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Abstract: The existence of local soft interlayer can significantly amplify or attenuate the ground
motion and thus might influence the lagged spatial coherency between spatially varying earthquake
ground motions. A target site with a local soft interlayer was assumed first, and then two numerical
examples were set. In example 1, linear soil behavior was considered and a large amount of quasi-
stationary spatially varying earthquake ground motions were generated by combining the one-
dimensional wave propagation theory and the classical spectral representation method. The influence
regularity of varying shear wave velocity, buried depth, and thickness of the soft interlayer on the
characteristics of lagged spatial coherency was investigated. In example 2, non-linear soil behavior
was taken into account and fully non-stationary spatially varying earthquake ground motions
were thus generated by using time-varying transfer function and spectral representation method.
An overall evaluation was carried out to shed light on the differences of characteristics of spatial
coherency between non-linear soil and linear soil cases. It showed that: (i) As the shear wave velocity
of interlayer declines and as the buried depth and thickness increase, remarkable reduction of spatial
coherency showed up; (ii) the reduction of lagged spatial coherency caused by varying buried depth
may be more inclined to concentrate in the lower frequency range; (iii) the non-linear soil behavior can
cause greater further reduction of lagged spatial coherency in comparison with linear soil behavior,
especially in the higher frequency range; (iv) the troughs of lagged spatial coherency curve tend to be
located in the variation range of vibration frequency of time-varying spectral ratio.

Keywords: soft soil interlayer; lagged coherency; spatially varying ground motions; one-dimensional
wave propagation theory; time-varying transfer function; non-linear soil behavior

1. Introduction

The spatial variation of ground motions is moving researchers and engineers’ focus
toward the seismic response characteristics of large-scale or extended structures [1–11] and
engineering site [12–14] under spatially varying earthquake ground motions (SVEGMs).
However, the empirical analysis of SVEGMs requires the availability of spatially dense
strong motion arrays, which are indeed rare even on a worldwide scale. Therefore, artificial
simulation of SVEGMs is now widely employed and many simulation methods have been
developed [15–25].

In addition, spatial coherency function measures the similarity of the motions at
two different locations [26] and indicates the degree to which the data recorded at the
two stations are related. A lot of coherency models or relevant studies [27–32] have been
reported to facilitate the generation of SVEGMs based on theoretical derivation or measured
spatial ground motions at dense seismographic arrays, in which specific site conditions
(e.g., topography and soft soil interlayer) were not considered. Therefore, a lot of studies
were performed on the influence of site conditions on the spatial coherency [26,33–37].
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However, in general, these studies were on the basis that the soil property was linear
and/or the shear modulus of soil layers were regularly increasing as depth, and underlying
soft soil interlayer or non-linear soil behavior was not taken into account.

On one hand, besides the topography [38–40], the existence of soft interlayer can
also change the propagation path of wave from bedrock to surface in comparison with
corresponding regularly and horizontally stratified site and can significantly amplify or
attenuate the ground motion [41–43]. On the other hand, it has long been recognized that,
during strong ground motions, non-linear soil behavior tends to reduce site amplification
at high frequencies due to the increase of damping and also tends to shift resonance fre-
quencies of site toward lower frequencies due to the degradation of shear modulus [44–50].
In the decay stage of ground motion, the shear modulus and damping of soil may recover
and thus the amplification and filtering effects may recover as well [51,52]. Taking all
abovementioned into consideration, the nonlinear soil behavior during earthquake may
considerably change the amplification and filtering effect of soil on ground motion and
thus the soft interlayer that may reflect highly non-linearity might possess non-negligible
influence on the spatial coherency between SVEGMs.

Therefore, a site with local soft soil interlayer was assumed first, and two numerical
examples were set in the present paper to: (i) Study the influence regularity of the proper-
ties of soft soil interlayer itself on the lagged spatial coherency; and (ii) demonstrate the
difference of spatial coherency characteristics between linear elastic soil and non-linear soil
cases. In example 1 (linear soil case), by combining the 1D wave propagation theory with
classical spectral representation method (SRM), numerous quasi-stationary SVEGMs in
horizontal out-of-plane, horizontal in-plane, and vertical in-plane directions were simu-
lated for the target site, where varying shear wave velocity, buried depth, and thickness of
the soft interlayer were considered. In example 2 (non-linear soil case), fully non-stationary
SVEGMs were generated in those three directions, into which the spectral non-stationarity
of ground motion caused by non-linear soil behavior was introduced. Besides the shear
wave velocity, buried depth, and thickness of the soft interlayer, varying PGA of input
motion was also considered in this example. Then mean lagged spatial coherency be-
tween SVEGMs under each circumstance above mentioned was estimated, and a series of
comparisons were conducted.

2. Theoretical Basis
2.1. One-Dimensional Wave Propagation Theory

In the 1D wave propagation theory proposed by Wolf [53], it is assumed that the
incoming seismic waves that propagate into the bedrock with an angle consist of out-of-
plane SH wave or in-plane combined P-and SV-waves. For each soil layer, the out-of-plane
and in-plane dynamic stiffness matrices can be established independently. Then, based on
the relation between shear stresses and displacements on interfaces between soil layers
and by assembling the dynamic stiffness matrices of soil layers and bedrock, the dynamic
equilibrium equation of the site in frequency domain can be expressed as

[SSH ]{uSH} = {PSH} for out-of-plane wave (1)

and
[SP−SV ]{uP−SV} = {PP−SV} for in-plane waves, (2)

where [SSH ] and [SP−SV ] are the out-of-plane and in-plane dynamic stiffness matrices of
site, respectively;{uSH} and {PSH} are the out-of-plane displacements and load vectors for
the incident SH wave, respectively; {uP−SV} and {PP−SV} are the in-plane displacement
and load vectors for the combined P-and SV-waves, respectively. The ratio between the
displacement at certain soil layer and that at bedrock site defines the transfer function
H(ω), which can be derived by solving Equations (1) or (2).
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Taking a single soil layer resting on a half-space with incident SH wave as an example,
the transfer function for SH wave can be expressed as:

H(iω) =
1

cos ktLd + i
p sin ktLd

, (3)

p =
tRG∗R

tLG∗L , (4)

G∗L = GL(1 + 2ζLi) and G∗R = GR(1 + 2ζRi), (5)

in which k denotes the wave number; tR or tL is a function of incident angle; G is the shear
modulus; d is the thickness of soil layer; superscript R and L denote bedrock and soil layer,
respectively; ζ is the damping ratio; i =

√
−1.

2.2. Time-Varying Transfer Function

During earthquake, soil properties (e.g., shear modulus and damping ratio) may be
varying with time, which may influence the transfer function of the site and thus the surface
ground motion. To incorporate the influence of non-linear soil behavior into the simulation
of fully non-stationary SVEGMs and based on the assumption that the soil property is linear
at each minute time interval, the authors obtained time-varying soil properties by using a
numerical site response analysis and substituted time-varying shear modulus and damping
ratio data into the classical transfer function, and then time-varying transfer function was
established (Detailed information can be found in Refs. [51,52]):

H(iω, t) =
1

cos ktLd + i
p(t) sin ktLd

(6)

2.3. Simulation of Fully Non-Stationary SVEGMs

Based on the time-varying transfer function abovementioned, the evolutionary auto/cross-
power spectral density function (PSDF) on site surface can be derived by

Sjj(ω, t) = [a(t)]2
∣∣Hj(iω, t)

∣∣2Sg(ω) j = 1, 2, . . . n , (7)

and Sjk(iω, t) = [a(t)]2Hj(iω, t)HΘ
k (iω, t)Sg(ω)γj′k′(dj′k′ , iω) j, k = 1, 2, . . . n , (8)

respectively, where Hj and Hk are the transfer functions at simulation points j and k,
respectively; a(t) is a modulating function in time; superscript “Θ” denotes complex
conjugate; Sg(ω) is the ground motion PSDF at the base rock; γj′k′(dj′k′ , iω) is the spatial
coherency function of spatial ground motions at the base rock which is related to the
separation distance dj′k′ and ω.

Then, power spectral density matrix (PSDM) can be formed. By using the classical
simulation method of SVEGMs proposed by Deodatis [18] in combination with the root
decomposition [21,54] of the PSDM, fully non-stationary SVEGMs can then be generated by

f j(t) = 2
n

∑
x=1

N

∑
y=1

∣∣Ujx(ωy, t)
∣∣√∆ω cos[ωyt− θjx(ωy, t) + Φxy] j = 1, 2, . . . n (9)

ωy = y∆ω y = 1, 2, . . . N (10)

∆ω =
ωu

N
(11)

θjx(ωy, t) = tan−1(
Im[Ujx(ωy, t)]
Re[Ujx(ωy, t)]

) (12)
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With ∆ω denoting the bandwidth and N the number of frequency interval. ωu represents
an upper cut-off frequency beyond which the elements of the PSDM may be assumed to
be zero for any time instant. Ujx(ωy, t) is an element of the matrix obtained through the
decomposition of PSDM. Φxy is a random phase angle uniformly distributed in [0, 2π].

In summary, for linear soil case, 1D wave propagation theory was directly used to
conduct the study, while for non-linear soil case the flow of the methodology is as follows:

(1) Obtain the time-varying trend of fundamental properties (e.g., shear modulus) of soils
in the target site by using a numerical site response based on FE code ABAQUS;

(2) Obtain the time-varying transfer function of the target site based on above mentioned
time-varying trend of fundamental properties of soils;

(3) Obtain power spectral density for surface ground motions by using time-varying
transfer function and prescribed power spectral density model for bedrock and artifi-
cially simulate surface spatially varying earthquake ground motions;

(4) Estimate mean coherency loss between generated spatially varying earthquake ground
motions.

Note that the simulation of quasi-stationary SVEGMs is a special case of that of fully
non-stationary SVEGMs, and quasi-stationary SVEGMs can be derived by combining the
transfer function that is invariable with time with the classical SRM.

3. Numerical Example 1: Linear Soil Behavior
3.1. Setup of the Numerical Example

First, a regular site without soft interlayer is set as a control (see Figure 1a), and the
target site in which a soft soil layer lies beneath site k is then set up as shown in Figure 1b.
In this figure, H and Cs denote the thickness and shear wave velocity of soil layer; µ is
the Poisson’s ratio; DSI, HSI, and CsSI denote the buried depth, thickness, and shear wave
velocity of the soft interlayer, respectively; ζ denotes initial damping and is set to 5%.
Because linear soil behavior (i.e., the parameters of soil are constant) is considered in this
example, quasi-stationary SVEGMs at sites j and k are generated based on the method
introduced in Section 2. The motions on the bedrock are assumed to have the same intensity
and frequency contents, and the filtered Tajimi–Kanai model [55] is utilized to describe the
PSDF on the bedrock:

Sg(ω) =
ω4

(ω2
f
−ω2)2 + (2ω f ωζ f )

2 ×
ω4

g + 4ζ2
gω2

gω2

(ω2
g −ω2)2 + 4ζ2

gω2
gω2

S0 (13)

where ωg and ζg are the central frequency and damping ratio of the Tajimi–Kanai PSDF, ω f
and ζ f are the central frequency and damping ratio of the high pass filter; S0 is the scaling
factor and can be calculated by [56]

S0 =
a2

max

γ2
[
πωg

(
2ζg +

1
2ζg

)] (14)

where amax denotes the PGA value and is set to 0.3 g in this example; γ is the peak factor.
In this study, γ = 2.8, ωg = 10πrad/s, ζg = 0.6, ω f = 0.5π, and ζ f = 0.6 are set. Note that
the amplitude of the vertical motion is set to 2/3 of that of the horizontal component. It is
also notable that the motion on the base rock is assumed to have the same intensity and
frequency contents.
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The spatial coherency between the motions at points j’ and k’ (bedrock motions) is
described by the Sobczyk model [57]:

γj′k′(iω) = exp(−βωd2
j′k′/Ve) · exp(−iωdj′k′ cos α/Ve) j′, k′ = 1′, 2′, 3′ (15)

where β = 0.0005 is used herein, which indicates highly correlated motions; α is the incident
angle of the incoming wave to the site; Ve is the apparent velocity which is related to the
bedrock property and the specified incident angle.

The Jennings window is employed to model the temporal non-stationarity of simulated
ground motions, which has the following form:

a(t) =

 (t/t1)
2

1
exp[−c(t− t2)]

t < t1
t1 ≤ t < t2
t ≥ t2

(16)

in which t1, t2, and c are set to 6, 10, and 0.5, respectively. The sampling frequency and
upper cut-off frequency are set to 100 Hz and 25 Hz, respectively, and the duration is set
to 20 s. The same set of random phase angles are used to simulate horizontal and vertical
motions. Moreover, to study the influence regularity of the properties of soft interlayer itself
on lagged spatial coherency, varying shear wave velocity, buried depth, and thickness of
the soft interlayer are considered as shown in Table 1. Note that, in the case with thickness,
DSI is also varying corresponding to HSI to assure the center line of soft interlayer is fixed.
It is also noteworthy that the incident angle of horizontal in-plane motion is calculated
according to that of vertical motion and the wave velocity ratio between shear wave and
compression wave, which is demanded in 1D wave propagation theory [53]. For each case,
1000 simulations are performed to calculate the mean lagged spatial coherencies between
ground motions at sites j and k, and detailed information about the calculation can be
found in Ref. [26].

Table 1. Study cases performed in example 1.

Item The Case with Shear
Wave Velocity

The Case with
Buried Depth

The Case with
Thickness

©HSI 5 m 5 m 1/5/10 m
DSI 5 m 5/15/25 m 7/5/2.5 m

PGA 0.3 g
Incident angle 60◦ for SH-wave, 75.4◦ for SV-wave, and 60◦ for P-wave
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3.2. Results and Discussion

To illustrate, for the case with CsSI = 100 m/s, DSI = 5 m, and HSI = 5 m, the transfer
functions and one set of SVEGMs samples are plotted in Figures 2 and 3, respectively.
Although the same set of random phase angles were used to simulate horizontal and
vertical motions, different characteristics are shown, which is attributed to the difference
between vibration modes in horizontal and vertical directions.
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Figure 3. Simulated ground motions for: (a) horizontal out-of-plane motion; (b) horizontal in-plane
motion; and (c) vertical in-plane motion CsSI = 100 m/s, DSI = 5 m, and HSI = 5 m.

Figure 4 gives the mean lagged spatial coherency between surface horizontal out-of-
plane motions under different shear velocities, buried depths, and thicknesses of the soft
interlayer, where the corresponding modulus of spectral ratio between sites j and k are also
given (here, spectral ratio is defined as the ratio between the transfer functions at sites j
and k). The mean lagged spatial coherency between bedrock motions and the one for the
regular site without soft interlayer are shown in the same figure as well. Figures 5 and 6
present the results for horizontal and vertical in-plane motions, respectively.

Comparing the spatial coherency functions on the site with soft interlayer (Figure 1b)
with those on the regular site (Figure 1a), it can be found that the existence of a soft
interlayer can further reduce the spatial coherency. Besides, the spatial coherency functions
decrease as the shear wave velocity of the soft interlayer declines; by contrast, higher
buried depth and thickness can bring about lower spatial coherency. This is because
that the decreasing shear wave velocity or increasing buried depth and thickness of soft
interlayer can significantly differ the transfer function at site k from that at site j, i.e.,
changing the amplitude and vibration frequencies, which can be justified by observing
the spectral ratio (see Figures 4–6) and can bring about obvious differences between the
frequency contents of ground motions at sites j and k. Therefore, the spatial coherency
tends to be lower.
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In the cases with buried depth, spatial coherency is more likely to dramatically decrease
in long period range in general, which is different from the results for the cases with shear
wave velocity and thickness to some extent. With varying buried depth and certain shear
wave velocity and thickness, the soft interlayer always amplifies the motion in lower
frequency range, while attenuating the motion in higher frequency range. In other words,
obvious pikes of modulus of spectral ratio that are larger than 1 always appear in lower
frequency range for the case with buried depth, indicating that in lower frequency range
the transfer functions at sites j and k present more remarkable difference. By contrast, in
the cases with shear wave velocity and thickness, the peaks of spectral ratios tend to more
“scattered” or “discrete”. Thus, the reduction of lagged spatial coherency caused by varying
buried depth may be more inclined to concentrate in the lower frequency range than that
caused by shear wave velocity or thickness. In comparison with horizontal motions, the
reduction of spatial coherency for vertical motion is much smaller. This may be because
that the wave length of P-wave is much longer, and thus P-wave is less sensitive to the
soft interlayer.

4. Numerical Example 2: Non-Linear Soil Behavior
4.1. Setup of the Numerical Example

The site with local soft interlayer shown in Figure 1b is still utilized in this example,
and non-linear soil behavior (time-varying shear modulus and damping ratio) is considered
for each soil layer and the soft interlayer by using the Davidenkov non-linear visco-elastic
dynamic constitutive model (taking modulus reduction, damping ratio increase, and
irreversible plastic deformations into account) in the numerical site response analysis
(detail information about this model can be found in Ref. [52]). To give a general evaluation
on the difference between linear soil and non-linear soil cases, varying PGAs of input
motion are also considered besides shear wave velocity, buried depth, and thickness of soft
interlayer as shown in Table 2. To illustrate, the derived time-varying shear modulus for
soft interlayer and soil layers 1 and 2 corresponding to PGA = 0.3 g are shown in Figure 7;
a set of time-varying transfer functions and simulated ground motions in horizontal out-of-
plane, horizontal in-plane, and vertical in-plane directions are plotted in Figures 8 and 9,
respectively.
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Table 2. Study cases performed.

Item The Case with Shear
Wave Velocity

The Case with
Buried Depth

The Case with
Thickness

The Case with
PGA

Cs
SI 100/175/250 m/s 100 m/s 100 m/s 100 m/s

HSI 5 m 5 m 1/5/10 m 5 m
DSI 5 m 5/15/25 m 7/5/2.5 m 5 m

PGA 0.3 g 0.3 g 0.3 g 0.1/0.2/0.3 g

Incident angle 60◦ for SH-wave, 75.4◦ for SV-wave, and 60◦ for P-wave
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4.2. Results and Discussion

Mean lagged spatial coherencies for non-linear soil and linear soil cases and corre-
sponding time-varying spectral ratios under varying shear wave velocity of soft interlayer
are shown in Figure 10, and tm is the time interval with respect to the lowest value of shear
modulus. As a matter of fact, spectral ratio reflects the difference between the transfer
functions at sites j and k, and the obvious peaks and troughs in the coherency function
of surface ground motions are related to the spectral ratio [19,26]. Note that the spectral
ratio at t = 0 is just the one under the linear soil case. Besides, the obvious peaks of spec-
tral ratio are marked with black dashed lines crossing the top and the bottom figures to
highlight the respective relation between the peaks of spectral ratio and the troughs of
spatial coherency. The frequency points corresponding to the peaks of spectral ratio curve
at t = 0 are numbered with flx (x = 1, 2, . . . ), whereas those corresponding to the peaks
of spectral ratio curve at t = tm are numbered with fnx (x = 1, 2, . . . ). For varying buried
depth and thickness of soft interlayer and varying PGA of input motion, the lagged spatial
coherencies and corresponding time-varying spectral ratios are plotted in Figures 11–13,
respectively. Figures 10–12 exhibit the same trend of spatial coherency with respect to
varying parameters of soft interlayer, while Figure 13 shows that the difference of spatial
coherency functions between linear soil and non-linear soil cases tends to be greater as the
input PGA increases. This is because that larger PGA causes more significant non-linearity
of soil and thus greater difference of frequency content of motions at sites j and k for
non-linear soil case than that for linear soil case.

In general, the curves of lagged spatial coherencies of SVEGMs for the cases with
non-linear soil and linear soil are both lower than the curves for the base rock motions. In
all study cases, the reduction of spatial coherency for the vertical motion under non-linear
soil behavior is only slightly larger than that under linear soil behavior, which indicates
that the influence of non-linear soil behavior may be mild for the vertical in-plane wave
possessing large wavelength.

For horizontal motion, more importantly, the lagged spatial coherency under non-
linear soil case presents more obvious and larger reduction than that under linear soil case.
This indicates that the difference between horizontal ground motions at sites j and k under
non-linear soil case tends to be greater than that under linear soil case, because, as above
mentioned, the spatial coherency measures the similarity between ground motions at two
different locations. Due to the existence of soft soil interlayer at site k, the amplitude and
vibration frequencies of transfer functions at site j and k are different at the initial time,
and under the linear soil case, the lagged spatial coherencies present obvious reduction at
flx. Under non-linear soil case, both the transfer functions at sites j and k are time-varying,
but the variation trends with time are different for these two sites: (i) The peak amplitude
of transfer function at site k stands greater variation due to the non-linear soft interlayer,
not to mention the square amplitude of transfer function (it is the square amplitude of
transfer function that is used to simulate SVEGMs); (ii) the variation ranges of frequencies
corresponding to peaks are also different, which leads to that the remarkable difference of
frequency content between ground motions at sites j and k under non-linear state shows
up at more frequency points than that under linear soil state. So, the reduction of spatial
coherency under the condition of non-linear soil is more obvious.

Vibration frequency of high order attenuates faster than that of low order, i.e., (flx −
fnx) > (flx−1 − fnx−1), which may aggravate the difference of variation process of transfer
functions between sites j and k and thus the frequency content of ground motions in higher
frequency range. Therefore, the reduction of spatial coherency in higher frequency range
might be larger than that in lower frequency range. In the meantime, when shear wave
velocity of soft interlayer is lower or input PGA is higher, the difference of variation process
of transfer functions between site j and k would also be more considerable, because the
property variation of soft interlayer at site k is more severe than surrounding soil especially
for lower stiffness of interlayer and/or higher PGA.
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(b) horizontal in-plane motions; and (c) vertical in-plane motions under varying shear wave velocity
of soft interlayer.
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Figure 11. Mean lagged coherency and corresponding time-varying spectral ratios for (a) horizontal 
out-of-plane motions; (b) horizontal in-plane motions; and (c) vertical in-plane motions under var-
ying buried depth of soft interlayer. 

Figure 11. Mean lagged coherency and corresponding time-varying spectral ratios for (a) horizontal
out-of-plane motions; (b) horizontal in-plane motions; and (c) vertical in-plane motions under varying
buried depth of soft interlayer.
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Figure 12. Mean lagged coherency and corresponding time-varying spectral ratios for (a) horizontal 
out-of-plane motions; (b) horizontal in-plane motions; and (c) vertical in-plane motions under var-
ying thickness of soft interlayer. 

Figure 12. Mean lagged coherency and corresponding time-varying spectral ratios for (a) horizontal
out-of-plane motions; (b) horizontal in-plane motions; and (c) vertical in-plane motions under varying
thickness of soft interlayer.
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Moreover, the troughs of spatial coherency curve under linear soil case are approxi-
mately corresponding to flx, while those under non-linear soil case are inclined to locate
between fnx and flx. During earthquake, the growth of input motion amplitude weakens the
status of non-linear soil, but as the amplitude of input motion decreases, the soil properties
nearly recover to the initial state. Correspondingly, the transfer functions at sites j and
k move toward lower frequency and amplitude first and then recover, when non-linear
soil behavior is considered. In average sense, the general state of soil is between “the
best” (t = t0) and “the worst” (t = tm) states under non-linear soil case. From another
perspective, as above mentioned, the variation ranges of vibration frequencies of transfer
functions at sites j and k are different. This causes that, in the frequency range of flx–fnx, the
frequency contents between ground motions at sites j and k are significantly different. So,
the obvious troughs of spatial coherency under non-linear soil case are located in the range
of fnx~flx. In other words, the troughs of spatial coherency under non-linear soil case are
not corresponding to fnx or flx.

5. Conclusions

By using two numerical examples and based on previously established time-varying
transfer function model incorporating the influence of soil non-linearity, the influence
regularity of the properties of soft soil interlayer on the lagged spatial coherency between
spatially varying earthquake ground motions was studied in the present paper, where the
variation trend of lagged coherency loss with the shear wave velocity, thickness, and burial
depth of soft soil interlayer was mainly focused on and relevant analyses were presented.
The difference of spatial coherency characteristics between linear elastic soil and non-linear
soil cases was generally evaluated, and the reason why the difference showed up is given.
Some important conclusions are drawn:

(i) As the shear wave velocity of interlayer declines and as the buried depth and thickness
increase, remarkable reduction of spatial coherency shows up;

(ii) The reduction of lagged spatial coherency caused by varying buried depth may be
more inclined to concentrate in the lower frequency range;

(iii) The non-linear soil behavior can cause greater further reduction of lagged spatial
coherency in comparison with linear soil behavior, especially in the higher fre-
quency range;

(iv) The troughs of lagged spatial coherency curve tend to be located in the variation range
of vibration frequency of time-varying spectral ratio.

Due to the further reduction of spatial coherency resulted from the existence of soft
interlayer and non-linear soil behavior, the cross correlation between spatially varying
earthquake ground motions on sites j and k may be lower and thus greater randomness of
simulated ground motions might appear. Therefore, the local seismic responses of large-
scale structures might present larger differences, which may cause more severe damage to
structures. The results of the present paper shed light on the influence regularity of local
soft soil interlayer on the spatial coherency between spatially varying earthquake ground
motions so as to facilitate the simulation of seismic motions on a site containing local soft
soil interlayer and to thoroughly study the effect of local soft soil interlayer on the seismic
response of extended structures. Besides, to some extent, this research provides reference
for further study in this field.
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