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Deterioration Diagnosis and Conservation Treatment of the Three-storied
Stone Pagoda in the Cheongryongsa Temple, Anseong, Korea
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Seong Won Jeon?, Ju Ok Kim? and Sun Duk Kim?

IDepanment of Cultural Heritage Conservation Sciences, Kongju National University, Kongju, 314-701, Korea
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Rock materials of the three-storied stone pagoda in the Cheongryongsa temple in Korea are mainly composed of
gneissose two-mica granite and fine-grained granite. This stone pagoda shows structural instability due to cracks
and breaking-out of the stones. The surface properties of the stone is highly degraded by various inorganic pollut-
ants and epilithic biospecies. Therefore, this study carried out comprehensive deterioration diagnosis by non-destruc-
tive methods, and some conservation treatments base on the diagnosis were carried out to reduce weathering
progress. As the treatments, the biospecies and lichen that covering on the stone surfaces were removed by dry and
wet cleaning, and degraded concrete applied to the pagoda for restoration in the past was removed and repaired
with epoxy resin. Oxidized iron plates inserted between the rock properties were also substituted titanium stainless
steels. After all processes are completed, we sprayed consolidant on the rock surface. Finally, the ground of the
stone pagoda was rearranged using small rock aggregates, and the fence was established for control of artificial
deterioration by visitors and environmental maintenance.

Key words : Gneissose two-mica granite, Fine-grained granite, Deterioration diagnosis, Conservational treatment
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Fig. 1. Cheongryongsa temple layout and field occurrence of the stone pagoda in the Cheongryongsa temple. (A) An
arrangement plan of the Cheongryongsa temple. (B) Surrounding environment of the stone pagoda. (C) Western frontal view
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Fig. 2. Lithology and microphotographs showing the major constituting rocks of the stone pagoda. (A) The 2nd floor body
rock composed of gneissose two-mica granite. (B, C) Fine grained granites consist in the 1st floor body and basement rocks
which are partly developed of pegmatite veinlet and basic xenoloth with several centimeters. (D, E) Microphotographs
showing gneissse granite forming minerals of the quartz, orthoclase, plagioclase, biotite and muscovite. (F) Quartz,
orthoclase, plagioclase and mica assemblages of fine grained granite. Most feldspar and mica are partly altered to sericite
and chlorite, respectively, along the grain boundaries and cleavages.
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Fig. 6. Biological contaminants and scanning electron microphotographs (SEM) of the stone pagoda. (A) Appearance of the
dark gray algae on the surface of the basement face stone. (B) Gray and dark gray crustose lichen on the surface of roof
stone. (C) Green and dark green lichen show such as besprent form. (D) Bryophyte show various appearances on the roof
stone. (E, F) SEM images of clay minerals and rootlets of lichen and algae grow at the near surface of the rock properties.
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of the eastern, southern and northern sides of the stone pagoda.
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Fig. 8. Surface cleaning treatments of the stone pagoda. (A, B) Dry cleaning using brush and wood-knife. (C) Removing
processes of degraded cement used dental and detail working tools. (D) Dust, soil and remnants on the stone surface are
cleaned by distilled water. (E) Biocide spray on biospecies covered stone surface for fieid test. (F) Field observations for test
and effects of biocide of temporary treatment on the stone surface.
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Table 1. Active ingredients and treatment of the anti-germ solution made by Swiss Clean.

Biocide Active ingredients Treatment method

quaternary ammonium compound
0.1%, alcohol

Spray on the surfaces from a

Anti-Germ Solution distance of approximately 30cm

Table 2. Physical properties of the MC Nylon for reinforce materials of the stone pagoda.

Tensile strength (kg/mm?) 670-840 Elogation(%) 10-70
Modulus of elasticity (k/c) 24-31 Coefficient of friction 0.35
Impact strength (kg/mm?) 2-3 Thermal conductivity 5
Strain temperature (°C) 149-219 Heat-resistant temperature(°C) 121-149
Flame retardancy anti-fire Coefficient of thermal expansion 9
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Fig. 9. Rejoining and reinforcement for the broken stone materials of the pagoda. (A, B) Chose position of reinforcement
part using tape measure. (C) MC Nylon's fixing hole made using dril for rock. (D) Rejoining processes using epoxy resin.
(E, F) Broken stone material is fixed by fixing rope and square lumbers.
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Fig. 10. Finishing processes of treatments and general field view of after conservation treatments of the stone pagoda. (A)
Horizontality and verticality adjusted by clino-compass and horizontal bar. (B) Irregular piece of iron alternated by titanium
stainless steels. (C) Spray a consolidant on the stone surface after treatments. (D, E) Comparison of broken roof stone
showing before and after conservation treatments. (F) Frontal view of the stone pagoda after the conservation treatments in
August 2006.
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