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Abstract: Based on the indirect boundary element method (IBEM) with high
precision, this paper solves the seismic response of a three-dimensional sedimen-
tary basins both in the frequency domain and time domain. Taking the scatter-
ing of plane P and SV waves around an semi-ellipsoidal three-dimensional sedi-
mentary basin as an example, the amplification effects of incident angle, wave
type, incident frequency, length-width ratio and depth-width ratio of the basin
on the ground motion are investigated in detail. The numerical results show that
the basin shape has a significant impact on the amplification effect of seismic
waves and the spatial distribution characteristics, and the detail effect also
strongly depends on the frequency band of incident wave. In particular, as the
basin depth increases, edge-generated surface waves become dominant, signifi-
cant ground motion amplification effect can be observed for a wider band, and
amplification area is mainly located in the middle of basin. The seismic wave
focusing effect within the circular basin seems most significant, while that with-
in long-narrow basin seems relatively weak, and multiple wave-focused areas
appear within the basin for incident high-frequency waves. The amplification
mechanism of basin effect on ground motion is different for different types of
waves: for incident P waves, significant amplification of vertical displacement in
the middle of basin can be mainly attributed to the focusing of surface waves
generated from the basin edge; as for SV wave incidence, the surface wave
focusing effect is relatively weak, but when the basin is deep, constructive
interference of transmitted body waves and edge surface waves tend to result in
a considerable amplification effect. For the wave-velocity ratio 1/2 between the
alluvial basin and the bedrock, amplification factors of P and SV waves can
reach up to 25, 15, respectively in frequency domain, and to 4.0, 3.7, respec-
tively in time domain (Ricker waves). As for the low frequency waves, the
displacement amplitude decreases from the basin center to basin edge, and the
amplification is not obvious for the shallow basin. In addition, the angle of inci-
dence also has significant impact on the amplitude and spatial distribution char-
acteristics of ground motion.

Key words: basin-edge effect; seismic wave; scattering; indirect boundary
element method (IBEM) ; focusing effect

, (Anderson et al, 1986; , 2011),

’



(Trifunac, 1971; Yuan, Liao, 1995; , 2003)
] ( ) 2006; Chen et al, 2015)\ ( )
, 2007; Luzdn et al, 2009) (Kawase, Aki, 1989)
) (2014)
H Lee(1984) 1)
; Mossessian Dravinski (1990) Sanchez-Sesma Luzdn
(1995) ,
(2007) H (2007)
(2013a) s . s
( , 2011). (Chaillat et al, 2009) . (Olsen,
2000) . (Lee etal, 2008; , 2013b)
, Sanchez-Sesma
(2002) (2013).

, Bouchon(1973), Zhao  Valliappan(1993)
Kamalian  (2007)

b b

, Mossessian  Dravinski(1990)

, (indirect boundary element method,
IBEM) (Sanchez-Sesma, Luzon, 1995), Intel Fortran ,
1
s . 1
x=a,cosfcosp, y=a,cosfsing, z=hsinf, 0<B<xn/2, 0 << ¢ < 2m, ()
: 2a,  2a, x oy s h
. x 2a, .

s D=a,/a, S=h/a,.

N . (P, SV ) =



114 39

a,

ta) (h} (el

(a) , R , E . So ,
S .S, 3 (b) 3 (o)
Fig. 1 Calculation model for a three-dimensional alluvial basin
(a) Three-dimensional view. R is the sedimentary basin domain, E is a half-space domain, Sy is the interface between
the sedimentary basin domain and bedrock half-space domain, S is the surface of sedimentary basin interior, and

S5 is the surface of outer half-space; (b) Planar projection and vertical section; (¢) Element discretization
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Fig. 4 The surface displacement amplitude cloud images in alluvial basin with different
depth-width ratios S and length-width ratios D for incident P waves
(b) D=1.0, S=1.0, a./a,=1.0 (hemispheric sedimentary basin); (¢c) D=1.0, S=2.0, a./a,=2.0 (deep ellipsoid

basin); (d) D=2.0, S=0.5, a,/a,=2.0 (narrower basin); (e) D=5.0, S=0.5., a,/a,=5.0 (narrow basin)
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Fig. 5 The surface displacement amplitude cloud images in alluvial basin with different
depth-width ratios S and length-width ratios D for incident SV waves
(a) D=1.0, S=0.5, a./a,=0.5 (shallow ellipsoid basin): (al) Vertical incidence (§=90°),
(a2) Oblique incidence (4=60"); (b) D=1.0, S=1.0, a./a,=1.0 (hemispheric sedimentary
basin); (¢) D=1.0, S=2.0, a./a,=2.0 (deep ellipsoid basin)

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1
5 SV S. D
(&) D=2.0, $=0.5, a,/a, =2. 0( ): () D=5.0, S=0.5. a,/a,=5. 0 )
Fig. 5 The surface displacement amplitude cloud images in alluvial basin with different
depth-width ratios S and length-width ratios D for incident SV waves
(d) D=2.0, S=0.5, a,/a,=2.0 (narrower basin); (e) D=5.0, S=0.5, a,/a,=5.0 (narrow basin)
( 4d. e , , )
; ) 3 ©
s
) s de s 7=2.0
9.4 5. 0.
4a s : P ,
, ;P ,

, . a./a,=0.5 a,/a,=1.0 (
4a), 7=3.0 11.0, 9.4,

5 SV . 5a, b, ¢

) D=1.0, s ,

, Sal ,

(»=0.5 , s 3.1,
5.9, . 5a, b, ¢ , )

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



122 39
S:O59 de € ’
, ; (p=2.0, 3.0) ,
, S5al S5e 10.1 9.5(»=2.0,
.0, 6.2 7.6. )
. SV , P s
s s SV
.2
, , 6
7 P SV x Y
, 6 x x/a,=0,0.1,0.5 0.8 4 ,
y v/a,=0, 0.1, 0.5 0.8 4 7 ,
(7]<O.5) s
’ 17>O.5 ’
6a, b, ¢ x D=
.0, ’ : @ P SV ’ ’
i @
’ ’ 6b
( 1/2), P .SV
25.0 15.0; ® P , 1.0—2.0 )
6d e S=0.5,
) (D=2.0, 5.0)
(D=1.0) , 3 SV P ,
, s , SV
) 6 SV
s P SV
SV P
4.3
P SV ,
8 9 , x y . w(o)=Qa" fif—1 X



1 123
A “a=0 30 a—0
L la,=0. |
2la=05
P —-—-xla=0.8
40 pp— 40 o
3 —=—-xla=01 l ———xfa=0.1
———xfa=0.5 ¢ |m—— xfa=0.5
- 201 —-—-xla=0.4 o 20r —-—-xfa=0.8
) b
(b
0 0
. 20 - 20
S 10 =
0 0
{e)
40 a0 a=0
Il I === xla=0|
xa=0.5
_ 20 > 20F —e— /=08
xa=0
t o ——=2zla=01
-------- x/a,=0.5
_ 20f = 20 ——-x/a=D.8
&)
6 P S. D (y=0)
(a) D=1.0, S=0.5¢( ); (b) D=1.0, S=1.0¢( ); (¢) D=1.0, S=2.0
( ); (d) D=2.0, S=0.5¢( ); (e) D=5.0, S=0.5¢( )
Fig. 6 The displacement amplitude spectrum along a-axis (y=0) in alluvial basins with different
depth-width S and length-width ratios D for incident P (left panels) and SV (right panels) waves
(a) D=1.0, S=0.5 (shallow ellipsoid basin); (b) D=1.0, S=1.0 (hemispheric sedimentary basin); (¢) D=1.0,

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

S=2.0 (deep ellipsoid basin); (d) D=2.0, S=0.5 (narrower basin); (e) D=5.0, S=0.5 (narrow basin)

http://www.cnki.net



124

39

S0

a0

201

7P

U/

Al

201

—_— i, =0

- —=yla=0.1
....... va =05

— yia,=0

——— ya=01
e Y@, =0, 5
—-—-yla,=0.8

A

U

y (x=0)
); (b) D=2.0(

(a) D=1.0(

30

201

fa,=0

il

20F

Al

20

— ya, =0

—==ya=01
——— y/a, =05
—-—-y/a,={.8

)3 (¢) D=5.0¢(

Fig.7 The displacement amplitude spectrum along y-axis (x=0) in alluvial basins with depth-width ratio

S=0.5 and different length-width ratios D for incident P (left panels) and SV (right panels) waves
(a) D=1.0 (shallow ellipsoid basin); (b) D=2.0 (narrower basin); (¢) D=5.0 (narrow basin)

exp(—=* fic?),

b

7<23.0, 100
’ ( 8&9 by C)
889 b9 C D:1.0\
@ [} X
@ . )
N 8a, ¢ , P
4.0 2.5, SV 3.7

(C)1994-2022 China Academic Journal Electronic Publishing House.

b

1.8,

fe=wa,/mcs=1.0,

TZZCS/aI.

0—2.5f.

b

All rights reserved.

http://www.cnki.net



1.5
L0
3« 0
=~ —0.5
= 10
~-1.5 ; ~1.5
1] a 10 15 20 25 30 0 5 10 15 20 25 a0
I's (a) t's
1. & 1.5
1. 0] 1.0
:'T U EJ 1
=, —0.5] e ——
= ; = =
— 1.0} — —1L0
—1. 5§ —1.5
0 20 25 30 0 20 25 30
(b}
1.5 L5
1.0] 1.0
X 9 < °
— —0, 5 >~ —0.5
- 1 :3".
T —L0f — =10
—1. 5 —1.5
0 20 25 30 0 20 25 30
Lel
f
15} 1.5
L0} 7 Lo |
= | ] 4
- "; % § [} a
= —0.5E A ~ 0.5 A
] | i | o'
T =L 4 -1.0
—1.51 —1.5 ™
0 20 25 30 0 5 10 15 20 25 30
td) s
2.0 2.0
10} .
= o s U
= —l.U: "_:.—IH
=20 —2:.0 ¥
0 5 10 15 20 25 30 0 5 10 15 20 25 30
15 (e) t's
§ P C ) SV () S. D
x (y=0) ( )
(a) D=1.0, S=0.5¢( )3 (b) D=1.0, S=1.0¢( ); (¢) D=1.0, S=2.0
( ); (d) D=2.0, S=0.5( ); (e) D=5.0, S=0.5¢( )

Fig. 8 The surface displacement time history along x-axis (y=0) in alluvial basins with different depth-width
ratios S and length-width ratios D for incident P (left panels) and SV waves (right panels) (Ricker pulse)
(a) D=1.0, S=0.5 (shallow ellipsoid basin); (b) D=1.0, S=1.0 (hemispheric sedimentary basin); (¢) D=1.0,
S=2.0 (deep ellipsoid basin); (d) D=2.0, S=0.5 (narrower basin); (e) D=5.0, S=0.5 (narrow basin)

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

126 39

0 b 10 15 20 2h 30

y (x=0) ( )
(a) D=1.0¢( )3 (b) D=2.0( ) (¢) D=5.0¢( )
Fig. 9 The surface displacement time history along y-axis (x=0) in alluvial basins with
depth-width ratios S=0.5 and different length-width ratios D for incident P wave

(left panels) and SV wave (right panels) (Ricker pulse)
(a) D=1.0 (shallow ellipsoid basin); (b) D=2.0 (narrower basin); (¢) D=5.0 (narrow basin)

, (2002)
9 (S:O. 5). @ N N
. D=5.0 . 83& e ’
2.5 1.6 .
, (2013b)
SV y ’ D
fe=1.0¢( ) )
x Y ’ (y )

, “xr , ,

http://www.cnki.net



127

1
8§ P SV
8a, b, ¢ . DOP 3 ,
, (
, ); @ SV , .
p )
) 5 SV )
P (
)
) . Mosses-
sian  Dravinski(1990) SV )
P SV
, P SV ( 8a, b, o),
P SV
( 1/2—2/3), ) ( )
4.4 Tar-Tarzana
SV Tar-Tarzana 3
, x ‘_
4.1 a,=500m
, ; = ¢ J'ﬂ”"“" \l f "'\ lnee
v =1/3, B = E__J
1000 m/s, o1 =1500 kg/m’, —al n P . N
& =1.0%; v, = /s
1/3, B =500 m/s, p: = 10 Tar-Tarzana
1000 kg/m’, & =1.5%. Fig. 10 Acceleration time history
0.02 s, 30 s, of Tar-Tarzana wave
10 ( 0.2 m/s"). 11
Tar-Tarzana (SV ) . x
, x/a, 0,0.1, 0.5, 0.8.
12 Tar-Tarzana .
, 11. 8 m/s*( T=0.38s ),
, Tar-Tarzana ,
) , ( 0—3 Hz
). , T>0.4s

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



128 39
’ ’ (
12C) ’
’ ’ ’
’
20 20 20
(a) — Tar-Tarzana {h) — Tar-Tarzana (] — Tar-Tarzana
— xfa, =l — x/a,=0 — x/a,=0
& 15F — x/a, =0, | & 15 — x/a,=0, | & 1af — x/a,=0. |
w e " Pt i " T iy
3 — xfa,=.5 = — x/a,=0.5 o — x/u=0.5
= Ja, =1L R xla,=0.R xla,=0.R"
= 1of } e = 1ot ke = 10F Xl
= LA = o
E ir = = 5r
0 [ 2 ] 3 0 2 3
T/s T/s
11 Tar-Tarzana (SV ) S. D
(y=0)

Fig. 11

Acceleration response spectrum in horizontal direction (y=0) of typical points

within the 3D alluvial basins with different depth-width ratio S and length-width

ratio D for incident Tar-Tarzana waves with §=90°

(a) S=0.5, D=1.0; (b) S=1.0, D=1.0; (¢) S=0.5, D=2.0

15 ;
10 v/a, =0 x/a,=0. 1 xfa=0.0 xfa =08
2 9 WM.—— —W*M»w——
=
i I I
-% —]0 -
—15L . . L . I . . " " . L . L .
‘)U ] 20 an 10 20 i 10 20 a0 10 20 a0
s 18 1's /s
La)
15 ; ;
]:: xfa,=0 v/a,=0, | x/a,=0D.5 v/, =04
o OF
= ) WMMM\W.—— —WWW—«\———A_
ot
5 5| -
S -0
—15 . . | | i . i | L L L
10 20 30 10 20 30 10 20 30 10 20 a0
1's /s 15 s
(h)
15 ; ; ;
10 via, =0 xla, =0, | xla, =04 vila, =04
= OF
< Wﬁ-— ‘*Wm.._ —m-)yqﬂ(m)fw-w— _.WHJWWW
&l
2 5 - : :
S -}
—15 I | | | I i L " | I L . I
10 20 30 10 20 3010 10 20 30 10 20 a0
t's /s s 1/'s
(el
12 SV (y=0) ( Tar-Tarzana )

(a) S=0.5, D=1.0¢(

Fig. 12 The acceleration time histories along a-axis within the alluvial

(¢) S=0.5, D=2.

0(

)

); (b) S=1.0, D=1.0(

basin for incident SV waves (Tar-Tarzana wave)
(a) S=0.5, D=1.0 (shallow ellipsoid basin); (b) S=1.0, D=1.0 (hemispheric

sedimentary basin); (¢) S=0.5, D=2.0 (narrower basin)

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



5
P SV s
P sV, P SV
. P ,
H SV ) ’ ’
P SV , ;
(7]<O. 5) ’ ’ s
P , SV
1/2, P SV 25
15. ( p=1.0) .P SV
4.0 3. 7.
Tar-Tarzana ,
6 . ’ H
) )
. 2011. Rayleigh [JJ. , 33(82): 29—

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



130 39

33.
Chen X L, Gao M T, Li T F. 2011. Study on response characteristics of basin site under the action of Rayleigh surface
wave[ J1. Jowrnal of Civil s Architectural & Environmental Engineering , 33(S2) : 29—33 (in Chinese).
, , , s s . 2002. [Jl. , 18(4) .
356—364.
Gao M T, Yu Y X, Zhang X M, Wu J, Hu P, Ding Y H. 2002. Three-dimensional finite-difference simulations of
ground motions in the Beijing areal J]. Earthquake Research in China, 18(4): 356—364 (in Chinese).
, , . 2005. [J]. . 25(6): 16-23.
Jing L P, Zhuo X Y, Wang X J. 2005. Effect of complex site on seismic wave propagation[J]. Earthquake Engineering
and Engineering Vibration, 25(6): 16—23 (in Chinese).
. . . 2013, 1.
. 29(3): 128-138.
Li TF, Chen X L., Gao M T. 2013. Research progress of basin site effect based on 3D numerical simulation and influence
of sedimentary environment on basin site[J]. World Earthquake Engineering , 29(3): 128—138 (in Chinese).
. . . 2003, SH . , 16(2); 158-165.
Liang ] W, Zhang Y S, Gu X L. 2003. Scattering of plane SH waves by a circular-arc layered canyon[ J]. Journal of
Vibration Engineering , 16(2) : 158-165 (in Chinese).
s . 2007. SH [Jl. , 27(3)
1-9.
Liang ] W, Ba Z N. 2007. Surface motion of an alluvial valley in layered half-space for incident plane SH waves[J]. Jour-
nal o f Earthquake Engineering and Engineering Vibration, 27(3): 19 (in Chinese).
, , . 2013a. [I]. , 33(3): 88-94.
LiuQF, Li X Q, Sun P S. 2013a. Study on the 3-D velocity model of Shidian basin[J]. Journal of Earthquake Engi-
neering and Engineering Vibration, 33(3): 88-94 (in Chinese).
. . . 2013b. [J]. s 33(4): 54-60.
Liu QF, YuY Y., Zhang X B. 2013b. Three-dimensional ground motion simulation for Shidian basin[J]. Journal of
Earthquake Engineering and Engineering Vibration, 33(4): 54—60 (in Chinese).
. 2011. [JJ. , 54(1);: 137-150.
Wang H Y. 2011. Amplification effects of soil sites on ground motion in the Weihe basin[J]. Chinese Journal of Geo-
physics » 54(1); 137150 (in Chinese).
. . . , , . 2014. Ll
, 34(S): 167172
Wang J L, Chen X L, GaoM T, LiZC, YanZ L, Li T F. 2014. Preliminary numerical simulation of the dependence of
the peak ground motion amplification on the basin depth[J]. Earthquake Engineering and Engineering Dynamics
34(S): 167-172 (in Chinese).
. . s s . 2007.
[l 5 29(2): 187-196.
Zhang D L, Xu X W, Zhao B M, Chen G H, Xie T W. 2007. 3-D physical model in strong ground motion numerical
simulation: A case study of Kunming basin[J]. Acta Seismologica Sinica, 29(2); 187—196 (in Chinese).
s . 2007. Rayleigh [J1. , 50
(3): 905-914.
Zhao C G, Han Z. 2007. Three-dimensional scattering and diffraction of plane Rayleigh-waves by a hemispherical alluvial
valley with saturated soil deposit[J]. Chinese Journal of Geophysics, 50(3);: 905—914 (in Chinese).
Anderson J G, Bodin P, Brune J N, Prince J, Singh S K, Quaas R, Onate M. 1986. Strong ground motion from the
Michoacan, Mexico, earthquake[J]. Science, 233(4768); 1043—1049.
Bouchon M. 1973. Effect of topography on surface motion[J]. Bull Seismol Soc Am ., 63(2): 615—632.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1 : — 131

Chaillat S, Bonnet M, Semblat J] F. 2009. A new fast multi-domain BEM to model seismic wave propagation and amplifi-
cation in 3-D geological structures[J]. Geophys J Int, 177(2): 509—531.

Chen G X, Jin DD, ZhuJ, ShiJ, Li X J. 2015. Nonlinear analysis on seismic site response of Fuzhou basin, China[]].
Bull Seismol Soc Am . 105(2A) : 928-949.

Kamalian M, Gatmiri B, Sohrabi-Bidar A, Khalaj A. 2007. Amplification pattern of 2D semi-sine-shaped valleys subjec-
ted to vertically propagating incident waves[J|. Int J Numer Meth Biomed Eng ., 23(9): 871—887.

Kawase H, Aki K. 1989. A study on the response of a soft basin for incident S, P, and Rayleigh waves with special
reference to the long duration observed in Mexico city[ J]. Bull Seismol Soc Am, 79(5): 1361—1382.

Lee SJ, Chen H W, Liu Q, Komatitsch D, Huang B'S, Tromp J. 2008. Three-dimensional simulations of seismic wave
propagation in the Taipei basin with realistic topography based upon the spectral element method[J]. Bull Seismol
Soc Am, 98(1) . 253-264.

Lee VW. 1984. Three-dimensional diffraction of plane P, SV &. SH waves by a hemispherical alluvial valley[J]. Soil
Dyn Earthquake Eng » 3(3): 133—144.

Luzon F, Sdanchez-Sesma F J, Pérez-Ruiz ] A, Ramirez-Guzmadn L, Pech A. 2009. In-plane seismic response of inhomo-
geneous alluvial valleys with vertical gradients of velocities and constant Poisson ratio[ J]. Soil Dyn Earthquake Eng .
29(6): 994-1004.

Mossessian T K, Dravinski M. 1990. Amplification of elastic waves by a three dimensional valley. Part 1. Steady state
response J 1. Earthquake Eng Struct Dyn, 19(5): 667—680.

Olsen K B. 2000. Site amplification in the Los Angeles basin from three dimensional modeling of ground motion[ J]. Bull
Seismol Soc Am, 90(6B) ;. S77—S94.

Sanchez-Sesma F J, Luzon F. 1995. Seismic response of three-dimensional alluvial valleys for incident P, S, and Rayleigh
waves[J]. Bull Seismol Soc Am , 85(1); 269—284.

Sdnchez-Sesma F ], Palencia V J, Luzon F. 2002. Estimation of local site effects during earthquakes: An overview[]].
ISET J Earthq Techn, 39(3): 167—193.

Trifunac M D. 1971. Surface motion of a semi-cylindrical alluvial valley for incident plane SH waves[J]. Bull Seismol Soc
Am, 61(6): 1755-1770.

Yuan XM, Liao Z P. 1995. Scattering of plane SH waves by a cylindrical alluvial valley of circular-arc cross-section[ J].
Earthquake Eng Struct Dyn, 24(10); 1303—1313.

Zhao C B, Valliappan S. 1993. Incident P and SV wave scattering effects under different canyon topographic and geo-

logical conditions[J]. Int J] Numer Anal Meth Geomech , 17(2) ; 73—94.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



. 2014 . 2005

. 1985 2011

s ( )
R 2014 (
) . N

s . 2009

. 2013 s

. 1995
. 2013 (
5 2001 ) s
Vol. 30, No. 1; Vol. 23, No. 3; Vol. 36, No. 4; Vol. 37,
No. 2.
1

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



