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Seonhwan O, Mancheol Suh, 2001, Geophysical Explorations for Safety Analysis of Bangeosan-
Maaebul(Stone Relief Bhaisajyaguru triad at Mt. Bangeosan). Journal of the Korean Geophysical
Society, v. 4, n. 1, p. 11-20

ABSTRACT: Seismic refraction and electrical resistivity surveys were conducted in Bangeosan Maaebul
site located in Haman, Kyungnam, in order to present geophysical safety analysis method for masonry
cultural properties. Seismic refraction exploration revealed that the ground was composed of three layers
in term of seismic wave velocity; the upper, medium, and lower layers. The low velocity ranging from
308 to 366 m/sec in upper layer suggests weathered soil, the intermediate velocity from 1906 to 2090
mysec in the medium layer indicates weathered rocks, and the high velocity from 5061 to 5650 m/sec
in the lower layer implies extremely hard rocks. Our seismic result suggests that the upper and medium
layers around the Maaebul should be reinforced to support the construct. The result of electric resistivity
survey shows that there exists a low resistivity zone, ranging from 131 to 226 Ohm-m, at the right side
of the Maaebul with the direction of NE-NNE. This area is the weakness zone as it plays role of the
underground water passage in rainy season.

Key words: seismic refraction survey, electrical resistivity survey, masonry cultural property, seismic wave
velocity, weakness zone

(Seonhwan O and Mancheol Suh, Nondestructive Research Lab. Cultural Property, Kongju National
University, Kongju, 314-701, Chungnam, Korea, e-mail: seonano@kongju.ac.kr, mcsuh@kongju.ac.kr)

LM E o $el Ut urEe AxEsE s
£ smnigto Agugon, of Bae o
el AT g Y BaAE  AQ Azzsblske wel AYd ¥de /)9

HzEs= oF 14709 Ay =v F2 gab A Y(shale)d 22 (hornfels) s o] 20]4]
R, AE, v Folth wWolitk mlejBe 1963 on, mlofEe] AR HAHLL =9} o2}
3 1o BE A 15932 A4E HRESAZ 2 24d o] w2 Fda) vk, wekaay

A, ThAlE BFG 2d(X7] 801d)ell TEolH AAHA ool ol WAsojglem, s

e
ooyd Jo 3o lo (. iR



£ Fs7] oel viAe] d¥el = Eo] Stk
w3k mlofBe] Arels 23 Ze dgjHo| Wy
gt} pTE A= AL BEoln F2FA A
Adoll Azt EAIZE At Stk o]y YAl
&golv FEEEE o = o F3h A
e die] e dlERRgo] AlsHA Ak A
o d=A Utk 449 Fshe FRAHCE E9
S o, E-¢4A ukgo| w2t FIIFES
o] ZFEo] AAsHWA Hur} PFs}
32 AAAF= AoltHChesworth, 1971;
Nagano and Nakashima, 1989). ojo] #3} £33
¢l A A F9)l o] 2 up
om, Al F(194)0l oabd Sl sEke] A
FolME T HHAAAMEE oF 1m Zoj7t
2 F8E AR Yehta, Fse] o3 HEFR
£ 442 35m ZoldME FFHta .
Eolv Mg 22 MxFaiAe BE
S A AFEEHQ A7 HE el
ME FREHT gloy opFe wlFgd Aoy,
Hop @2 x5 og sl Ayl A3

¢

B oo

7]

£ ol o2

P

£

12817 30"
35° {5'p e

36°12' 30"k

78 ok o] dATE vl AAAYE
Qhis) 7 Fwlel Wje AAEA R B B
sl A7 AL skl Aute] A
S oo M, Mol woj} L HzEs
Aol g kdy B wAUH slde A
ATgHtAolL ALEH] T2 A A ¥
He AN sk

% o

=

2. X & XA

Fig. 1. Topographic map of the study area.

- 12 -



H

b

(=]

ool &3 HHLRY ole B

1] $3A S4YFR —?WEJEH
FEE A AEAY, H4 YA
THE BATH, o 3§ ARAoL
A Y £ BN QYR TAE A
stk sHIgFolE & oA &

TR TR e ZE gl

N

olo
=

31 K& X2

A9 $x] ¢ wloiEe] FEg AAE st
7] 98] 1m HEog FHupAwr Z7|(SET
IIB, SOKKIA)E ©]&3} mloj&E AHFE 7|E

=gk
ha}
MR 7%

OIMEIE

it i |

AL O

[y

Fo

toofaf & & Che I8 X2 E AL

of

°2 712%(B.P: Base Point)}& AAst 7EH
oA 28m °ol5d AFES SFFAF 12 AR
of, 0% ARA FPo= ZHUH 1ol o

3.2. EIMI 2EY B EAl Xlg
i 3oz Yot
wwd, line ww8)3} mlojE A
A(line wo)5 EF A 749 =
W I BERE A4 o}‘}'}ﬂ»(Flg. 3). g
o183kl 13 B4 % xe
= oge Bask] Aash gele Aug 7]
239t $717)= natural frequencyZ} 14 Hz%l
OYO GEOSPACEALS] geophone s ARME-31% oM,

sledge hammerZ

1

35°15' L

LEGEND

Q : recent river deposit.
Che : white grey chert
Ch : red shale,grey mudstone,
sandy shale and
red tuffaceons sandstone
: acidic dike

128 20"

kmm

: basic dike Iy

EEER

: grano diorite

Fig. 2. Geologic map of the study area.
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Table 1. Field acquisition parameter.

PARAMETER Refraction Survey
source 14 kg sledgehammer
shooting method end on
natural freq. of geophone 14 Hz
shot interval 3m
geophone interval 3m
near trace offset 3m
number of channel 24 ch
record length 250 ms
sample rate 0.25 ms
samples/s 1000
analog low-cut filter open
analog high-cut filter open
notch filter none
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Table 2. Electrical Resistivity Survey(Wenner Array).

Method Line Length (m)
Line w0, w2, w4, wb 40x4
Honzqntal Line ww4, ww8, wwl2, wwl6 52x4
Profiling
sub-total 368
Line w6 72
Vertical .
Sounding Line ww4 72
sub-total 144
Total 512
50
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20 . e _
------ v3_ 5408.8 m/s V= 5454.6 m/s_
i““._,_»_\.\::\ . [
o 30 2 e
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V,= 19308 m/s

V3297 mis

T T
40 60

Distance (m)
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D,=1.68 m
D,=14.04 m
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D=2.12m
D=12.75m

Fig. 4. Seismic refraction data, first-breaking picking and estimated

thickness and velocity of the layers.
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Fig. 5. Horizontal electrical profiling(wenner array, a=5); (a) the upper side of maaebul,
(b) the front side of maaebul, and eight survey lines are indicated with straight

lines.

Table 3. Velocity distribution of seismic refraction survey.

Line Velocity (m/s) Thickness (m)

Ist layer 2nd layer 3rd layer Ist layer 2nd layer
wo 309~316 2017~ 2090 5525 ~5649 14~27 92~145
wwi 330~345 1931 ~2031 5409 ~ 5455 1.7~21 12.8~14.1
ww8 345~ 367 1906 ~2036 5061~ 5369 2.1~-29 109~144
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Fig. 6. Vertical electrical sounding(wenner array,a=1,2,3.4,5);
(a) Line W is in front of the maaebul (b) Line WW is
located to the upper side of maaebul.
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Fig. 7. Seismic refraction section; (a) Line W6, (b) Line
WW4, (c) Line WW8, It revealed that the ground was
composed of three layers in term of seismic wave velocity;
the upper, medium, and lower layers.

Fol A#3s; 128 ~ 141mujele] FA REE
zk=THFig. 7(b)).

Z2 Line ww8 & 2% 1%9 gAlg &2}
345 ~ 367 m/s2] D}Xﬂx] ] oo ogekx|uly} 2 =
Oﬂ/ﬂ“ 1906 ~ 2036 m/s2] A (soft rock) =}

2 5061 ~ 5369 m/s2] =74 (very hard rock)
Sou BAEch 4 e 155 250] A%
sl 21 ~29m Jele] FA REE Zti, 253
3 %] A#E3} 109 ~ 144 m e]e] 77 £XE
2Tk 7).

4.2. MIHINE EMAL RtZ

A7u A BX+ Aukd o F 131 ~ 1568.7
Ohm-m R 91E Ho|H, vl & FRoxe Xz
FAF 5 ~ 26 AH +25 Q1A Go) 501 ~ 653.2

Ohm-m ¥ $]9] & nAFr} Hgsjo] glod
(Fig. 8@), vlolE AmiFodiz X3xd -Bm F
HYo] 2 YR ik =& 6532 ~ 1568.7
Ohmm HHE ol lowm(fg. (b)), o] 23z

- 17 -



fo
>
rlok
X
2
]

(a) The upper side of Maaebul
16

-
N

DISTANCE (m)
o]

4 B , . ; ‘
25 20 15 10 -5 0 5
DISTANCE (m)

(b) The front side of Maaebul

6
4
2
0

DISTANCE (m)

.20 -15-10 -5 0 5
DISTANCE (m)

10 15 20 25

10 15

(a) The upper side of Maaebul - LINE W6
-2.29

-6.49 -
-10.69

Depth(m)

-14.89
-19.09

30 20 -10 O

(b) The front side of Maaebul - LINE WW4
-6.49

Depth(m)
=
03] D
(o] (o]

4
©
o
,©
w
o

-10 0 10

10
DISTANCE (m)

20 30

20 30

DISTANCE(m)

- 18 -

Fig. 8. Horizontal electrical
profiling (wenner array, a=5); (a)
the upper side of maaebul, (b) the
front side of maaebul, and arrow
line represent underground water
passage.

Fig. 9. Vertical electrical sounding
(wenner array, a=1,2,34.,5); (a)
Line W6 is in front of the maaebul
(b) Line WW is located to the upper
side of maaebul.
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