AEel ek s HAL
Jigu-Mulli-wa-Mulli-Tamsa
Vol. 15, No. 4, 2012, p. 155~162

http://dx.doi.org/10.7582/GGE.2012.15.4.155

HE £TOAS0| AYRID YNEE W FEHS| AMEY FZ0| 0jX= B
g - yaE
eyt 2722 8

Rayleigh-wave Phase Velocities and Spectral Amplitudes Affected by Insertion of an
Anomalous Velocity Layer in the Overburden
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Department of Geophysics, Kangwon National University, Chuncheon 200-701, Korea
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Abstract: The Thomsen-Haskell method was used to determine sensitivities of the Rayleigh-wave phase velocities and
spectral amplitude of vertical ground motion to insertion of a single velocity-anomaly layer into overburden underlain
by a basement. The reference model comprised a 9-m thick overburden with shear-wave velocity (v,) of 300 m/s above
a half-space with v,=1000 m/s. The inserted layer, with a velocity of 150, 225, 375, or 450 m/s and a thickness of 1,
2, or 3 m, was placed at depths increasing from the surface in increments of 1 m. Phase velocities were computed for
frequencies of 4 to 30 Hz. For inserted layer models, we placed an anomalous layer with thickness of 1 ~3 m, shear-
wave velocity of 150 ~450 m/s, and at depths of 0 ~8 m in the overburden. The frequency range of 8 ~20 Hz were
the most sensitive to the difference of C; between the inserted and reference models (ACy) for # = 1 m and the frequency
range got wide as % increased. For all of the models, the spectral amplitudes of the fundamental mode exceeded those
of the 1¥-higher mode except at frequencies just above the low-frequency cutoff of the 1%-higher mode.
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S., 1993; Lu et al., 2007; Liang et al., 2008)°|4} Z& =5
(Caldern-Macas and Luke, 2007) 52| $%°]”d<(anlomalous
velocity layer)e] FAI=o] e 750l o] gt Lol o] A
o Z7|rdd RigEojopit Aate] @ /RE Hasted
4= SlthH(Caldern-Macas and Luke, 2007).
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Fig. 1. Basic shear-wave velocity model comprising the overburden
soil layer (vy = 300 m/s) and the half-space basement (v, = 1000
m/s). Inserted v, model with an anomalous velocity layer of # m
thickness in the overburden is superimposed on the basic v, model.
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Fig. 2. Dispersion curves of Rayleigh-wave phase velocity (solid
lines) and spectral amplitude of ground response (dashed lines) for
the basic model in Figure 1. Fundamental, 1%-higher mode, and 2™
higher mode are indicated with letters ‘F’, ‘1°, and ‘2’, respectively.
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Fig. 3. Difference in phase velocity of the fundamental mode Rayleigh waves between the inserted model and the basic model for the shear-
wave velocity of the inserted layer (vy) of (a) 150, (b) 225, (c) 375, and (d) 450 m/s, respectively.
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Table 1. Phase velocity differences, (ACy), between the 3- and 2-layer models at frequencies where the absolute difference is greatest. The
units for ACy, thickness (%) and depth (D) of the anomalous layer, and shear-wave velocity (vy;) are m/s, m, m, and m/s, respectively.

Mode h v\D 0 1 2 3 4 5 6 7 8
150 514 -62.5 -75.0 9.8 -128.1 -150.0 -159.7 1719 -199.6
Fundamental 1 225 273 311 347 -44.7 -60.7 70.2 723 73.8 -84.0
undamenta 375 31.4 34.6 37.2 46.7 58.5 62.8 593 522 50.7
450 65.5 725 77.4 94.5 114.0 119.4 108.5 89.3 80.3
150 -134.1 -124.0 -1135 -81.6 67.2 -75.0 812 -86.6 -91.6
. 225 575 -58.7 535 343 333 -39.9 -46.1 516 -56.6
1** Higher 1
375 53.0 58.0 51.1 32.0 26 257 289 32.0 347
450 100.6 113.4 99.3 612 474 502 52.8 55.4 57.9
150 -143.0 -187.8 2954 2977 3019
Fundamental 2 225 62.6 -79.0 -138.1 -142.1 -146.1
undamenta 375 62.6 75.9 112.8 105.9 99.7
450 125.5 149.8 204.1 175.9 157.8
150 3527 2204 832 923 -124.5
1 Hieh 5 225 -1315 933 -56.5 69.8 -75.5
teher 375 99.4 80.1 55.5 544 60.9
450 176.5 148.6 70.7 83.7 90.5
150 2762 411.7 4149
Fundamental 3 225 -105.7 -190.9 208.6
undamenta 375 94.1 149.0 150.6
450 182.8 265.4 2328
150 4254 -128.6 -155.4
1 Hieh 5 225 -188.9 -63.9 -82.1
rher 375 139.0 66.5 80.6
450 2202 1032 113.0
a b
(a) _ v, =150 m/s (b) _
0-- 0_-
ey -40] z 40
E ] £ ]
'Q{ 80 Q 80 — D=0m—D=5m
: : —D=1m—D=6m
- E —D=2m—D=Tm
-120 - =120 =4
- - —D=3m—D=8m
: : —D=4am
160 T I STy IS8Tt rTlflrlrrrrrrrrrrrri _lsﬂ|IIIl|IlII[IIII|IIII|IIII|
10 15 20 25 30 5 10 15 20 25 30
Frequency (Hz) Frequency (Hz)
(c) 2 (d) ®
s v, =375m/s - v, =450 m/s
120
243
& %7
< 7
40—
o:
F Yt Tt fltTlogfrrflrffrrrrrrrrrrrrrni F Il T L TTITTIIT It Tl I LT I Trrri
5 10 15 20 25 30 5 10 15 20 25 30

Frequency (Hz) Frequency (Hz)

Fig. 4. Difference in phase velocity of the 1% higher model Rayleigh waves between the inserted model and the basic model for the shear-
wave velocity of the inserted layer (vy) of (a) 150, (b) 225, (c) 375, and (d) 450 m/s, respectively.
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~ 13 Hz8 F& Fur 7 E 13} 23R 93k 7
ZIERERnE o S vepdth 13} AT f =
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o] whet ©2F7E, W oM f s Aleskd ¢
ESaE X8
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12} IARES] A= 10 WSkl Flsh, f,9] W=
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17.7 ~ 243 Hz= ThA:
T ¢ 24 YyepE ti9ZS 0.0 ~ 09 Hz o|HE 74
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Table 2. Frequencies at which peak amplitudes ( f,), notches ( f,) and cut-off (£;) of the vertical component of ground response occur for the
Rayleigh wave. The units for ACy, thickness (%) and depth (D) of the anomalous layer, and shear-wave velocity (vy;) are m/s, m, m, and m/s,

respectively.

Mode h v \D 0
/2 T T R T T T " T " T T Y T T
150 172 841 N/A 841 NA 841 168 797 159 797 155 753 150 753 150 7.08 146 7.08
Punda- 5 172 885 172 885 172 885 168 841 163 841 163 841 159 841 159 841 159 841
375 168 929 168 929 168 929 172 929 177 929 181 929 181 929 177 929 177 929
450 168 973 168 973 168 973 177 973 181 973 190 973 190 973 185 973 181 9.73
A A
150 97 199 97 199 93 199 88 199 884 203 840 207 796 207 796 199 752 185
I“Higher 1 225 972 203 972 207 972 207 972 207 972 207 972 207 928 207 928 203 928 199
375 102 216 102 212 102 212 102 207 106 207 106 212 106 212 106 212 106 216
450 106 221 106 216 106 212 106 207 106 207 106 207 106 212 106 21.6 106 225
VA S T S T b/ A S
150 NA 80 163 7.5 137 66 133 62 133 620
Funde 5 ;5 172 84 172 84 155 80 155 80 150 80
375 168 9.7 172 97 185 9.7 190 97 185 97
450 163 111 172 111 199 106 207 102 194 102
2 2 Joo S /N "R A
150 93 181 84 194 75 194 66 194 66 181
I"Higher 2 225 97 199 93 203 93 207 88 203 88 194
375 106 216 106 207 106 207 11 216 111 225
450 111 225 11203 115 203 115 221 115 234
ST oS Lo
150 NA 7.1 19 62 115 53
i:*;‘iil 3 25 NA 80 150 80 146 75
375 168 102 NA 111 194 102
450 168 124 200 124 206 111
2 fe foo
150 84 185 71 19.0 58 177
I Higher 3 225 93 194 88 207 84 194
375 106 216 11 207 15 225
450 115 221 119 194 124 243
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