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Assessment of Damage for the Three-Storied Stone Pagoda of
Bulguksa Temple in Gyeongju
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Abstract As the damage factors of the three-storey stone pagoda of the Bulguksa Temple in Gyeongju
could cause a reduction in the historical and artistic value and accelerate the deterioration of the stone,
an appropriate solution is needed. The aim of stone conservation is to conserve the original shape and
convey originality from the ancestors to their descendants. This procedure includes a record of the
condition, being available in the future. In particular, the damage assessment could be used in
conservational research, educational data, conservational treatment, and preventive data. As a result of
quantitative damage assessment, biological damage indicated 159 %, chemical damage 114 %, and
physical damage 16 %. The west direction revealed 95 % because of the amount of sunshine, moisture,
and expansion of rock. Complex factors and high range damage were observed on the foundation and
body of the pagoda. Since the top of pagoda was restored in the 1970s, the state presented a good
condition. By doing this, the number of organisms could be reduced by cleaning and the physical
damage could be minimized by bonding. On the other hand, continuous monitoring will be needed

because there is a possibility of reforming the damage in the future.
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Fig. 1. View of the Three-Storied Stone Pagoda
of Bulguksa Temple in Gyeongju
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Fig. 2. Physical, Chemical, Biological Damage of Three-Storied Stone Pagoda of Bulguksa Temple in Gyeongju
(a) Crack (b) Separation (c) Gap (d) Discoloration (e) Conservation Treatment Material (f) Biological pollutant
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Fig. 3. Microscope(upper left) and SEM(upper right)
Sample Image, Location(lower left) and
Results(lower right) of SEM-EDS Analysis on
the East side of second Story of Pagoda
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Fig. 4. Analytical Results of X-ray Diffraction
Pattern(XRD) for Contaminants of East side
of second Story of Pagoda
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Table 1. Comprehensive Damage Rate (%) of the Three-Storied Stone Pagoda of Bulguksa Temple in

Gyeongju
Direction
Classification

East West South North

Shape Variation 2.9 3.5 3.5 4.1

Physical Deterioration Rate Oxide Minerals 0.1 0.3 1.4 0.03
Conservation Materials 0.01 0.2 0.1 0.02

Leaf Lichen 3.6 3.4 1.0 3.5

Biological Deterioration Rate Stuck Lichen 33.0 36.3 27.7 34.3
Fungi 2.6 2.3 9.4 2.3

White Discoloration 1.4 - - -

Black Discoloration 2.7 9.3 1.2 0.1

Chemical Deterioration Rate

Yellow Discoloration 25.3 36.9 8.0 22.7

Reddish Discoloration 1.2 2.9 0.3 2.2

Fig. 5. Map of Damage in Each Direction for the Stone Pagoda
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