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Seismic response analysis of lateral uneven sites with soft-hard connected media
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Abstract: The lateral uneven site with soft-hard connected media is very common, and its seismic response under strong
earthquakes has an important impact on the safety of engineering structures. However, studies have seldom been reported to
investigate the seismic response of soft-hard connected sites. Based on the indirect boundary element method combined with
the exact dynamic stiffness matrix and Green’s functions of uniformly distributed loads, the seismic response of soft-hard
connected sites in a layered half-space is solved in time-domain via the fast Fourier inverse transform. In the solution, the model
is divided into a harder medium of layered half-space region and a softer medium region, while the wavefield is classified into
two parts: free field and scattered field. The diffraction response can be simulated by the Green's function of inclined and
horizontal fictitious distributed loads acting on corresponding boundaries, and the free field response can be easily solved by the
direct stiffness method. The accuracy of the proposed method is verified, and the convergence of the solution model is tested.
Numerical calculations are performed to analyze the influences of medium parameters and soft-hard interface dip angles in the
seismic response. The results show that in the soft-hard connected site, the stronger ground motion response occurs in the softer
medium region. The existence of an soft-hard interface leads to a sudden change in acceleration response, and its sensitivity is
significantly affected by medium parameters and interface dig angles. With the increase of difference in the medium parameters
and interface dig angles, the peak ground acceleration increases, the response spectrum curve shows more abundant
short-period components, and the amplification effect on bedrock motion is enhanced. The influences of soft-hard interface on
the surface seismic response of the site are mainly within twice the thickness of the medium layer outside the interface.
Key words: soft-hard connected medium; lateral uneven site; ——m—F———
seismic response; Green’s function; indirect boundary element EEWB: EXRERBFEEESTHE (51778413, 51578372)
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Fig. 1 Model for lateral uneven site with soft-hard connected media
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Fig. 2 Time histories of acceleration for surface of free field
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Table 1 Convergence analysis for IBEM

f~2.5Hz
x/H
D=3) D=5} D=171 D=104  D=121
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-1.00  2.1154  2.1093  2.0678  2.0752  2.0733
0.00  2.2840  2.2666  2.2312  2.2559  2.2434
1.00 3.4511 3.3852 3.3884  3.4721 3.4402
2.00 44887 43613 44353 45088  4.4921
x/H =10 Hz
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2.00 2.0874  2.1720  2.1498  2.1436  2.1420
x/H =20 Hz
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2.00 1.4228 1.4140 1.3612 1.3751 1.3710
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Table 2 Parameters of materials

Mk c/(m-s ) ¢ v pl(kg'm’®)
A1 200 0.05 1/3 1400
IR 2 300 0.04 1/3 1600
IR 3 400 0.03 1/3 1800

A 600 0.02 1/3 2000
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Table 3 Peak accelerations at surface of site under different medium parameters (2)
N W 5 A B
x/H=-3.0 x/H=-2.0 x/H=-1.0  x/H=-025  x/H=0.25 x/H=1.0 x/H=2.0 x/H=3.0
CplCy, =4/2 0.1916 0.1910 0.1990 0.1997 0.2097 0.3052 0.3375 0.3278
Cylcy, =413 0.2026 0.2013 0.2026 0.2032 0.2066 0.2534 0.2634 0.2558
ClCy =4/4 0.2038 0.2036 0.2037 0.2039 0.2038 0.2038 0.2036 0.2039
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Fig. 6 Variation of amplification factor of acceleration with
observation points
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Fig. 7 Influence of medium parameters on acceleration response
spectrum at the surface

151

cgiley=412 — @R
/Sn,mnle-079g ---- IR

1.0+

fHz
(b)
8 Aith ANt RN 770 B2 Y EL AR

Fig. 8 Comparison of dynamic response at both sides of site
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Fig. 9 Time histories of acceleration at surface of site under different interface dip angles
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Table 4 Peak accelerations at surface of site under different interface dip angles (2
. WL R
x/H=-3.0 x/H=-2.0 x/H=-1.0 x/H=-0.25 x/H=0.25 x/H=1.0 x/H=2.0 x/H=3.0
a=30° 0.2040 0.2028 0.2020 0.2006 0.1990 0.2402 0.3321 0.3105
a=45° 0.1916 0.1910 0.1990 0.1997 0.2097 0.3052 0.3375 0.3278
a=70° 0.2074 0.2062 0.2099 0.2121 0.2279 0.3608 0.3302 0.3233
a=90° 0.2071 0.2066 0.2066 0.2109 0.2441 0.3998 0.3193 0.3221
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Fig. 11 Influences of interface dip angles on response spectrum of acceleration at surface

121

c4=400 m/s = = xIH=0.0
a=45° © xIH=0.25
- = x/H=0.5
== x/H=1.0
=+ xIH=1.5
““““ xIH=2.0
== x/H=3.0
— BAHAHYS

Salg

(9.01 Ol.l I1 1I0

- - XIH=0.0
- xlH=0.25

- = xIH=0.5

- = xIH=1.0
-~ xIH=1.5

e xlH=2.0

- xIH=3.0

— BABAkYE

Salg

Salg

Tls
(e)

2 -
x/H=1.5 — a=30°
a=45°
1k — —a=70°
e —— a=90°
0 A
- 1 1 J
0.01 0.1 1 10
Tls
(b)
127
ci%=300 m/s - - x/H=0.0
a=45° S . xIH=0.25
— = xIH=0.5
038 - - xIH=1.0
< weer XH=L5
“ conn xIH=2.0
0.4 - = xIH=3.0
— BAFEAEE
0 1 | )
0.01 0.1 1 10
Tls
(b)
121
c#%=200 m/s - = x/H=0.0
a=45° - xIH=0.25
- = xH=0.5
0.8 - = xIH=1.0
< - xH=15
“ e xIH=2.0
0.4E. . - xIH=3.0
AR At
0 | | )
0.01 0.1 1 10
Tls
(d)
12
c#%=200 m/s - - x/H=0.0
a=90° - xIH=0.25
- = XIH=0.5
08 - = xIH=1.0
< -+ xlH=15
“ e xIH=2.0
04p ~me - - XH=3.0
— B FHAHYE
(9.01 0.1 1 10
Tls
(f)

12 $thaRth B B0 R 69 53 5 HHE

Fig. 12 Distribution characteristics of seismic response at surface of site
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