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Let us begin working together. Working hard is very important,but Working smart, more important.
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HIF:8E (Keynote Speach)

THE RESTORATION OF CANDI BOROBUDUR

(1973 - 1983)

Maulana Abdulrahim Ibrahim

Candi Borobudur is one of hundreds of monuments that mark the great traditional of building
religions edifices in Indonesia. These splendid architectural achievements were erected at a
variety of locations, not only in the open plains and valleys but also on the slopes and even at the
Summits Mountains.

Candi Borobudur is constructed on a hill that rise some 15 meters from the surrounding plain.
The top of the hill was leveled to form a plateau. The main part of this was designated as the site
of monument.

The erection of a candi on top of a hill is common feature, but to build it around the top of hill.
Using it as core of the structure and wrapping it totally in the construction is a technique thus far
only found at Borobudur.

The builders of candi Borobudur apparently realized the need for a drainage system to cope with
heavy rains. Spouts were provided at tiled corners of the mounting stages to drain off the
rainwater from galleries, all the 100 spouts are beautifully carved in shape of makara or
gargoyles.

We do not know exactly when candi Borobudur was built. There are not records to inform us
which king had the monument built or which architect is was who created this wonder. Nor are
there any documents to reveal what technique were applied to carry out such a grand design.
Not the slight test idea can be gained as to how much time and how much labor were needed for
the construction of this gigantic work.

Based on some bits of archaeological evidence with fragmentary historical data, it is generally
assumed that construction can be dated to a round the year AD 800, at the time when Central
Java was ruled by the kings of the Shailendra dynasty.
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Comparison of the condition of the reliefs in stone and photographs taken about 1910 finally led
to the conclusion that the greater part of the damage could not possibly be caused by vandalism.
Neither could it be due to erosion by water, the growth of mosses or to vertical load pressure.
The main cause proved to be the fact that the stone were being continuously subjected to rapid
changes of temperature, the considerable heat during the day being immediately followed by
cold during the night, with extreme heat during sunshine and considerable cold during rainy
period.

In 1960 the first preparations were undertaken for programme to eliminate both the physic-
chemical and the techno-architectural dangers that threatened candi Borobudur. The planners
were mindful of the fact that van Erp’s restoration — in spite of its technical merits and
praiseworthy execution — was guaranteed to list only few decades. In fact, it was more or less a
palliative, patchwork restoration that left the fundamental cause of deterioration only half settle
by improving the water discharge system.

Such a total restoration would mean that the entire monument had to be altogether dismantled.
The obvious consequence would be that candi Borobudur should be closed to visitors for
considerable period, at least during the execution of the restoration. It was therefore of the
greatest importance to find way to speed up the restoration work in order to save as much time
as possible. The application of modern equipment such as electric cranes, and motorized means
of transportation was taken into consideration.

Preparation before physical restoration, take about two and a half years of work (mid 1963 to
the end of 1966) the essential measures for preparatory stage of the restoration programme
were taken consisting of the following items.

- Measuring and drawing of galleries

- Measuring and drawing of the deviating part of structure
- Photographing of walls and their reliefs

- Investigation of foundation of the monument

- etc
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The appeal to UNESCO was supported by the twenty-seventh international congress of
Orientalists, which was held in United State in August 1967, and which inter alia adopted a
resolution urging UNESCO to help save Borobudur. Until January 1973 that the contracting
agreement between the Republic of Indonesia and UNESCO was signed, indicating the real
beginning of the restoration of candi Borobudur with international aid.

A candi is usually constructed on a flat surface, and the foundations are also laid out flat. Even
when the location is sloping, part of the site is dug out in order to obtain the required flat court
yard.

In contrast to the normal pattern, candi Borobudur was built on and around the top of a hill.
Moreover, it was not erected directly on the natural soil of the hill but on layers of earthen fill.
This additional soil was apparently needed to enlarge the site, horizontally as well as vertically,
to make it suitable for the monument that was designed to rise step — wise while diminishing in
size with height.

When in 1968 UNESCO decide to take part activity in Borobudur Restoration project, the studies
of the engineering designs were resumed in close cooperation with the experts of UNESCO
missions. In meantime, the Netherlands government provided UNESCO with funds for the
engineering consultants NEDECO (Netherland Engineering Consultant) to prepare an overall
restoration plan, comprising an engineering design, a detailed work plan and financial analysis.

NEDECO plan, made slabs concrete under the four stages. The slabs to be constructed in such a
way the outer end supported the balustrade and the inner end reached the surface of the hill
inside the monument. The thickness of the first and second slabs (counting from the bottom
upward) was 0.66 meters, and the third and fourth 0.44 meters.

The concrete slabs, to be laid in unbroken layer under the four gallery walls, we designed:

- to strengthen the foundation while distributing the load on the subsoil evenly

- to collect and disperse run off water on the floors of the upper structure and galleries
- to prevent the penetration of shallow percolation water

- to distribute lateral seismic forces uniformly throughout the structure.
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The restoration project was be divided into three major parts:

- The archaeological work was concerned with the handling of the temple stones, starting
with the very first action of dismantling and ending with the return of the cleaned and
chemically treated stones to their original places in the monuments.

- The civil engineering work entailed the installation of the reinforced concrete slabs under
the gallery floors, including the establishment of the different kinds of filter and
watertight layers

- The ancillary works had to provide the project with all means and facilities so that the
gigantic under taking could be executed in the best way possible, e.q the preparation of
the working areas, the construction of inner reads, the provision of equipment for
transporting the stones and building material. Once these three kinds of activities had
started, they proceeded simultaneously.

The dismantling work was to be carried out on two sides of the monument at the sometime,
starting from the axes side way and from top downwards. The most crucial part, the northern
side, would be dealt with first, followed a few weeks later by southern side. This work was
scheduled to be completed within not more than three years, but the rebuilding would not that
long.

The stone be detached were provided with identification marks and registered on cards. One by
one they were hoisted manually, and collected in wooden pallets, which each had nine
compartments. A single pallet could carry nine stones, and the tower crane would bring it down
to the upper working area. The gantry crane then took over to transport the pallet down to lower
working area, where a forklift truck was waiting to transport it to the buffer storage.

From the buffer storage the stones still had a long way to go. After manual cleaning, they passed
to another department for chemical treatment. Broken or damaged stones were brought to
special shed for repairing, before being treated chemically. The next step was the drying
chamber, where the stones were dried artificially. Only then were the stones put in final storage
waiting for moment when they could be returned to the monument. The first stone detached
from the monument would be the last to reoccupy its original place, after three years.

Water the main source of destructive processes close observations and intensive studies made it
clear that candi Borobudur was endangered by a twofold destructive process. Techno structural
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deformations of the building components and the physicochemical deterioration building
material.

The primary source of both kind of danger turned out to be water. It was water that had disturbed
the bearing capacity of the subsoil and hence caused the subsidence and leaning of walls and
tilting of the floors, it was water that made possible the growth of mosses, lichens, algae and
other micro-organisms.

The deep procolation water saturated the subsoil, causing an inner case in its volume and a
decrease in its bearing capacity. Simultaneously, fine particle, of soil were translocate. The
particles, saturated with soil salt and minerals, seeped through the seams and pores of the stones
and were finally deposited on the surface of carved outer stones when the carrying water
evaporated.

A great number of borings into the core of candi Borobudur were carried out to provide the
necessary information concerning the soil supports the monument. The samples were taken at
different places and different depths, not only throughout the structure but also in the
immediate surroundings of the monument.

Rain water affects the stones of the Borobudur monument in two ways. First, run off water
causes erosion of stone surface. Trickling water increases the action of various organisms, and
general leaches away the coating together with the detached fragments of rock. Second, the
water easily penetrates the porous rock. Transforming the hill underneath into a kind of water
reservoir.

The very porous and quite permeable stones of the monument can easily be penetrated by air
and water. Moreover, the building’s location on top of a hill enhances the downward seepage of
water in to the pores of its material. The loose joints between the stone assist this moisture
penetration to a considerable extent. The obvious assumption therefore, is that a capillarization
process has been taking place continually and that this activity is to be blamed as the principal
weathering process.

Another natural force, however, should not be overlooked, earthquakes. Though thus far no
damage can be ascribed explicitly to this source. The danger is there and cannot possibly be
neglected if the restoration is meant to last into the most remote future. The success of this
gigantic under taking should be secured not only from the destructive effect of water but also
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from possible deformations or even ruin by an earthquake, not only during the present
restoration project but also for the perpetuation of the restored monument. Consequently
seismic studies have been carried out to support the planned work.

The first step in dismantling was marking of stones. In principle no outer stone was to be removed
before its pallet and area number had indicated on top surface. The exceptions to this rule were
of cause stones whose top surface would be visible and so could not be marked; in these cases
the only option was for the markings to be placed on the underside.

The outer stones were then carefully loosened from their position and placed in the pallet.
Removable scaffolding was used to assist in the work and where the stone was too heavy for two
men to lift, a scaffold crane was available at each work point.

The dismantling began from the middle on all galleries and the plateau at both the north and
south sides.

The dismantling of the north and south side took approximately two years and was followed by
work on the east and west side.

The dismantled stone were brought to the workshops for cleaning and further treatment, which
depended on type of stone and its function on monument. Outer stones, inner stones and
element stones were stored separately.

Each relief stone was thoroughly cleaned, manually or chemically, through dry or wet cleaning.
The replacement of the stone required the most accurate calculations since they had to be put
back in the right position, it should be understood that these were not the original places that
they had occupied before dismantling.

The rebuilding process itself changed the condition, and the position of stones had to be adjusted
to the new circumstances. The formerly leaning and sagging walls had been reconstructed in an
upright position and lifted up, previously tilting gallery floors had been leveled.

The rebuilding activity consisted of:

e laying out of the lead sheets on base of the wall
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e Reassembling the outer stones

e Reassembling the second stones (immediately behind the outer stone
e The reconstruction of layer B

e Strengthening the inner stones between layer A and B

The rebuilding at the north side started in February 1976 and was finish in November 1978. In
total no less than 35.164 outer stones and 85.680 inner stones had been put back in the
reconstructed monument. At the south side the rebuilding started in February 1976 and was
completed in August 1978, replacing a total of 35.901 outer stones and 94.504 inner stones.

The rebuilding of the west side was started in February 1979 and was completed in March 1983,
involving 51019 outer stones, and 111.130 inner stones. The rebuilding of the east side was
begun in March 1979 and was terminated in March 1982, involving 49.442 outer stones and
114.772 inner stones.

February 23, 1983 all the restoration work was completed, by the President Republic of Indonesia
declared.
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Candi Borobudur restoration

project
1973 - 1983

Invention of Candi
Borobudufge a4 .

By “Thomas 8. Raffles” 1814 1

Candi Borobudur condition before 1907

Candi Borobudur condition after cleaning (1854)

before r
Theodore Van Erp
1907-1911

Stupa condition after cleaning

The origin of main
center stupa (1854)
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Cleaning the soil buried temples and reassemble

the stones in its original place

Floor position skewed & sank

Rescue walls from collapsing by propping up the sloping walls using wood
and unload stones balustrade on it

Brick balustrade rearranged

Before restoration
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temple wall

Rainwater to seep into the soil of the hill behind the

Redistributing the sloping floor surfaces using

cement mortar and stone blocks

Stone block

Stone black
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Candi Borobudur
After restoration project
Theodore Van Erp tahun 1911

1973 - 1983

Flow treatment of restoration and Flow treatment of restoration and
conservation stones conservation stones

Temporary
storage

Numbering and coding on
stone block before
dismantling

The code used in the numbering of stone

Number e | 2 3t 4y -5 26 7 8 9 0
Symbol / Code it Nrzesay Yoy XN

Dismantling of gallery floors are cemented with mortar
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Dismantling of stone blocks

Blocks of stone that had been
dismantled put into pallets

Dismantling Activity

b s e

Pallets containing stone
blocks were taken using a
tower crane

Transporting stone blocks using a tower crane
and forklift

|
J

Ooh

crane

Pallets containing demolition stones ready to
be taken to treatment area with gantry crane

Transport palette from monument to buffer storage
=4 using a tower crane and gantry crane

[ HHH\HT\HHHHHH ]
N

54



Temporary
Storage

Pallets containing demolition stones moved
from gantry crane to fork lift

Transportation of pallets to the
temporary storage

]
Ol
i

Arrangement & registration of pallets in the
temporary storage

Temporary storage location

Wet Cleaning

Dry Cleaning

Chemical liquid AC-322 on
the stone surface for
cleaning
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Checking for PH of water that use for stone cleaning

Dismantling
and ret

Repairing

Stone bonding using epoxy
resin

Repairing of Buddha statue with
brass anchor

Finishing

Preserving the stone using
chemicals (fungicides and
herbicides)

Repairing




Final Buffer Storage

Dismantling and
rebuilding

Dismantling

and rebuilding

Example of stone were not
dismantle

Preparation and setting up working area

Layer B

|

Beginning of reconstruction

Working area
l Layer C %
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Activity for reinforcement

Construction of concrete and drainage pipes

Reinforce
concrete layer PVC pipe
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Waterproofing coating using araldite tar

Concrete pipe construction

Reassembling
outer stone

Concrete foundation

Outer stone

Basic conditions
before being
installed floor

D

2% level balustrade

15 level wall




floor construction which consists of two layers, the lower

layer are spaced at intervals of 3-4 cm S Installation of new floor for gallery

Bottom layer

Upperlayer
Bottom layer

Monitoring
After Restoration
Candi BOROBUDUR -z

Gallery floor after repairing

seepage water flows out

Repair by dismantling, water seepage on it and re-use
Araldite tar
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Cleaning Salt Deposits The process of peeling on the
surface of the stone

Patching Alveolar
The process of postules [ alveole The alveoli are directly cleaned using herbicides. Then alveole
holes filled with mortar mix Epoxy Resin Euroland FK-20 + Sand
The growth of
microorganisms ;
such as algae and
Dust MOSS

Excretion of microorganisms that
are liquid and gas causes the
weathering of rock minerals

The process of cracks due
to internal factors

Irregular stone structure
surface

The Handling of Cracks

Epoxy Resin is injected directly into the
cracks of stone

>

- Finished -

Save Our Borobudur






