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Fig. 3. Axisymmetric analytical model.

Table 1. Soil properties.

Density P-velocity | S-velocity | Damping

(ton/m3) (km/s) (km/s) %)

Alluvium p1=1.8 a,=1.87 B1=1.0 h{=0.0

Half-Space p2=2.4 a2=3.0 B2=1.73 h»=0.0




444 KIS« JF—12 - T B

=L,=24km & L, SV JAHIE N,=N,=6 &L, P HAsHIE N,.=N,=9 &
LTI T -7, %7, WVi+ 5 AL, SV HAStoEE f=0.178Hz, P AL
DO f=0.8Hz L3%. ik, REPLEOFHTTL < Ay b h 3 KRG
(=2 DIE 2RIASEOFER ) wiihX, 7=1.0 ©HEHT5.

SV A DEED AL ¥ X 5@ %, BIEM CX5fR A48 T Fig. 41
T, MiNieEE R, @ ASC T AMER AR LTS, Ei, BUiIERA
HWoFE R=5km THLIELLTWS, Zhib, SV AHOGARL, WFRECLS
RFHERITIERIC RS =B L TWwbB 2 E2%bnn5b. irk, BIEM X3 SV EAHORHE
Hx, 3Tz ToNGg and KURIBAYASHI (1988) #% BEM iz X W #RAE LT\~ 5.

T, Fig. 51z P HAMHOBHG oMYA %Y, Fig. 4 LFERLEATRT. WF

12

OA+ BIEM
Present Study

Surface Amplitude

IS
R "R

Normalized Horizontal Axes

Fig. 4. Frequency responses along the surface due to vertically incident plane
SV wave. The horizontal axis is normalized by R(=half width of basin).
Frequency is set to 0.173 Hz.

12
O A BIEM
5 —— Present Study
oS
-
=
e
£
< 64
©
0
<
b
1
=
@
X
0 R

Normalized X-axis

Fig. 5. Frequency responses along the surface due to vertically incident plane
P wave. Frequency is set to 0.3 Hz. The other conditions are the same
as Fig. 4.



3 Wt AL & & 2 TR O IWREVAET 445

B XA fEmE LTE—5+55, SV FAHOEAGR LRV —FIRbhi\w», %
DEME LT, P FEAHOBESIL, SV BEAFNOBACETEHVEERCOHERY L
TWaiew, HHERERCIB2BEOGHIEAL I RELELRTWELDLELLRS,
L7 L, BARD and BouCHON (1985) A3MEf3% Xk 512, 2 it SH HHITRs T
AL ¥ & BIEM i X 3 R EISE ORI 16% BORWAVELAEA3H D, =0
EVCIEFBIEE K EREEIL L E W EELbh W5, ¥, BIEMiki)5
B d, GhEEELRHCTERLMELHEIRT W 2 O THEM TV, #-5C,
Fig. 5 CRONAWPHEC X BHEROE -, MTFEOZLUELTETHHDOTIL K
WEEL L.

DEXY, KX cRE L AL i 3 kB s s @ bow4tt L, Thic
WO 7R 77 2 OEFHITITHDLEE 2 5.

4. HRAH OHTENSE
4-1 i =

3 k7 AL % AT, 3 kI THEE PRI R DMET I L0 X 5 b ie R
FET OGS, Touine, HERRO 8 R ILIME A Ik - I EEEOBITRC s\ TH D
NreIbnomB A REML T L. BREOTETIE, 8 W THE 2B 3 2 LR
@M ORI, 2 RITNTEIT - & O iz LT,

1) BURAEEAE kBT L.

2) HIHvSaAnk&Elihb L,

MEREHIR TS, Lal, BEEOBHECY, RO X5 MESIZ BT bR S,

a) iR AR HER b D il - T B,

by HEEIGIOTREE (/) BNEIEOL DB TAEBE S,

o) R R HER IR R R - T i A3 D, RS G i il - HEam R

T ighs,

d) ARG ERBAFGEOMT SO « ARSI T,
LT, ko4 onEEaYACERTSTRMIAL R,

—7%, 8 KL AT OBERIL, 25 2 —x (BIIGR, WHEE AMHELRE) 29
W Ie D, FRF Lo lE GEEAIPHRRE) 7t £ 4 H v, BARDand BoUuCHON
(1986) »% 2 RILMITIC IV TIT o7 & 5 efliatiid 2175 S LixEETH S, +oC
Br—A2Tixbsr, Lo a)~d) OEEEHELAEND, BIT2T5 2215,

I, 4-2 Tk, TR SH ¥ A 320 5 e FR7a R it oo I B00 % & RIEIS & D
WC, 3 RV X BI0E % 1 RTINS L O 2 RIEFIT X BIE & D 21T\ e
NHMHT 5. KT, 4-8 Tk, RS2 R a0 TiT s . £
B, 8 WICHER Ao BT &M (B ~OER VI X B EE oW T h iR 5.
4-2 IR AH OB

Fig. 8 Ll 2R=10km, A% E H=25km OfidHiEliabc o, 3
ot AL ke X A SH JASHRNI 217 5. oY IEE KD Table 1 L FA—ic+ 5,
i o5 2 — 213, L,=L,=24km, N;.=Np,=64, N,=N,=9 & L7. %7:f@F



446 RIMEIR « HI—2 « T 03k

12 12
3D 3D
° 2D 2D
B I 1D g ] 1D
3 3
ot o
- -
[ -
a Y
E 6 A & 6
o
3 3
o /1 \\ 5
I3 /\ Y-comp. 9
v U”
X/R
0 . o . X/R
-2.5 0.0 2.5 -2.5 0.0 2.5
Normalized X-axis Normalized X-axis
12 12
3D 3D
2D 2D
s | e 1D s | e 1D
8 g
= =
2 o
2 6 £ s
8 ~ g
8 / \ @
> ¥ . Y-comp. b
a — &
o Z-comp. Y/R 0 = 2-comp. —__ | v /R
T Y
-2.5 0.0 2.5 -2.5 0.0 2.5
Normalized Y-axis Normalized Y-axis
(a) (b)
12 12
3D -—— 3D
° 2D M 2D
g ] e Ip - 1D
a3 -
L -y
- -
= o
a )
i 6 g 5]
o
] g
< S
Aol o
-1 3
7 w
R X/R o . X /R
T
-2.5 0.0 2.5 -2.5 0.0 2.5
Normalized X-axis Normalized X-axls
12 12
3D 3D
2D
2D o 1D
e 1 — & g ] e
-------- 1D -
3 2
- 4 -
pe a
B E
E 6 < 6 4
o
8 o
& &
G i)
™ =
= w
w
/‘\\,/\AZ'COWP'/\ Y/R [
¥
-2.5 0.0 2.5 -2.5 0.0 2.5
Normalized Y-axis Normalized Y-axis
(c) (d)

Fig. 6. Frequency responses along the surface due to vertically incident plane
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Fig. 8. Time responses along the surface for model in Fig. 3 due to vertically
incident plane SH wave. The predominant period of Ricker wavelet as
incident signal is set to TW(=4H/5)sec. The time axis is normalized by
T,.
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Fig. 9. Time responses along the surface for model in Fig. 3 due to vertically
incident plane SH wave. The predominant period of Ricker wavelet as
incident signal is set to 0.7X T;sec. The other conditions are the same
as Fig. 8.

Y iihko Y BaeHiEL w5,

=3 ALk oW THET A, LRI X eI LT, 2%
SEARATIS X O° 8 YOLIRMTIT X B SR O A A OIS Ze 35\ TR DA B A3 HER L
TWBZ EMbns, ik, Fig.Thbibnsd L oK, T 2RIHAKEL DL
BURAREEAE L 75 Z I X B, WOMRIHIC oW T, T 5 RIEAKE e
BieonT, BB HArRbRS.

K, KEMHORKIERA Y — 7 a4 UAAIEE, 2 RGP &0 8 RITMAT T




3 Wit AL R X 2HERT AL ORI AT 451

UNITkm

Fig. 10. Output points of time responses shown in Fig. 8, Fig. 9, Fig. 11 and
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Fig. 11. Comparison of time responses for model in Fig. 8 obtained by 1-D,
2-D and 3-D analyses due to vertically incident plane SH wave. The pre-

dominant period of Ricker wavelet as incident signal is set to T\ sec. The
time axis is normalized by 7).
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Fig. 12. Comparison of time responses for model in Fig. 3 obtained by 1-D,
2-D and 3-D analyses due to vertically incident plane SH wave. The pre-
dominant period of Ricker wavelet as incident signal is set to 0.7X T, sec.
The other conditions are the same as Fig. 11.
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Fig. 13. Non-Axisymmetiric analytical model.
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Fig. 15. Comparison of time responses for model in Fig. 18 obtained by 1-D,
2-D and 3-D analyses due to vertically incident plane SH wave. The other
conditions are the same as Fig. 11.

3-D ALM Y-comp. on Y 3-D ALM Y-comp. on X 3-D ALM Z-comp. on Y

MAX MAX . MAX .

0 5.12 0 >/\/v~———/5.12 Q———————— o.00

4.85 X 4.84 N\ 0.72

"\ 4.23 4.10 F— "\ N\~~~ 0.82

3.75 —/\ 3.50 F—— N\~ A~ .86

3.33 —J\W 3.12 Ao 0.69

1-D method Y-comp. on X \ e~ 2,30 —/\-’\—\/\/\/\/\/W 2.79 F—~~————— 041

MAX. 2.48 WN 2.50 F—~——————— 0.19

0—’\[\r—— 2.86 N[ 2015 -’\/'V\/\/vvvw 2.26 —————————— 0.16

_/\/\,y___z‘e-, 8\~ 1.98 4N\~~~ 2.09 gf—————————-0.18

_/\/\,__2.92 FA\— - 1.95 AN~~~ 2,04 f—————————— 0.20

3.05 —\/ >~ 196 2.04 ——————————— 0.20

3.22 A\ 1.95 — N\~ 2.05 ————————— 0.1

3.24 A\ 1.92 N2 02 ——————————— 0.12

2.86 A\ 1.90 O\~ 1.96 0.16

_/\/%2_30 J\/&————-—V 122 —J\/\M:Agg g:g
508 A Al A A .

4_/\/\*\' 2.00 16—/~ 1.85 8NN 185 16 0.00

—/\/‘%2'00
—\/—— 2.00

A\ 2.00 2-D ALM Y-comp. on Y 2-D ALM Y-comp. on X 2-D ALM Z-comp. on Y
_/V;— 2.00 MAX . MAX . MAX

—\/ > 2.00 0 /\,«\m:.ao u—/\/\/\f——sfs.us O—————————— 0.00

=\ 2.90 \ 3.37 /\/\.»———-»3.42 F——AN———— 1.04

g\ 2.00 3.27 3.32 NN 1,14

3.09 3.15 F— S \Ne———— 0.90

Input Motion .J\/\N.—-__— 2.86 ://v 2.96 F— — A 0.71

b N~~~ 2.64 M 2.77 L~ 0.53

2.5 1 oo _/V\M,.......z.aa —/\/\'\p—-—«‘zsa t——~~———~————— 0.25

N 2.21 —/\/\N——v——f\‘zao r——————~————0.20

8_/\/\,_/\/\’:::/%:__ 2.07 4.4\/\./\.‘———-\, 2.23 8 0.18

9.0 5.0 A~ 2.0¢ EAYAN 2.10 0.15

A\ 2.07 A\~ 2.03 0.13

—/\/\/\M—-——Z.OQ -—’\/\A«———vz.oa 0.12

_/\/\,\,\,__2.07 -—’\/’\A—-———z.w 0.17

/> 2.0¢ N\~ 2.10 0.186

N\~ 2.01 »-/\/\A———v-—- 2.12 0.16

=\ 1.23 —/\/\-fv———— 2.09 0.18

16—/\/\/-»—- 1.97 3_/\;,\,\,__\,_ 2.03 16 0.15

Fig. 16. Comparison of time responses for model in Fig. 13 obtained by 1-D,
2-D and 3-D analyses due to vertically incident plane SH wave. The other
conditions are the same as Fig. 12.
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Fig. 18. Four analytical models for study on the effects of width of basin on
major axis (Y-axis) when section on minor axis (X-axis) is fixed.
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Seismic Response Analyses of Sediment-Filled Valley
due to Incident Plane Waves
by Three-Dimensional Aki-Larner Method

Michihiro OHORI, Kazuki KOKETSU and Tadao MINAMI

Earthquake Research Institute, University of Tokyo

In the last two decades, different methods for studying the responses of sediment-filled
valleys have been developed. We classified these methods into five categories: a) Region
methods, e.g., FEM and FDM; b) Integral methods, e.g., BEM, BIEM and ALM; c) methods
concerned with the Ray Theory, e.g., Gaussian Beam method and Origami Method; d) Eigen
function methods; e) Hybrid method, e.g., FEM combined with BEM. These methods,
however, treat 2-D problems, except in a few cases in which 3-D problems were analyzed.
The large differences found between the amplitude levels, predominant frequencies and
duration time obtained by 1-D analyses and by 2-D analyses indicate that those differences
would be larger between 2-D and 3-D problems.

In this paper, we first formulated the solution procedures for 3-D problems by the
Aki-Larner method (ALM) and checked the validity and accuracy of the method by com-
parison with the results obtained by an analytical method. Secondly, we compared the
seismic responses of axisymmetrie and non-axisymmetric sediment-filled valley due to the
incident plane SH-wave caleulated by 1-D, 2-D and 3-D analyses in frequency and time
domains.

ALM, which belongs to category b), is a very powerful and reliable means of solving
2-D problems, as shown by BarD and BoucHON (1985). An extension of ALM to 3-D problems
has been already made by HORIKE et al. (1989). With their method, however, the solution
becomes unstable for problems with vertical incident of plane S-wave, which is considered
the most basic and important cases in earthquake engineering. Therefore, we first pre-



3 Wit AL iz X AHER AL 0BT ATT 461

sented the formulation of 3-D ALM, which was capable of treating the vertical incident
of plane S-wave. Then, we calculated the seismic motions of 3-D axisymmetric sediment-
filled valleys due to vertically incident plane SV and P waves by 8-D ALM and compared
them with those by BIEM to confirm the validity and sufficient accuracy of our method.

Response analyses of axisymmetric and non-axisymmetric sediment-filled valleys due to
vertically incident plane SH wave have been done. In axisymmetric valley, the width is
set to 2R=10km and the maximum depth to H=2.5km. In non-axisymmetric valley, the
width is set to 2R,=10km on the minor axis, 2R,=20km on the major axis, and the
maximum depth to H=2.6 km. The results of the 3-D analyses in both frequency and time
domains were presented by comparison with those of 1-D Haskell method and 2-D ALM.
To obtain the responses in time domain, a Ricker wavelet was used for the incident signal.
Conclusions are summarized as follows:

(1) TFrequency responses show that the lst predominant frequency and the maximum
amplification factors increase with the number of dimensions. It is caused by scattering
wave due to irregular interface. Especially, at the center of the valley in axisymmetric
case, the 1st predominant frequency by 3-D analyses is two times higher and the maximum
amplification factor are about 1.74 times larger than those by 1-D analyses.

(2) Time responses show that the maximum amplitude occur in the 3-D case, the
second in the 2-D case, and the third in the 1-D case. The duration time is longer in the
order of the 3-D, 2-D and 1-D cases. These features become remarkable when the pre-
dominant frequency of a Ricker wavelet is high.



