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Deterioration of granite in Bunhwangsaseoktap
(Stone pagoda of Bunhwnagsa Temple)

Jinyoung Do
School of Culturat Assets, Gyeongju University, San 42-1 Hyohyun-dong Gyeongju Gyeongbuk 780-210, KOREA
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ABSTRACT The Bunhwangsaseoktop is the oldest stone brick pagoda in Silla Period. The pagoda body is made by
piling small brick-shaped stones trimmed from black andesite and the first-story core has a shrine, which is made by
granite. In 1915 it was repaired on a large scale, but now is severely damaged. Many kind of the stone decay like
flaking, granular disintegration have occurred especially on the granite surface of the pagoda. In this study have been
investigated the stone decay type and its cause in relation to efflorescence on the body part. Various analysis show
that the deterioration on the granite is due to the same materials that lead to efflorescence on the body stone surface.
The soluble salt like sodium nitrate, calcium sulfate and sodium sulfate come from white joint mortar. This salt solu-
tion is recrystallized in the outside of the pagoda, but most of them flow down with rain. In This process the porous
granite absorbes the dissolved salts with moisture into the inside by capillary action. In order to reduce this problem,
therefore, white joint mortar is changed with other less soluble materials. And it is necessary to take steps to prevent
water from seep into the inside of the stone, because this water dissolves the white joint mortar.
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Fig. 1 The oldest photo of Bunhwangsaseoktop(in 1915, in
Chosungojekdobo).”
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Table 1. Sampling location and deterioration type of samples in Bunhwangsaseoktap

Name Sampling Location and its characteristic deterioration properties
granite Buné South, Edge of left Inwangsang, granite, flaking
Bun7 North, right gate of shrine, granite flaking
Bun9 East, prop of body stone, granite, granular disintegration
Bun10 East, prop of body stone, granite, flaking
Bun11 South, prop of body stone, granite, flaking
Bunts West, right prop of body stone, granite, flaking
Bun16 East, prop of body stone, granite, green and black biological colonization in back side of flaking
Bun20 South, left Inwangsang,, granite, flaking
Bun22 East, prop of body stone, granite, flaking
Bun29 West, prop of body stone, granite, flaking
Bun31 South, Inwangsang, granite, flaking, black discoloration, granular disintegration
Bun32 East, prop of body stone, granite, flaking
Bun35 North, Inwangsang, granite, flaking, granular disintegration
white fayer on Bun3 North, inner side of shrine, left wall, white cluster
granite in shrine Bund North, Inner side of shrine, front wall, grey powder
Bunb North, Inner side of shrine, right wall, grey powder
Bun8 North, Inner side of shrine, right wall, white cluster with stone particle
Bun25 South, Inner side of shrine, soil
white material Bun18 East, body of 2-story, andesite, white cluster(surface: grey, inner side; white)

on andesite Bun19 East, body of 2-story, andesite, brown layer
Bun30 West, body of 1-story, white cluster
Bun33 North, roof stone of 1-story, white stalactite
Bun34 North, body of 1-story, white mortar in joint

Bun 10, surface

Fig. 2. Analysed sampiles of Bunhwangsaseoktap.
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granular disintegration

Fig. 3. Deterioration type of granite in shrine of Bunhwangsaseokiop.
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Fig. 4. Deterioration of the Inwangsang in Bunhwangsaseoktop.



Table 2. Chemical composition of samples in Bunhwangsaseoktop(in wt.%)

Name Na20  MgO  AlO3 SiOz2 S0s K20 Ca0 Ti02 MnO Fe203  ZrO  Total

Bun6é 455 235 15620 498 0.86 483 1764 - - 47 - 100.0
Bun7 357 260 1312 6155 217 6.32 859 - - 209 - 100.01
Bung 0.64 - 3.65 10.84 - 160  81.39 - - 188 - 100.0
Bun10 0.82 - 4.29 10.13 - 1.61 82.12 - - 103 - 100.0
Bun11 057 078 1619 6285 226 3.84 6.46 100 - 707 - 100.01
granite Bun15(8) 246 237 1364 6039 385 377 7.38 004 - 577 033 1000
Bun1s(n) 592 314 2.41 6219 11.07 373 8.09 - - 017 328 1000
Bun16(s)  1.51 214 1456 4303 1.96 330 3051 - - 298 - 9999
Buni6(n) 1.21 122 1226 6526 228 487 6.83 042 - 564 - 9999
Bun20 2.01 075 1075 6583 210 515 9.09 - - 433 - 100.01
Bun22 142 298 8.95 3306 1.33 171 417 - - 939 - 100.01
white Bun3 136 047 6.46 24.47 - 1.08  64.67 - - 1A - 9991
layer Bun4 3.04 045 8.13 2066 262 1.91 51.79 - - 250 - 100
on granite Bunb 172 157 1387 3652 040 166 4001 026 - 398 - 9999
in shrine Bund 0.63 - 451 93.15 - - 0.58 - - 112 - 99.99
Bun25 514 105 1621 5895 427 4.80 3.61 - - 598 - 100.01
white material Bun18 0.67 - 9.62 4026 321 168  42.89 - - 169 - 100.01
on andesite Bun33 162 - 0.63 1.68 - - 96.27 - - - - 1000
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Table 3. lon concentrations in granite and white material samples of Bunhwangsaseoktop

Name anion{ppm) $ cation(ppm)
Cr NO3 S04 PO4” Na* Ca® Fe?* K* Mg
granite Bun29 365 B51.3 329.7 339 2035 3469 69 2064 425
Bun31 28.2 174 169.8 213 308.1 1479 40 185.3 19.5
Bun32 43 82 81.1 30.2 205.8 4178 20 193.4 214
Bun35 423 6.7 318.2 16.2 254.9 597.3 54 197.6 60.5
white layer Bun3 822.2 13596.3 4659.6 - 2983.6 4191.3 0.9 1472 3181
on granite Bun4 1675.2 8671.0 62422.7 37.2 228921.3 173.3 74 420941 103
Bunb 3675 3393.6 4958.3 14.4 3958.6 1137.0 6.0 545.0 426
white material Bun19 475 78 168.7 27 638.4 3530 1318 810.7 58.8
on andesite Bun34 391.0 19285 12055.6 - 733233 150.4 213 3154.7 156
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Fig. 5. Microstructure of flaking granite samples in Bunhwangsaseokiop.
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Table 4. Chemical composition of samples in Fig. 5 and Fig. 7(in wt.%)

Name Na20O MgO A0z SiO2 SOz P05 KO Ca0 Ti02 MnO Fe20z 21O CI Total

Bun7 (x3000) 360 245 1347 5964 547 - 571 651 - - 263 051 - 9999
Bun10 (x3000) 0.92 - 412 8.15 - - 131 8550 - - - - - 100.0
Bun11 (x3000) 077 08 1607 588 140 - 551 464 1.00 - 10.90 - - 100.0
Bun15(S)-A (x3000)  0.89 110 3N 824 538 - 377 7576 - - 1.75 - - 100.0
Bun15(In) (x3000) 1161 1457 394 3157 1867 - 504 591 - - - 5.96 283 100.0
Bun16(In) (x3000) 163 257 1662 5162 671 - 426 1068 031 - 7.60 - - 100.0
Bun22 (x3000) 282 328 1306 4973 - - 263 1760 1.10 - 876 102 - 100.0
Bun3 (x3000) 0.51 - 2.23 504 2827 - - 6394 - - - - - 9999
Bun4 (x3000)-A 34,04 - 1.44 461 5438 - - 5.54 - - - - - 100.01
Bun8 (x3000)-A 38.76 - 1099 3761 154 - 946 163 - - - - - 9999
Bun18 (x3000) 095 076 1248 4854 202 - 173 3143 - - 198 - 011 100.0
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Fig. 7. Microstructure of white surface layer in inner side of shrine and white material on andesite in Bunhwangsaseokiop.
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(c) Bun33, stereomicroscope, X200

(b) North, roof stone of 1-story, white stalactite
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(d) Bun33, XRD pattern

Fig. 8. Efflorescence in Bunhwangsaseoktop and its mineral composition.
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