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The ratio of the peak ground acceleration to the peak ground velocity, referred to as the A/V ratio, is a useful
indicator of the frequency content of ground motion and is widely used in earthquake engineering and seis-
mology to estimate structural damage and soil liquefaction potential. The A/V ratio can be calculated using the
ground motion prediction equations (GMPEs) based on the information about the source, path, and site. How-
ever, in many practical situations, only the response spectrum is available. In this study, a method has been
proposed for estimating the A/V ratio from the response spectrum. Firstly, the A/V ratio has been analyzed using
the random vibration theory, showing that its square approximately equals the second-order radius of gyration of
the Fourier amplitude spectrum and is related to the centroid frequency of the displacement response spectrum.
Subsequently, a practical regression formula for the A/V ratio has been developed as a function of the centroid
frequency of the displacement response spectrum based on a statistical analysis of 16,000 real seismic records
from Japan. Finally, the A/V ratios calculated using the proposed method have been compared with those ob-

tained from the traditional approach based on GMPEs to assess the accuracy of the proposed method.

1. Introduction

The ratio of the peak ground acceleration (PGA) to the peak ground
velocity (PGV), referred to as the A/V ratio, is an important and prac-
tically useful indicator that reflects the frequency content of seismic
ground motion and has been widely used in earthquake engineering and
seismology. Tso et al. [1] found significant differences between the
frequency content and energy distribution of ground motions with
different A/V ratios. Zhu et al. [2] observed that the A/V ratio is closely
related to structural damage, with ground motions having lower A/V
values tending to cause greater cumulative damage, based on statistical
analyses of the inelastic responses of single-degree-of-freedom stiff-
ness-degrading systems. Habib et al. [3] and Castaldo and Tubaldi [4]
reached conclusions consistent with those of Zhu et al. [2] through
nonlinear time-history analyses of base-isolated structures. In addition,
Liao et al. [5] found that the A/V ratio is a critical parameter that
governs the response characteristics of medium- and short-period
base-isolated bridges by significantly affecting the base shear and
displacement demands. Zhang et al. [6] determined the standard
response spectrum for near-fault ground motions by utilizing the A/V
ratio as a key parameter. Orense [7] found that the A/V ratio is closely
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related to soil liquefaction potential and proposed a depth reduction
factor for assessing liquefaction potential based on the A/V ratio.

The A/V ratio can be calculated using ground motion prediction
equations (GMPEs), based on the information about the source, path,
and site. Sawada et al. [8] proposed a GMPE for an A/V ratio that
considers the effects of the magnitude of the earthquake, its distance,
and duration based on a regression analysis of 100 seismic records.
Jafarian et al. [9] developed an A/V-ratio GMPE using a genetic pro-
gramming approach based on the strong ground motion extension
database published by the Pacific Earthquake Engineering Research
Center.

The A/V ratio can also be calculated using a set of GMPEs for PGA
and PGV. Kale et al. [10] proposed GMPEs for PGA and PGV applicable
to Turkey and Iran, based on a subset of the compiled strong-motion
database from the Middle East Seismic Model Project. Boore et al.
[11] proposed GMPEs for PGA, PGV, and response spectra, based on a
global database containing events with magnitudes from 3.0 to 7.9,
applicable to shallow crustal earthquakes in active tectonic regions.
Zhang et al. [12] proposed GMPEs for PGA, PGV, and response spectra
applicable to southwest China based on a database with magnitudes
ranging from 4.2 to 7.9.
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Fig. 1. (a) Comparison of the PGA/PGV results calculated by Eq. (4) and those obtained from RVT. (b) Comparison of the pf; and pf, values.

The two aforementioned approaches for estimating the A/V ratio can
be used when the A/V-ratio GMPE or both, the GMPEs for PGA and PGV,
as well as the required information about the source, path, and site are
available. However, in many practical situations, only the response
spectrum is available. For example, most worldwide seismic codes [13,
14] specify only the pseudo-acceleration response spectrum as the
seismic input for structural design, without GMPEs for PGA and PGV, or
for the A/V-ratio, and without any information about the source, path,
or site.

Therefore, this paper aims to propose a formula for estimating the A/
V ratio from the pseudo-acceleration response spectrum or displacement
response spectrum. The remainder of the paper has been organized as
follows: Section 2 presents a theoretical analysis of the A/V ratio based
on the random vibration theory. Section 3 overviews the strong-motion
record database collated from the strong-motion seismograph networks
in Japan (K-NET and KiK-net) along with the data processing methods
applied in this study. Section 4 presents a practical regression formu-
lation for the A/V ratio based on the statistical analysis of the selected
real seismic records. Section 5 presents the results of the comparison
between the A/V ratios calculated using the proposed formulation and
those obtained from the traditional approach based on GMPEs. Section 6
presents the results of the application of the proposed formulation to
calculate the A/V ratios from a design spectrum specified in Minimum
Design Loads and Associated Criteria for Buildings and Other Structures
(ASCE 7-22 [13]). Finally, Section 7 summarizes the main conclusions
of this study.

2. Theoretical analysis of the A/V ratio based on the random
vibration theory

To develop a formula for estimating the A/V ratio from spectral
displacement (SD) or pseudo-spectral acceleration (PSA), a theoretical
analysis of the A/V ratio was conducted based on the random vibration
theory (RVT). According to Boore [15], PGA and PGV can be calculated
using the following equations:

;e
POA=pfuy[5— [ I¥alf)Pdf M
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2 00
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where pf; and pf, are the peak factors of the ground-motion acceleration
and velocity, respectively, Dgn, is the significant duration used for esti-
mating PGA as well as PGV, f is the frequency, and Y,(f) and Y, (f) are
the Fourier amplitude spectra (FAS) of the ground-motion acceleration
and velocity, respectively. In Egs. (1) and (2), the ground motion FAS
Yq(f) and Y,(f) are governed by seismological factors, including the
earthquake source, propagation path, and site conditions. Many FAS
models have been developed to date [16-18], which are typically
expressed as the product of the source term, E(M,,,f), path term, P(Rmp,

f), and site term, G(f) as follows:

Y, (f) :E(MWJ)P(Rm,mf)G(f) 3
where M,, is the moment magnitude and R, is the rupture distance.

The A/V ratio can be obtained by dividing Eq. (1) by Eq. (2).
Although pf, and pf, are theoretically different, since pf, is estimated
from the acceleration FAS, whereas pf, is estimated from the velocity
FAS, their results turn out to be very similar (as detailed below).
Furthermore, since Y,(f) = 2xf Y,(f), the A/V ratio can be expressed as
follows:

A/v@

Jo e Iv )P
IR
the FAS, which characterizes the distribution of energy in the frequency

domain.

To check the accuracy of the derived equation (Eq. (4)), a point-
source FAS model proposed by Boore [15] was applied to calculate
the A/V ratio. The seismic parameters used in the FAS model were
consistent with those of Zhang et al. [19]. A wide range of moment
magnitudes (M,, = 4-8), rupture distance (Rr,p = 20-200 km), and
time-averaged shear-wave velocities of the upper 30 m (Vs3p = 255 m/s
[20], Vs30 = 520 m/s [20], and Vs3p = 760 m/s [21]) were used for the
calculations. The A/V ratios calculated from Eq. (4) were compared with
those from RVT obtained using Egs. (1) and (2) and the results are shown
in Fig. 1(a). The good agreement between the ratios obtained by both
methods confirms the accuracy of Eq. (4). In addition, values of pf, and
pfy are compared in Fig. 1(b). The similarity between the values of pf,
and pf, for the two methods further supports the rationality of the
derivation of Eq. (4).

Jo Caf Y1) df

; )
Jo 1% ()P df

where represents the second-order radius of gyration of
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Fig. 2. Comparison of the acceleration FAS and SV using a (a) simulated time series and (b) real seismic record. Comparison of the velocity FAS and SD using a (c)

simulated time series and (d) real seismic record.
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Fig. 3. Illustration of the physical meaning of the centroid frequency, f., of the SD.

Equation (4) establishes the relationship between the A/V ratio and
the velocity FAS. However, the objective of this study is to determine the
A/V ratio from the response spectra (SD or PSA). Thus, it is necessary to
replace the velocity FAS in Eq. (4) with SD or PSA. It has been reported
that the acceleration FAS is similar to the undamped spectral velocity
(SV) [22]. Moreover, the relationship between the acceleration FAS and
the velocity FAS satisfies Yq(f) = 2zf Y,(f), and the relationship be-
tween SV and SD satisfies SV =~ 2zf SD. Therefore, it can be inferred that
the velocity FAS is similar to the undamped SD.

In order to check the rationality of the above inference, the velocity
FAS and undamped SD were compared using numerous real earthquake
records (detailed in Section 4) and simulated time-series signals. The
time-series signals for the analysis were generated from the above FAS
using the Stochastic Method SIMulation program [23] through sto-
chastic simulations [24]. The average FAS of the simulated time series
matched the target FAS derived from the point-source model, whereas
the phase of each time series behaved randomly. The representative
comparisons of a real earthquake record and a simulated time-series
signal are shown in Fig. 2. The M,, of the real earthquake record is 9
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and the Ry is 175 km. The M,, of the simulated time-series signal is 8
and the Ry is 20 km. Fig. 2(a) and (b) present a comparison of the re-
sults of the velocity FAS and the undamped SD. The consistency between
the two verifies the correctness of the above inference. Further, Fig. 2(c)
and (d) show the comparison of the results of the acceleration FAS and
the undamped SV, and the consistency between them further validates
the correctness of the above inference. In addition, the amplitude of SD
varies with the damping ratio. However, since SD appears in the
numerator as well as the denominator in Eq. (5), the variation in the
amplitude of SD is mostly canceled out.

Based on the above inference, the velocity FAS, Y, (f), in Eq. (4) can
be replaced by SD, resulting in

A /Vz Jy (2xf)*sp2df

N2 ®

Since the 5 % damped response spectrum is commonly used in
practice, the damping ratio of SD in Eq. (5) and the following discussions
were considered to be 5 %. It is observed that Eq. (5) is relatively

4

Residuals

(b)

Fig. 4. (a) Regression results of A/V ratio, obtained using Eq. (8), and (b) variation of the residuals of the A/V ratio, as a function of f..
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complex, prompting further approximation:
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where k and b are suitable coefficients. In Eq. (6),
_ Jo f sDdf
Je=" = spdf 2

represents the centroid frequency, f, of the SD.

Fig. 3 illustrates the physical meaning of Eq. (7), where [;° f SDdf
represents the first moment of the area formed by the SD and the fre-
quency axis relative to the longitudinal axis, and [;° SDdf represents the
area formed by the SD and the frequency axis. Therefore, the ratio of [;°
f SDdf and [;° SDdf represents the centroid frequency of the SD. It can be
noted from Eq. (7) that if SD is available, f, can be easily computed.

In summary, the relationship between the A/V ratio and f, can be
approximated as follows:

A/V=kf.+b (€)]

Thus, the A/V ratio can be related to SD through its centroid frequency,
fe, using Eq. (8). It should be noted that Eq. (8) is not a strict formulation
for estimating the A/V ratio from f,. Instead, it is derived as a functional
form expressing the relationship between the A/V ratio and f,, which
will serve as the basis for constructing a formula for estimating the A/V
ratio from f,.

In addition, it should be noted that f; is derived from the SD related to
FAS, which is governed by seismological factors, including the source of
the earthquake, its propagation path, and the site conditions. Therefore,
fe reflects the effects of these seismological factors.

To verify the rationality of Eq. (8), the results of the A/V ratio and f,
for the abovementioned simulated time-series signals were calculated
and the results have been shown in Fig. 4. It can be seen that the rela-
tionship between the A/V ratio and f. typically satisfies the linear
relationship expressed by Eq. (8). When fitting this relationship using
Eq. (8), a coefficient of determination (R2) of 0.94 can be obtained.
Nevertheless, Fig. 4(a) shows that the variance of the A/V ratio increases
as f. increases. In addition, Fig. 4(b) shows the variation of the residuals
of the A/V ratio as a function of f, using Eq. (8), indicating a clear
presence of heteroscedasticity. Therefore, to mitigate the
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Fig. 5. (a) Regression results of In(A /V), obtained using Eq. (9), and (b) variation of the residuals of the In(A/V), as a function of f,.

heteroscedasticity, the logarithm of both sides of Eq. (8) was taken,
thereby deriving the following equation:

In(A/V)=~KIn (f,) +B ©)

where K and B are suitable coefficients.

Fig. 5(a) shows the results obtained by fitting the logarithmic model
expressed by Eq. (9), which yielded a coefficient of determination R2 of
0.96. In addition, the variance of In(A/V) can be observed to be
consistent with increase in f. Fig. 5(b) shows the variation of the re-
siduals of In(A /V), obtained using Eq. (9), as a function of f;, where the
discrete degree of In(A /V) does not increase as f, increases, and no
obvious heteroscedasticity is observed. Therefore, the functional form
expressed by Eq. (9) was considered more reasonable than that
expressed by Eq. (8) and was applied to develop the formulation for
estimating the A/V ratio from f, based on real seismic records in Section
4.

Additionally, as shown in Fig. 4(a) and 5(a), In(A /V) and £, exhibit
different ranges of variation across different site classes. The variation
range of the A/V ratio and f, become narrower and the variation in their
upper limits decreases as Vg3p decreases. Nevertheless, the functional
form of Eq. (9) remains valid in capturing the relationship between the
A/V ratio and f; across different site conditions.

3. Strong-motion database and data processing method
3.1. Strong-motion database

To establish a model for estimating the A/V ratio from the SD, 16,000
real seismic records were collected from strong-motion seismograph
networks K-NET and KiK-net [25-27]. The K-NET and KiK-net networks
provide only the magnitudes, M;, and epicentral distances, R, from the
Japan Meteorological Agency. However, the moment magnitude, M,,,
and rupture distance, Ry, are more commonly used. For most of the
selected records, the M,, and Ry, can be obtained from the flatfile
compiled by Morikawa et al. [28]. For records not included in this
flatfile, M; was converted to M,, using the formula given by Uchide and
Imanishi [29], and Ry, was calculated using finite-fault models or
simplified geometric methods. The M,, values for these selected records
ranged from 3.7 to 9 and the Ry, values ranged from 10 to 250 km.

The selected ground motions were recorded at 338 stations, which
were divided into four site classes (B, C, D, and E) based on the Vg3, as
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Fig. 6. Distribution of M,, and Ry, of ground motions recorded at site class (a) B, (b) C, (c) D, and (d) E.
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Fig. 7. Example of baseline correction done using the algorithm of Sigurdsson et al. [30].

specified by the National Earthquake Hazards Reduction Program [30].
This study excluded site class A because there were few sites belonging
to this class in the K-NET and KiK-net databases. The distributions of M,,
and Ry, for the four site classes are shown in Fig. 6.

3.2. Data processing method

When calculating the A/V ratio from a real seismic record, PGA as
well as PGV needs to be determined. Since PGA is less affected by noise,
it can be easily obtained from the acceleration time series. However,
obtaining a reliable PGV requires careful processing of seismic records.
This is because when integrating the acceleration time series to obtain
the velocity time series, noise may introduce a baseline offset in the
velocity time series, leading to significant errors in the calculated PGV
[31]. To address this issue, the baseline correction algorithm proposed
by Sigurdsson et al. [32] was used to remove noise from the seismic
records. This baseline correction algorithm applies an automated iter-
ative baseline correction to the acceleration time series based on the
seismic source spectra theory, with the flatness of the displacement FAS
in the low-frequency range serving as an objective constraining
criterion.

Fig. 7 presents an example of the baseline correction applied to a real
earthquake record. Due to noise, the calculated velocity waveform
initially exhibited a bilinear baseline drift. However, after baseline
correction, the velocity waveform stabilized. In addition, it can be seen
from the figure that the baseline correction applied to the velocity time
series does not affect the acceleration time series. The PGV before the
correction was 57 % higher than the corrected value, whereas PGA
showed negligible changes before and after the correction.

4. Practical regression formula for the A/V ratio based on
statistical analysis

To obtain a formula for the A/V ratio based on the SD using Eq. (9), a
statistical analysis was conducted using the real seismic records

described in Section 3. The results of the regression analysis, including
the values of the coefficients K and B, are shown in Fig. 8. To examine
the impact of site effects, the sites were categorized into four classes (B,
C, D, and E) based on Vs3p and a separate regression analysis was per-
formed for each class.

As illustrated in Fig. 8, In(A /V) consistently increases with f, across
all site classes. The coefficient of determination for the In(A /V) and f,
relationships across all site classes is approximately 0.9, and the stan-
dard deviation of residuals for the four site groups remains consistently
around 0.15. Furthermore, majority of the actual data points fall within
the 95 % confidence intervals of the fitting results. Fig. 9 shows the
variation of the residuals of In(A /V) as a function of f; for the four site
classes, where the degree of dispersion in In(A /V) remains nearly con-
stant as f increases, and no obvious heteroscedasticity is observed. In
conclusion, the fitting results for all four site classes demonstrate a high
degree of reliability.

In addition, the results of In(A /V) and f. calculated from the simu-
lated time series in Section 2 are also plotted in Fig. 8. As observed from
Fig. 8, although Eq. (9) is derived using real seismic records, its results
align well with those from the simulated time series, further validating
the proposed formulation. In addition, the results from the simulated
time series are in good agreement with the real seismic records, veri-
fying the rationality of the theoretical derivation in Section 2.

As shown in Fig. 8, In(A /V) and f. exhibit different ranges of vari-
ation across different site classes. The variation range of In(A /V) and f,
becomes narrower as the site changes from hard to soft. The variation
range of the A/V ratio for sites B, C, D, and E are 0.6-20 g/m/s, 0.4-14
g/m/s, 0.4-10 g/m/s, and 0.4-7 g/m/s, respectively. The variation
range of f, for site classes B, C, D, and E are 1-18 Hz, 1-16 Hz, 1-13Hz,
and 1-11Hz, respectively. It can be noted that as the site changes from
hard to soft, the upper limits of the variations in both In(A /V) and f:
decrease. This variation pattern of In(A /V) and f, with site conditions is
consistent with that obtained from the simulated time series in Section 2
(Fig. 5(a)).

The different variation ranges of In(A /V) and f. across different site
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Fig. 8. Regression relationship between In(A /V), obtained using Eq. (9), and f., for site class (a) B, (b) C, (¢) D, and (d) E.



L. You et al.

10" E

—_
<
0

Normalized acceleration FAS

0.8

e
o~

[
Residuals

Residuals
()
(e

-0.4

-0.8

0.8

o
~

Residuals
(e
(e
o)

-0.4

—— Vigyp =255 m/s

- — — — — —— — — o ——— ——
e — — — — — — — — —_- —_ —_ — — =

0.1 1 10 100

Frequency (Hz)

Fig. 10. Comparison of acceleration FAS for different site conditions.

Residuals
(]
o

Soil Dynamics and Earthquake Engineering 199 (2025) 109699

0.8

e
~

o
o

0.8

e
~

-0.4

(d)

Fig. 9. Variation of the residuals of In(A /V), obtained using Eq. (9), as a function of f, for site class (a) B; (b) C, (¢) D, and (d) E.

classes are primarily attributed to site effects on the frequency content of
ground motion. Local site conditions act as a filter that alters the fre-
quency content of ground motion. For harder sites, the fundamental
frequency of the site is larger, which amplifies the high-frequency
components more significantly. In contrast, for softer sites, the funda-
mental frequency is smaller, which amplifies the lower-frequency
components significantly. This results in a larger f. for harder sites
and a smaller f. for softer sites. Fig. 10 shows a comparison of the ac-
celeration FAS for the harder and softer sites. As observed from Fig. 10,
as the site becomes harder, the high-frequency components of the ac-
celeration FAS increase, leading to an increase in f,.

Regression analysis was also conducted for all the seismic records in
the four site classes, as shown on Fig. 11. Although site conditions in-
fluence the variation range of the A/V ratio and f, they do not affect the
relationship between them. As shown in Fig. 11, the trend of the vari-
ation between the A/V ratio and f, remains consistent across different
site classes (B, C, D, or E). Fig. 12 compares the regression models for
estimating the A/V ratio from f. based on seismic records from different
site classes. It can be observed that the regression models are largely
consistent, even the seismic records used for regression are from
different site classes. This suggests that incorporating site conditions
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Fig. 11. Regression relationship between In(A /V), obtained using Eq. (9), and f. based on all seismic records across different site classes.
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Fig. 12. Comparison of the regression models based on seismic records from
different site classes.

into the model for estimating the A/V ratio from f, is unnecessary.
Therefore, the regression model shown in Fig. 11 was adopted as the
proposed formulation, which can be expressed as follows:

In(A/V)=1.18581n (f.) — 0.9750 (10)
Here, the standard deviation, o, of the proposed formulation is 0.156.

Eq. (10) is applicable for estimating the A/V ratio from f. for any site
conditions. In addition, since the range of f, for the seismic records used
in the regression is between 1 and 18 Hz, the applicable range of Eq. (10)
is also limited to this range.

5. Comparison of the proposed formulation with the traditional
approach using GMPEs

This section presents a comparison of the A/V ratios calculated using
the proposed formulation with those obtained from the traditional
approach based on GMPEs. The GMPE models proposed by Boore et al.

10

[11] and Zhang et al. [12] were chosen for the comparison as they
provide GMPEs for PGA, PGV, and also 5 %-damped PSA, allowing the
calculation of the A/V ratios as well as f, values. The GMPEs proposed by
Boore et al. [11] were developed based on the earthquake data from
California, Taiwan, and New Zealand. The GMPEs proposed by Zhang
et al. [12] were developed based on the earthquake data from Western
China. A wide range of magnitudes, distances, and site conditions were
considered to calculate the values of A/V ratios and f,.

Figs. 13 and 14 show a comparison of the results obtained from the
GMPE:s proposed by Boore et al. [11] and Zhang et al. [12], real seismic
records from Japan, and the formulation proposed in this study. As
shown in the figure, the results obtained from the GMPEs proposed by
Boore et al. [11] and Zhang et al. [12] align well with those from the real
records and the proposed formulation across site classes B, C, D, and E,
thereby demonstrating the accuracy of the proposed formulation.
Moreover, despite these GMPEs being derived from earthquake data
from California, Taiwan, New Zealand, and western China, and the
proposed formulation being based on the earthquake records only from
Japan, the results were very similar, suggesting that the proposed
formulation is applicable to different regions.

6. Application of the proposed formulation

The formulation proposed in this study was applied to calculate the
A/V ratios from the design spectra in ASCE 7-22 [13]. Four sites in the
United States, with longitudes and latitudes (33.4484°N, 112.0740°W),
(40.7128°N, 74.0060°W), (42.3601°N, 71.0589°W), and (36.1699°N,
115.1398°W), were randomly selected for the calculations. The design
spectra were constructed based on the short period and 1-s period, and
the long-period transition period spectral accelerations. These spectral
accelerations were determined for the 0.2 % annual exceedance prob-
ability from the seismic hazard map. In addition, 100 real seismic re-
cords were selected from the Pacific Earthquake Engineering Research
Center database that matched the design spectra. As shown in Fig. 15,
the average values of the spectra for the 100 real seismic records closely
aligned with the design spectra values. The seismic records selected for
this study covered multiple seismically active regions worldwide,
including the western United States, Taiwan region, Europe region, and
western China, in order to validate the broad range of applicability of
the proposed A/V ratio formulation. The A/V ratio and f, of each seismic
record and the average values of 100 seismic records were calculated
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Fig. 13. Comparison of the A/V ratios from the GMPE model by Boore et al. [11], real records from Japan, and the proposed formulation for site class (a) B, (b) C, (c)

D, and (d) E.

and compared with those obtained using the proposed formulation, as
shown in Fig. 16.

It can be seen from the figure that the A/V ratios calculated from the
100 seismic records agree well with those obtained by the proposed
formulation. Additionally, the calculated results almost all fall within
the 95 % confidence interval of the proposed model. Furthermore, the
A/V ratio calculated from the design spectra using the proposed
formulation is in close agreement with the average A/V ratio of the 100
actual seismic records. These results confirm the accuracy as well as the
wide range of applicability of the proposed A/V ratio formulation.

7. Conclusions

In this study, a model was proposed for calculating the ratio of the
peak ground acceleration to the peak ground velocity (the A/V ratio)
from the response spectrum. First, the A/V ratio was theoretically
analyzed based on RVT, revealing its relationship with the centroid
frequency of the displacement response spectrum. Then, a practical
formulation for the A/V ratio was derived based on the statistical
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analysis of 16,000 real seismic records from Japan. The main conclu-

sions drawn from this study can be summarized as follows:

1. Analysis based on RVT revealed that the square of the A/V ratio is

equal to the second-order radius of gyration of the power spectrum,

which characterizes the concentration of energy in the frequency
domain.

. The theoretical relationship between the A/V ratio and centroid
frequency derived based on RVT was verified using simulated time-
series signals, with a coefficient of determination of 0.96.

. The proposed A/V ratio formulation obtained from real seismic re-
cords exhibited good accuracy across different site classes. The
regression results of the A/V ratio for different sites were consistent
with each other and the formulation based on all seismic records
(ignoring site classification) was applicable to predicting the A/V
ratio from the displacement response spectra.

. The results obtained using the proposed formulation were compared
to those obtained using two traditional methods based on GMPEs
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(Boore et al., 2014, Zhang et al., 2022) and were found to be
consistent.

5. The proposed formulation was applied to calculate the A/V ratio
from the design spectra, demonstrating the practical applicability of
the formulation.
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Statement of originality

Existing studies mostly rely on ground motion prediction equations
(GMPEs) or statistical methods to estimate A/V ratios, but lack theo-
retical support in scenarios with only response spectra. Based on the
random vibration theory, this study reveals for the first time that the
square of the A/V ratio is equal to the second-order radius of gyration of
the Fourier amplitude spectrum, and derives its explicit relationship
with the centroid frequency of the displacement response spectrum. The
accuracy of the proposed regression formula (coefficient of determina-
tion >0.88) is verified by statistical analysis of 16,000 measured seismic
records in Japan, which proves that it is suitable for different site types
and regions. The comparison results with the traditional GMPE method
are consistent, and the engineering practicability of the method is
proved by the application of ASCE 7 design spectrum. The study fills the
theoretical gap in the direct estimation of A/V ratio by response spec-
trum, and provides a new way for the evaluation of ground motion
parameters.
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