, it is recommend-
ed to use soils mixed with lime other than the original
sand material or to use grout if necessary.

. The original drainage system should be appreciated and
the effect of the underground water upon structural stabil-
ity is pointed out.

S5O NWIIENHERR TN,

4. HEARTIZTDNW T, AR OHK TOWER &
EHIT, BEMITN T BE—EE L O R KD
HEOWREENER I N,

3. BEREOMER DR

MERICEEOREICHET IMERZRLEN X

DHRITRIEINS,

1. EORIRD 5 1 OERBIFIENTEAE T 2 R A
A1 230mm/m T, BAROEMA (12.4mm/m)
D20 BETH D, BEREOEE FEDTHEMEIX

3. Summary of Stability problems of Main Tower
General discussions are described in the Appendix and they

are summarized as the following points. 2.
1. The critical angle against turnover is 230mm/m (13 de-

30,
ERErOEBEHHE RN S, FHLEH R
0.2mm/m B4 THEFHIETH Tl iz,

grees) that is 20 times larger than the present inclination
of 12.4mm/m (0.71 degrees). There is little possibility of
turnover failure of the tower based upon geometrical con-
dition.

2. Annual movements of inclinometer are less than 0.2mm/
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m/year and not increasing with time.

3. Measurements of open/close of the clearance between
stones have revealed that non-reversal displacement when
wind blows with velocity more than 4-5m/sec. The opened
gap increases its width when gravels have fallen or plant
root grows between the gaps.

4. The present shape of non symmetry of the tower has been
caused by fall down of stone elements of top of the power.

5. Shear cracks were found in stones of the base or at middle
elements of vertical columns. If the crack develops until
the stone breaks when the whole vertical column falls
down.

6. The stones surrounding peripheral of the foundation do
not show the same height but became lower about 30cm
locally based upon level measurement.

7. Most bridge stone beams that connect between the sub-
towers and the central tower are found fallen and broken.
The displacements that caused these failures might have
been caused by amplified results of the displacement at the
basements.

8. Laterite blocks that were laid underneath sandstones de-
creased volumes due to weathering and have caused dif-
ferential settlements and give strong effects on the defor-
mation of upper structures.

9. Based upon the flow measurement for the outlet at the
outside of the west side of mid-gallery, only about 30% of
the total rain fall expected in the catchments area. The rest
of the 70% might well infiltrate into mass foundation from
surface of the upper terrace.

Based upon these present conditions, major mechanical rea-
sons of the deformations of main tower are caused by the tower
structure including foundation, the foundation, and the upper
structure.

The present stability of the tower shows that the mechanical
stability of the overturn of the total tower is confirmed and it is
not likely to require dismantling whole upper structure at this
time. However, the fallout of stone elements from the tower is
likely to occur anytime. There are uneven settlements around
the foundation and infiltration of rainwater from the upper ter-
race into mass foundation. Consolidation of foundation and
drainage system are necessary for the safeguarding the Main
Tower.

The basic principle of the conservation of the Main Tower is
described in the following section.

4. Scope of the conservation of the Main Tower
4.1 Stabilization of the Main Tower and permanent
countermeasures

If we try to apply any permanent countermeasures for the
stabilization of the Main Tower, we should include the founda-
tion system in the frame to consider. There are some level dif-
ferences of 0.2-0.5m among the surface stones at the peripheral
of the foundation of the Main Tower. It is not well understood
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Fig. 2.3.1-2 Tie rope around Central Tower, Bayon.

the mechanical reason why these differences took place. How-
ever, such displacements as caused by differential settlements
of mass foundation might well be major cause to have resulted
in various deformations of the Main Tower. Therefore, it is
necessary to stabilize the foundation system to keep the Main
Tower from decaying any further from the present state.

We like to include the possibility not only partial but also to
total dismantling of the central tower as well as the sub-towers
in the process of the permanent countermeasures.

If we consider the complexity of the Main Tower, we need
more study and research to reach any conclusions of how to
dismantle as well as the procedure of dismantling.

At the same time, since there are several points that need
rather urgent measures, a conservation method that consists of
two steps is recommended. The first one is the safety measure
in urgent need and study to make and the second one is final
permanent plan based upon the further study.

4.2 Study and monitoring for performing the safety
measure

We need to study structure of the mass foundation system
and underground water condition around the Main Tower, and
to install a monitoring system that provides information of de-
formation and displacement of the structures in Bayon includ-
ing the Main Tower before and during safeguarding work.

Fill/Mass Foundation study by boring and trench: The mass
foundation of the upper terrace is considered to consist of com-
pacted fill of 13m in thickness covered by laterite block pave-
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ment and sand stone pavement as the top surface. However,
detailed structure is to be studied by boring and trenching the
site.

Underground water monitoring in the mass foundation: Wa-
ter level inside the drilled hole by boring is to be monitored to
understand the underground water condition.

3D Displacement monitoring: Present development based
upon GPS has enabled 3D precise monitoring. The relative 3D
movement to a referent point by multi-points becomes easy to
perform within accuracy in a few mm. Several important points
like the center of the Main Tower, and some of the four faces
tower in structural danger are recommended to be monitored
by GPS system.

This system provides realtime display and very useful to
keep security of the safeguarding work based upon knowing
any effects on nearby structures by such works like trenching
at the site.

Strong wind monitoring with Gap opening: Using strong
ground motion monitoring system with trigger function, we
can monitor the effects under strong wind upon the masonry
structure of the central tower with simultaneous recording of
gap between stones. Based upon the behavior of gaps caused
by strong winds, we could study the stability problem caused
by winds and propose effective countermeasures against strong
wind.

Test of increase of durability of Laterite block: Some surface
treatments on the laterite block may increase the durability
against weathering. The surface coating by such chemicals as
silicon and fluorine have been developed as to prevent infiltra-
tion of rainwater into sandstone materials. These coatings, due
to the micro-scaled pores, prevent the rainwater infiltration but
keep poromeric capability for vapor transportation through
the surface. The effects of surface treating must be confirmed
carefully by laboratory test as well as in-situ trial. The surface
treatment might be an effective method to increase the durabil-
ity of laterite block that characterizes the structure of Angkor.

Inclination and gap monitoring: We have installed sensors
for inclination and gap opening. These monitoring should be
continued.

Drainage Flow monitor: Flow gage has been installed at the
outside of western mid-gallery. It is also to be continued to
monitor to confirm the effectiveness of countermeasure of wa-
ter proofing at the mass-foundation.

Meteorological monitoring: At present, rainfall, temperature,
and wind are being monitored and should be also continued.

4.3 Emergency countermeasures in mid to long term
range
As already described, emergency countermeasures are con-
sidered as time range from middle to long term before the per-
manent conservation is carried out. The mid-long term counter-
measure consists of rope winding from outside, wooden struts
from inside of the tower to increase the structural stability if
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necessary, and grouting in gaps between stones and cracks in
stones.

Rope winding from outside the tower:

To prevent the gaps between stones and cracks in stone ele-
ments from opening further, we need to wind rope of steel wire
round the top of the central tower at two or three levels to fas-
ten and to stabilize the structure.

The central tower that is constructed with elements of stone
always tends to open outwards. If some outward displacement
takes place, tension of the winding rope may be increased or
even broken off. When inside stone fails, the tension in the
wire may decrease. It is better to monitor the tension force with
gap opening as well as wind and to adjust the condition to keep
the tension in the appropriate range. The rope is to be covered
by tube that is colored in the same as the surrounding sand
stones.

Struts from inside the tower:

It may be necessary to install struts inside the tower to in-
crease the stability of the tower structure. We need to study
stone structure and the state of stones to determine if any strut
is necessary to keep the safety.

Cleaning of stone surface and grouting gaps:

Tower structures in Angkor are always opening outwards
gradually like a pomegranate. The central tower has lost its
symmetry because the stone elements had fallen off by failure
of vertical columns that had been piled up with many stones.
The failure of the column was initiated by failure of an element
stone that the existing crack developed to separate the stone
into two blocks.

We first take off gravels and plant roots in the gaps between
stones, clean the surface of the gaps, and put grouting into the
gaps and cracks. The depth of the grout is to be planned in
the range of 20-30cm considering the easiness to recover the
original state and cutting the grout off when dismantling is to
be carried out. Before grouting, stone surface is to be studied
by fiber-scope and cleaned by brushing as well as jet watering
work. The jet pressure may be appropriate around 30kg/cm?
but sometimes dangerous for weathered stones. It should be
confirmed the allowable pressure before jet watering is applied.
The direction of nozzle should be adjusted to apply jet with
skew or right angles against the surface of the stone.

The grouting material is available from various types of ce-
ment or slaked lime mortar and chemical glues. The selection
of the grout is still debatable; however, the slaked lime mortar
may be the best material available at preset. The slaked lime
mortar is chemically stable and the strength is not very strong,
which we expect the mortar fails earlier than the stone mate-
rial, thus saving the original material.

The practical methods like ratio of mixing materials should
be determined by field experiments based upon the available
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materials at the site.

The grouting methods are also available from several meth-
ods from using spatula to squeezing from nozzle. These meth-
ods should be selected according to various site conditions like
gap spaces and work space.

Cleaning and grouting to cracks of stones:

The cracks are found at several stones that consist of the
central tower. We plan to clean the cracks and cement these
cracks to prevent the enlargement of cracks further.

4.4 Dismantling the mass foundation at the upper terrace

The present foundation of the Main Tower shows local
settlements and displaced parts at several points. The reasons
to have caused these deformations may be settlement and/or
flow-out of sand material from the mass-foundation. The need
of the present condition was already referred. For the perma-
nent countermeasures, it is necessary to apply safeguarding
measures to the whole area of the upper terrace. We plan to ex-
cavate the upper surface of the compacted fill and replace with
slaked lime mixed soil to prevent rainwater infiltration from
the surface.

Laterite block is to be treated by surface coating, if we
confirm the test results as effective, to increase the durability
against weathering.

After dismantling the pavements, such a field evaluation test
as dynamic cone penetration is to be performed to evaluate the
existing compacted mound. The soil is to be replaced to the
weakened depth or at least some 10-30cm with the slaked lime
mixed soil and compacted to the designed level

4.5 Install of roof of the central tower and drainage
system
To prevent rainwater from the top of the central tower, a roof
should be installed at the top of the Central Tower. If any rain-
water flows into the inside of the Tower, the water should be
collected and drained to outside.

4.6 Sub-towers and mid-level gallery

Most of the bridging beams among the sub-towers and the
central tower have been broken. The stabilizing of these beams
and the roof of the sub-towers to prevent rainwater are to be
planned and performed. If rainwater infiltrates from outside to
inside of the sub-towers under heavy water condition, some
drainage system may be required. The floor in the mid-level
gallery is to be covered by impervious surface. Drainage sys-
tem in the gallery is to be installed to collect and drain rainwa-
ter to outside the tower.

4.7 Consolidation and installation of drainage system

Drainage system around upper terrace may be required some
consolidation. The drainage system, in general, is described by
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other section in the Master plan. Drainage system that is neces-
sary to install might well be made by stone material rather than
plastic products to keep the environments as historical heritage.

4.8 Others

Heavy machines, its effective use, and new development: it
has been recognized that tower crane and movable crane are
useful in handling stones. Recently, various innovated ma-
chines become available like with caterpillar made of rubber
that is developed for conservation work and designed not to
break stone material under some accident. Safer and more ef-
fective work is expected to make use of these heavy machines.

If we develop a devise to close opened gaps between stones
by some simple jacking system, we may become to adjust dis-
placed columns to the original position.

Work under roof: Works under roofing is dangerous. Strut is
to be prepared to support the roof to keep the safety of work-
ers.

Hanging scaffolding: After we wind the rope wire around the
central tower, we could use the wire from which some hang-
ing scaffolding may be installed. The hanging scaffolding may
provide much economical and safer system for workers.

Drainage system: Drainage system may be installed within
the stone structure itself. It may be sometimes better design to
hide the system, if new drainage is required.

5. Toward Permanent Measures for Conservation

In addition to the mechanical aspect that is referred here so
far, such bio-problems of plant root and lichen as well as chem-
ical weathering are also important factors not to be neglected.

Recent economic growth in Asian country has been causing
acid rain problems. The acid rain induces chemical weathering
of stone material and accelerates weathering of laterite blocks.
And pumping underground water in the Siem Reap region
causes lowering water level that inevitably results in ground
settlement. If the ground settles unevenly, the stone structure in
Angkor suffers unrecoverable damage. Permanent countermea-
sures should be considered in the wider scope of ranges includ-
ing change of surrounding environments.

This proposal is based upon the monitoring the response
behavior of structures to the emergency countermeasures for
mid-long range term but also should include the newly uprising
problems described above.

As shown in Fig. 2.3.1-3, there is no fixed permanent coun-
termeasure but a flexible feed back system that evaluates naked
eye observation and instrumented monitoring, integrates the
results, and feed them back for maintenance without any delay.
The permanent countermeasure is to establish such a conserva-
tion system for the maintenance.
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Fig. 2.3.1-3 Permanent Conservation System.

Appendix-1

Questionnaire for Master Plan, Bayon and Answers for mass
foundation, (from Master plan for the Conservation and Resto-
ration of the Bayon Complex, October 1997) Draft-1.0

4. The questionnaire for Foundation and mass problem
(one from 11 questionnaires)

How to deal with the foundation mass of the Bayon complex
is critical in setting the course of the project. What are the pos-
sible methods of restoring to consolidate the foundation mass?
How much constructional support should be necessary?

Like many other Khmer architecture, the Bayon complex
stands on top of a large foundation mass of sand and clay cov-
ered with sandstone and laterite pavement. We believe some
structural problems are caused by unsetting ground under these
paving stones. To consolidate such foundation mass, one ap-
proach is to provide strong support with reinforced concrete, a
measure taken in the case of Borobudur restoration in the past.
In the case of Borobudur, team concluded to support drasti-
cally because unsetting was too severe. What is different from
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Borobudur is that the volume of foundation mass at the Bayon
Complex is significantly smaller and is more even from the
beginning. We think it is very important to seek some ways to
retain original constructional method but to provide a certain
structural support. We need to measure the present movement
of the structure more closely. Thorough geological boring in-
vestigation will be needed as well.

Answers:
More sophisticated geological prospect is necessary. Con-
tact with Radar Science Technologist for advise.
If the foundation would be repacked, use sand, clay and
lime mixture, rather than just sand and clay. Acrylic resin
emulsion could bring stronger effect.
Comparison with Borobudur is not always necessary. The
historical draining system available at the Bayon since
12th century must have worked well to protect the water
penetration to the foundation mass.
Monitoring of settlement and deformation is necessary.
"Observational Approach" might be effective in this case.
Through and continuing monitoring of movement must be
achieved. e.g. a coupled laser-transit system plus a CAD
system measuring movements of all parts, the whole being
linked to a GPS satellite data. All other measure are sec-
ondary to this.
Through experience in China, grouting consolidation is
effective. The detail of the grouts, method of application
must be studied and calculated carefully.
Further study is necessary before a solution can be found.
Continued plotting of movement and geological boring
must be made prior to the decision to make.
Restoring previous underground water level could stabi-
lize foundations. The hydro-geological part of ZEMP sur-
vey should be taken under consideration. Not to compare
with Borobudur case.

Appendix-2

1. Stability of Main Tower against over-turn

One of the stability problems of tower structures is safety
against over-turn failure of the total structure that is symbol-
ized by the Pisa Tower in Tuscany, Italy.

Overturn is caused by movement of center of the gravity of
the structure towards outside from the center of the structure.
When the position of the gravity moves outside of the width
of the foundation, the structure is turned over. In geotechnical
foundation engineering, we divide the width of the foundation
into three sections and have a safety measure against overturn
failure to keep the gravity force acts within the center part of
the divided width (= middle third). The inclination angle that
corresponds to the edge of the middle third is computed and
shown as critical angel in Tab. 2.3.1-1. The critical angle for
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Fig. 2.3.1-4 Leaning Tower Pisa and Central Tower at Bayon.

Tab. 2.3.1-1 Stability of Turnover of Pisa and Bayon.

Height | Diameter |Critical ratio | Critical angle | Present inclination
(tangent) (degree) (degree)
Pisa 55m 15.6m 0.09 5.4 55
Bayon | 30m 21m 0.23 13.0 0.712

Pisa Tower is 5.4degrees and that for Main Tower of Bayon is
13 degrees. The present angel of the Pisa Tower is about 5.5
degrees and almost the same as the critical angle. At Bayon,
the inclinations of the four face towers have been measured
including the central tower from August to September, 2000.
The measured values are offsets of the top of the tower against
the center of the basement and not the same as the inclination
itself. Based upon the measurement at the central tower, the
center of the top displaced 235mm to north and 275mm to west
(362mm to northwest in total) compared to the base founda-
tion. The height of the central tower from the foundation is
29.09m and the inclination turns to 12.4(mm/m) or 0.712de-
grees.

As shown in Tab. 2.3.1-1, the present angle of the inclina-
tion at Bayon is very small compared to the critical angle of
overturn and it is certain that the failure of the overturn of the
central tower of Bayon is not likely occur.

2. Monitoring of the inclination of the central tower
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Fig. 2.3.1-5 Stability against Overturning of Tower Structure.

Inclinometers have been installed on the vertical walls at the
level of mid-level gallery. Displacement sensors to monitor the
change of gaps between stones have also been installed. Fig.
2.3.1-6 shows some of these monitoring points.

Typical monitoring results of the inclination are shown in
Fig. 2.3.1-7 for daily change and in Fig. 2.3.1-8 for seasonal
changes from 1999 to 2003. The inclination change shows tem-
perature dependent characteristics.

The measured results are given in a unit of mm/m. Daily
change of the inclination is very small range of the order of
0.05mm/m. Yearly change of the inclination is 0.2mm/m at
the maximum and no indication of any continuous tendency of
specified directions. At present, there is no evidence of danger-

Fig. 2.3.1-6 Plan of Monitoring System.
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Fig. 2.3.1-7 Daily change of the inclination.

Fig. 2.3.1-8 Inclination change of the four main columns.

Fig. 2.3.1-9 Change of Gaps between Stones.
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ous movement in the inclination results.

3. Monitoring of change of gap opening

Fig. 2.3.1-9 shows some changes of gaps between stones and
cracks on the surface of stones. In addition to daily continuous
changes of the order of 0.01-0.03mm/day, there are some sud-
den changes. Such a change as found in the end of May 1998 is
a common phenomenon in five sensors out of six. This change
suggests that the tower moved as a whole and resulted in sud-
den permanent deformation caused by some reason. What is
the mechanism to cause these non-recoverable deformations?

The changes of gaps are monitored and recorded every one
hour and the weather information including wind is also re-
corded every hour.

In Fig. 2.3.1-10, a comparison is made between displace-
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HZ{EEIL, 0.05mm/m BBEDO/NSBETH S, 1999
NS 2003 EITHTZ5 4 DOH M OERIE DL %
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FA I 3B S N2 R EE O E DY, 2001 4E 7 RIS
FHTIRILT WA, 2002 4F 7 HIIZIFED EICE R
LTW3, BIEQ & 25, hREICERNIZERD
BB &S R ERIEF QMR S s,

3. HHZN: D

MAOMoOBMOBEB IO, AMEmIZRS NS
BREMOHE ZFT BT, /31 BZENEH &
BB D22 ST A 25 & U TRRkiE

Fig. 2.3.1-10 Maximum Wind velocity and Gap change.

Pls. 2.3.1-3, -4 Gravels between stones and cracks in stones.
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ments during an hour and the strongest wind velocity within
the corresponding hours. We found that the unrecoverable dis-
placement of the gap occurred if the wind velocity is stronger
than 4-5 m/sec.

It is understood that the strong wind makes gap to open
larger and accelerate to develop crack in the stone that finally
becomes to cause a failure of column of the piled stone. This is
a probable process how the top of the central tower of Bayon
has lost its symmetry due to fall down of stone elements.

Once such displacement takes place and, if such objects like
gravels as shown in Pl. 2.3.1-3, Pl. 2.3.1-4, gap does not close
but only increase by ratchet effect of the gravels.

4. Levels of stones surrounding the foundation of the Main
Tower

Levels of the top surface of the stones surrounding the foun-
dation of the Main Tower were measured and shown in Fig.
2.3.1-11. The levels are obtained as a reference height com-
pared to a point named as W1 (West side No.1).

We do not have any evidence that the levels of these stones
were the same level; we will discuss the characteristics of the
levels of these stones around the foundation. The characteris-
tics are different in west and east parts.

In the eastern part, the difference of levels among the height
of stones is about 0.1m for southern side but becomes 0.4m
for northern side. The northern part is higher than the southern
part.

In the western side, there are three four face towers around
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Fig. 2.3.1-11 Relative height of foundation stones of the Central Tower.
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foundation. There is level difference of 0.1m among the stones.
The lowest levels are at W9 for south and W2 and W3 for north
sides among each neighboring three towers. The reason of the
difference of levels of these stones may be due to settlement
and flow out of sand. It is necessary to study by partial trenches
at several portions around the foundation to understand the
present mechanical state of the Main Tower.

When the settlement takes place at the foundation level, the
deformation propagates to the upper structures and sometimes
becomes amplified when the upper structures are not restricted.
The fallout and material failures of bridge stones between the
central and sub-towers are may be caused the deformation of
foundation level.

5. Drainage characteristics for rainfall

A magnetic flow gage (P1. 2.3.1-5) was installed at the outlet
of drain system at west side of the Inner gallery of Bayon (Fig.
2.3.1-12). Drain flow was monitored at the outlet (D-3 point)
for rain.

An example of drain response to a rainfall of 15mm is
shown in Fig. 2.3.1-13. The total quantity of the drained water
was 492 litters. Drainage ratio of drain to total rainfall to the
corresponding the total rain expected in the catchment's area
is 0.18. The drainage ratios are plotted against total rainfall
in Fig. 2.3.1-14 for some ten cases. The ratio is not constant
and probably due to the infiltration into the ground surface is
changeable depending upon such conditions as water contents
and unsaturated condition of the ground surface. The ratio
is shown as 30% at the maximum, which means the rest of
about 70% is likely to drain by other route like infiltration into
ground than the surface. It is necessary to study the surface
drain and infiltration process to provide an enough countermea-
sures to prevent rainwater infiltration into the foundation of the
Main Tower.
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Flow gage

. —-—

Drain Outlet
D-3

Pl 2.3.1-5 Flow meter. Fig. 2.3.1-12 Plan of Bayon.

Fig. 2.3.1-13 Drain Response to Rainfall. Fig. 2.3.1-14 Drainage ratio to Rainfall.
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2.3.2 Precision Documentation and the Restoration
of the Bas-relief

2.3.2.1 Precision Documentation of the Bas-relief
IKEUCHI Katsushi, OISHI Takeshi,
TAKAMATSU Jun, ONO Shintaro

1. Applications of 3D Modeling

Ikeuchi Laboratory, Institute of Industrial Science, the Uni-
versity of Tokyo, cooperates with the Japanese government
team for Safeguarding Angkor (JSA) and is engaged in model-
ing reliefs in the Bayon temple using 3D laser measurement
technologies. Depending on the performance of laser range
sensors used for measurement, these technologies enable us to
accurately obtain the shape of a surface of a target object; the
accuracy is within several tenths of a millimeter. As a result,
it is possible to preserve shape information of reliefs as digital
data. Such digital data can be easily duplicated and permanent-
ly preserved. Furthermore, differences among several pieces
of data modeled at different times over a long term provide us
with secular variation such as disintegration or collapse. Such
information is useful for simulation of original conditions and
serves as a guideline for restoration works.

2. Modeling methods

There are two aspects in modeling reliefs: one is geometric
modeling and the other is photometric modeling (See Appendix
2, 3D Digital Archive for the Bayon temple). The photometric
modeling is more important when a target object is clearly fig-
ured or colored as in this case.

Photometric data can be obtained by commonplace methods
such as a digital camera. However, geometric and photometric
data obtained usually have different coordinate systems. There-
fore, it is necessary to estimate the relationship between the
two systems for integrating the two types of data. We estimate
the relationship by taking geometric and photometric data of
the same calibration object, of which geometric and photomet-
ric configurations are known in advance.

3. Procedures of Modeling Reliefs
We performed four missions in order to model the whole
Bayon temple and simultaneously modeled the reliefs in each
mission except for the third mission.
16th Feb. ~ 9th Mar. 2003
14th ~ 31st Dec. 2003
13th Feb. ~ 5th Mar. 2005
We modeled the reliefs carved on the north wall of the inner

First mission:
Second mission:
Fourth mission:

gallery in the first mission, the south wall of the outer gallery
in the second mission, and the east wall of the outer gallery
in the fourth mission. We used Vivid 910 manufactured by
Konica Minolta Sensing, Inc., as shown in Fig. 2.3.2.1-1, for
the modeling. This laser range sensor measures a shape based
on the cross-section method, and it takes about three seconds
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to measure (high accuracy mode). Although measurement is
fast, the sensor cannot measure the shape of the surface illu-
minated by direct rays of the sun: this weakness is caused by
the cross-section method itself. We used two Vivid 910 sen-
sors for modeling in each mission, but we were often forced to
stop the measurement because of bad illumination conditions;
that caused measurement to degenerate. Especially the south
wall can only be measured in early morning and late evening
because of impossible illumination conditions. We have not
yet found another method that yields equivalent performance
considering both accuracy and measuring speed, but we are
considering another potential to improve efficiency. Note that
a digital camera was set up on the top of the Vivid 910 and si-
multaneously took photometric data as well as geometric data
(See Fig. 2.3.2.1-2).

Figure 2.3.2.1-3 shows the geometric modeling result of the
reliefs that are on the north wall of the inner gallery between
Tower 33 and 34. This was modeled by applying our simulta-
neous alignment method and then our merging method to 151
measurements. The model to integrate both geometric and pho-
tometric data is illustrated in Fig. 2.3.2.1-4; photometric data
consist of eleven images taken by a digital camera. In addition,
Figures 2.3.2.1-5 and 6 show the geometric modeling result of
reliefs on the south and east walls of the outer gallery, respec-
tively.

4. Future Plans and Works

Modeling cultural objects as digital data, that is, digitaliza-
tion, enables us to access the data through the Internet. This
technology is expected to be used for education and tourism.
For example, the application software in which one can virtu-
ally walk along a gallery watching reliefs and hearing com-
mentary about the important reliefs can be easily realized.
From a preservation point of view, digitalization eases detec-
tion of disintegration or collapse by comparing several pieces
of the digital data modeled at different times. Furthermore, it
enables preservation strategy to be planned repeatedly through
computer simulation. In the planning, it is not necessary to
fear damaging the real object. Preservationists must determine
through their own efforts which preservation strategy is the
best, but digitalization provides them with an excellent tool for
this determination.

Although there are many advantages in using modeling data,
the use is not common yet for several reasons. Even if the Viv-
id 910 used for modeling reliefs is relatively cheap compared
with other laser range sensors, it is still very expensive. Fur-
thermore, even if one might purchase it, experts are required to
operate it. Another factor is that the software used for model-
ing is far from usual software; this forces users to customize
software case by case. And, finally, long-term measurement
for investigating secular variation requires support and active
cooperation of local staffs. These requirements are difficult to
satisfy, but they are necessary for modeling of reliefs.
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WEFEHE : 0.6 - 2.5m

#5% : £+ 0.008mm

I FFRE £ 0.3 - 2.5sec/scan
FRARIE : 640 X 480
L—H7IZ:2

Fig. 2.3.2.1-1 Vivid 910.

Fig. 2.3.2.1-2 Vivid 910 & Digital Camera.
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Fig. 2.3.2.1-3 Digitized reliefs model between tower No. 33 and 34.

Fig. 2.3.2.1-4 Texture-mapped model; one portion of Fig. 2.3.2.1-3.
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Fig. 2.3.2.1-5 A part of the relief on the south outer gallery.

Fig. 2.3.2.1-6 A part of the relief on the east outer gallery.
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2.3.2.2 Restoration of the Bas-Reliefs
EBISAWA Takao

1. Introduction

The state of deterioration and the degradation mechanism
of the bas-reliefs in Bayon Temple have been widely studied.
In them, water has been identified as one of the factors of their
deterioration.

The types of deterioration (damage) seen in the relief stones
at Bayon include loss of cohesion, disintegration, scaling, ad-
herence of plant organisms, cracks, lost elements, large-scale
flaking, and collapse. Such damages can be repaired if stones
are dry, but in a damp environment, repair tasks would entail
great difficulty. Even during the dry season, Bayon's unique
dampness caused by the infiltration of water from behind the
stones would make it extremely difficult to restore deteriorated
stones displaying loss of cohesion, disintegration, scaling, and
adherence of plant organisms, in particular. If the very act of
restoration is difficult, any attempt to conserve the stones under
Bayon's adverse environment without damaging the artistic
value of the reliefs would be close to impossible.

The reliefs cannot be simply neglected, however, so I will
discuss damages related to loss of cohesion, disintegration,
scaling, and adherence of plant organisms in this paper. I un-
derstand that studying the above damages would not necessar-
ily lead to a valid and definitive restoration method of stones in
the damp environment of Bayon. I am also aware of the high
risk of implementing restoration methods that could conversely
cause even more damage to the stones under the severe condi-
tions of Bayon. Keeping this in mind, this paper will simply
explore and examine whether or not there are any effective res-
toration methods.

Damages related to cracks, lost elements, large-scale flaking,
and collapse will not be covered in this study, as they can be
addressed and remedied using existing technologies.

2. Study of Restoration Methods
Let us examine restoration methods in the following order.
2.1) Repair of cohesion loss, disintegration, and scaling
2.2) Removal of plant organisms and prevention of re-
growth
2.3) Blocking the infiltration of water from behind the
stones
2.4) Appendix
Loss of cohesion, disintegration, and scaling are mainly
caused by crystallization, and the adherence of plant organisms
causes biodeterioration. These phenomena occur easily wher-
ever there is moisture (or humidity), but at Bayon, deteriora-
tion is occurring especially rapidly due to the inordinately high
humidity and the infiltration of water from behind the stones,
making restoration even more difficult.
A similar problem can be seen in the foundation of build-
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ings and magaibutsu (large Buddhist sculptures carved out
of massive rocks in the natural landscape). Water infiltrating
from underground or from the natural ground is responsible
for bringing about serious damage through crystallization and
biodeterioration. Researchers throughout the world are trying
to tackle this problem, but no effective countermeasures have
yet been found.

2.1 Repair of cohesion loss, disintegration, and scaling
Common restoration methods for the above damages include
the following:
- Impregnating the stones with silicon reinforcement to
recover their cohesiveness
Covering the disintegrated areas with an adhesive agent
(such as acrylic resin) so that the surface solidifies and
adheres to the stone mass.
Coating the scaling layer with silicon reinforcement and
then spreading or pouring an adhesive agent (acrylic
resin, epoxy resin) on the loose surface so that it adheres
to the stone mass
Applying water repellent to the surface to prevent the
infiltration of water. Since the crystallization of deposits
is caused by moisture infiltration, it would be effective to
prevent water from infiltrating the stones by using water
repellent.

These restoration methods are widely applied to independent
stone monuments such as stone towers and gravestones, and
are known to achieve positive results. However, it is absolutely
necessary for stones to be dry at the time of restoration in order
for these methods to be effective.

If the above measures are applied when stones are damp or
wet, several problems may occur: failure of the liquid rein-
forcement to permeate the stones could prevent the recovery
of the stones' cohesiveness; the reinforcement may react with
moisture and bleach the stones; or the moisture may prevent
the flaking layer from adhering to the stone mass. (Depend-
ing on the environment, it takes about three to five years for
bleached stones to return to their original color.)

Even when the surface layer is dry, if a reinforced layer (wa-
terproof layer) or an adhesive synthetic resin layer is formed on
surfaces from where moisture inside the stones is apt to evapo-
rate, the moisture would have nowhere to go. It would simply
accumulate beneath the surface and eventually exert a pressure
that could cause the surface to flake.

For these reasons, normal restoration methods are not suited
for the restoration of stones in the damp environment of Bayon.

Some permeability reinforcement products claim they "allow
moisture evaporation," but in actuality, they are not as effective
as they claim to be. As far as I know, there are no products that
can prove effective in Bayon's damp environment. However,
great advancements are being made in the development of new
products, so I intend to seek and experiment with products
from an even wider selection in the future.
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What kinds of restoration are possible?

As long as water continues to infiltrate the stones from
behind and it contains certain substances, there is essentially
no way to avoid the occurrence of crystallization. If damages
brought on by this phenomenon cannot be restored through
normal restoration methods, what other methods are there?

As things stand, I can only think of restoring localized areas
that are markedly damaged. Therefore, let us next discuss the
restoration of areas where the loss of cohesion has given way
to disintegration, areas where scaling is occurring, and particu-
larly areas where the damage extends to the engraving lines.

2.1.1 Solidifying disintegrated areas

The disintegrated area is covered with strong acrylic resin
(aqueous emulsion) so that the resin seeps into the disintegrat-
ed layer and allows it to adhere to the stone mass.

Only a small amount of low-concentration resin should
be applied. The disintegrated area should not be reinforced
more than necessary. This is because the permeation of a large
amount of high-concentration resin would cause a thin film
to form over the disintegrated area and prevent moisture from
evaporating.

Acrylic resin is aqueous, so it can work effectively even in
a damp environment. Moreover, as there is no risk of discolor-
ation, the original color and texture of the stones would remain
as they are.

2.1.2 Scaling areas

As in the above case, acrylic emulsion is used on areas
where scaling is occurring.

Acrylic emulsion is applied to the surface of the scaling area
(fragment) so that it sinks in and hardens the layer (fragment).
After it hardens, acrylic emulsion is injected into the space be-
tween the scaling layer (fragment) and the stone mass so that
they bond together. Only a small amount of minimum concen-
tration resin should be applied or injected.

All gaps should be completely filled with an artificial stone
material.

The artificial stone material should be made of a mixture of
sandstone powder and acrylic emulsion.

Some of the moisture that rises to just beneath the treated
layer will evaporate through the treated layer, but most of it
will find another outlet somewhere else.

The above methods are those that can be applied to damages
that are relatively light. They are not effective for areas where
the damage is more severe, and especially in areas where a
great quantity of moisture evaporates and the condition of the
stone surface differs greatly when dry and when humid. In such
severely damaged areas, it would be better to consider main-
taining their existing condition rather than trying to repair the
damages. This idea is related to what I call the "Moenjodaro
Method."
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2.1.3 Protective pack for the surface layer of reliefs
(Moenjodaro Method)

The Moenjodaro Method is a method in which a generous
amount of clay is applied to the surface of reliefs to induce
moisture evaporation and crystallization in the clay layer. As its
name implies, it is a method which is employed at Moenjodaro,
and has achieved a certain measure of success when applied to
brick wall damaged by saline deposits. The extensiveness of
saline precipitation and damage at Moenjodaro is well known.
The high salt content in groundwater rapidly crystallizes at low
humidity and exerts a strong pressure that can easily destroy
the bricks. Many countries including Japan have implemented
various countermeasures, such as impregnating the affected ar-
eas with reinforcement chemicals and pumping up groundwater
from the vicinity of monuments in order to lower the ground-
water level. However, they have failed to produce the expected
results. As it turns out, the locally contrived method of apply-
ing clay to the brick surface and thereby induce crystallization
in the clay layer seems to be producing the best results. It is
literally a dirty and unrefined method, but certainly effective
where the protection of brick walls is concerned.

If this method is adopted at Bayon, people would not be able
to view the bas-reliefs. Yet, it would certainly be better than
waiting for destruction to occur.

I witnessed this method at Moenjodaro almost four years
ago, and haven't been back to follow up on it after that. There-
fore, it may seem a bit irresponsible of me to bring up this
method, but I believe it is an example of a possible measure for
protecting stones.

A brief description of the Moenjodaro Method is as follows:

Solidify the disintegrated area slightly.

Place Japanese rice paper over the relief.

Apply clay on top of the paper. The clay should be made
light by mixing pumice particles or powder.

Add fillers (straw, carbon fiber, etc.) to prevent dry
cracks.

If the clay dries and falls off, the loose portions of
the relief surface may also fall off with the clay, so it
is important to maintain a suitable level of humidity
by spraying water during the dry season (to enhance
adhesiveness).

2.2 Removal of plant organisms and prevention of
regrowth

To effectively deter biodeterioration, the removal of plant
organisms and prevention of their regrowth must be performed
in tandem.

Let us examine a) Removal methods and b) Regrowth pre-
vention separately.

It should be noted that there are views to the effect that "the
adherence of plant organisms serves to protect the stones, and
therefore they do not need to be removed." However, let us
examine removal methods from the standpoint that removal is
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necessary.

2.2.1 Study of methods to remove plant organisms
Common removal methods include those listed below. We
intend to seek the method best suited for Bayon after careful
analysis of each of these methods.
1. Removal by high-pressure washing
This method is suited only for hard, unsculptured stones.
The task itself is simple, but a means of disposing waste-
water must be secured.
2. Destroying plant organisms with chemicals and brushing
them off.
This is not exactly an efficient method, but it can remove
plant organisms without fail.
To make sure no chemicals remain in the stones after re-
moving the organisms, they must be thoroughly washed
with water. The water used for flushing will contain chem-
ical traces, but since it is diluted, there is hardly any risk
of secondary pollution. A means of collecting and dispos-
ing wastewater must be secured, however.
3. High-temperature steam spraying
This method uses neither chemicals nor water, so it poses
no risk of secondary pollution. It is generally effective, but
there are some types of lichen that are difficult to remove
by this method. When used on soft stones such as sand-
stone and tuff, the sudden burst of high temperature may
cause the deteriorated area to swell, which could lead to
extensive damage or flaking.
4. Applying Koretrel (liquid algae and lichen removing
agent)
Applying Koretrel to an affected area can effectively de-
stroy plant organisms, but it takes time to completely de-
stroy them.
Even when the organisms are destroyed, their roots will
remain and must be removed by lightly washing them off.
They can be easily removed by applying water and using a
sponge or a brush.
Tests conducted throughout Bayon have produced rela-
tively good results.
Koretrel can also prevent the regrowth of plant organisms,
but more studies need to be made to determine how effec-
tive it really is.

The above methods are those that are commonly used to re-
move plant organisms, but it seems other methods are also be-
ing employed today. "Laser removal" is one that may be worth
testing.

‘Which removal method is best suited for Bayon?

At present, Koretrel treatment is recommended as the best
method for the removal of plant organisms, because it has the
least impact on sculptures and reliefs.

However, some types of lichen may need to be destroyed
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and removed using chemicals. In this case, the chemical should
be used at the lowest possible concentration, and the stone sur-
face must be thoroughly washed after removing the lichen. The
wastewater will contain chemical traces, but the low concentra-
tion would be further diluted after washing, so there is no risk
of secondary pollution. Nevertheless, it is important to collect
and properly dispose of the wastewater so it does not flow out
to the surrounding areas.

2.2.2 Preventing regrowth
1. Effectiveness of water repellants

Even after removing the plant organisms and other contami-
nation and cleaning the affected area, the organisms will grow
back in a short period of time if no preventive measures are ap-
plied to the stone surface. Given the environment of Bayon, it
is conceivable that they grow back more quickly than we imag-
ine.

In the case of stone towers and other independent monu-
ments, permeability of the stones is reinforced and water repel-
lant is applied. The application of water repellant also proves
effective for preventing the regrowth of plant organisms and
other contamination. Among the numerous examples of this
treatment, there are some cases where no regrowth has been
observed for 10 to 15 years after treatment. Water repellant can
also withstand acid rain.

However, there is a problem to applying water repellent at
Bayon. Water repellant prevents external water from infiltrat-
ing the stones, but on the other hand, it does not allow internal
water to evaporate, either. In many places throughout Bayon,
water infiltrates the stones from behind the stones. Therefore, if
the water is trapped inside the stones, a considerable thickness
of the stones' surface layer could fall off.

Since none of the commercially available water repellants
allow evaporation from within the stones, water repellants can-
not be used in areas where internal moisture needs to evapo-
rate.

2. Effectiveness of Koretrel

Koretrel can prevent the regrowth of plant organisms, and its
effect lasts for quite a long time.

First, the organisms are destroyed using Koretrel, and the
remaining roots are washed away, leaving the stone surface
completely exposed. Then, Koretrel is again applied. There is
no worry that it will penetrate the stones and create a film on
the surface. However, the following points still need to be con-
firmed:

How long does its effect last until plant organisms start
growing back?

Can it work effectively even during the heavy rainfalls
that frequently occur in the Angkor region?

No valid methods have yet been found to prevent the re-
growth of plant organisms in a damp environment where mois-
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ture infiltrates the stones from behind.

It seems best not to attempt the removal of plant organisms.
However, to deter the speed of biodeterioration until they can
be removed, it would be necessary to at least remove the prin-
ciple cause of deterioration (such as lichens).

2.3 Blocking the infiltration of water from behind the
stones, the major cause of deterioration

Above, I discussed possible countermeasures for problems
occurring to relief stones from various angles, but they are not
fundamental solutions that address the roots of the problems.
With the restoration technologies we possess today, it is impos-
sible to completely restore the stones if the water infiltrating
the stones from behind is not blocked off.

This water is essentially rainwater that found its way inside
the structural gaps (such as stone joints) of the stone monument
and gradually found its way to the surface of the relief stones.
It can be blocked if waterproofing measures are taken to pre-
vent rainwater from entering the structure.

The task is technically easier than blocking off water origi-
nating in the ground or from underground, although it takes
much time and effort. However, considering the massiveness
of Bayon and its state of deterioration, various problems can be
anticipated.

For now, I will simply list the procedure and problems of
waterproofing below.

2.3.1 Procedure

1. Apply waterproof sealants to stone joints, gaps, and all
other places susceptible to rainwater penetration.

2. Use durable, inorganic polymer mortar sealant that is suf-
ficiently flexible to withstand expansion and contraction
and minute vibrations.

3. Mix in sandstone powder, and make it the same color as
the stones after it hardens.

4. Inject the sealant tidily, making sure it does not overflow
from between the joints.

5. Wash all places to be filled with sealant beforehand.

6. Install a drain to efficiently discharge the water that has al-
ready infiltrated the structure. It should be installed where
it would not influence the appearance of the building or
adversely affect the damages.

2.3.2 Problems

1. Is it acceptable to fill the gaps of dry masonry with seal-
ant? Doing so may alter the existing condition of the
building.

2. The above method differs from the original waterproof
treatment of the structure. What measures were taken at
the time of construction?

3. How frequently do the stone elements expand/contract or
are subject to vibrations?

4. How durable are waterproof sealants?

234

6.

232
1.

BECERICEA L T Bk EECHICHEET 2
ZD. RLA 2 EET5, %waaﬁ b=l
22 Xy SV AN RV AT ERITBEDIC
T35,

M RE AL

ZEREMRIIC S — UM R R L TR Bk

BHEIZRB DT,
FELEFOKULE EED O Tk aWn) %
BEERFIE S Zo7zh,

LM OREEIEE. BB/ EIZEDMD B DN,
=M DAL,
ZERRISOEN R EFTIC, BIES ETHRETES
DN,
BEICNEBICIEA L TWBKOPEHIZTE 20N
KO DOFREIFE L WBIRZEHIZ/R 2 O Tidiz
N,

2.4 fhid

24.1

BEHEDTR LD

INETHE L TEET R LA X D BETIE

ZREDTHD,
EDHBZF 2 /DB 21T,

e

EITORNTIIMIBRE., BEER

T DIENE & T2

BENEELAS,

242

kit 727 UIVEIEDRE (B REDK N
&R

A=Y 2T [k,

BEKT [ b (EEIREE THEFEKS NN
%%fiyU:y%ﬁm%wﬁmﬂ»

BHEE KRB IARFOEE. BERRY v —
%)W)W; EDIEA. FoH,
fEARERE T b L —)LE, K
B IR WFTIIBREL 720),
FAEER L BKHEA QREER T3 fTb
Woe 2L ML —)VEEAMA (R EFT T hE
0V B AN R OREERIC ESG) .

Kk (FF

SROME - Wik - AR E

BIRT TR D 2RBIERILAIOAT. .
R EMECAITHRAL U 72 /%5 D1t G & i 22
%,

ERCRRY X — BV Y IV DK FEEIE, T
WIEME.

I b L=V OEAERREIR BB E O

BER. JRTHAE T O R,

AL b L=V OfEERIENE (B71E2R O R
o] &t B A R DRRED) .

A D P3RS A B LI

SRALE O FITHIR D fE 8 & OIS,



JSA 2005
2.3 The Theory for the Restoration Plan

5. Can the sealant be injected deep into even small spaces
and gaps?

6. Is it possible to discharge all the water that has already in-
filtrated the structure?

7. Wouldn't the installation of a drain alter the existing condi-
tion of the building?

2.4 Appendix
2.4.1 Summary of restoration methods
In this section I will summarize the restoration methods de-
scribed above and are considered feasible. Before their actual
implementation, tests would need to be conducted to determine
appropriate resin concentration and permeation amount. Vari-
ous other tests may also be necessary.
Disintegration: Covering with acrylic resin (for areas with
low humidity)
Scaling: Same as above
Loss of cohesion: Same as above (silicon reinforcements
may be used in dry places where there is little moisture
evaporation)
Cracks, collapse, lost elements: Injection of epoxy resin,
inorganic polymer mortar, etc.
Removal of plant organisms: Koretrel treatment, de-
stroying with chemicals, washing (except in areas where
the regrowth of plant organisms cannot be prevented)
Prevention of regrowth: Applying water repellant (except
in damp places); Re-applying Koretrel (effective even in
damp places, but cost performance should be examined
before implementation)

2.4.2 Future issues, experiments, studies, etc.
Acquisition and development of permeability reinforce-
ments that are effective under existing conditions
Crystallization resistance of sandstone reinforced with an
existing permeability reinforcement
Moisture infiltration and crystallization resistance of
inorganic polymer mortar
Effects of Koretrel in removing plant organisms: tracking
of current test spots, re-testing of larger areas around each
spot
The length of time which Koretrel can prevent the
regrowth of plant organisms (study of how long the
preventive effects of Koretrel last and consideration of
cost performance)
The length of time water repellants can prevent the
regrowth of plant organisms
Crystals that form beneath the reinforced layer and their
destructivity
Moisture permeability of flake fragments
Timing at which crystallization occurs: during the dry or
wet season?
Can washing (water spraying) during the dry season
prevent crystallization?
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Investigation of the evaporation pathway: does moisture
rise linearly? When moisture runs into an impermeable
area, does it change course and head toward a permeable
area?

Acrylic water solution, adhesiveness and water per-
meability according to the acrylic solution (paraloid)
concentration, and depth of permeation of disintegrated
areas

Amount of water accumulated inside the structure and
internal displacement pathways

Examination of the "effectiveness of plant organisms to
protect stones"

3. Others
3.1 Visnu reliefs

In 2002, it was pointed out that certain areas of the relief
"were able to be identified five years ago, but are no longer
identifiable." Regarding these areas, either (1) the engraved
lines were damaged and disappeared, or they became thin, or
(2) the relief surface (lines) was covered by the growth of plant
organisms. A detailed study must be conducted to determine
which of the two phenomena actually occurred.

The removal of plant organisms may also become necessary
in some places. If the damage is light, the previously-men-
tioned treatments could be applied, but if not, the Moenjodaro
Method would be a possibility. However, let us take a look at
some other methods.

3.1.1 Taking down the relief and treating it

Is it structurally possible to take down the relief?

If the relief can be taken down, it would be possible to al-
most completely restore it to its original state.

A replica could be mounted in the space where the relief was
taken down. Of course, a real relief could be mounted instead
of a replica.

3.1.2 Preventing water penetration by sealing the joints around
the Visnu relief stones

All joints in areas that are directly subject to rain or that are
in the course of the water passage should be sealed.

Sealing procedures are as described in the previous section
on blocking the water.

Examine water passages leading to the relief. Effective seal-
ing could be applied if the water passages are known.

* Study of water entry and passages: Flush colored water.

Colorants do not affect nor adhere to stone or other types of
structures.

They disappear naturally in a short period of time.

Colorant: Uranine (fluoresceine sodium)

3.1.3 Waterproofing the backside of the Visnu relief stones
Inject synthetic resin for waterproofing (epoxy resin for

bonding wet surfaces, high-density urethane foam resin, etc.)
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How is the backside of the relief structured?
Is it structurally possible to identify the backside of the relief?
Is it possible to reach the area immediately behind the relief?

Inject into joints

Relief

Backside: pierce and inject

Inject into joints

Injec-tion is possible as long as the stone joints are
more than 0.5mm wide.

into the spaces behind and at the sides of the stones.

3.2 The pros and cons of removing plant organisms

Although this is true not only of Bayon, administering rein-
forcement treatment or other forms of treatment without first
washing the stones could lead to impermeability, diminished
adhesiveness, and blackening of the surface caused by the re-
tention of dirt and plant organisms. If valuable materials dating
back to the time when the relief was first created lie beneath
the contamination, they would be completely hidden until the
next opportunity for restoration arises. If possible, the stones
should be washed of all accumulations of contamination and
debris, and the distinct texture of the stones and their original
coloring at the time of construction should be reproduced.

With respect to cultural assets that have religious signifi-
cance like Bayon Temple, even if restoration stops short of re-
producing lost parts, it is even more important to try to achieve
an appearance as close as possible to the original without al-
tering the existing conditions,. In its present condition, Bayon
Temple is almost entirely blackened, and depending on how
one looks at it, it may even feel ominous. Its appearance today
must be far from the pious atmosphere it must have originally
exuded. There ought to be a way to recapture the religious
atmosphere to a certain extent simply by removing the un-
necessary debris from the surface. Doing so may allow us to
also feel the same religious notions (or resentful feelings) and
various sensations that the people of ancient times felt toward
Bayon.

No one would oppose the removal of the plant organ-
isms knowing that the adherence of plant organisms cause
biodeterioration and seriously undermine the beautiful scenery
and original appearance of the monument. It goes without say-
ing, however, that the removal of plant organisms is based on
the premise that their regrowth can be prevented by all means.
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2.3.3 Restoration Plan of the Southern Library
HIM Dara

1. Introduction

The restoration work of the Northern Library was completed
by JSA in 1999. However, numerous supplementary works
have been under way up to the present: they are minor repair-
ing of the pavement, provisional mending of the dangerous
parts, architectural survey, making inventory of the bas-reliefs,
monitoring movement of towers of Bayon, various survey re-
search by individual or organization and so forth. These activi-
ties have contributed to the Master Plan for the conservation
and restoration of the Bayon temple.

For the continuation and implementation of the conservation
and restoration activity of the Bayon temple, our next objective
for the restoration with higher priority is the Southern Library,
which is regarded at high risk of total collapse, resulting in
further damage to surrounding buildings. Considering that
the Northern and Southern Libraries are quite similar in their
original appearance and also in their state of deterioration, the
restoration method of the Northern Library used five years ago
should be applicable in its essence to that of the Southern Li-
brary.

This restoration work is meaningful for Cambodian to utilize
the 10 years experience of the technical transfer of the conser-
vation and restoration by JSA to Cambodian experts and tech-
nical staff. In this sense, APSARA is now expected to play a
main role in the project, while JSA Experts stand as supervisor.

2. Description of Subject for the Restoration

There are two Libraries of the North and South at Bayon.
The Southern Library is located in the southeast corner of
complex and forms a pair with the Northern Library, which is
located in the northeast corner. Both Libraries were built fun-
damentally in the same shape. However, slight differences are
observed in the elevation form, size and fitting manner, lining
pillars of the inner gallery and finishing degree.

Like the Northern Library, the Southern Library stands on
the terrace of the outer gallery and has three tiered platforms.
The platforms are built of sandstone blocks on the surface with
one or two layers of laterite blocks inside. Then inside of the
layers of blocks is filled with earth of which main component
is sand.

2.1 Present Condition of Damages

The ruin is in great danger, especially from the wall body to
the top, opening of the platform joints, and because of the par-
tial settlements, it is in the state that the collapse is imminent.

2.1.1 Platform
Disintegration was found mainly in the corner of the plat-
form, and a great many elements have been lost, in particular,
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on the platform of the southwest and southeast corner. Sand
particles have flowed out from the foundation and deposited at
the foot of lower platform and terrace. Decayed laterite blocks
are seen inside the foundation. As a result, a big displacement
was incurred from the first tier to the third tier platform, which
causes the height displacement of the pavement floor beneath
the east and the west porch. In the end, this movement is to
cause pillars to collapse, which would lead to total collapse of
the porch structure of the east and west. The northeast pillar of
the east porch and the northwest pillar of the west porch remain
in position, whereas the roof of the porch has been completely
lost.

2.1.2 Pavement and Wall

The pavement inevitably became uneven due to subsidence
and the wall has inclined inward on the whole with somewhat
torsion. Major gaps are also found between blocks that con-
stitute the wall. The wall body retained its original shape and,
remarkably, most elements remains in position. There are
RC anchor and a single wooden bar (installed respectively by
EFEO and JSA) supporting the tilted northern wall towards the
eastern end, where the wall is tend to collapse. Stone elements
of the eastern wall of the northern side are mostly lost. A door-
frame of the western entrance is slanted steeply outward. To
support this, RC anchor was installed by EFEO and recently
two wooden bars were added by JSA.

2.1.3 Roof

There is no roof left over the nave, but only twin beams re-
mains on the capital in the east span. Four beams in the middle
and the west span are lost. The roofs over the aisles on both
sides remain in good condition, and they are settled on rows of
waving beams.

2.2 Past Work

The ruin was managed by EFEO during its tenure. Collapse
prevention measures, such as RC anchor and steel clamps,
have been carried out up to the present. Recently, JSA has ap-
plied additional wooden bars to the western door frame and the
northern wall.

2.3 Drawing the Map of the Present Situation

A map showing the present situation prior to the restora-
tion is extremely important. Not only it provides basic data for
studying causes of deterioration and collapse and for making
the restoration plan, but also establishes ethical base of the
conservation and restoration projects.

2.4 Temporary and Urgent Support

Deterioration and collapse are always progressing on the
ruin. It is, therefore, necessary to keep careful and constant
monitoring and in some case, urgent countermeasures against
collapse are required. Temporary measures, such as support
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by wooden bar or metal pipe and rope, are much preferred,
so that, when the permanent restoration work takes place in
later days, these temporary supports can be removed without
damaging the ruins. For the construction of structure supports,
careful studies on past similar example must be conducted and
the prime consideration must be given on safety from structural
mechanic aspect. Furthermore, scenic environment of the ruin
must be protected during the construction.

With respect to Bayon, it would be necessary to inspect the
whole area by plural staff once a month. One of such staff is
desired to be always the same person. When the impending
danger of collapse is found, it should be provide the permanent
measures after emergency measures are taken. In case the prob-
lem allows somewhat time, it should be reported in the weekly
meeting along with the plan for support construction.

3. Restoration Ideas for the Southern Library

The Southern Library is in great danger of deterioration and
collapse. It is standing on the verge of collapse in highly un-
stable condition. It is temporary stabilized barely just by a few
supports. Some immediate counter measures must be taken.
To our advantage, as its appearance and the state of destruc-
tion are quite similar to those of the Northern Library before its
restoration, the restoration method and techniques experienced
for the past 10 years with the Northern Library are presumably
applicable to the restoration of the damaged Southern Library
to a great extent.

As a first stop, a precise survey of the building and structure
must be carried out, and based on which result, a plan for the
conservation and restoration as well as relevant techniques
should be studied. Then we should move to actual implemen-
tation.

¢ Identifying the Fallen Stone Elements
Identifying the fallen stone elements is an important and
time-consuming work, which must be completed before the
construction for restoration starts. In many cases fallen stone
elements are removed to remote area, and therefore, we must
cover wide area of the ruin. To make judgment as to where
each element had belonged to, we have to categorize the ele-
ments by decoration like carving or the like, dimension and
magnetic susceptibility. After further observation and actual
measurement in detail, we place the element temporarily to
a presumed original position. Number of trial placement
should be minimized and must be carried out with great care.

e Partial Dismantling
According to what we have verified so far, to recover the
structure of the building, we have to partially dismantle the
existing building.
i) Correcting the structural distortion observed in the
building in the present state, and facilitating fallen dis-
order stone elements to be re-masoned more easily.
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2.3 The Theory for the Restoration Plan

ii) Restoring the strength of the foundation structure so
that is strong enough to bear the load of the upper struc-
ture, which may increase in weight by re-installation of
the fallen stone elements.

iii) Repairing heavily damaged elements.

iv) Removing the RC anchors, which were used for the
restoration work by EFEO

3.1 The Main Activities of the Project (Work Plan)

The following is a tentative work plan for the restoration of

the Southern Library.

1. Technical survey and inventory making of the monument
in detail

2. Investigation and identification of the original stone ele-
ments belonging to the Southern Library and fallen stone
around the perimeter

3. Investigation of the platform structure (partial excavation
of the inner structure)

4. Preparing the work site and adding the temporary support
to the monument

5. Safety countermeasures for tourists and the work site

6. Dismantling partly the upper structure, platform and foun-
dation, where it is indispensable

7. Restoration of deteriorated stone elements and new stone
work

8. Trial assembly of the foundation, platform and the upper
structure

9. Determining the reconstruction measurements

10.Reconstruction of the foundation, platform and the upper
structure

11.Final reintegration and reconstruction of the monument

12.Reverting the landscape to the original condition

13.Drawing the system for the monitoring and maintenance

14.Drawing the public relation plan

15.Final Report

3.2 Expected Outcome

Integration of the original element to the original position
Securing the stability of the ruin

Implementation and continuous monitoring of the conserva-
tion and restoration, resulting in promoting and achieving
high techniques under the cooperation system between JSA
and APSARA

Revealing the achievement of restoration to the public and
preserving the significance of the existence of Bayon

4. Rough Timetable for the Project (Planning)

A precise time schedule of work will be laid out during the

survey of the monument and before executing the project. A

rough time schedule of work is as follows:
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Main Discourse Chapter 2 : Restoration Plan of the Bayon Temple

First Year

- Assigning the significance of the restoration of the Bayon
Southern Library in the Bayon Master Plan

- Conducting technical survey, making inventory of the monu-
ment, mapping, deciding the needed parts for restoration

- Procuring and installing infrastructure for the work site

Second Year

- Working on the monument (dismantling, excavation of the
foundation platform, restoration of elements, procurement
the new sandstone)

Third Year
- Restoration work on the monument (trial assembly and
working on the foundation, dressing new material)

Fourth Year
- Restoration work on the monument (reconstruction of the

monument)

Fifth Year
- Finishing work and finalization of the project (final report)
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2.3 The Theory for the Restoration Plan

I:l Proposed dismantling area (Fig. 2.3.3-1~4)

Fig. 2.3.3-1 Southern Library of Bayon, North Elevation.

Fig. 2.3.3-2 Southern Library of Bayon, South Elevation.
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Fig. 2.3.3-3 Southern Library of Bayon, East Elevation.

Fig. 2.3.3-4 Southern Library of Bayon, West Elevation.
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PI. 2.3.3-1 Distant view of the Southern Library, Bayon [viewed from the south].

Pl 2.3.3-2 Northeast view of the Southern Library, Bayon.
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Pl. 2.3.3-3 Southwest corner of the Southern Library, Bayon.

PI. 2.3.3-4 Northeast platform of the Southern Library, Bayon. PI. 2.3.3-5 West entrance of the Southern Library, Bayon.
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By JSA

West doorframe

PL. 2.3.3-6 Past and recent temporary intervention for the west doorframe of the Southern Library, Bayon.

Recent wooden anchor by JSA

Concrete anchor by EFEO

Northern wall at east end, inner side

Pl 2.3.3-7 Past and recent temporary intervention of the Southern Library, Bayon.
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2.3.4 Cooperation with APSARA and an Open
Restoration Organization
NAKAGAWA Takeshi

As mentioned in the paragraphs on restoration technology
in Section 4 of Chapter 1 of the main discourse, the principal
objective of international cooperation for the conservation and
restoration of the Angkor monuments is the transfer of tech-
nologies to the Cambodian people. APSARA represents the
Cambodian government as the organization responsible for the
conservation of the Angkor monuments and the development
management of the Angkor region. Therefore, human resource
development should naturally be pursued in cooperation with
APSARA. Up to now, for over ten years, the necessary tech-
nologies were transferred to Cambodian workers affiliated with
a foreign team on in individual basis. Today, there is grow-
ing need to build upon past achievements and strengthen the
leadership of APSARA both in terms of technology and social
economy. However, the specific shape of cooperation should
be decided with due consideration of the difficulty level of res-
toration technologies and the necessity of formulating a long-
term plan regarding human resource development. In this re-
spect, as long as the rationality of its operations is maintained,
the cooperative organization for restoration must consistently
be an open body which can flexibly adapt to various objectives.
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2.3 The Theory for the Restoration Plan

2.3.5 Securing Safety of the Restoration work and
the Harmonization of Tourism
KAWASE Katsuhiko

Safety must always be secured to carry out restoration work
at Bayon. This refers not only to the safety of the restoration
work itself, but also to that of the people visiting Bayon and of
the surrounding natural environment.

As Bayon is still an object of religious faith and the focus
of sightseeing in the Angkor ruins, it is necessary for the res-
toration work to be carried out in harmony with tourism. To
achieve this, we must make efforts to obtain tourists’ under-
standing and approval, in addition to securing the safety men-
tioned above. We must refrain from any acts that monopolize
that portion of the Bayon operation, no matter what the idea
or intention behind those acts may be. The responsibility is al-
ways imposed on us to provide explanations to tourists and to
all those related to these monuments.

These achievements will require a carefully worked-out plan.
In particular, restoration work involving partial dismantling
and reconstruction requires that the period of restoration work,
the position of the work site, any temporary construction and
work processes, and the appropriateness of the heavy equip-
ment being used be carefully examined from the viewpoint of
securing both safety and harmony with tourism. We must also
take into consideration the tourists' lines of movement, notifica-
tion of restoration work, the expected impact on the landscape
and environment during the work period, waste disposal, and
an emergency plan, among other factors. Furthermore, in car-
rying out restoration work, it is important to perform periodic
evaluation from the abovementioned viewpoint and to see that
the plan is sustained.
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3.1 Keeping and Opening Records to the Public and the Accountability

Chapter 3 : The Conservation and Utilization of the
Bayon Temple

3.1 Keeping and Opening Records to the Public and
the Accountability
TSUCHIYA Takeshi

In Angkor, an outline of the restoration work led by each
country's team is reported at ICC or a similar international con-
ference by a team expert or representative. Information is also
made available to the general public via television programs
or publications. When restoration work is complete, details of
the entire restoration project are set down in a report. Keeping
and releasing records is indispensable in the field of conserving
and restoring cultural property. The following are some reasons
why this is so, along with the ideal content and medium for
those records.

1. Why must records be kept?
1) They will serve as reference documents for future reex-
amination and restoration of these monuments. Suppose
a particular structure were to undergo further restoration
work in 100 years. It will be necessary to create a new res-
toration plan that takes into consideration which portions
were originally restored and in what way.

2) They will serve as reference documents for the preserva-
tion and restoration of other monuments. If a method used
in restoration work proves effective, teams working on
later projects can refer to a work report and use the same
or better methods.

2. Why must records be released?

1) An objective determination will be made as to whether the
restoration process was appropriate. The details of restora-
tion work are released to the general public via a project
report. This, then, becomes the criterion for judging the
quality of a restoration project. For this reason, project re-
ports should be as detailed and accurate as possible.

2) By making release mandatory, we can maintain high stan-
dards of restoration.

3. What should the records contain?

1) Pre-restoration damage and preliminary survey results
Drawings and photographs showing pre-restoration condi-
tions, an inventory of fallen stone elements, ground analy-
sis data, environmental data, building history, structural
analysis data, and so on.

2) Reason and purpose for restoration
What kind of damage was the operation meant to restore,
and what kind of results were expected?

3) Restoration strategies
The project's position on authenticity; reasons for choos-
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ing a given restoration method out of multiple possibili-
ties.

4) Details on techniques used
Materials, experimental data, construction techniques, and
SO on.

5) Details on the process
Drawings, photographs, and explanations of each indi-
vidual process. Drawings and photographs showing post-
restoration conditions.

6) Work outline
Background of the work itself, expenses, implementing
organization, staff, material procurement methods, and so
on.

4. Record media

Thus far, records have been published as hard-copy paper re-
ports, but use of digital media such as CD-ROMs has become
widespread in recent years. This digital media is expected to
remain the standard for years to come. Furthermore, in light
of advancements in network environments, it will likely be
necessary in the future to consider converting conservation and
restoration records into a massive database. As work reports
are not for profit, very few are published, and then only for a
select group of specialists. This brings about a true sense of
the difficulty in procuring materials even for those involved in
actual restoration work. Given a library network environment
like those in the West, cultural properties could be recognized
the world over; even as conservation and restoration activities
continue to take place in remote regions today, we are inevi-
tably moving toward a database of restoration work materials
and their online publication. Some movement in this direction
has already been seen thanks to those involved, but ultimately
a large-scale project will need to be undertaken with coordina-
tion between UNESCO and ICCROM.
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3.2 Establishment of and Participation to the International Network for Record-keeping

and Education Contributing to the Protection of the World Heritage

3.2 Establishment and Participation to the
International Network for Record-keeping and
Education Contributing to the Protection of the
World Heritage

TSUCHIYA Takeshi

1. Specific methods

Presented here is a specific proposal for the purpose of form-
ing an international network especially for world heritage sites.
There are a huge number of conservation and restoration mate-
rials being published by ICCROM and other entities, as seen in
the bibliography. Even a substantial budget and ten years' time
would not be enough to be able to convert all of these materials
into a database.

1) Establish a joint committee between UNESCO and
ICCROM and place subcommittees and servers in branch-
es around the world.

2) Digitize the most fundamental references and reports.

3) Impose an obligation for each nation to digitize their re-
ports on world heritage site conservation and restoration
projects.

In Angkor, the APSARA Authority is already encouraging
the creation of a database. While the effort will surely require
financial support from APSARA and UNESCO as well as the
cooperation of all nations involved, it is clear that such a data-
base will be a necessity in the future.

2. Expected results
1) Because fundamental references and reports will be avail-
able over a network, we expect that those new to restora-
tion efforts can be educated with more ease and speed.
2) Details of each task can be widely distributed.
3) It will be easier to access materials for restoration experts.
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3.3 Future Image of the BayonTemple and
Sustainable Development of the Angkor Region
NAKAGAWA Takeshi

1. Securing the Sacredness and Citizen Participation

In September 1997, after the domestic turmoil by confronta-
tion of powers in Cambodia, King Sihanouk of the day seclud-
ed himself in the Bayon temple setting the sacred boundary by
white rope and prayed for peace on the front terrace of Bayon.
Likewise, King Sihamoni, when he visited Angkor in Decem-
ber 2004 for the first time after his enthronement, worshipped
at the Bayon temple. The traditional concept that all domestic
gods and ancestry spirits assemble at the Bayon temple, is
passed down orally not only in the royal family, but it must
be also noted with emphasis that this temple is the sacred and
special place for the people of Cambodia. In this respect, the
value of Bayon as a world cultural heritage is regarded in the
same way. This keeping the sacredness is the main reason that
Bayon is often said to deserve the name of world heritage. The
sensation of advent of the sacred from the sky to the towers and
the scenic appearance of the highest beautiful towers surround-
ed by forests are no doubt essential prerequisites for Bayon to
be deemed as sacred precincts. Therefore, we must protect the
tranquil sky and forests. For the local residents, Bayon is the
place for daily worship as well as outing. The number of tour-
ists to Angkor-Bayon is steadily increasing every year. The
conservation and restoration works will never stop. Neverthe-
less, the value of Bayon comprises of the surrounding atmo-
sphere of tranquility and piousness and the gentle appearance
in harmony with the forests. It is like two sides of the same
coin. In this sense, equal contributions from each three group,
i.e. local residents, tourists and conservation experts, are re-
quired. Efforts of these three groups should presumably lead to
sustainable development in conjunction with making the most
of the irreplaceable characteristic of the region.

2. Plan for Transportation and the Network of Monuments

Whilst the increase of tourists to the Angkor monuments is
welcomed, too rapid increase and seasonally concentration of
tourists tend to bring about bad effect upon not only infrastruc-
ture environment of the city but also conservation and safety
of the monuments. Above all, Angkor Thom, even though it
is a huge citadel, remains as in the 13th century city structure,
especially with its defensive enclosure. Bayon is the construc-
tion featured by much densely integrated space. If many tour-
ists concentrate such places, it will immediately bring a serious
situation.

At Bayon, currently the tourist sightseeing route is almost
fixed. Along with the achievement of academic study, by sug-
gesting various themes of sightseeing and their routes, the con-
gestion should possibly be mitigated.

Whereas, in recent years, Mt. Kulen area around the Angkor
monuments and Beng Mealea monument have been developed,
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3.3 Future Image of the Bayon temple and Sustainable Development of the Angkor Region

there are several major monuments that are left undeveloped,
such as Banteay Chmar, great Preah Kahn at Kompong Svay,
Koh Ker, Preah Vihear, and Sambor Prei Kuk. These monu-
ments are all highly attractive, and together with the survey
study and the conservation and restoration, when the envi-
ronment is improved further, they will become great scenic
resources. By such diversification, the concentration of tour-
ists to Angkor should be dispersed. Especially, the city of
Kompong Thom in the suburbs of Sambor Prei Kuk functions
as a base in the east of Angkor, and highly possible that it will
form the Cambodian cultural triangle, together with Phnom
Penh and Siem Reap. Current short-time and concentrated pat-
tern of sightseeing at Angkor may gradually shift to long-time
sightseeing.

Furthermore, not only by forming a domestic tourists net-
work in Cambodia, but by sharing the study outcome and in-
formation with Sukhothai and Chiang Mai of Thailand, Luang
Prabang of Laos, Hue of Vietnam, strengthening international
connection and forming international ancient city network, we
should be able to enhance the original value of each city, re-
gion and monument. And, we expect not transitory but steady
and sustainable development of the Angkor region to be real-
ized eventually.

257

ARETH A S,

FEEY > aO—)VEYELO 7 — L 2l e
RN« Ay L7EBNPEFINZN. HoRIT7d
WiZiE, NoFT7A - Fax—, AR - ATy
ADKRIVT « H—>. A=), TLT T4 ~\—
o 2R — - TLA - Iy EOREHNTE
WERBINEZEETHS, ZN5FVTHRHEN
MO ER DB THD., REMI. REEEEED
12, BREEMIEDIE, KERBNAERERD, 7
CA—IANOERIINRVEMINDEES D, K
YR — - TLA - 7y ZiEROa R b AT,
7 o O—)VEHROWEE T EL T, TR vz
LT THEESIZ, W R T =A%
RS D RERAEEEZGEL TS, BHEOEME
FIOT > a— VBN EEROBEANE D - <D
HBL TNV ZE, ZFLT. AR TERANDOEN
I NI =D EHRTBZT TR, F1DOAd—
A4, Fx oA, IFZADOINVT >« TI)N2, N
N FADT & EPTERRCERERE LGN, H
BRAEEE 2080, T UbD Ry T —U BT
5ZEICE- T, KV —E&LZ O, M, B
MEOMENEE D, —#lETII RN, HiZofdt
W RGN R 2 RE T 5 2 L2 MR L 720,



The Master Plan for the Conservation & Restoration of the Bayon Complex
Main Discourse Chapter 3 : The Conservation and Utilization of the Bayon Temple

3.4 Proposal of Organizational Structure for
Supporting the Preservation Activities
SHIMODA Ichita, YAMAUCHI Namiko

1. Principle, Technology and organizatios of structure for
Safeguarding Historical Monuments

In what manner will Bayon deteriorate and collapse, and
what measures should be taken in response? Answers to these
questions play a significant part in the formulation of a conser-
vation and restoration master plan that also incorporates man-
agement and maintenance activities into its framework. Thus,
the creation of a system capable of ensuring those answers are
properly reflected in the master plan is indispensable to the re-
alization of the master plan.

We must first be aware that a conservation and restoration
plan is generally formulated based on technologies that are ex-
tremely fluctuate and transitory, and that there is no guarantee a
proposed plan would prove to be the optimal solution in the fu-
ture. In other words, conservation and restoration technologies
should be considered one of the composite realms of science
technology that is perpetually being updated. Furthermore,
such changes have the power to give rise to new principles of
conservation and restoration. Fundamentally, ideal conserva-
tion and restoration principles are first defined, and the relevant
technologies are then innovated in line with those principles.
However, there are times when a dramatic technical innova-
tion may go against existing principles. For instance, in the
restoration of the Angkor monuments, the introduction of new
technologies is clearly throwing doubts on past restoration
principles. In addition to the fact that restoration principles
are closely interconnected with technology, other major fac-
tors which cause those principles to fluctuate might include the
level of understanding in regard to political, legal, economic,
and cultural policies adopted by modern society, or simply the
trend of the times.

Given that restoration principles change according to such
diverse factors, the system of conservation activities should
ideally be a structure that can flexibly respond to those chang-
es. At the same time, it is also necessary to be regardful of
circumstances specific to the Angkor monuments—i.e., the
regional uniqueness born from natural, structural, and cultural
conditions surrounding the group of Angkor monuments. A
proper understanding of these conditions must be accumulated
in the system of conservation activities so that the activities
can be further improved. Along this line, we must strongly re-
alize that conservation and restoration projects must be carried
out in accordance with international mutual understandings on
the conservation of world heritages, and recognize the need to
adhere to the "Royal Decree, Second Additional Royal Decree,
on the protection of cultural heritage," which was formulated
in consideration of the diverse uniqueness of the Angkor re-
gion. The conservation and restoration of the Angkor monu-
ments will hold a major significance to the world only when it
becomes a declaration of Cambodia's national commitment.
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3.4 Proposal of Organizational Structure for Supporting the Preservation Activities

Based on the unchanging principle of preserving the sacred-
ness of Angkor, we must be ever conscious of the fact that our
efforts in seeking an appropriate system capable of responding
to changing conditions in restoration technologies, restora-
tion principles, various factors in modern society, and regional
uniqueness are in fact expressions of our philosophy concern-
ing the restoration of the Bayon Temple, which can be applied
also to the entire group of Angkor monuments at any given
time.

2. The Next Step in Organization Structure of the
Conservation and Restoration

Since its establishment in 1994 as an organization for the
management of the Angkor monuments, APSARA Authority
gradually developed its structure, and today engages in a broad
range of activities. Restoration teams from foreign countries
are now forming cooperative systems with APSARA Author-
ity based on an agreement of the International Coordinating
Committee for the Safeguarding and Development of Site of
Angkor (ICC), for which UNESCO serves as the secretariat.
Under this framework, technologies in the specialty areas of
each restoration team are transferred to Cambodian special-
ists who work directly with the respective teams, as well as to
APSARA engineers assigned to the teams. Foreign restoration
teams continue to make conscious efforts to employ and foster
young experts, but the need for new employment is experi-
ence lull for the monument. Instead, there is now increasing
attention on strengthening the capabilities of experts who have
already accumulated a certain amount of experience over the
years. APSARA Authority has also been increasing the number
of its professional staff considerably in the past several years.
As part of their routine work, these Cambodian experts are ca-
pable of performing wide-ranging restoration tasks and issuing
appropriate instructions to engineers in various fields, but now
the situation calls for the next step, which is for them to pre-
pare restoration plans from a comprehensive perspective.

However, individual restoration methods are not necessarily
established for each of the various conditions of the Angkor
monuments. For example, the repair of sandstone elements is
the most basic task in conservation and restoration work, but
each restoration team observes its own standard regarding res-
toration methods, materials, and methods of indicating restora-
tion traces. Particularly in the restoration of brick monuments,
restoration tasks are defined to a large degree by the existing
state of the building, but a number of different methods are
employed regardless of the differences among the buildings.

It is certainly necessary to prepare individual restoration
plans based on various conditions, but provided the above, it
is also a fact that it is unreasonable to expect Cambodian ex-
perts to create restoration plans at this stage where even the
basic methods of restoration tasks have not necessarily been
all presented comprehensively. This means that an assistance
structure would still need to be maintained hereafter for a cer-
tain amount of time so that restoration experts from foreign
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countries specializing in specific fields can continue to provide
individual solutions to cases that could benefit from their spe-
cialized knowledge among the various problems occurred in
the monuments managed under a framework of international
cooperation. Needless to say, there is always the need to have
such world prominent experts in specialized fields address in-
dividual problems but, ideally such demand should gradually
decrease, and the responsibilities of the monument manage-
ment authority should be expanded instead. The importance of
clarified documentation of all works performed is perhaps the
most strongly addressed to keep this multidisciplinary effort
running.

The next phase of JSA conservation activities for the Bayon
will focus on this new approach to technical issues as well as
on the strengthening of the management authority. So far, JSA
has made various proposals concerning the restoration of the
Northern Library of Bayon, Prasat Suor Prat, and the Northern
Library of Angkor Wat. For the restoration of the Northern
Library of Bayon, JSA put forth a new proposal in regard to
the restoration of the filling of the foundation mass inside the
platform of the building, as well as presented a plan that would
drastically improve the restoration method of elements by se-
curing a supply source of new sandstone materials in the close
proximity. At Prasat Suor Prat, new proposals were made in re-
gard to the restoration of laterite buildings, and at the Northern
Library of Angkor Wat, suggestions were proposed concerning
the re-restoration of buildings already once restored, which is
an issue many parts or a whole of monuments are expected to
confront in the future. However, going forward, JSA fully in-
tends to also address new, unsolved problems as well as gener-
al issues common to all monuments. For instance, the methods
of strengthening the platform of mountain temples unsuited
to large-scale dismantlement work, in addition to improving
the stability of stone masonry showing signs of advancing dis-
placements, the construction of an effective drainage system
that minimizes intervention in the original form of a building,
the documentation method of large numbers of scattered stone
elements, and the establishment of an identification system for
such scattered elements, are all issues which cannot be ignored
when considering full-scale restoration work for the Bayon.
This phase will also focus on providing assistance so that res-
toration methods for problems addressed up to now are trans-
ferred and be kept properly without fail to Cambodian experts
and particularly to the monument management authority, and
restoration work on buildings that are within the scope of this
method is carried out under an independent structure.

For this purpose as well, the establishment of even closer
relationships and more profound cooperative systems than ever
before is desired in the next phase. It would also contribute to
providing a meaningful preparatory period leading to the in-
dependent decision-making, planning, and implementation of
restoration work. Consequently, JSA and APSARA Authority
will aim to form an organization that will function as one for
the next phase in the safeguarding of the Bayon.
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3.4 Proposal of Organizational Structure for Supporting the Preservation Activities

3. Responsibilities of Global Participants

For project implementation, it is desirable to maintain the
joint project structure composed of foreign restoration teams
which are now a part of the mainstream, and APSARA Author-
ity. This would allow APSARA Authority to select the most
appropriate solutions for the future from among other restora-
tion methods based on different standards, and to develop a
foundation for gaining an accurate understanding of unsolved
problems. This joint project structure is an essential require-
ment for establishing a certain general standard to be observed
when carrying out restoration activities in response to the wide
variety of conditions displayed by the Angkor monuments.
However, the significance of the standard of the entire group
of Angkor monuments must be considered in reference to the
principles of restoration for cultural properties throughout the
world from a more comprehensive perspective. Toward this
end, UNESCO carries an important responsibility of monitor-
ing activities for the conservation of the Angkor monuments
in relation to international indicators. From the mid-term per-
spective, the restoration of the group of Angkor monuments
should be addressed through a three-party cooperative system
composed of APSARA Authority, UNESCO, and foreign res-
toration teams. The responsibilities of UNESCO and foreign
organizations as global actors are discussed below.

3.1 International Organizations

The principal role of UNESCO is to monitor the manage-
ment mechanism and foreign organizations related to the
Angkor monuments in line with the situations of the countries
throughout the world, and to construct a structure for providing
logistical support. Evaluation inspection conducted at certain
fixed periods by an ad hoc committee, one of the main actors
in the monitoring task, plays an important role in supplying
objective, external evaluation. To begin with, ICC, headed by
French and Japanese government was established as an effec-
tive coordinating body for the friendly implementation of vari-
ous activities related to the regional environment of the monu-
ments, and has been fulfilling its intended function. No other
cases related to the safeguarding of monuments exist in which
formal international efforts have produced such distinguished
results. It is hoped that such a structure of international assis-
tance for the promotion of conservation activities will continue
to hold significance in the future.

International organizations assume the role of mediator and
provider of global information. At present, they sometimes
hold responsibility of authorizing and guaranteeing the activi-
ties of APSARA Authority and other foreign organizations. In
this way, given the need to control activities directly related to
monument sites, it would be ideal to establish a coordinating
office that is dedicated to the conservation and restoration of
the Angkor monuments in Siem Reap as a branch of the UNES-
CO office located in Phnom Penh. In some situations, there are
calls to establish the office within the monument management
authority, but in addition to monitoring the construction, the
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office must have the power to accurately overlook, operational
conditions including financial stability from a broad perspec-
tive.

Also in order to promote nationwide activities designed to
safeguard cultural properties, it is important to incorporate the
experiences and abundant know-how of international organiza-
tions such as ICOMOS and ICCROM to actively realize the
establishment and implementation of the actual system. To this
end, relevant organizations at the national level of Cambodia
should proactively participate in the activities of international
organizations.

3.2 Foreign Organizations

Today, the project operation structure of each country par-
ticipating in the conservation and restoration of the Angkor
monuments is not uniform. It is interesting to note that this
diversity reflects the circumstances of the operation structure
for cultural heritages in each country. For instance, France and
Japan have a system geared more by a central management
for the operation of cultural heritages, while Italy and the US
maintain a regional, decentralized management system, and
these situations tend to be reflected in the activity structure at
Angkor. Country-based diversity is deeply rooted in the social,
cultural, and historical background of each country, but the
fact that these diverse systems co-exist in Cambodia today can
be seen as an indication that they will largely contribute to the
future achievement of a flexible management system in Angkor
in the sense that they present a wealth of options for the future.
In this respect, foreign organizations are expected to engage
in discussions based on empirical knowledge accumulated by
their respective country. The diversity of these activity struc-
tures can be regarded as displaying a spectrum of activities
between those launched by individuals and those implemented
by countries or major international organizations.

A system in which studies that are conducted by individual
researchers seeking funding on their own are ultimately incor-
porated in restoration projects is certainly an economic and ef-
fective means of pursuing a project. Generally, however, there
are apt to be slight differences between the goals of individual
studies and the aims of restoration projects, and the two are un-
likely to match completely.

On the other hand, activities that are launched with the clear
objective of conservation and restoration under a national pol-
icy or an international system are incorporated in conservation
and restoration projects from the outset. Therefore, rather than
beginning with the selection of projects that would contribute
to the studies, the target monument is usually decided first, and
as the necessary surveys and research related to the monument
begin to surface, competent researchers in those areas are as-
signed to conduct studies. Needless to say, however, this proj-
ect construction method which conforms to political logic has
its own problems.

Various imaginative systems are likely to emerge in between
these two different project styles, but what is most important
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is for the goals of individual researchers and the goals of ac-
tual restoration and conservation projects to be connected in
an appropriate fashion. In other words, it is important to bring
together the motives of individuals, the state, and international
aid organizations. The mutually complementary relationship
between participant countries, who serve as financial donors,
and the executors of activities should be dissolved. This calls
for the reconstruction of project structures into a style that
would allow financial donors to gain economic and politi-
cal benefits and restoration experts and researchers to secure
academic merits even after national and organizational frame-
works are dismantled, yet still function effectively. The keys
to achieving this is for the Angkor monument management
authority to establish a priority order of monuments in need
of conservation and restoration work and to clarify technical
issues posed by each monument. By doing so, when foreign
countries participate in the Angkor monuments as a national
project, it would become possible for those activities to be
implemented under the long-term vision of the management
authority. Also, because the role of each country would be clar-
ified, participant countries would be able to justify their project
implementation. Moreover, it would become easier to gather
experts specializing in specific issues, because the coordination
between the expertise of individual researchers and technical
issues posed by the monuments would be clearly defined.

Indeed, such a system would undoubtedly involve many
realistic difficulties, but its creation is certainly one means of
maximizing the efforts of foreign organizations and foreign ex-
perts to the greatest degree.

Leaving future visions aside, however, the immediate role of
foreign organizations is to introduce the world's advanced tech-
nologies and theories to the monuments within the scope of
the existing project structure, and to apply them to the natural
environment and construction conditions available in Angkor.
However, it must be noted that appropriate technologies must
be considered in accordance with the regional conditions of
Angkor, because the most advanced technologies may not
necessarily be the best technologies for Angkor. The protec-
tion and harmonization of the traditions of Angkor are also
important priority issues. To this end, the effective dispatch
of various experts and the continued survey and construction
guidance by resident experts are indispensable.

4. Responsibilities of the Monument Management

Authority

Ever since the Angkor archaeological park region was
inscribed (1992) on the World Heritage List as the site of a
world-significant monument, APSARA Authority, which was
established by Royal Decree, has been fulfilling its role as the
official authority for managing the Angkor monuments. In
line with the Declaration of Tokyo adopted in the same year, a
global community headed by France and Japan has continued
to provide assistance. Owing to this assistance, it is now at the
level at which it can realistically discuss concrete plans and
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methodologies to effectively prove that it possesses the neces-
sary financial basis for management and operations as well as
sufficient ability to carry out its operations.

In the past ten years, APSARA Authority has steadily ex-
panded its activities. One of its principal responsibilities is to
provide diverse services related to the safety of tourists and
worshippers. They include the guarantee of security, regular
cleaning, regular monitoring of dangerous spots in buildings,
protection against looting, and provision of various information
that would expand educational opportunities. When a danger
spot is found in a building, an emergency measure is imme-
diately taken, and appropriate reinforcement is later applied
based on a technical report.

A structure for ensuring those responsibilities are fulfilled
and the monuments are managed in an integrated fashion is
gradually coming to shape. Nevertheless, basic issues still ex-
ist, although they are expected to be resolved in the near future.
Some of those issues are discussed below.

4.1 Clarification of the Management Structure

Before APSARA Authority established a public management
structure for the Angkor monuments, the Angkor Conserva-
tion Office belonging to the Ministry of Culture and Fine Arts
had assumed the responsibility. Today, there are calls to either
clearly distinguish within a certain framework or integrate the
two. Although both institutions are aware of this issue, the de-
velopment of a legal framework concerning the management
of monuments has long been set aside. Recently, a decision has
been made to assign jurisdiction of the monument protection
police to the Angkor Conservation Office. This could be in-
terpreted as indicating the Office's intention of playing a more
active role. The fact that archaeological artifacts and materi-
als, old photographs, technical reports, and other documenta-
tion regarding restoration are in the possession of the Angkor
Conservation Office is also obscuring the jurisdiction of the
monument management and the locus of responsibility for con-
servation and restoration work. Since these research materials
are extremely important elements that affect decision-making
regarding conservation and restoration, they should be sys-
tematically managed and disclosed to all experts. International
documentation center that we all willing to support must take
more positive action in organizing, promoting and advancing
their scientific archiving technology to increase and enhance
its credibility, so that organizations and individuals can entrust
their valuable materials.

4.2 Inventory Documentation of Cultural Heritages and
the Establishment of Management Responsibilities
Systems for the management and protection of cultural heri-
tages in most European countries and Japan are each function-
ing effectively as the legal framework for protection in their
respective country or region. It goes without saying that one of
the essential tasks in the course of developing such manage-
ment systems is to take proper and comprehensive inventory
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of relevant cultural properties. Creating an inventory of all
Khmer monuments spread throughout Cambodia is a concept
that goes beyond the scope of this paper. However, we will de-
viate slightly from the main topic of this paper and present an
overview below, from the perspective that the future develop-
ment of cultural tourism in Cambodia will accompany the co-
ordination of cultural policies and the spatial connection of the
Bayon, Angkor monuments and monuments in other regions,
and will play a significant role in the economic recovery of
Cambodia.

E. Aymonier began taking stock of Khmer monuments in
Cambodia and surrounding countries and was later succeeded
by E. L. de Lajonquiere, H. Parmentier et al. Thereafter fol-
lowing an inevitable interruption due to internal and external
social, political turmoils, a comprehensive documentation
project is now being conducted as a joint project of EFEO and
the Ministry of Culture and Fine Arts under the supervision of
B. Bruguier. These efforts will undoubtedly play an extremely
significant role in the inventory of cultural properties belong to
Cambodia and the establishment of criteria for their classifica-
tion, and are expected to be utilized actively.

Only after completion of the cultural property inventory will
it become possible to identify the bearer of management re-
sponsibility. When doing so, several management and govern-
ment assistance levels should be created in accordance with the
classification of the inventory stock. In regard to the Angkor
monuments however, it would be unrealistic to manage them
together with other inventory stock in all other regions due
to its magnitude and already developed management history.
Rather, it would be best for APSARA Authority to continue
providing unified management regardless of the size of the
buildings, as already established. It would work much more ef-
ficiently if the national system is created to make these two en-
tity co-exist in one system with unified and broad perspective.

Meanwhile, with respect to monuments in other regions, the
group of monuments aiming to be inscribed as World Heritages
—Preah Vihear, Sambor Prei Kuk, Koh Ker, Banteay Chmar,
Preah Khan, etc.—have been designated national cultural prop-
erties today, and others are expected to follow as designated
provincial cultural properties. Designation up to the province
level is a realistic possibility, because in Cambodia there is an
office of the Bureau of Culture and Fine Arts in each province.
Any designation in administrative districts below that level is
difficult due to the absence of administrators, so although it
depends on the province, there is expected to be an increas-
ing number of monuments placed under the jurisdiction of the
provinces.

In regard to the current situation in which the development
rights of large monuments are being bought by private com-
panies, a clear guideline is desired in order to reconcile gov-
ernmental management and private development. To that end,
it will become necessary to develop laws having enforcement
power and to enact ordinances appropriate to each region.
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