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Influence of Coarse Grained Sandy Soil in Ground on Deterioration
of Stone Cultural Properties
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ABSTRACT : Site environments bring about various different deterioration forms of stone cultural
properties. The aim of this study is to document the influence of coarse grained sandy soil on the
deterioration of stone cultural properties. Bulguksadabotap is a good example that demonstrates the
problem with coarse grained sandy soil. The ground around the Bulguksadabotap is covered with
coarse grained sandy soil and the pagoda is surrounded by the corridors. Coarse grained sandy soil
float easily in the air and deposit in the complicated stone structure caused by strong wind in
Gyeongju and numerous visitors. To explain the influence of coarse grained sandy soil on the
deterioration, the coarse grained sandy soil and weathered stone pieces of Bulguksadabotap were
analyzed by XRD, optical microscopy, SEM for mineralogical component and IC and ICP-AES for
the soluble salts. The soil and weathered stone pieces include clay minerals, such as smectite and
kaolinite, can expand with water and exert pressure on the stone. Small size of the clay minerals in
the coarse grained sandy soil can easily penetrate into the weathered surfaces of the
Bulguksadabotap. The weathered stone pieces also contain NaCl, which is known to contribute to
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increase the expandibility of clay minerals by providing with Na" or by dropping the equilibrium of
relative humidity. These results indicates that coarse grained sandy soil is not proper to site

environment for weathered stone cultural properties.
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Table 1. Average meteorology of the Gyeongju area (data from the Pohang meteorological observatory)

Temperature (C)
Year

Relative humidity

Rainfall (mm) Wind speed (m/s)

highest lowest (%)
2002 35.5 -12.5 73.5 1428.0 8.0
2001 36.5 -13.5 71.0 971.0 11.1
2000 35.8 92 69.2 985.5 6.7
1993-2002 Average 313 -6.4 - 1113.7 -

©

Fig. 1. Photographs showing Bulguksadabodap and its site environments. (a) the complicate structure and
coarse grained sandy soil on the ground, (b) corridors around.pagodas, (c) numerous tourists.
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Table 2. Concentration of various ions within the coarse grained sandy soil and weathered stone pieces

from Bulguksadabotap (wt.%)

Sample cr NO;y PO SO Na Mg™ K Ca™
coarse grained sandy soil-1 0.082 0.028 - 0.005 0.430 0.152 2.148 0.438
coarse grained sandy soil-2 0.075 0.011 - 0.002 0.288 0.108 1.657 0.455
weathered stone pieces-1 0.024 0.014 - 0.012 0.267 0.143 2.226 0.370
weathered stone pieces-2 0.028 0.009 - 0.018 0.383 0.183 2217 0.403
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Fig 2. X-ray diffraction patterns of oriented powder samples. Note that the smectite peak shift after
ethylene glycol treatment, (a) coarse grained sandy soil, (b) weathered stone pieces of Bulguksadabotap
(Hb: hornblende, I: illite, K: kaolinite, S: smectite, Bi: biotite, PI: plagioclase, E.G: Ethylene glycol, R.T:

room temperature, 550°C: heated up to 550C).
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Fig 3. Microphotographs of the weathered stone pieces from Bulguksadabotap. Note the intergranular
cracks in a mineral grain. (A) crossed nicol, (B) open nicol (Scale: 0.2 mm).
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Fig 4. SEM microphotographs of weathered stone pieces of Bulguksadabotap. (a) fine clay minerals
deposited at the stone surface, (b) aggregate of clay minerals in pore spaces, (c) formation of the layer
very fine salts at the surface of mineral, (d) deposition of weathering products between biotite cleavages.
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