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ScIEA Jle & EAIS

Abstract : Structures show the phehomena of deformation and lowering of function
with time—lapée by artificial environments and changes of geotechnical conditions or
accumulation of initial deformation elements. This study aims the structural assessment
of cultural property, Chum-Sung-Dae, located in Kyeongju city, Korea. It was built
about 1,300 years ago, and has undergone deformation and ground-subsidence with
time-lapse. Non-destructive evaluation techniques were applied to the Chum-Sung-Dae,
to protect it from survey. Because- of this reason, 3D precise laser scanning surveying
system was applied to measure the exact size of Chum-Sung-Dae, displacement and
declining angles. Geophysical exploration also was applied to study the subsurface
distribution of geotechnical parameters or physical properties. Natural frequencies were
measured from real and model of Chum~-Sung-Dae to study the dynamic characteristics
of vibration and/or earthquake load and stiffness of structures.

Keywords : 3D laser scanning system, shape reverse engineering, displacement,
declining angle, 3D electric survey, GPR survey, seismic refraction survey, MASW,
dynamic rigidity modulus, dynamic elastic modulus, structural dynamic characteristics,
natural frequency, stiffnesss, earthquake load
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Table 1. The result surveying of Chumsungdae
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Fig. 1. Tine-of-Flight Method.
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Fig. 3. Laser scanner data. (a) points-cloud, (b) points that has spatial position information,
(c) triangulated points, and (d) surface modelling.
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(1) A71¥ A3 PG AH(Electrical Resistivity Survey)

M7 A eAbE Aste AFE A9 os FHRUL A5t A7A 4 Aol o
AAAE TN AGT2E FAlste BHOZA, AVAFgo 2T E A yke] v
A 2 HeHE 532 5+ JtHDobrin et al,1988; Telford et al,1992; Ward, 1990, ¥174 =
9], 1994; £3% 9, 200D). ¥ AFAHeA 22 A AFHAIE AU EER AF
kol thate] L stdon, AW FHAure A EAS sotsty] Yste 33
9 AVRAFEANE FgsAdn 2339 A A AS Fig. 6agh 2ol 36 m¥ 7194
o H&E3} A% F dHd g £3S sddon, A54AE 15 mE2 & A=A WE
<d1Dole—deole array) & AL Ak =3, 339 Au A& ¢ Fig. 6bst 2o A
FHALE 20 molw, A2 HAYY FRez 21 AXsd FAGELZ 10 m FHA
gko] ﬂ%é}@l AAH oz zAE *Elf\] stgqom @23 vl d (pole-pole array)¥d-& ol& 3}
of FAsAvt HAEA Eol7h oF 9m HrolER 28] FEQ 20 mAE ol
ate] A& Ak %*}X&Hlit u = AGIALS] STINGS AM&3taoh. o4t
#-2 DIPROWIN(ZH A %, 1987)3% RES2D/3DINV (Loke, 1999)& ©] &3}t

)

U)J

{

N o
Wr&dﬂo
2

[l

I R T T e !
R e S SR S
L e S e

- %

=3

f oo oo
;

>

,)

¥

s L
! [ 1.35m =
¥ ¥ »Chum Sung-" Dae [ ]
.
*

Northing {m)._.
e

10.35m

Chumsungdae 6

®
T S S

Tt o T T R Y R B

(spacing = 1.5m) . — e —
0 2 4 6 8 10 12 14 16 18 20
. Spacing = 2.0

Easting (m) (epacina =20 ml

(a) 2D survey line (a) 3D survey grid

Line 2

Fig. 6. DC Resistivity survey line. (a) 2D survey, (b) 3D survey grid.
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Fig. 9. The Result of 3D GPR Modeling.
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Fig. 10. The Results of 2D GPR section (West—East).
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Fig. 11. WARR method survey position.
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Fig. 13. (a) survey lines around Chum-Sung-Dae which seismic refraction and MASW were
performed, (b) dynamic rigidity modulus profile of south survey line, (c) dynamic
rigidity modulus profile of north survey line, (d) dynamic rigidity modulus profile of

west survey line, and (e) dynamic rigidity modulus profile of east survey line.
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(a) (b)
Fig. 14. Model of Chum-Sung-Dae which was made into 1/10 scale. Height: 0.91m,

Diameter of lower bottom: 0.49m.
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Fig. 15. Natural frequencies measured by sensor located at the top of foundation
(@) N-S response, (b) E-W response.
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Fig. 16. Natural frequencies measured by sensor located at the top of well-shaped top

stones. (@) N-S response, (b) E-W response.

(2) 330 489 A7AEy 54 2
FNY HEY /KIEFE 2 =2

= gy Ao vws B ke sl
g HAW 71g7le Wi o
R

=)

E X P g3 T AE BusiEna sl “Zé”al
2 2oH Fig. 17a%t 2ol A4, ¢54Fo2 AFE FUT 2
F S EAE 129 AAM 4R 2 uiR AN AR dAsdY. FHE ARed
AEE FFTE24E 3t 34 4 7ulE Farh

239 123 ZHJAESFE Fig. 17b, ¢ o) FEMEo 2 452 Hz, FAWIFo2 459
Hz2A Wake] & Aoje AY gt dddEH e 28 2RHAEFE Fold vl
D2 JI0R¥EY LHFIFSF7E 17~18 HzabR 22 2hdA HAEY 24 FTeE 2 Hz
oj&t7t Heojob AT dEFnT L nHAFFE SAHFHJY ol FAY Rf?&}M
B Auscta 2HE 5 3 Otﬁ W FEAE dGGZAL7T & EAZL ofld 39HE
oy} 7 ¥ rheAel & B AFEREe 137] AR A te]
EAAFERE BA AT éﬂr (Hes 9, 2001, A4 9 1999; = 9, 2000)E A

= Blastmate M7F AHE-5

offf mx

Do
of
4



X

P

4
7l

o
o
K

o
N
P
d

d2|8 QT FAUGIYH, RLBYH Ol ARSHYH SH

FAE57F 2 Hz ~ 88 Hzel ¥M4loln, F2 30 Hz~40 Hzo ¥l Q& Roz
= 19] 7b5 ol daiM &F AEZL sojof & oz Addrth

I
ko
o}
rN

{_/ South window

(a)

-4.5166

Velocity(mmvsec)
o o
o =)
» b

e
o

T T
10 15 20
Frequency (Hz)

(b)

(=]
w»

0.04

4.57764

0.034

Velocity(mmvsec)
o
[=]
i

0.0+
WW\‘W“’WM

L

0 5 10 15 20
Frequency (Hz)

(c)
Fig. 17. (a), (b) Frequency spectrum curve of south-north vibration, and {(c) Frequency
spectrum curve of east-west vibration.

Fadle MRS & A A{FAFES &
et = zpol7b gltk(Juhasova, 1991). & dFodME 2
sty vl (& ALEEEA

5=~1—lnﬂ (4)
n

Xn

_45_



SclEAl Ve gERS

¢ = S .0 (5)
V@n)i+s o
oA AdE Wgde ZauE o 0027 FEolt dnHoz TAYE VBIME
0.01~0.1, HzAZNAE 005~0.159) ZHu(ZHE, 1998)8 zon, FduFdAE 00
2~0.139] W14, 2000, 2000 Ao YHAALH, £ ATE T 248 e =
SYE ARl U HZAE L FAuFuc 0P Re ROE Yeynh

@) nFAETo A THH 434

A% A4 110 294 U BA5449 2 A8 dE 1/U5S 3HE 59
e T2y S4& AT 2% BeR 2o 2L ¢ & AW
AAZ, Wiol & AH FT SI4r)z W8 FrAos BA FHE YUt o

Fawol7] Wi AF HA YT AAE sl A=E H7] WE
g A FAAT, 71&re ¥R A #d 2 #HA7 TS
FF7F AstEY, 2F A2de ZFgxHE FLT o
2 st e FAd 2y Wygo] TAHA FS A FAEH 1A
TFE 17T Hztb & o) 42 HE0e] 2TP4EE 1.907x10° kg/cm, ©1E @9
2z kg #aeld 3213 kg/em’/emolth B ARAFTAZ MRS S A
182.6 kg/cm’2 A= ow, Ry Wgo] LAF FedA 13 n{HI
AvadAs G & 1239 kg/em’2 A
d FXE do2 HAFH 29 F&&A AHEE Aol
2, F4d 289 1A 1/fAFFE 13 (Line 1)& 452 Hz, $&%F 3
(Line 2)& 492 HzZ Yelth ole I/I0E¥ e n/HAESF FHFA) vad o
A A AYAZE wle Ausidan 23 & JeH, iF AFAE
7b w2 BAE ofd ZEbEolU Al 4 Y JheAdol Eoe dnizt @ o)
Aol 1374 A AN ARty FHAAFTEYE EHF A7 2 AVIFAF
7} 2 Hz~88Hz9l Blolm F2 30 Hz~40 Hze H9ld l& Aoz Jdege=z ¥
o b distd FF ZEJL Holof & Aoz wddrh ,
ARz, A FHuE 00278224 E3LUE AEY I4vt HxAEe] F4Hd
Hlate] Jojdez o @& ghg Hol: Aoz Jeh

p‘lr’

off o3 0
Fo
(B

(WUN A ot

£ o
Mo o2 sk o oy o o ot 32

A ¥ oy ox
I X,
o By

X o 2

fr

ol ot

n

}|J_|'

Ha

i
i

0;

Hir
flo
f)
lo
u

mul
o
2
3

o

iz
2
o
x
o,

A4y 0o 8N

=

r

3. d E
= dTddME

o,
o
of
1

FA ANE THAN, & ATdgez dystgch Ay

o, oA AT ek YY) 4E g2 oF % AW
Stk £ Q7N E 349 AW 532 $ote] FREY
& QuAse] FAHeL, Awe] Bt Aol §

2
A

E FYstdon, Yx7xEY IAY HIE At FHS5AE BESAY. ol
E| F .

) & 39 FAYE FFoz 07°, BFo= 19° FAFHo2E

How, B2 29 mm, HESE 171 mm, AAH 2=
ZFe 7MAz ok =3 w39 0163 mme] o Hd A

_46_



HEIZEY RS RALTI8 S FAAIYEH, RLIBAYH U IRTHYH YA

EAZ, A% W TUYA FRuwe BAS A3, 4718 AFGAS GPREA 7
T A ANH FFS T wel FHom, AGYE Hol: o st wAHYOH, F
o7t B Aoz RAol Mot WSS @4n 2EW BARRH AUVt
FEHVrS £E7e ol o ZAARE Fhom, I WANYS st 54 &
YANg vEsta
AR, FHde 11
249 /10299 Wgo) ¥
2717 —Z—mm 4 =23

[aw]
Hy
2
td
ofh
5 tho
2
y 2
o
f,’ 2
N
ﬂﬂ
i
i?i
k)
[m
:{o
R
offt
¥

2 AdTe #38eEAG] dF A7 AA(KRF-2000-DP0434) .2 FRHAUT. EF
@ A2 P APl M ARASel B AUS oA RoN FAZFERAAT LY
A2 RS +4 PZAE SYUD ohed BeRAAE A Be E4& F4 Aedd
AEEY AdAA ALY ZAHEAN g B 9 Ao =L
7ouabdA ZAE =@, WA E2sR T A
wwsh w2 A =Yy

& 743
WHEAL 38

=

o2
]
HO
re

1974, A4 A< F7% 4& dF4&7h A/, 10-13.
1974, B A3 FAER 64 )
1987, o1xt A7NH|AF EAtA g 9] HAL, 15%3‘7 dALE Y] =F.
1974, B B8 Ao HE, FALE

1987, 59 A, FE AEA, AL

AR g, AYF, 1994, 2 ATEE, FAHEA, p.252, 275

1998, GPREA} A Al Fo| §A45 24 Sy o A7, AFddw
A].tsl—,r]lr_ﬂ

wE4, 1973, A, Y E 59 59 HEAE.

Aal, 2002, A UE A2, d@EFFEI A, 98~104,

R

2 e ool of ooy ooy oY
oX odf A AL oX op op

1z

MR E o)EY, AHF, 1999, 19999 6¥ 2¢ AT A ~2HEY A, &7
A AFeta) 19999 % FASEUE =83,

£33, AAF, £9F, 45, A5, A9E, AVG, 2A7], e, 2002, ARt
A E YA AlavtZ g s

F7Ax, 1974, AU E ALUA7, SAAE 11€ 19 69

o] F¢, 1998, AF HAUY Fxd B FxFH 1, IFHFRYV &I A, A 4
59 &E Az

o] £, ol AWl W@ o|FFE, 1999, MFe THAEF BI AT, HFAFF
FASELEYS =7,



ScIE8Al Jle ERIS

ol gul, HAL, o], 2000, FelmFe] nHNEFo B AT, WA=, 2000
d 2ASE LT =57,

o]l 2002, M2 ESA ] FHEA e A7, Adustm whAleY =8

ol &4, 1974, A UNE9], M8ty #38%, 27-48.

o] g, 1987, £HAUEY, Bus AFHe, STty AT AN YEE.

o] g, 1993, A NEA, FZTHEAIANAT, BEZUS B

Ae, 1976, T2 H8k7] &AL, ﬂw

zgd), 23, 2001, 2ASE RAES o] £ FUE RN FAAE A7, FFA)
&8s =3, 54 4%, 17-26

%—@f—f 9, 1998, FREAANE, 712D

u &

SALE, 1965, BF AA4Y AFxA, v AH6H, A3 .45, H56-57%, 5
n) g ALE}H3].

SAFE, 1967, IR Y, A1 =E3-2 20 &8 127, 119 EeFU3.

THHE, 1998, FETIIANE, 7IE

Bohler, W., Heinz, G., 1989, Documentation, Surveying; photogrammetry, XVII CIPA
Symposium, Recife, Brazil, Proceedings.

Dobrin, M.B., Savit C.H., 1988 Introduction to geophysical prospecting; 4th ed,
McGraw~Hill Internation, 750-762.

Juhasova, E., 1991, Seismic Effects on Structures Elsevier.

Park, C. B, Miller, R.D., and Xia, J., 1999. Multichahnel analysis of surface waves,
Geophysics, 64, 800-808.

Telford, W.M., Geldart, L.P. and Sheriff, R.E., 1992, Applied Geophysics, Second Ed,
Cambridge, 545.

Ward, S.H. 1990, Resistivity and induced polarization methods In, Ward, S.H. ed,
Geotechnical and environmental geophysics. 1. 147-189.

Xia, J., Miller, R.D., Park, C. B, Hunter, J.A., Harris, J.B.,, and Ivanov, J., 2002,
Comparing shear-wave velocity profiles inverted from multichannel surface wave with
borehole measurements, Soil Dynamics and Earthquake Engineering, 22, 181-190.

MIHRES, 1917, BMIER 2R, BEHBRZSHAEZRS, 144-151

- 48 -



