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ABSTRACT: To reveal site responses of the Yedang dam in Korea, microtremors were recorded on the crest using
a 3-component accelerometer. The amplitude spectra for each component of the 30- minute microtremors digitized
at a 100 Hz sampling rate were analyzed and their horizontal-to-vertical ratios (H/V) were examined. Peaks of
the H/V spectral ratios are at 4.2, 7.4, and 13.5 Hz with values 0f 2.2, 2.0, and 2.1, respectively. The peak frequency
of4.2 Hz and its overtone at 13.5 Hz which are responsible to the amplification of the dam material match relatively
well with the modeling results computed by the reflectivity method. On the other hands, the peak occurring at 7.4
Hz, which is absent in the one dimensional velocity model, might reflect the interference of multiples caused by
three dimensional geometrical effects and multiple reflections inside the dam.
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Fig. 1. (a) Aerial view of the 315-m long Yedang em-
bankment dam in Yesan, Korea. (b) Simplified geo-
metric structure of Yedang dam along the profile (red
line). Locations are shown of the short seismic profile
(solid line) and 3-component accelerometers (solid cir-
cles) on the crest of the dam ‘C’, at the toe of the dam ‘T,
on the floodgate of the dam ‘F’, and in a borehole ‘B’.
Letter ‘CD’ on the inset map shows the location of the
Cheongcheon dam 33 km south-southwest of the study
area. Surface elevation is in meter above sea level (a.s.l).

2y

AR WA SEEE o83k T8 149UH
ol 22 Ao} ulm3to] A3t

al
=

2. (XY 9 X=I|F

F A8 4710 m*Ql AFASA|E 196430]
ETESeH, SHEE dikt 5 =FEol 9
2A)ZTHTE 1a). T3 Y] A& Wk Qs FAH
olli= AR lolr] b1 sikavletol, B W
of A Zelol FAY Feblo) FLw H7wvie
o] 2kt BEa1u, o] 7MIFES oldAsAI} 5t
& e} Ay) $HZ0] BAFOR B3 ek U
and Lee, 1963). <=2 5& ZFEA & I3k
© 2 9160 m %l B A H(2H la)ofl 4] AJ5=%t
FIe 7 uIgkel S sgnigrel 15 m Zolo]
Z23}T S-S B ITHHGC, 2011).

A7) AAEL ] BR|(HZ)s} o
TE(ED)E 4 UHTE 1a). AZATH 9
A FAE S ZoiF dH(fill dam) o2 o]
13.5 m, Z0] 314.5 m, O}FZ 6.0 mo|cH(KIST, 2010;
9 1b). A 2 Ao, "§57]<} G|z $ell
S} 5 Fopin g AAGIIT 7|2 A uke] FAR
ol 2R 22 7|24 E AlFSHITHMLTMA,
2011; 2% 1b). | #E|E EFOZ 2011HEEH o
nhg, | 7|%, 7ol 247 34 E A xF 7= Al
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B (high-cut filter) & 83t &, $=2]3}3}o] 7|53}
S tH(Gliralp, 2008; Giiralp, 2011). 715 A ¥
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THKMA, 2015).
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Fig. 2. Thirty-minute accelerometer records at sites (a)
C on the Yedang dam and (b) B in the nearby borehole,
respectively (Fig. 1). The traces ‘P’ and ‘O’ indicate
horizontal components for sensors parallel and orthog-
onal to the dam, respectively. The trace ‘V’ shows verti-
cal component of motlon Units of the installed ground
accelerations are mm/s’.
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Fig. 3. Flowchart of the processing sequence for the H/'V
spectral-ratio study.

Relative Amplitude
1

30

20

-
=)

o

10 50

e
-

1
Frequency (Hz)

Hok

2y

4. X2 X2

J1SE A B)E A2 i delold 48
7] $5to] | mhRe} AFFo| A gof ZHOR 7|5
St AbAJu]E A2 E SAC (Seismic Analysis Code)
Zio 2 HIkAIZl &, SAC T2 I(IRIS, 2014)=
o] g5t A7 A, 71&7] & Btk AA, A71=
4 5= FHEIAHH 3). ol T AA B
A2 1,800 s&] =S 25 s Zo| ] A7 727 AH2
o= B, AR o Bo] YAEA YAS
Slstol 5% ] ARl RIS AT o) F
2R 0.01~50 Hz B2]ol| A 0.05 Hzo) 7HA ©.
2 WEYsto] FE|oHSst FH, JEEE AYEY
= ok, 727l RE ARTE 57 BAHeE
A BE3tE AHEYS Z2) Egch1E 4). o]
2A 3 F B AR AR AU EY 3
0|85} Nakamura (1989)7} A|otet ®li o2 H/V
seEg,

Ew)*+ Nw)? 6)

H/ V(U)) = U(w)

2.5

Relative Amplitude

0 T T T rrIrr T T T Trrrg L |

0.1 10 50

1
Frequency (Hz)

Fig. 4. Relative amplitude spectra of the microtremors recorded at sites (a) C and (b) B. The solid, dashed, and dotted
lines indicate the parallel-to-dam, perpendicular-to-dam, and vertical components, respectively. The relative ampli-
tudes are normalized so that the peak value for the perpendicular-to-dam component at site C is 100.
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Table 1. Acquisition parameters.

SOURCE
Type 5 kg Hammer
Plate 16x16x2.5 cm aluminium plate
Average Spacing 16.5m
Vertical Stack 300%
RECEIVER
Type 4.5 Hz Geophone
Spacing 3m
Number of Channel 24
RECORD
Recorder Geometrics Geode
Record Length 2,048 ms
Sampling Interval 0.5 ms
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Reconstruction Technique) 4]0 2 HHEHARS- 20
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Fig. 5. Raw data recorded on the crest of the dam. The
data were intentionally clipped for this display to in-
dicate first-arrivals (red ticks) clearly.
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Fig. 6. First-arrival times for the P-wave refraction pro-

file on the crest. The observed and calculated first arriv-

als are indicated by red and black lines, respectively.
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EHu} 42 Park et al. (1999)0] A|ASE MASW
HH-& Hayashi and Suzuki (2004)7} 473} 4=
Ei52 =21 354 AeA (Common Midpoint
Cross-Correlation, CMPCC)& A-83}%itt. A 1}
AL A7) AR ETE A E S-S Eaat
2A 2E Edo]A59 23| sl FedTE
AHEeh AT/ F2HE Eol7] st 2E ¥
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£ Ttk oW, 354 2718 6 me2 A
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WERE Aottt SHEE AuELolA 24
o4 i W9lE BRel] fele] Ha 2417
747 3 mo} ) $417] 744 69 mo] 24}<) 6 ma}
138 mE A7 w9| HA = A7Fstgich(Park et al.,
1999). o] Wg] koA 2t FupEE FUA T
9] A7)7F 7} = S EE AEste] £
AREAS A ST L™ 7).

AihE 93t 271292 o 71 Hl Y Eut SFEE
o] o 11ujo]sd, $-EZo)} kgl 1/30]2hs 7}
7 (Asten and Henstridge, 1984)3}9]l, v,= 518 m/s
Q1 REFSE F2F 9ol o, 71 197~485 m/s L]0l QL
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Fig. 7. The best-estimate dispersion curves for nine
CMP locations along the profile on the dam crest (Fig.
1). The curves were derived from phase-velocity spec-
tra of synthetically generated Rayleigh waves.
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Fig. 8. (a) Two-dimensional v, tomogram, (b) interpo-
lated v, section derived by the CMPCC method, and (c)
the dynamic Poisson’s ratios computed using those v,
and v, data. Black curves and blue dashed line super-
imposed on the v, tomogram indicate raypaths and the
measured water level, respectively.
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AL 336~516 m/s2 FA3] 2732 8b). E
Hup B og gt glo|H o E3E= Sawada
and Takahashi (1975)9] AE2 B =X 9| 3}%t
A A9 Azt (2™ 9).

v, SR A =513 Zlo] oF 5 mo] ZAA7} o,
dHoA = & YA geth ol o7 2HE
n| 12439 F=7A S5l 1zsHA Hek=d vt
5k, o= FFHA TFY FFE AY LA Y=
54 ZJolof 7]1Q1% ) whEkA o] FAH-S A W
O] At 2 M=, AHRRE 715 Aol 4
25 A S97h a1 215 m(d ok Tl 4
m)9lEl HE olejgt sl S RPRTh Eet o, o
A4 UERFE oF 7 me) & A7 Ao of
AEF] 7|10 A2 WHHTHKIST, 2010). v,
ol A =ol9t 4A)5H= 135 me| =4 H 7
Al dAeL 7| 2 A HALo] o] A S & vEhd T

0,9 v, EE FAEE FEOREH|(dynamic
Poisson’s ratio; o),

2 o2
v, 20

2(1)2 *vz)

P s
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£ FAERIH T E 730, (217 8a) L L2
o PFEE 2AALS HAatsto] 5t o, (17 8b)
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Fig. 9. The averaged v, profile (solid line) estimated by
inverting dispersion curves superimposed on the em-
pirically derived core high (dashed line) and low (dotted
line) bounds by Sawada and Takahashi (1975).
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FHLH 4a). & vpFoA o] AFEHL 22 Hzof
A B AR AFo| FAH S, AlaE
o] 74-9-1 Hz ool A Al &S] JZo] 57 vl
2o ALY AR ghe Zd= S EAdT(EH
4b). ol AlFE9 IFAFHEY0] A|RHSHEA
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2 7]oke] Wsh} BlFo2 A7) & ola)
Ael= Ao 2 A=A double-frequency (DF; Longuet-
Higgins, 1950)3= 0.4 Hz 520 ] S-A]51A) 22
T2 10). DF:= A AAHo2 01~05 Hz A=
O hHFS 7AW, G4, AT, A] 52 840 wh
2t t2A Yehtes A2 2 4P A Slth(Peterson,
1993; Okada, 2003; Ruigrok et al., 2011). =1fj 307}
B Y BS540 wid%sol= DF710.1~0.5 Hz |
9]o]l ] 7] 2 H} 9101 (Sheen et al., 2009), A FH
S =RE EEA YFOR oF 33 km Bojd FAH
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7H0.3 Hz2 o=} ozt WA vehd vt Slok
(Park and Kim, 2015). 3¢F4eflA] 10 km o]ufjo]
U= BAHAA Y] FA] 7|Y2 1,007 hPa, FF
Z0] 1.7 m/s, 4% 04 mm F=goH, sk
ol 30 km &= HojX A4 €] 75 TFA] 7]
9H2 1,016 hPa, B#E4222m/s, F5H2 216
mm%tHKMA, 2015). o|2]3t AAH]Ee] 28 2
A} sjFe2REH A2 & 71 HEH 5ol 7
Holl A &) DF Faj= Zpolof] §FE vIRE 74
o] &t
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9] Fol¢t gFE BT FAE Aeteta, A=A
S SHEA WS e AHEY u]9) Zho|
2.0 0J4F2) k& ZH= 1 Hz o]4e] Fubs: puhe
2o AMgaHAT). @ uhRolHe] H/V 2=
Bl 42, 74, 135 Hzol 4 o] Uehte} zt2t
22,20,219 S ZH=c (a9 11). 2 B4
© 2 % FA 1 mel ZH 39| oL 2R A5t
HERO] Wit Yup& % (v,)+= 238 m/soltt. o] gt
= 4] (5ol A&3st p & 5, B vt
42,74,135 HzQ W, D= 717} 14.2, 8.0, 44 mZ
A=t

XSS H/V 2 EYu] = E45] AYd
(transfer function)@} FAFSHEZ(Fuchs and Miiller,

~
o
~

Frequency (Hz)
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1971), A3AE T8l 78 SERDZTE o2
A dgerE At 7, 715420} Bl e 2
H/VASIE gl 24 o) 4248 A5
(1% 11). 0|22 AGgert B o, o, 7F 22
907 m/s, 441 m/s, 1,588 kg/ m’el HEESH half-space)
7|25 9ol Hat v, =545 m/s, v, =238 m/s, p =
1457 kg/m’¢l HA7} FAlE 54 2% mu
A 3}o] WEALA| 1 (reflectivity method; Daley
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Fig. 10. Spectrograms of the 30-minute data recorded at sites (a) C and (b) B (Fig. 2). The labels ‘P’, ‘O’, and ‘V’

indicate orientations of sensors as in Figure 1.
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Fig. 11. H/V spectral ratios of the microtremors re-
corded at sites C (solid line) and B (dotted line) and the
1-D transfer function (dashed line) for site C computed
by the reflectivity method using the simplified velocity
model in Fig. 12. The peak at 4.2 Hz (down arrow) for
site C is interpreted as the thickness (14.2 m) of dam fills.
For the borehole data, the H/V spectral ratios close to
V2 for the frequencies greater than 1 Hz may be in-
dicative of self-noise of the seismic instrument.
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Fig. 12. Simplified model for v, and v, at site C derived
by the refraction and Rayleigh-wave surveys on the
crest of the dam. The densities were derived from these
velocities using the empirical relationship given by
Ludwig et al. (1970). Subcripts ‘F’ and ‘B’ denote values
of the dam fill and bedrock, respectively.
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