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Fig.1 Geological map in the northern part of Nara
basin. * indicates the location of seismic obser-
vation site. N1, N2, N3 and NJ are borehole sites
tisted in Table 1. W and M denote Mt. Wakakusa
(342m) and Mt. Matsuo(316m), respectively.
Geology is as folfows; 1: Alluvial deposits, 2:
Terrace deposits, 3: Lower Part of Osaka Group
(Early Pleistocene), 4: Lowermost Part of Osaka
Group (Pliocene}, 5: Miocene Volcanic Rocks, 6
Nijo Group{Miocene Sedimentary Rocks), 7:
Ryoke Complex{Early to Late Cretaceous) and
thick $ine: fault. {after Itihara et al,, 1991)
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Fig.2 An example of record showing SP phase gene-
rated at soil-bedrock boundary and down-going
S waves reflected at ground surface. 97/09/16,
1427, 34 ° 4I'N 135 ° S8E; O=157km,
Ts-p=2.3s, Azim=90 "L M4
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Table 1| Depth to bedrock obtained from deep drilling. Nijo Sedimentary Rocks(Nijo} or Ryoke
Complex(Ryoke) is considered seismic bedrock. Place names of borehole sites are, N3: Horen, NIt
Hokkeji, NI: Nijacho and N2: Horai (after Itihara et al., 1991, and KHFJ, 2000)

Borebole N2 NJ N N2
Location 34" 40'54"N 34 4T185°N 34 41 59°N 34 41'41°N
135' 467247 135' 4725.7°E 135 48 37°E 135'49'32°E
Nijo __ Gl{m) hae - ~800 ~400
Ayoke Giim} ~550 =519 ~646 -500
Nijo __Altim) oo bt ~53% ~2990
Ryoke Alt(m] ~A70 -448 ~581 -390
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Table 2 Travel time of S waves, Ts-sp and resultant S wave velocity.
(1): Incident angle at bedrock = 40 °, (2): vertical incidence

Depth N Time(s) Vs(m/s)
GL O ~ -20m 16 0.0611%0.0070 32738
GL O ~ -42m 15 0.1256£0.0074 33418
GL 0 ~ -100m 15 0.2440£0.0075 410%12
GL 0 ~ -600m 7 Ts—sp=0.54+0.07 | 685(1)/714(2)
GL -20 ~ -42m 15 0.0645£0.0077 34141
GL -42 ~-100m 15 0.1184:£0.0079 490+33
GL-100_~-600m 7 — 790(1)/840(2)
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Fig.3 Mean spectral ratio of surface site to sub-
surface sites, Ho/H-d (mean with 1 standard devi-
ation) . Analyzing interval is 5.12s. Left and right
panels show radial and transverse components,
respectively. Note the peaks at odd multiple fre-
quencies of fundamental mode.
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Table 3 Peak frequency of Ho/H-d and S
wave velocity calculated under an
assumption of half space. R and T denote

radial and transverse components,
respectively
DEPTH |mode ] fp(R) | fp(T) | mean |Vs(m/s)
0/20 0 4.12 4.09 4.1 330
i 115 11.1 11.3 300
2 18.6 17.5 18.1 290
0/42 0 2261 226 226 | 380
1 6.10 5.97 6.04 340
2 9.77] 934 956] 320
3 145 14.1 143 340
4 19.1 18.1 18.6 350
0/100 0 135) 129 132 | 530
1 3.20 3.14 3.17 420
2 5431 503 5231 420
3 750 6.85 7.18 1 410
4 9.12 8.52 8.82 330
5 11.7 11.2 115 420
6 153 14.1 14.7 450
DEPTH(m) 0~20 | 20~42 | 42~100
Vs(m/s) 330 400 740
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Fig.4 Horizontal-to-vertical spectral ratio, H/V
(mean of 32 events and I standard deviation).
Analyzing interval is 20s. Left and right panels
show R and T components, respectively. Note
that remarkable peaks at 0.3-0.4Hz are observed
for both components of all the sites.

Table 4 Peak frequency of H/V (fundamental mode)

Interval fp (Hz) N
20s 0.368+0.160 32
40s 0.378+0.166 31
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Fig.5 Calculated surface-to-subsurface spectral ratio with incident angle of 35 ° at bedrock
for a model in Table 5 and Qs(Vs**3) in Table 6.
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Table 5 Subsurface structure model. Vs of 4th
layer corresponds to 35 ° (left) and 25 ° (right)
incidence at bedrock, respectively

No | depth(m) | Vp(m/s) Vs(m/s) | o (keg/m’)
1 0~ 20 1600 335 1.7

2 20~ 42 1700 400 1.9

3 42~100 2000 590 20

4 | 100~600 2200 820/960 2.2

5 | 600~ 4700 2450 2.5
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Fig.6 Calculated H/V for SV incidence with under- and over-critical angle for a model in
Table 5. Incident angle at bedrock is 20 ° (a) and 40 ° (b). Horizontal and vertical
responses are shown. Note that fundamental peak in H/V with incidence over critical
angle is caused by trough in V component.

Table 6 Comparison of Qs dependent on various power of Vs

No | depth(m) | Vs(m/s) | Qs(Vs**3) | Qs(Vs#*2) | Qs(Vs*1)
1 0~ 20 335 0.94f 11§ 1.1f
2 | 20~ 42 460 1.6 1.6 1.3f
3 | 42~100 590 5.1f 3.5 1.9f
4 | 100~600 | 820/960 | (14f/22f) | (6.76/9.2 | (2.7€/3.2f)
5 | 600~ 2450 — — —
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Table 7 Attenuation of amplitude calculated with eq.(6)

No | depth(m) | Vs(m/s) | Qs(Vs**3) | Qs(Vs#*2) | Qs(Vsk1)

1 0~ 20 335 0.82 0.84 0.84

2 | 20~ 42 400 0.90 0.90 0.88

3 | 42~100 590 099 . 0.99 098

4 | 100~600 | 820/960 |(0.87/0.93)](0.75/0.84) | (0.49/0.60)
Total (0.64/0.68) | (056/0.63) | (0.36/0.44)




Table 8 Qs in shallow subsurface in California

| ocation Depth(m) _frequncy Qs Rock type
Oroville 0-475 15-50 9 ophiolite
Anza 0-150 29-80 9 granite
Anza 150-300 20-80 26 granite
Garner Valley 0-220 3-100 12 soil, weathered granite, granite
Santa Clara Valley 10-35 10-60 10 Quarternary alluvium
Santa Clara Valley 40-115 10-60 15 Quarternary alluvium
Parkfield 0-200 20-40 8-19 Tertiary sediments
Parkfield 0-300 5-40 10 Tertiary sediments
Parkfield 0-1000 5-40 37 Tertiary sediments
Cajon Pass 0-300 6-25 6-34 Maiocene sandstone

after Abercombie (1997).
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Fig.7 Response for SH with incident angle of 35 " at
bedrock for a model in Table 5 and Qs(Vs**3) in
Table 6.
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Synopsis

To elucidate subsurface structure and ground vibration characteristics at Heijo, Nara basin, where
'Daigokuden’, government office in the Nara era is planned to be restored to its original state, seismic
observation has been carried out at GL Om, -20m, -42m and -100m in a borehole. The depth to bedrock is
known to be about 600m from nearby deep boreholes. It is notable that, almost all the seismograms show
remarkable SP phases generated at the soil-bedrock boundary and down-going S-waves reflected at ground
surface. We made spectral analyses of S wave parts including preceding SP phases; surface-to-subsurface
spectral ratios(Ho/H-d) and horizontal-to-vertical spectral ratio(H/V). Ho/H-d shows sharp peaks at odd
multiple frequencies. Remarkable peaks and troughs of fundamental mode in H/V are observed, even though
incident angle of SV phases at bedrock exceed the critical angle (arcsin(Vs/Vp); V in bedrock). We estimated
S wave velocity and Q structure using Haskell method. As a result, it was found that, Qs depends on 1st
power of frequency and 2nd to 3rd power of Vs, fundamental natural-period of ground is 3s, and
soil-amplification is about 4 for 1-20Hz.

Keywords: SP phases generated at soil-bedrock boundary, down-going surface-reflected S-waves, surface-to-

subsurface spectral ratio, horizontal-to-vertical spectral ratio, Qs dependent on frequency and S
wave velocity, ground vibration characteristics



