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Abstract : The safety diagnosis of cultural assets is primarily focused on its

non-destructiveness. Research on the nondestructive diagnosis and conservation of
masonry cultural heritage is the key which is considered by technologic kernel.
Geophyscial prospecting as nondestructive diagnostic technology plays an important role
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in the characterization of the foundation of stone pagodas. It is natural that
understanding of shallow subsurface condition beneath them 1is essential for their
structural safety diagnosis. As an example, the nondestructive geophysical methods were
applied to two three-story stone pagodas, Seokgatap (height 10.8 m, width 4.4 m, weight
82.3 ton) and Dabotap (height 10.4 m, width 7.4 m, weight 123.2 ton) which were built
in 791 at Bulkuksa temple. An earlier archaeological investigation shows that stone
pagodas have experienced severe weathering process and are slightly leaning, which will
threaten their stability. At the base part of Dabotap, an offset of the stone alignment is
also observed. Direct measurements of ultrasonic velocities was introduced for the
mechanical properties of the stone. The velocity ranges of ultrasonic waves for Dabotap
and Seokgatap are 1217~4403 m/s and 584~5845 m/s, respectively, and the estimated
averages of the uniaxial compressive strength are 463 kg/cr' and 409 kg/crf, respectively.
Site characteristics around the pagodas are determined by the measurement of multiple
properties such as seismic velocity, resistivity, image of ground-penetrating radar. On
the basis of the higher velocity structure, the site of Seokgatap appears to have solider
stability than the Seokgatap site. Near the pagodas, higher(up to 2200 @m) resistivity is
present whereas their outskirts have as low as 200 Q@m. By the combined results of
each geophyscial methods, the subsurface boundaries of two stone pagodas are revealed.
The Dabotap site is in the form of an octagon having 6-m-long side with the depth of
~4 m, whereas the Seokgatap site is the 8x10 m rectangle with the depth of 3 m.
These subsurface structures appear to reflect the original foundations constructed against
the stone load of ~8 ton/m” At the subsurface beneath the northeast of each pagoda,
low seismic velocity as well as low resistivity is prominent. It is interpreted to
represent the weak underground condition which is the possible cause of the slightly
leaning pagodas toward the NNW.

Keywords : stone pagoda, ultrasonic velocity, electrical resistivity survey, seismic
survey
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Fig. 1. Name of rock blocks of Seokgatap(left) and Dabotap(right).
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Fig. 2. Survey lines around two stone pagodas in Bulkuk Temple.
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Table 1. Acquisition parameters for the seismic survey.

Number of Channel 6 CH
Natural Frequency of Geophone 14 Hz
Geophone Interval I m
Near Trace Offset Im
Record Length 300 ms

Sample Rate 0.125ms
Notch Filter Out

Spread Type End-on Shot, Pushing the Cable

Deptr )

10
Station (m) Station {(m}

(a) (b)
Fig. 3. (a) Seismic velocity structures along the selected survey lines in the Seokgatap site.
See Fig. 2 for the location, (b) Seismic velocity structures along the selected survey
lines in the Dabotap site. See Fig. 2 for the location.
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Fig 4. Single-channel reflection profiles across Seokgatap(left) and Dabotap(right). See Fig. 3
for the location of survey lines.
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Fig. 5 (a) Resistivity map around two stone pagodaé from the Wenner method with the pole
interval of 1 m. Resistivity profiles along Line DVR-1 in the Dabotap site, (b) and along
the Line SVR-1 in the Seokgatap site, and (c) All results are obtained by the Wenner
method. See Fig. 2 for the location.
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A7 e e i g@4d Sx9 EEXE FHE~AYY A EA4 AT '}%
1832 m/sel HSE Holx, FHETG A A3 ¢ 6 m 71X AFH JYe A= E°1
o}, M7 e 22w e _‘?.-:Lg] 24 10m NALe 84z £57 FHRT 150~200 m/s

2A Uehte QAo fHdnt £3 ZEYDA SANT] dHENE AFEE
7P A& FEY 849 S5 o 250 m/s AR WA UEU Ao @45 834 9k
Aol oAst] F5ELFS] SS-1, §S-2 449 9~21 m Apelgt I e A FoA M=
e v atolE ST A7t ARkel g GPR ®AIAME 47tE A9 4x]we
BAANA FRF AR E FAT & AN, EF HFR AAE AT & YAAT

43 BAIdntel 0
431 Y& 71z9 34
CHEE, A7ME 2 Ak AIIMAFELE A2 200~2200 Qme] EXojth Mgx|ute
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RI1SCIBAL RRIO| MEIRIE QITTICHOC B &

25200 Qmugel e MARE YehhE W, Mg A 2200 Qme] Ao
¥ MAYE dehin 9o 53 tugn 47ge 2% Awe] Fuuch we A
$g o JiHos Aoge nol: U
STl A7 AGEA, Aol BAE Fihel WeW DREARS FARY

L.

& lo

o T
1
—
S
=

2 9 FEUFoR o 10 m & W o= o 6 mel 82F EFE Hm o
% 4m RN RESE ez AU LAY, AARARE FATFOE o O

Sugoz o 10 me HAZY Eag 33 9lem of 3 m Hol7A EEdE RO

gadd oled ATz FUE A AGAY A FAREG YA AR A
Z2E A2 a2 4R orgd 4tge ygcn gado

2

o
hu

432 NA F4

EFHUYAIEA o3t NXE AFsob siA|v, E3AgE ol f W&o S £ & ol &
st AM7EgrAIRke] NAE FA3 o) “7}“%4 Agte]] diste] Zt FQ4EE vf 05 m v+
3~57] zlolol| tiste} PR Ho&EEE T8 F wZZo] e P} Su £x3e BY
g 283t S3t £58 FIAh Mg Ak Po £E& 300~500 m/s, S¥ £E&
140~200 m/s9] HWHE Holy NX&= <& 5HTZ NE Ry Awe PR £E& 50
0~800 m/s, ST £E+ 200~350 m/s9] BHE Holn N+ o 6EE sfMdd. =7
T EE Ato] Myigt ukEth of 244 m/s A=
o7 Axnd Aow Yvephta gt}

mlm

I

33 At Guw

u
oX
%
vl
o
W
k1
i
ﬂ

HE Agke} 500~800 m/s, 47hee] 300~500 m/se| HHE TE
N7IE AR F 244 m/s AR L @49 $EE Ho Auto] AUy ez
Yehta gt g5Ho 2 gug, A7g Ade SAFE dues W
3o oﬂotx}avoz s, drg, Yrtge] EEMFoR
53], Ry Auke] SAF o 3 m AL
2} 150~ 200 rn/s L E‘—E% 2l

2 oo drgd Arg Ay Aol Po £EE 200~698 m/sece]
T @Rl ostd g Xlﬂ*i FTHAES A= vlnd

]

2
o
L

Aboem gp o

A M oox o
N

Mmoo
o o
N o =
0 X
B wo oo
M
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930?:,
N

olf
i

o
L
_\1

s
M foox Ho ox K
ox &l & o
R =)

M
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oft  Hd
o
N

Rl
o
rir
o
n
°
1
[
off
i
A 2t
S~

o b

o

Q¢ vAzel Aed e
B2 57 -6 U W 3

FHEx 2 Hd) sl gt FAn}o) 3
&3t 73 4 9tk (Das, 1998). A7 X]H o] FEAXHL dF 5~7 ton/m'e
BAREY, 47he 437IRRs 8370

Fol R ARatele] FFES 0% <
A 2% Mrtge a4 99 93D shFS oF 86 ton/m’ oW, ol Mt Ao FHE
A AR Fgste gozM Mge Jadde 9de] A Uk A H7AE Auke]
SR | g oz wrog Aeus @48 Boled,

o= stTH FFed ¥ 71xHE
_1

1T AR AU AT AR ALY, dEY A AEANR0l A 79
tor/el, AAHEE o 8 ton/m2 2A AEAARY ML FAF eblel T <
AEE e Aow BBET A SEH

At WL ohid @ARAE 2 EA 1
| AR 2y A Aede g drge 1 AHE T fAskn ok
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Scl&8Al Jls g ERIS

FEHOE @A Artge ARFHE g HFL AAH Y FEX Fe Ao 4T
o, A3k BAN 2S5As) sl o Tz wPel wHRE Ao BT =
3, $7lde Awe gzt F7hste AR HEAAHo] Bg FaY Rolnz Fed
AFEE PAT AMol Bast adng, By, Astge 245 Ao 13&&1 Fe AE
AMFLY 2APER MFE B2 % A5 47 FTYolok @ Aoz BuE
5.4 E

27} 78 BHAY BT BRYH AP ANBHL
2R R 287 £E24E YARYoH MR AFT2

3 2o,

shotaty] Askel B x
9 AudEe) Ade o

1) F AgE 43t A dd 289 FF FAAde 47gdAs SEEYE 12
7~4403 m/sol® BT =7t 3227 m/sE UEENT, dERAME SEHHE 584~5845
m/se] BEEXZ BT £E7F 2001 m/solth o] SEGOERE AFPHE o]&sl 7 YFAEE
A7V FAle HT X7 463 kg/ar2 A A% A of 20~30%0 sidetH, FHEE BT 31%
2 ekt gRY R4 FHE ESUSAET TV 409 kg/arol 2, FSEE HI
43% =2 JEFRT)

@R, A7bgel WouATE 200~2200 @me] FEZ Ut g we g8t
200 @muiele] e MAFEE e Hstd dgAne Ho 2200 Qm o YUMoz
¥e WAYRS BT 53 chugn 4G %% Awe] FHuch MAYgko] Rk
Auko] i oz Aok wolm Yo

(3) B4 P £E& thug Auko] 500~800 m/s, A7Fete] 300~500 m/sel  Holth.
SR Aol A7tg ANRT 2(~244 m/s) AN FEE Bo] Xt FyHoz A
T Aoz YEUD ok EF, Oug xwe] EAE o 3m AHL tA 150~200
m/s e SEREE Yehlo] Fant dekAwoz Bug,

(4) E}E_‘%}Xl v F Ao o7t o 6 mY 84% &L 3 Yew % 4 m Hol7A
He, A7tgAeE % 8m x 10 m 27|19 AAZAY ez % 3 m
Hol7tA X }% Aoz d4dd. o] AAE HE Y BA FRERGY A A%E
A Nz2E TES F 2 A% dEgd Hge A9 Aoz gud

(6) Mge] BMZ% REo| FAAGUYG ASEU/ANAYE A9 eyt ol e
FEHQ AT NG FNZ FEo] ehz} Aoz zAHon, ol g 47}
go RABOZ 7)$E WAel Aoz Buwoh

At
ol AT HAeR TANAATANGOZ AAE FRUGE ARG By
S ggd T A4 £gog +9son o ZA=dyrh
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