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Mancheol Suh, Insun Song and Huisoo Choi, 2002, The structural safety diagnosis of Dabo Pagoda
of Bulkuk Temple using analyses of ultrasonic wave velocity. Journal of the Korean Geophysical
Society, v. 5, n. 3, p. 199-209

ABSTRACT: We have carried out a nondestructive close examination for the purpose of the structural
safety diagnosis of the Dabo Pagoda of Bulkuk temple located in Kyungju, Kyungbuk, Korea. For estimating
the mechanical properties of each rock block of the pagoda, ultrasonic measurements were conducted at
641 points of 255 blocks. The P-wave velocity ranges from 584 m/sec through 5,169 m/sec, and averages
2,901 m/sec. Based on this result, the uniaxial compressive strength was estimated to be 93 ~1,943 kg/cm2
with 396 kg/cm2 of average, and the index of weathering is 0.07~0.88 with 0.43 of average, which
means the moderate degree of weathering. The comparison of the rock strength of each block with the
overburden acting on the block reveals that the rock blocks related to the structure of the pagoda are
relatively sound for uniform stress, but it is highly possible for a concentrated stress to lead to a partial
failure. We suggest a monitoring of cracks due to the concentrated stress. The parapets of Ist and 2nd
floors composed of small rock pieces are severely weathered. However, this is not directly related to
the structural safety of the pagoda.

Key words: Dabo Pagoda of Bulkuk Temple, ultrasonic wave velocity, probability of failure, structural
safety diagnosis, rock strength, index of weathering.

(Mancheol Suh and Insun Song, Nondestructive Research Lab. Cultural Property, Kongju National University, Kongju,
314-701, Chungnam, Korea, e-mail: mcsuh@knu,kongju,ac,kr; Huisoo Choi, Korea Structure Engineering Co.)
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Fig. 1. Names of rock blocks of Bulkuksa Dabo Pagoda (after Park, 2000)
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Fig. 2. Damage conditions of Dabo Pagoda; (a) a boken plane at a stairway, (b) fractures at supporting blocks on
the platform due to unequal weight, (c) severely weathered cornerstones under the Kidan Gapseok, (d) a severely
weathered parapit on the second floor, (e) a fracure of the first floor Gapseok, and (f) a broken plane at at Bogae.
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Table 1. Degree of weathering & determined by P-wave velocity.
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Table 2. Result of ultrasonic wave velocity measurement.
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Fig. 5. Histograms of ultrasonic wave velocity(a), coefficient of weathering(b), and compressional strength(c).
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Table 3. Analysis of probability of failure.

AHBE (kg/cm®  FAF w3 FAEE (%)
2R BF EFAXN  kg)  (cm®)  SAHEF 1% HE 02972

R 241 10 275 855 0.10 0.10 0.10

3F FLY 8L % 536 7 2675 8163 0.10 0.10 0.10

30 0000 O0(@) 200 20 2675 8163 0.10 0.10 3.59
30 0000 OO(@O) 771 77 2675 8163 0.10 0.10 0.10
30 0000 OO0(@) 730 73 2675 8163 0.10 0.10 0.10
30 0000 OO(@O) 556 55 2675 8163 0.10 0.10 0.10
30 0000 OO@) 524 52 2675 8163 0.10 0.10 0.10
30 0000 OO(@O) 848 84 2675 8163 0.10 0.10 0.10
30 0000 0O0(@) 294 29 2675 8163 0.10 0.10 0.10

30 DOOD 0DO(@O) 204 20 2675 8163 0.10 0.10 2.12
kg 518 28 2675 8163 0.10 0.10 0.65

2% 3% 24 7% 550 39 6012 7619 0.10 0.10 0.10
2% £2Y 7% (4-A) 336 30 6012 7619 0.10 0.10 97.50
2% 539 7% (4-%) 144 14 6012 7619 0.10 0.10 99.90

2% 239 71% (5-9) 176 17 6012 7619 0.10 0.10 99.90
2% %49 7% (F-%) 125 12 6012 7619 0.10 0.10 99.90
2% £4Y 7% (B-%) 147 14 6012 7619 0.10 0.10 99.90
2% £2Y 7% (B-A) 136 13 6012 7619 0.10 0.10 99.90
2 Z48 715 (H-8) 129 12 6012 7619 0.10 0.10 99.90

FE£4Y 7% (A-¥) 170 17 6012 7619 0.10 0.10 99.90

37 213 19 6012 7619 0.10 0.10 88.54
IEEDECEE 410 99 11326 6499  .0.10 0.89 99.90
= TR 71E (&-A) 307 159 11326 6499 2.74 20.05  99.90

1% 3475 (4-%) 616 159 11326 6499 0.10 0.21 94.52
1% FU7% (B-9) 575 159 11326 6499 0.10 0.59 96.86
1% #9715 (5-%) 616 159 11326 6499 0.10 0.28 94.52
% 3% (BF-%) 522 159 11326 6499 0.10 0.16 5.71
% FH715 (B-4) 186 159 11326 6499 12.30  47.21  99.90
= FW% (H-8) 356 159 11326 6499 1.29 12,71 99.90
1F FH715 (H-&) 618 159 11326 6499 0.10 0.26 1.43

iy 468 152 11326 6499 1.88 9.15 76.96
%4 44 7% 371 184 26334 21589 2.22 8.85 90.82
715 (%) 574 228 26334 21589 0.60 2.40 56.36
/1% (B%) 458 268 26334 21589 4.46 10.56  71.57
E71% (BA) 518 304 26334 21589 4.46 9.68 61.79
7% (2A) 437 244 26334 21589 3.67 9.85 76.11
e kin 471 246 26334 21589 3.08 8.27 71.33
AAE(H) 486 167 47628 21589 0.19 5.59 99.90
HAE(F) 997 315 47628 21589 0.10 0.68 63.31
HAE(B) 719 251 47628 21589 0.21 2.33 93.70
HAE(A) 703 217 47628 21589 0.10 31.32 © 96.71
- Eix 726 237 47628 21589 0.74 9.64 84.99
|4 (g-A) 562 48 50701 151846 .0.10 0.10 0.10
|y (¢-%) 336 174 50701 151846  2.74 4.18 16.60
|9y (F-4) 542 158 50701 151846  0.10 0.10 0.87
|4y (F-#) 462 204 50701 151846  1.16 2.44 7.35
by (-%) 423 197 50701 151846  1.62 2.44 9.68
|y (B-4) 499 102 50701 151846  0.10 0.10 0.10
|y (A -£) 558 84 50701 151846  0.10 0.10 0.10
a4 (MH-d) 381 132 50701 151846  0.20 0.43 5.26
+F(4%) 316 257 50701 151846  10.93 13.57  28.10
+F(5%) 529 273 50701 151846  2.68 3.51 9.34
3 (8A) 441 199 50701 151846 1.74 2.07 8.38
3 (gA) 512 129 50701 151846 0.10 0.10 0.38
- kis 463 163 50701 151846  1.80 2.43 7.19

*0.102 0.10 °o]3}= <w|gh
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