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In the Gobi desert region, the predominant frequency of the horizontal-to-vertical spectral ratio (HVSR) curve of seismic noise
(fH/V) is typically above 3Hz. However, most of the existing formulas for estimating cover thickness (H) based on fH/V are only
applicable for fH/V values below 5Hz.Terefore, new formulas that can accurately calculateH in this region are crucially needed.
To this end, a case study was conducted where noise measurements were carried out in the Gobi region in China, as well as in the
east and northeast regions of China. Te HVSR curves and fH/V were calculated, and a formula that correlates fH/V with H was
derived. In addition, formulas that correlate with Vs20 (average shear-wave velocities to depth 20m) and Vs30 (average shear-wave
velocities to depth 30m) fH/V were ftted. Te relationship between the site fundamental period (Ts) and TH/V (1/fH/V) was also
investigated. Finally, by using all of the noise measurements and applying the derived relationships, a method for rapidly
measuring the site type was proposed. Te results showed that the equation for calculating H in this paper is highly reliable, with
relative errors less than 30% compared to other researchers. Te correlation between fH/V and Vs30 was higher than that between
fH/V and Vs20. Te accuracy rate of the proposed method for fast identifcation of ground types was greater than 80%.

1. Introduction

It is widely accepted amongst the earthquake engineering
community that ground geology has a signifcant efect on
ground motion [1–4], and the seismic design codes de-
termine the design response spectrum according to the
ground types for seismic fortifcation. In recent years, two
critical parameters for identifying ground types are H
(thickness of sediment) and Vsz (average shear-wave ve-
locities to depth z) [5–7]. For example, the Chinese code for
seismic design of building uses H and Vs20 (average shear-
wave velocities to depth 20m) to piecewise site types [8],
while Eurocode 8 [9] employs Vs30 (average shear-wave
velocities to depth 30m) as the only parameter for
ground type identifcation. Hence, estimating H, Vs20, and
Vs30 is a matter of great importance in civil engineering.

Boreholes, excavations, and other geotechnical in-
vestigations are primary methods for measuring H and Vsz
[4]. However, these methods are often prohibitively

expensive. Tough leveraging geophysics may reduce costs,
most techniques are challenging to deploy in urban areas. To
overcome those limitations, several researchers have
employed the microtremor horizontal-to-vertical spectral
ratio (HVSR) technique to measure H and Vsz (e.g.,
[4, 10–17]).

Te microtremor HVSR technique, also known as the
Nakamura technique [18, 19], is widely used to analyze the
ground dynamic characteristics due to its high cost-
efectiveness in the survey and negligible interference with
the environment [20, 21]. Te microtremor HVSR has been
utilized in various studies, such as in the Grenoble basin
[22], Tessaloniki basin [23], and Trabzon-Arsin basin [24],
to investigate the seismic response of sites in the frequency
domain and evaluate the resonance frequency of sediments.

Due to the close relationship between the resonance
frequency of the sediments and the subsurface structure and
geotechnical parameters (e.g., H and Vsz), Ibs-von Seht and
Wohlenberg [12] used the microtremor HVSR to calculateH

Hindawi
Shock and Vibration
Volume 2023, Article ID 3188065, 12 pages
https://doi.org/10.1155/2023/3188065

https://orcid.org/0000-0001-9961-8422
mailto:chenshengyang@tongji.edu.cn
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/3188065


for the frst time and found that the main peak frequency of
the microtremor HVSR curve (fH/V) correlates well with H
and then established a quantitative relationship between H
and fH/V for Lower Rhine Embayment (Germany). Since
then, Delgado et al. [25] and Parolai et al. [4] ftted new
relationships to calculate H and Vsz for the region in Spain
and Cologne Area, respectively. However, in those studies,
the relationships betweenH and fH/V are valid for soils from
a few tens of meters tomore than 1000m thick. Also, Lin and
Wang [26] investigated that the fH/V for Gobi desert in
China ranged from 3Hz to 14.2Hz. Moreover, more than
90% of the sediment thickness in boreholes in the Gobi
desert is less than 20m, with half being less than 5m.
Terefore, the relationships between fH/V − H and fH/V −

Vsz that have been ftted previously are inadequate for Gobi
desert in China.

H, Vs20, and Vs30 have been widely used as site class
delineators; nonetheless, many studies have shown that
those parameters are not adequate to distinguish the ground
classifcation [7, 27]. Tus, eforts have been made in the
search for alternative site proxies to H, Vs20, and Vs30. Zhao
et al. [28] proposed using T0 (fundamental period of site)
and horizontal-to-vertical (H/V) response spectral ratios
over a wide period range to classify K-NETstations in Japan
and developed a GMM using the period-based classifcation
scheme. Hassani and Atkinson [29] have concluded that T0
was superior to Vs30 in identifying site efects in central and
eastern North America. Meanwhile, in California, Hassani
and Atkinson [30] was able to achieve an additional 5%
reduction in the standard deviation of residuals by in-
corporating T0 into the model after accounting for site ef-
fects related to Vs30 and Z1.0 (depth to VS � 1.0 km/s).

Based on the abovementioned literature review, the
following points are the main conclusions:

(a) Te microtremor HVSR method is widely applied in
calculating H and Vse in urban areas due to its cost-
efectiveness and noninvasive nature to the
environment.

(b) Te existing microtremor HVSR method for cal-
culating H and Vse is suitable for sites with the
predominant frequency of HVSR below 5Hz.
However, it is not applicable to Gobi desert and
similar areas, where the predominant frequency of
HVSR ranges from 3Hz to 14Hz.

(c) H and Vse are the most widely used site class de-
lineators; nonetheless, those parameters are not
adequate to distinguish the site efects at one site
from those at another site period.

In order to derive a new formula for accurately calcu-
lating H and Vse for the Gobi desert and expand the ap-
plicable range of the formula variables, as well as to enable
fast identifcation of ground types based on microtremor
HVSR, noise measurements were carried out in China.Ten,
the HVSR curves were calculated and analyzed. On this
basis, a study was conducted to investigate the relationship
between site characteristic parameters (H, Vs20, Vs30, and Ts)
and the dominant frequency of the HVSR curve. By using all

of the noise measurements and applying the derived re-
lationships, a method for fast identifcation of ground types
based on the microtremor HVSR was proposed. Moreover,
the discussion section compares the research fndings of this
study with the research results of other scholars.

2. Methodology

A total of 85 boreholes are collected and plotted in
Figure 1(a), which are divided into three groups based on
location: west sites (including 45 boreholes, located in Gobi
desert), northeast sites (including 36 boreholes), and east
sites (including 4 boreholes). Te corresponding H and Vs30
(calculated using equation (1)) for all 85 boreholes are il-
lustrated in Figures 1(b) and 1(c), respectively. As shown in
the fgures, the minimum and maximum H values for the
west sites were 5m and 100m, respectively. Furthermore,
76% of these sites had a cover thickness of less than 20m,
with only one site exceeding 90m. Te Vs30 values for the
west sites are evenly distributed between 300m/s and 700m/
s. Conversely, the east sites exhibited H values greater than
100m and Vs30 values less than 200m/s. As for the northeast
sites, the H values ranged from 20m to 100m and the Vs30
values ranged from 100m/s to 250m/s. Overall, theH values
for the west sites are smaller than those of the northeast and
east sites, while theVs30 values are greater, indicating that the
west sites are harder than the other two locations. Te
western sites are located around the Junggar basin, which is
characterized by a substantial amount of sedimentary de-
posits. Tese deposits primarily include sandstone, con-
glomerate, mudstone, and coal seams. Te northeast sites
and west sites are located in plain areas, primarily composed
of clay and silty clay, respectively. Te soil in these sites is
composed of three layers in general, with 0–7m of the top
layer flled.

Seismic noise measurements are conducted in close
proximity to the drilling sites using the TAG-33M accel-
erometer (Figure 2). Te TAG-33M accelerometer, which
integrates a sensor and a data collector, is used for measuring
microtremors in three directions. Tis accelerometer is ideal
for feld measurements and other applications. It features an
antioxidation aluminum casing, waterproof connectors, and
stainless steel leveling and fxing screws, which allow it to
function under challenging feld conditions. Te compact
device is simple to install and troubleshoot. In addition, the
accelerometer has a sampling frequency range of
0.001Hz–200Hz and is capable of operating at temperatures
ranging from −40°C to 60°C, making it suitable for the low-
temperature conditions of the winter sites.

Te installation procedure for recording ground seismic
noise using the TAG-33M accelerometer is as follows [31]:

(a) After selecting the appropriate installation location,
we use a compass to mark the true north and east
directions on the surface and then drill
a D8mm× 45mm hole at the installation location
using an impact drill (Figure 3(a))

(b) We insert an M6× 60 expansion screw into the hole
(Figure 3(b))
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(c) We loosen the nut and place the accelerometer in the
center position and then tighten the nut to secure it
onto the accelerometer’s clip

(d) We adjust the orientation of the accelerometer and
then adjust the leveling screws until the bubble is
centered (Figure 3(c))
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Figure 1: Distribution of the collected boreholes (a) and the statistic of site parameters (b, c). (a)Te location of 85 boreholes (the solid circle
represents the borehole location), (b) the statistic of H, and (c) the statistic of Vs30.
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Figure 2: Seismic noise measurement. (a) TAG-33M accelerometer and (b) measuring noise in the Gobi desert.
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To ensure reliable microtremor recordings, two in-
struments were placed on the same borehole. Each recording
lasted 25minutes, with a sampling rate of 100Hz. Te
resulting signals from all three directions (up-down, north-
south, and east-west) are displayed in Figure 4.

VS30 �
30


n
i�1di/vi

, (1)

VS20 �
d0


n
i�1di/vi

. (2)

d0 is the smaller value between the thickness of the cover
layer and 20m, di is the thickness of the ith layer, and vi is the
shear wave velocity of the ith layer.

3. Calculation and Analysis of the HVSR Curve

A Hanning window with a 28% bandwidth was chosen
because it provided sufciently good smoothing without
suppressing signifcant features in the spectrum. Following
the Site Efects Assessment using AMbient Excitations
(SESAME) criteria [32], the signal relative to each window
was detrended, baseline corrected, tapered, and band-pass
fltered between 0.1 and 25Hz. Te fast Fourier transform of
the three signal components for each analysis window was
then performed, and the HVSR curves were determined
using equation (3). Te main peak frequency of the HVSR
curve for the 85 sites is listed in Table 1. It is worth noting
that although the sampling frequency was 100 samples, the
spectral range shown was limited to 0.1–20Hz, which is
typically considered appropriate for studies of seismic
microzoning and earthquake engineering.
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As presented in Table 1, the main peak frequency of the
HVSR curve exhibited a range of 0.58Hz–12.5Hz across the
85 sites investigated. For the west sites, described in
Figure 1(a) and labeled 1 to 45, the predominant frequency
range of the HVSR curve was between 1.1Hz and 12.5Hz. As
for the northeast sites (labeled 46 to 81), the predominant
frequency range of the HVSR curve was between 1.0Hz and

4.9Hz, while for the eastern sites (labeled 82 to 85), it was
between 0.5Hz and 1Hz. Furthermore, based on the Chi-
nese seismic code, the 85 sites were categorized into three
groups (II, III, and IV) and their corresponding HVSR
curves are presented in Figure 5.in which HEW(i) and HNS(i)
indicate the NS and EW direction spectrum curves relative
to the ith window, V(i) indicates the up-down direction
spectrum curves relative to the ith window, and n indicates
the window number.

As depicted in Figure 5, the shape of the HVSR curve
varies considerably based on the ground type. For class
IV sites, the HVSR curves exhibit a single peak and the
predominant frequency is less than 1 Hz. In contrast, for
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Figure 3: Te installation procedure for TAG-33M: (a) drill a D8mm× 45mm hole, (b) insert expansion screw, and (c) installation
illustration.
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Figure 4: Te resulting signals from all three directions for one site
(the recordings are depicted in black, red, and blue, representing
the north-south (NS), east-west (EW), and up-down (UD) di-
rections, respectively).
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harder sites such as class II and III, the HVSR curves
have multiple peaks and the predominant frequency is
greater than 1 Hz. Furthermore, the peak of the HVSR
curve is more pronounced at higher frequencies for class
II sites.

4. Uncertainties in Microtremor Data Analysis

Te random nature of ambient noise (both in time and
space) is a critical issue inmicrotremor data analysis [33, 34],
particularly in densely populated areas such as the northeast
and east sites due to industrialization and heavy trafc
activities. To minimize such random ambient noise,
microtremor data are preferably collected during early
morning hours to achieve results closer to reality and ensure
stability. However, in the Karamay area, since the mea-
surement points are all located in uninhabited areas, the
measurements are not limited to the morning. All mea-
surement points are simultaneously measured using two
instruments.

After the aforementioned steps, the HVSR curve is
calculated and the peak is evaluated according to the SES-
AME project criteria. For HVSR curves with unclear peaks,
we analyze them using methods described in Sections 3.2.1
and 3.2.2 of SESAME, as well as a clustering analysis method
developed by our research group. Te schematic diagram of
the clustering analysis method is shown in Figure 6, and the
specifc steps are as follows:

(a) Microtremor HVSR curves are inputted, and K-
means is used to cluster them into two main clus-
ters 20 times

Table 1: Te site parameters and predominant frequency of the
HVSR curve for 85 sites.

Nos. H (m) Vs20m s−1 Vs30m s−1 fH/V

1 6 318 555 7.8
2 13 353 482 7.6
3 9 406 626 12.5
4 5.2 394 583 10
5 13.5 430 524 7.2
6 12 418 559 8.9
7 6 391 679 12.5
8 15.5 339 423 10.2
9 16 382 461 6.8
10 14.2 377 471 8.1
11 5 250 550 12.7
12 14 404 504 6.6
13 13 323 468 5.9
14 20 349 417 6.6
15 11 317 510 13
16 18 387 454 5.9
17 21 333 384 5.5
18 5.8 362 584 11
19 8 417 615 12.5
20 6 314 617 12
21 8.7 267 462 5.6
22 10 298 453 9.2
23 17 340 410 4.8
24 19 274 338 3.6
25 18 274 356 4.5
26 16 268 370 4.4
27 10 274 422 8.9
28 9 280 430 9
29 8.7 290 450 10
30 39 262 279 3.2
31 34 257 269 3.3
32 20 261 277 5
33 28 267 300 5.5
34 27 234 278 5
35 40 254 270 2.0
36 42 224 251 2.0
37 18 327 369 6.7
38 12 324 480 7.0
39 14 344 408 3.6
40 5 450 650 12.1
41 42 230 225 1.6
42 13.5 270 590 10
43 8.7 267 458 10
44 8 319 498 8.3
45 10 303 502 8
46 16 265 280 5.1
47 96 230 257 1.0
48 42 215 241 2.0
49 70 188 213 1.4
50 78 180 197 1.4
51 68 180 205 1.8
52 84.5 184 204 1.3
53 68 188 209 1.4
54 75 225 244 1.3
55 90 181 212 1.3
56 58 177 199 1.3
57 58 152 175 1.7
58 78 182 201 1.2
59 55 164 190 1.8
60 52 215 249 1.9

Table 1: Continued.

Nos. H (m) Vs20m s−1 Vs30m s−1 fH/V

61 76 164 184 1.5
62 72 177 198 1.1
63 54 165 194 1.9
64 76 191 216 1.3
65 81 219 243 1.1
66 76 207 236 1.3
67 70 207 238 1.3
68 64 193 217 1.1
69 61 189 224 1.1
70 72 196 221 1.1
71 64 229 255 1.0
72 64 205 223 1.3
73 64.5 226 249 1.2
74 65 224 241 1.3
75 46.6 172 206 1.3
76 46.5 182 210 1.6
77 51 181 213 1.4
78 43.8 193 225 1.6
79 75 225 249 1.3
80 21.5 241 295 4.9
81 23 244 289 3.49
82 176 150 160 0.58
83 100 171 171 1
84 130 161 182 0.8
85 102.3 152 166 0.9
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(b) For each cluster, the cost function (J) is calculated
and the clustering output with the smallest J value is
selected as the fnal result

(c) AHVSRNS (average HVSR for NS direction) and
AHVSREW (average HVSR for EW direction) curves
for both clusters are then calculated

(d) Te correlation distance between AHVSRNS and
AHVSREW for each cluster is calculated and
compared

(e) Te cluster HVSR curves with the smaller correlation
distance are considered the SHVSR (HVSR for the
site) curves

5. Site Characteristic Parameters

5.1. H − fH/V Relationship. Ibs-von Seht and Wohlenberg
[12] demonstrated that the resonance frequency of the soil
layer (fr, which can be estimated from the peak in the HVSR
curve) was closely linked to H using the following
relationship:

H � af
b
r. (4)

Using the fH/V (listed in Table 1) and H obtained from
the borehole data, a nonlinear regression ft of equation (4)
was performed and obtained for the investigated area using
the following equation:

H � 91.95f
−1.066
H/V . (5)

Values and standard errors of the correlation coefcients
a and b are given in Table 2. Figure 7 shows the relationship
between fH/V andH, where the distribution range of fH/V is
0.58Hz∼12.5Hz, and the adjusted R-square value is 0.94
which is signifcantly greater than critical values of corre-
lation coefcient r(85−2)0.001 � 0.36259. Tese results in-
dicate a strong correlation between fH/V and H in the
frequency range of 0.58Hz–12.5Hz.

5.2. Vs20 − fH/V and Vs30 − fH/V Relationships. Vs20 (cal-
culated using equation (2)) and Vs30 (calculated using
equation (1)) are two important parameters to classify the
site; therefore, a fast method to estimate those parameters is
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a matter of great importance. Delgado et al. [25] showed that
the average shear wave velocity of the soft sedimentary
column, Vs, can be related toH through a relationship of the
following form:

VS � cH
d
, (6)

VS � c afH/V
b

 
d

� efH/V
g
. (7)

Te relationship between H and fH/V was ftted by
equation (4). By substituting equation (4) into equations (6)
and (7), another equation was obtained. Tus, a nonlinear
regression ft of equation (7) was performed using fH/V,
Vs20, and Vs30, resulting in the following equation for the
investigated area:

Vs20 � 119fH/V
0.52

, (8)

Vs30 � 147fH/V
0.57

. (9)

Values and standard errors of the correlation coefcients
a and b for the two equations are also listed in Table 2.
Figure 8 shows the fH/Vvs. Vs20 and fH/Vvs. Vs30. Te ad-
justed R2 values are 0.70 and 0.87, respectively, both of which
are greater than r(85−2)0.001 � 0.36259.Tis suggests a strong
correlation between fH/V and Vs20 or Vs30 in the frequency
range of 0.58Hz–12.5Hz. Moreover, the higher R2 value for
the regression with Vs30 indicates a stronger correlation
between fH/V and Vs30 than between fH/V and Vs20. In
addition, while there is a strong correlation amongVs20,Vs30,
and fH/V within the range of 0.58Hz–12.5Hz, the

correlation among Vs20, Vs30, and fH/V is not signifcant
within the range of 0.58Hz–12.5Hz.

5.3.Ts − TH/V Relationship. Several kinds of research studies
have shown that the Nakamura method was fully established
as an assessment method for the site fundamental period (Ts,
calculate using equation (10), in which Vsb is the equivalent
shear wave velocity, calculated using equation (11)); for
accuracy-eliminated Ts using the HVSR method, the re-
lationship between Ts andTH/V was studied.

Ts �
4H

Vsb

, (10)

Vsb �
H


n
i�1di/vi

, (11)

in which H is the depth of the bedrock, di is the thickness of
the ith layer, and vi is the shear wave velocity of the ith layer.

Using the TH/V (1/fH/V) and Ts, a nonlinear regression
ft of equation (4) was performed and obtained for the
investigated areas using the following equation:

Ts � 1.17T
0.91
H/V. (12)

Figure 9 shows the regression curve of the TH/V and Ts,
and the adjusted R2 value is 0.91 which is greater than
r(85–2)0.001 � 0.36259. It indicated that there is a strong
correlation between TH/V and Ts in the range of
0.08 s–1.72 s. Besides, it can be seen from Figure 6 that when
TH/V is less than 0.13 s, the points are evenly distributed near
the red (x � y) line. However, when TH/V is greater than
0.13 s, the points are not distributed near the red line and
trend towards the Ts-axis.

6. Identification of Ground Types

In China, the classifcation of ground types is based on
Table 3 which uses two parameters,H and Vs20, to determine
the site type. For example, a site is classifed as type II when
H and Vs20 range from 3m to 50m and 150m/s to 250m/s,
respectively. Using Table 3 and equations (5) (the red line in
the fgure) and (8) (the black line in the fgure), Figure 10 is
plotted. Te boundaries of H (calculated using equation (5))
described in Table 3 are represented by L1, L3, and L5, while
the boundaries of Vs20 (calculated using equation (8)) are
represented by L2, L4, and L6.

It can be seen from Figure 10 that when fH/V < 1.13, H
(calculate using equation (5)) is greater than 80m; mean-
while, Vs (calculate using equation (8)) is less than 126m/s;
therefore, the ground type is IV (identify using Table 3). By
the same token, the corresponding fH/V for the I, II, and III-

Table 2: Te ftting formula coefcients.

a Standard errors b Standard errors Adjusted R2

H 91.95 1.67 −1.07 0.04 0.94
Vs20 183.07 6.84 0.28 0.02 0.70
Vs30 184.77 7.35 0.45 0.02 0.87
Ts 1.17 0.033 0.91 0.05 0.91

1 10

10

100

(H
/m

)

fH/V (Hz)

Eq. (5)
Eq. (5) ± σ (standard deviation)

Figure 7: fH/V vs. H.
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type sites is in the range >15.35Hz, 1.77Hz–15.35Hz, and
1.13Hz–1.77Hz, respectively. Te method for fast identi-
fcation of ground types based on microtremor HVSR is
listed in equation (13).

I f/H/V ≥ 15.35,

II 15.35>fH/V ≥ 1.77,

III 1.77>fH/V ≥ 1.13,

IV fH/V < 1.13.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(13)

7. Discussion

Table 4 presents two diferent relationships between H and
fH/V derived by Ibs-Von and Craig, respectively. Figure 11
shows a comparison between equation (5) and those re-
lationships. It should be noted that equation (5) was derived
from data for 0.58<fH/V < 12.5, while the equations derived
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Figure 8: fH/V vs. Vs20 and fH/V vs. Vs30. (a) fH/V vs. Vs20 and (b) fH/V vs. Vs30.
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x=y

Figure 9: Te regression curve of TH/V and Ts.

Table 3: Identifcation of ground types in China.

VS20 (m/s)
Ground types

I0 I II III IV
Vs20> 800 0
800≥VS20> 500 0
500≥VS20> 250 < 5m ≥5m
250≥VS20> 150 < 3m 3m∼50m >50m
VS20≤150 < 3m 3m∼15m 15m∼80m >80
Note. Tis table is from Chinese code: code for seismic design of buildings.
Te numerical intervals in the table represent the cover thickness.
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by Ibs-Von and Craig were based on data for
0.14<fH/V < 4.5 and 2.06<fH/V < 12.39.

In the frequency range of 0.14–4.5Hz, the relative error
between equation (5) and Ibs-Von’s equation is below 40%
and the relative error is below 20% in the frequency range of
0.58–2.5Hz. However, at higher frequencies (1–4.5Hz),
equation (5) gives deeper depths of the bedrock than those
calculated by Ibs-Von’s equation and the relative error in-
creases as the frequency increases. In the frequency range of
2.06–12.39Hz, the relative error is below 30% between
equation (5) and Craig’s equation. Figure 12 provides
a detailed comparison between equation (5) and Ibs-Von’s
equation. It can be observed that, for Ibs-Von’s equation,
there is only one site that fH/V > 2.5Hz, which could lead to
inaccurate calculation of the formula at higher frequencies.
All these comparisons indicated that equation (5) is valid for
the calculated H.

A total of 178 boreholes were gathered from the liter-
ature sources Qi [35] and Chen [36], which included the
borehole database and fH/V data. Tese boreholes were
classifed based on Table 3 into 102 II-type sites, 70 III-type
sites, and 6 IV-type sites.Te statistics ofH andVs20 for these
boreholes are shown in Figures 13(a) and 13(b).TeH values
of the 178 boreholes are evenly distributed from 5m to
120m, with a minimum of 7.5m and a maximum of less
than 120m. Te Vs20 values range from 100m/s to 400m/s.

Two methods were used to classify the 178 sites based on
their ground types: the method described in Section 6 and
the TSSM [37].Te results are shown in Figure 14, where the
black and red lines represent the demarcation lines based on

the two methods, respectively. Te accuracy rate (R, cal-
culated using equation (14)) for equation (13) in identifying
the site types (II, III, and IV) was 81%, 98%, and 83%, re-
spectively, all of which were above 80%. In contrast, the
accuracy rate (R) of the TSSM method in identifying site
types was 100%, 0%, and 47%, respectively, unable to ac-
curately identify III-type sites.

Table 4: fH/V − H for diferent researchers.

Researchers a Standard errors b Standard errors Adjusted R2

Tis paper 91.95 4.07 −1.066 0.145 0.596
Ibs-von 96 4 −1.388 0.025 0.98
Craig 70.253 4.946 −0.863 0.059 0.98

This paper
Craig
Ibs-von
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Figure 11: Te comparison of equation (3) with other researchers. (a) Te curve comparison and (b) the relative error.
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Figure 12: Te detailed comparison of equation (5) with Ibs-Von’s
equation.
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R �
N

T
  × %, (14)

in which N is the right site number and T is the total site
number.

8. Conclusions

Tis work aims to investigate the relationships of fH/V − H,
fH/V − Vsz, and Ts − TH/V for the Gobi region and expand
the applicable range of the relationships variables. Applying
the derived relationships, a method to quickly determine the
site type was proposed. Te following points are the main
conclusions drawn from this work:

(a) Te shape of HVSR varies signifcantly depending on
the ground type. For class IV sites, the HVSR curves

exhibit a single peak, with the predominant fre-
quency being less than 1Hz. However, for harder
sites such as class II and III sites, the HVSR curves
showmultiple peaks and the predominant frequency
is greater than 1Hz.

(b) In the frequency range of 0.58Hz–12.5Hz, there is
a strong correlation between fH/V and H. Te
equation to calculate H in this paper exhibited high
reliability with relative errors less than 30% com-
pared to other researchers.

(c) In the frequency range of 0.58Hz–12.5Hz, there is
a strong correlation between fH/V and Vs20 as well as
Vs30, with a stronger correlation observed between
fH/V and Vs30 than between fH/V and Vs20.

(d) Tere is a strong correlation between TH/V and Ts

within the range of 0.08 s–1.72 s.
(e) Te method for fast identifcation of ground types

based on microtremor HVSR achieved an accuracy
rate exceeding 80% for 178 sites. Specifcally, the
accuracy rates for the three types of sites (II, III, and
IV) were 81%, 98%, and 83%, respectively.

Symbols

fH/V: Predominant frequency of the HVSR curve
H: Cover thickness
Vs20: Average shear-wave velocities to depth 20m
Vs30: Average shear-wave velocities to depth 30m
Ts: Fundamental period of the site
TH/V: Fundamental period of the HVSR curve
Vsz: Average shear-wave velocities to depth z
fr: Predominant frequency of site
Vs: Average shear wave velocity of the soft sedimentary
di: Te thickness of the ith layer
vi: Te shear wave velocity of the ith layer.

Data Availability

Te data that support the fndings of this study are available
from the corresponding author upon reasonable request.
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Figure 13: Te statistic of Vs20 and H for 178 boreholes. (a) Te statistic of Vs20 and (b) the statistic of H.
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