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Abstract: Under the same seismic load, different local topography will have different effects, which is an
important research field in seismic engineering. Hills are connected with valleys is a very typical terrain. Taking
this terrain as an example, its response to the most destructive SH waves in the earthquake is studied. By
simplifying and dividing the model, the wave functions satisfying the wave equation and boundary conditions
in each region are constructed by using the complex function and moving coordinate method. The equations
satisfying the boundary continuity conditions are established. With the help of calculation software, the
numerical results are obtained. The influence of different parameters on ground motion is discussed.
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1. Introduction

Earthquake is a very serious natural disaster. It is a worldwide problem to accurately predict
earthquakes. To reduce the damage caused by earthquakes, improving the seismic capacity of
structures and evaluating the seismic damage is a key point in the field of earthquake engineering.
Through previous studies, it is found that under the same seismic load, different local topography
will have different effects.

Shear horizontal wave (SH wave) can make the surface shake in the horizontal direction, which
is the main cause of earthquake disasters. Many scholars have done a lot of research on the response
of different terrains to SH waves. Xu and Han [1] studied the scattering of plane SH waves by multiple
semi-cylindrical canyons. Numerical results and discussions of displacements and phases on the
surface of the canyons are given. By using the accurate region-matching technique to derive a
rigorous series solution, Chang et al. [2] studied the scattering of SH waves by a circular sectorial
canyon. Combining the region-matching technique and a periodic indirect boundary element method
(PIBEM), Ba and Liang [3] discussed the scattering and diffraction of plane SH waves by periodic
alluvial valleys embedded in a layered half-space. Yang et al. [4] investigated the scattering of SH
waves around a circular canyon in radial inhomogeneous wedge space. By transforming the
governing equation with variable coefficients into a standard Helmholtz equation, the corresponding
analytical solution is derived. Qi et al. [5] discussed the scattering of steady-state shear horizontal
guided waves from the elastic strip media with multiple semi-cylindrical depressions on the surface
and obtained the analytical solution.

The real situation is usually very complex, which is the coupling of many different structures.
In this paper, the scattering of SH waves on a hill joined with an alluvial valley is studied. The final
solution of the surface response is obtained by using the analytical method.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Model Simplification and Partition

The hill is simplified as an isosceles triangle, and the alluvial valley is simplified as a semicircle.
The simplified model and related parameters are shown in Figure 1. The horizontal surface, the
hypotenuse of the triangle, and the boundary of the semicircle are marked as S, C, and S,
respectively. The mass density of the foundation and sediment is p: and pz, and the shear modulus is
p1 and p2. SH waves incident in the plane along the Xi-O1-Y1 coordinate system at the angle of «.

Figure 1. Numerical model of a triangular hill joined with a semi-circular alluvial valley.

The method of “partition and combination” is used to study this complex terrain. As shown in
Figure 2, a semicircular virtual boundary S1 is created with O as the center and r1 as the radius.
Taking S1 and S2 as the interface, the model is divided into 3 regions.

’ X
SH waveg“// L

Figure 2. Model of partition.

Wave functions satisfying the boundary conditions are constructed by using the wave function
expansion method and coordinate moving method [6-8]. According to the continuous conditions of
displacement and stress on the common boundary, the equations are established to solve the
unknown coefficients in the wave function of each term. Finally, the dynamic response of each
position on the surface can be obtained.

3. Construction of Wave Functions

For steady state, the governing equation of SH waves in isotropic homogeneous and continuous
media can be expressed as [9,10]

2
W L —o )
0z0z 4

where W is the displacement function, k=w/C;, w is frequency, C.=Ju/P is the shear wave
velocity.
In polar coordinates, the corresponding stress component is
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3.1. Wave Function in Region I
The zero-stress condition on the boundary C is
0, 0=+0
Dy _ 0
e {0, 0=-0, ®

The standing wave function satisfying the governing Equation (1) and boundary condition (3)

can be expressed as [11]
WDl(z,E):Woi;OAmep( |2 {[ ] +(-1) [ZJ 1 o

where Aw is the constant to be solved, Wo is the displacement amplitude. p=mt/(260). Jmp(-) is a
Bessel function with mp ranks.
The wave function needs to satisfy the continuity condition on Si1 boundary [12,13]. According

to the moving coordinate method, Equation (4) in (z1:%) the coordinate system can be expressed as

n " n
W zl,zl WZAm mp(klzl"'hl{(?:hl] +(—1) [jl:hlj ] )
1t 1t

The corresponding stress can be expressed as

kW, <&
TrlDzll :%;]Amgrlnp(zl +hl) (6)

where

w0yt ] satnicn (] (3] ) o

3.2. Wave Function in Region LII

The boundary condition of the upper surface of sediment can be expressed as

0, 0= +%
D
Tﬂziz = T (8)
0, 0,=-2
2

The standing wave function satisfying condition (8) and Equation (1) can be expressed as

WP (z,,2,) =W, ZBme(k 23{[ 3} +(1)m[:] ] ©)

where Bu is the constant to be solved.

According to the moving coordinate method, Equation (9) in (222%) the coordinate system can
be expressed as
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The corresponding stress can be expressed as
o2, =29 ZB 0% a1

3.3. Scattering Waves in Region [/

In region II, there are two scattering waves on each boundary because the scattering waves
generated by the two depressions interfere with each other. The functions that satisfy the governing
equation and the boundary condition can be expressed in the form of multipolar coordinates as [14—

16]
WSI(ZJ, j) WZCmH (k Slj{[:j] +(1)’”[:7] ‘| (12)

g,j:Z,,zz+id,;j:1,2 (13)

2j &

wo(z,.z,)= WZD Hl( kfey)] [?’] +(—1)m[52f] (14)

&, =2 —id,,z,; j=1,2 (15)

The corresponding stress can be expressed as

o °Zcmmwu (16)

o =L °Zm”@h (17)

where Cm, D are the constant to be solved. H,(n1 ) () is Hankel function
of the first kind, and

-1 ) ) —(t+1) ) (s 1—t - 1+1 y
Uz<s>-H,<l>1(kl|s|)(|j|] &~ 10 (ko) - )[H] & 1) (o)1) [Hj ,+1(k1|s|)[| |] c4 1)

3.4. Incident and Reflected Waves

(z

In the complex plane 7% the incident and reflected waves can be expressed as

‘511" ‘511'

Wy 2 )= 3 (klsu)[(—l)’”e"’"“e"“][g”] +(—1)”’[5”] (19)

The corresponding stress can be expressed as
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4. Establishment of Equations

Wave functions in each region satisfy the continuous conditions of displacement and stress on
the common boundary, thus the equations of unknown coefficients can be established as (22). Because

there are many parameter variables, the solution is very complex. Due to the space limitation, this
article only considers the special case of d=r.

(ZI’ZI) (21’21)+WS2 (ZI’ZI)+WI+R(ZI’EI) z €8,
T'? '?21 +T;1v§1 +TVII:1R z, €8, 2
WDZ( 2722):W (ZzaEz)+WSZ(22752)+W1+R(22552) Z, €S, (22)
ngz =2'rzzz ‘*'Trszzzz +rr';_f z,es,

Expanding (22) by Fourier series in the complex domain, the following equations are obtained
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The expression of each function is
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(23) are four infinite series equations with unknown coefficients. Finally, the unknown
coefficients are obtained by programming.

5. Results Analysis

There is only a standing wave in region [ and region III, so the total wave field is

W, ="
W, = w2 (28)
The total wave field in region II consists of three parts:
W, =W + W W'k (29)

The incident wave amplitude Wo is assumed to be 1.0. 111=0 represents the vertex of the hill, y1=+m1
represents the intersection of the hill and the horizontal plane, |y1| <r1 represents the points on the
surface of the hill, y1/ri=d1 represents the center of the alluvial valley. Through numerical examples,
the influence of different SH wave numbers (n=2r1/A), incident angle, and other parameters on the
amplitude of surface displacement is analyzed.
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When the sediment is softer than the foundation, the variation of surface displacement
amplitude with different wave numbers and incident angles is shown in Figure 3. When the wave
number is small, the surface displacement changes little, which is similar to the quasi-static problem.
With the increase of wave number, the change of surface displacement becomes more and more
intense, and the maximum value of displacement amplitude gradually approaches the alluvial valley.
When 120.5, the surface displacement amplitude in the valley is more than 10, which is 5 times that
when the SH wave incident on the horizontal surface.
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Figure 3. Surface displacement amplitude (u1/p2=6, p1/p2=3/2).

When the sediment is harder than the foundation, the surface displacement amplitude with
different wave numbers and incident angles is shown in Figure 4, which is much smaller than in
Figure 3. The surface displacement in the valley is generally smaller than that of the hill. The
maximum value appears at the top of the hill (n=1, @=0°), which is 5.2. When a=0°, the ground motion
of the hill increases with the decrease of the vertex angle, and the opposite is true for a>0°.
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Figure 4. Surface displacement amplitude (u1/u2=1/6, p1/p2=2/3).

The average value of surface displacement on the hill is set as e1. When the SH waves only
incident on the hill, the average value of surface displacement is set as e2. Let e=ei/e2. Taking the
distance between hill and valley as abscissa and e as ordinate, the results are shown in Figure 5. With
the increase of distance, e is closer to 1. When d1>30r1, the difference between e and 1 is less than 0.02.
At this time, the interaction between the hill and the valley can be ignored.
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Figure 5. The influence of the alluvial valley on the hill with different distance.

6. Conclusions

Based on elastic wave dynamics and the knowledge of complex functions, the scattering of SH
waves on a triangular hill joined with a semicircular alluvial valley is studied. The conclusions are as
follows:

1) When the sediment is softer than the foundation, the surface displacement is relatively large
as a whole. The maximum value appears near the center of the valley, which is more than 5 times
when SH waves incident into the infinite half-space.

2) When the sediment is harder than the foundation, the influence of the valley on the hill is
small. The maximum surface displacement appears at the top of the hill, which is more than 2 times
when SH waves incident into the infinite half-space.

3) When the distance between the hill and the valley is more than 30 times the half-width of the
bottom of the hill, the interaction can be ignored.
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