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ABSTRACT : The deteriorations of stone monuments located in Gyeongju area are predicted in a
modeling study. Artificial rain and accelerated weathering test are here applied to the Gyeongju
Namsan granite and cement mortar. They are reacted with pH 4.0, pH 8.0 and pH 5.6 rain,
respectively. The two former values are the limited acidity values in the Gyeongju (the acidity of rain
of the Gyeongju were pH 4.93~6.39 in 2005) and the latter is the limited acidity of acid rain. The
rains of pH 5.6 and pH 8.0 reach close to a value of pH 7.0 after the reaction with the Gyeongju
Namsan granite. After application of the artificial rain and weathering test, the weight of specimens
were reduced and the contents of soluble ions in the specimens were increased. These results are
attributable to solution of minerals in the specimens. At first, the microlithic have dissolved in ground
from the reaction with acid rain. And then mainly quartz, plagioclase and orthoclase bound by the
microlithic are disintegrated. The cement mortars are dissolved after the reaction with not only acid but
alkali rain. The concentrations of ions in the dissolved cement mortar are higher than those in granite.
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Table 1. Climatic program for artificial weathering test (Gyeongju area)

Seg 1 Seg 2 Seg 3 Seg 4 Seg 5 Seg 6 Seg 7 Seg 8
Characteristics of section up stay up stay down stay down stay
Temperature. (C) 25 25 30 30 25 25 -3 -3
Rel. humidity (%) 70 70 90 90 70 70
Running time (hour) 2 4 2 4 2 4 2
Starting point (time) 22:00 0:00 04:00 06:00 10:00 12:00 16:00 18:00
Raining point (time) 10:30~12:30
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Table 2. Acidity of rain in the Gyeongju area
Downtown Gampo
Date pH (initial/end) Date pH (initial/end)
2005.8.2 5.18 / 5.90 2005.8.19 5.66 / 6.11
2005.8.19 5.09 / 5.20 2005.8.22 5.94
2005.8.22 5.10 2005.8.24 6.01 / 6.38
2005.8.24 5.20 2005.9.5 6.02 / 6.39
2005.9.5 5.25 2005.9.21 5.82 /5091
2005.9.9 5.05 2005.9.22 5.62
2005.9.10 4.93 2005.9.23 5.98
2005.9.21 524 / 544 2005.10.3 6.01
2005.10.4 6.39
2005 4.93~5.90 2005 5.62~6.39
Table 3. Ion contents in rain of the Gyeongju area (ppm)
Anions cr NO5 oV
Date Location Downtown Gampo Downtown Gampo Downtown Gampo
2005.2 13.4 2.74 0.66 2.99 1.91 3.28
2005.3 27.8~74.1 2.65 ~2.09 2.18 ~4.00 2.96
2005.4 2.01~31.4 18.81 1.64~4.42 3.30 - 4.96
2005.6 ~37.4 10.06 ~3.95 1.46 4.43 2.58
2005.7 13.31 53.53 1.81 291 - 9.35
2005.8 1.94 20.81 8.36 1.26 11.27 8.87
~74.1 ~53.53 ~8.36 ~3.30 ~11.27 ~9.35
Cations Na' K Mg2+ Ca®t
2005.2 2.14 4.09 0.42 0.84 0.13 0.27 1.42 1.31
2005.3 1.72 4.56 0.34 1.39 0.11 0.35 1.41 1.76
2005.4 2.56 18.33 0.66 1.01 0.05 1.79 0.48 1.67
2005.6 2.34 5.38 0.30 0.54 0.35 0.45 1.07 0.41
2005.7 430 36.47 0.31 1.91 0.41 3.78 1.14 2.84
2005.8 1.64 14.26 0.15 0.69 0.13 1.47 0.37 0.77
~4.30 ~36.47 ~0.66 ~1.91 ~0.41 ~3.78 ~1.42 ~2.84
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Table 4. Ion contents in the artificial rain (in ppm)
Anion . . §
Acidity cl NO» so¢
pH 4.0 57.959 6.592 13.054
pH 5.6 58.128 7.494 12.501
pH 8.0 52.995 7.796 12.442
Acidity cen Na! Ca K Mg
pH 4.0 45.689 0.459 0.809 0.036
pH 5.6 50.861 0.858 0.294 0.001
pH 8.0 47.301 1.010 0.304 0.005
Table 5. Acidity (pH) change of the artificial rain after reaction with tested samples
Cycle of artificial weathering test
Sample pH 0 Y030 0-60 6085
Gyeongju pH 4.0 4.00 591 6.09 4.19
Namsan granite pH 5.6 5.60 6.84 6.24 7.01
(GD) pH 8.0 8.00 7.14 7.45 7.16
Coment mortar pH 4.0 4.00 7.56 7.56 7.74
(Ce) pH 8.0 5.60 7.67 7.77 7.86
pH 5.6 8.00 7.71 7.92 7.90
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Change of Cation contents of pH 4.0 rain in G1 Change of cation contents of pH 5.6 rain in G1
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Fig. 1. Change of ion contents of the artificial rain after reaction with Gyeongju Namsan Granite (G1) specimens.
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Change of cation contents of pH 4.0 rain in cement
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Fig. 2. Change of ion concentrations of the artificial rain after reaction with cement mortar specimens.
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Fig. 3. Weight reducing rate and water absorption rate of the specimens after weathering with/without arti-

ficial rain.

Table 6. Color change of the specimens after application of the artificial rain and artificial weathering test

Gl Ce

L* a* b* L* a* b*

Law 76.42 1.88 8.33 57.01 0.87 8.45

w 77.20 1.80 7.41 59.18 1.65 10.85
AE (difference) 1.20 3.32

Law 56.27 1.35 5.34 60.90 0.08 5.16

pH 4.0 63.67 2.04 9.17 59.21 0.05 5.64
AE (difference) 4.86 1.58

Law 76.44 1.06 4.80 60.66 0.83 8.75

pH 5.6 70.69 1.02 3.20 57.75 1.63 10.49
AE (difference) 5.97 3.48

Law 74.18 2.79 12.75 60.74 0.41 6.62

pH 8.0 74.00 2.00 11.09 58.38 1.38 8.93
AE (difference) 1.84 3.45
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Fig. 4. Change of water soluble ion concentrations of the specimens after applications of the artificial rain

and weathering (ppm).
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(a) Gyeongju Namsan granite (b) Cement mortar
Fig. 5. X-ray powder diffraction pattern of the specimens reaction with the artificial rain (Qtz : quartz, A:
albite, O: orthoclase, B; biotite, C3S; 3CaO - SiO,, G; gypsum).
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Fig. 6. X-ray powder diffraction pattern of the deposits in the artificial rain react with the specimens (Qtz :
quartz, A: albite, O: orthoclase, B; biotite, C3S; calcium silicate, G; gypsum).
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Table 7. Change of ultrasonic velocity and estimated uniaxial compressive strength of the specimens after

application of the artificial weathering test and rain

Estimated avg. uniaxial compressive

Sample pH of rain Measuring site Avg..ultrasomc strength (kg/em’)
velocity (m/sec) - -
Equation 1 Equation 2
Width 2185 233.7 206.7
Raw Length 2571 292.4 243.4
Height 2627 301.9 249.1
Width 2177 232.7 206.0
Weathering Length 2552 289.2 241.4
Height 2662 308.2 252.9
Gyeongju Width 2175 232.4 205.9
Namsan pH 4.0 Length 2567 291.6 242.9
granite (G1) Height 2620 300.8 248.5
Width 2180 233.1 206.3
pH 5.6 Length 2497 280.1 235.9
Height 2667 309.1 253.5
Width 2119 225.0 201.1
pH 8.0 Length 2627 301.9 249.1
Height 2719 318.4 259.0
Width 2563.0 291.0 242.5
Raw Length 2627.0 301.9 249.2
Height 3105.0 398.1 304.9
Width 2558.0 290.1 242.0
Weathering Length 2552.0 289.1 241.4
Height 3086.0 393.8 302.4
Cement Width 2546.0 288.1 240.8
mortar pH 4.0 Length 2441.0 271.1 230.4
(Ce) Height 3085.8 393.7 302.4
Width 2538.0 286.8 240.0
pH 5.6 Length 2552.0 289.1 241.4
Height 3105.1 398.2 304.9
Width 2496.0 279.9 235.8
pH 8.0 Length 2546.0 288.1 240.8
Height 3035.0 382.3 296.0
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