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Outlines

» Torsional motion from array measurements.
»Translation and torsion motion couplings.

» Observed torsion in Sendai.

»Sendai Seismic array.

» Estimation of Torsional motion using Sendai array data.
»Torsional motion variations around Sendai Basin.
»Numerical model for small-scale basin.

» Centrifuge testing for modeling small-scale basin.

> Conclusions
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Torsional motion from array measurements
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Figure 2. Soil profile at borehole CO and position of seismometers

Ghayamghamian M.R. and Motosaka M., 2003, The effects of torsion and motion coupling in site response estimation,
Journal of Earthquake Engineering and Structural Dynamics, Vol. 32, No. 5, pp. 691-709.
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Translation and torsion motion couplings
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Sendai City and Seismic Network
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NS Comp. of Acc. Ground Motion Recorded at Different
Locations Around Sendai Basin

List of Events with Parameters Determined by the Japan Meteorological Agency

Soil Profile Based on Density and 5-Wave Loggings at the Downhole Array Sites in Sendai

Acceleration (cm/s?)

Event Number Origin Time (dd/mm/yyyy hh:mm) Location Depth (km) Mpga MNuomhber Lacztion ol Acceleragmms Depth {mi) Sadl Type W {mfaec) Dessity (kgg/ns’)
19 09/15/1998 16:18 38.27° N, 140.76° E 9.2 3.8 MIYA Site
o o 1 (—1) 1.0-15  Clay with rubble 210 1.60
20 09/15/1998 16:24 38.28° N, 140.76° E 13.3 5.0 ' 5 S 5
21 09/15/1998 16:31 827°N, 14075°E 101 3.6 ; (3 Guelwithelay 30 L
_ > N ’ : - >0 3 3.0-110  Gravel with clay 430 1.90
4 11.0-22.0  Gravel with clay 480 2.00
5 v (=22) 22.0-255  Gravel with clay 540 2.00
[ 255-340  Tuff, mudstone 540 1.80
200 200 7 7 340-399  Mudstone 570 1.80
1 TAMA SHIR 8 399460 Sandstone 570 1.90
— 1 | - o
5 ~Hi b e 5 . - 9 46.0-527  Sandstone 480 1.90
10 527-540  Mudstone 480 1.80
=0 —nir .
o iy 11 v (—54) 54.0- Shale 680 1.80
TRGA NAGA Site
i 1 vi—1) 1.0-49  Sand 105 1.65
g = El 2 4993 Grawel 200 1.95
—an0 e 3 93-203  Sandy clay 170 1.70
2007 2001 ) 4 203-28.5  Gravel with clay 290 1.75
T5UT 2 4L 5 v (—29) 285-565  Gravel with clay 600 2.10
G " = G i = 6 81.0-56.5  Sandstone 530 1.95
7 v (—R&1) B1.0- Sandstone T00 1.95
—a0i- - ..
2007 200 1 OKIN Site
ORID MITA 1 vi=1) 1.0-60  Gravel Silt 130 1.60
| | , , 2 6.0-80  Grawel 250 195
o 15 0 o 13 £l 3 B.0-118  Grawel 470 2.00
ol —an0- 4 11.8-139 Clay 220 1.65
200 5 139-16.7  Fine sand 220 1.80
TRMA 6 ¥ (—=17) 167-220  Grawel 420 2.00
R T 23 i i ! 3 2
5 e = ] 220418 Gravel with clay 530 2.10
B 418496  Gravel with clay 660 2.10
200 9 496-62.0 Sandstone 560 2.00
10 ¥ (—62) 62.0- Sandstone 820 2.00

Time (sec)




35 owdige g (ewlind )5 (ol s 18R 5
International Institute of Earthquake Engineering and Seismology

Amplification Function Calculated
by Uphole to Downhole Spectral
Ratio, which reveal Coupling of
shear wave around Basin Edge

_ |8 T Obgarvational Sita
100 Mazamachi-Fifin Fault
TSUT

sl

D | F== 0 BEEE Caocrazsd e T e e L e T
-5.0'-

Ernginssring Eadrock
a F

Ghayamghamian M.R., 2008, Evidence for shear
wave coupling due to small-scale lateral
irregularities and its influence on site response
estimation, Bulletin Seismological Society of
America (BSSA), Vol. 98, No.3, pp. 1429-1446.
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Estimating of Torsional motion using Sendai array data
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Torsional motion variations around Sendai Basin
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Numerical model for small-scale basin

¥ 2345 6.7 & H 10 11 =
120m__, W WVVVV V ¥V & ¥V ¥ L= LB T
90m —bm, ¥=200ms, p=16tm’ 90m
i N y=400m's, =15 tm" 10m
L, ¥=1200 m's, p=2.3 t'm’ 1
. 1300 m

Input Motion at Base of the Model

Acc. (cm/s/s)

Time (sec)




5 it 5 (prlid 335 Mol (o 813,

International Institute of Earthquake Engineering and Seismology mww iﬂ*ﬁ"q‘;’ﬂ\‘ﬂ}i"”

Calculated Acc. motion at surface for the points using FLIP progra

Calculated Acc. Time Histories at Surf.
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Torsional motion inferred from surface motions numerically calculated along the small-

scale basin model.

Torsional Motion
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Some future works on the effect of Torsional motion using centrifuge test of the small-
scale basin
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Conclusions

» The torsional motion affected by material and
geometrical heterogeneity

» The small-scale basin (geometrical heterogeneity)
caused large torsional motion around basin edge.

» This was verified through the anlysis of actual data
from Sendai seismic array, and by numerical modeling.
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