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Key Points:

+ The shallow S-wave velocity structure of three survey lines around Rongcheng County, Hebei was obtained by multi-channel surface
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+ The S-wave velocity structure corresponds well with the logging results, showing the velocity characteristics of different stratums.
+ The predominant period and equivalent shear wave velocity (Vs) show the site characteristics of thestudy area.
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Abstract: Active-source surface wave exploration is advantageous because it has high imaging accuracy, is not affected by high-speed
layers, and has a low cost; thus, it has unique advantages for investigating shallow surface structures. For the development and utilization
of urban underground space, two parameters in the shallow surface are important, namely, the shear wave velocity (Vs) and the
predominant period of the site, which determine the elevation and aseismic grade of the building design. The traditional method is
mainly to obtain the two above-mentioned parameters through testing and measuring drilling samples. However, this method is
extremely expensive and time consuming. Therefore, in this research, we used the multichannel surface wave acquisition method to
extract the fundamental dispersion curve of single-shot data by using the phase shift method and obtain the Vs characteristics in the
uppermost 40 m by inversion. We arrived at the following two conclusions based on the Vs profile. First, the study area can be roughly
divided into five layers, among which the layers 0-8 m, 14—20 m, and 20—30 m are low-velocity layers, corresponding to miscellaneous fill,
a water-bearing sand layer, and a sand layer; therefore, the Vs is relatively low. In contrast, the layers at 8—14 m and 30—40 m are high-
velocity layers that are mainly composed of clay, with a relatively better compactness and relatively high Vs values. In addition, a low-
speed anomaly appears abruptly in the high-speed area at 20—40 m. This anomaly, when combined with geological data, suggests that it
is an ancient river channel. Second, from the Vs value, the Vs, (equivalent shear wave velocity) was calculated. The construction site soil
was categorized as class lll, with good conditions for engineering geology. In addition, we calculated the predominant period of the site
to be 0.56-0.77 s based on the Vs. Therefore, in the overall structural design of the foundation engineering, the natural vibration period of
the structure should be strictly controlled to avoid the predominant period of the site.
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1. Introduction

The surface and shallow subsurface support various human activi-
ties and construction engineering projects. Therefore, the devel-
opment and utilization of underground space are very important
to human activities. The shear wave velocity (Vs) is one of the key
seismological parameters of the shallow subsurface (Fazelab-
dolabadi and Golestan, 2020; Kamel and Badreddine, 2020; Pan H
and Jiang X, 2020). It is also an important reference for the design

Correspondence to: H. Y. Wang, hyanwhy@126.com
Received 02 MAR 2022; Accepted 17 MAY 2022.
Accepted article online 28 JUN 2022.

©2022 by Earth and Planetary Physics.

and construction engineering of some projects and can provide a
basis for the division of seismic areas. Therefore, obtaining an
accurate Vs in the shallow subsurface has long been an important
research direction for geophysicists (Xia JH et al,, 2015; Yin XF et
al., 2018). At present, the Vs and the predominant period of a site
are mainly obtained through drilling sampling and test determi-
nation, which is an extremely expensive and time-consuming
process (Hua WY et al., 2002; Cao LH et al., 2012; Zhang W et al,,
2013). Compared with drilling and other geophysical exploration
methods, active-source surface wave exploration has the advan-
tages of a deeper detection range, a lower cost, and greater accu-
racy, and it is not affected by the high-velocity layers (Du ZT et al.,
1999; Cao X et al., 2015; Cai W et al., 2017, 2018).
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Our study area is located in Rongcheng County, Hebei Province,
China. At present, some geological investigations have been
carried out around Rongcheng County, including the following:

(1) Geothermal investigations: A deep geothermal geological
model was constructed to explain the deep heat source mecha-
nism of the Rongcheng geothermal field (Wang K et al., 2021).
Through borehole measurements, the temperature range and
burial depth of geothermal water around Rongcheng have been
determined (Ma F et al.,, 2021).

(2) Hydrogeological investigations: Prior studies have identified the
transformational relationship between surface water and ground-
water in the Baiyangdian Wetland (Wang YS et al,, 2021) and have
obtained the location and width of an ancient river channel
(Zhang Jetal., 2018).

(3) Investigations of active faults: One study has revealed the char-
acteristics of hidden faults around Rongcheng (Shang SJ et al,,
2019). Using the in situ stress measurement method and deep-
hole hydraulic fracturing method, Fan YL et al. (2020) have esti-
mated that these concealed active faults will not slide and are
relatively stable.

(4) Engineering environmental geological investigation: In a prior
study, Han B et al. (2020) obtained the physical and mechanical
properties of rock and soil in different engineering geological
layers by using borehole core data and conducting physical
experiments. They also discussed the possible engineering and
environmental geological problems and environmental geological
effects associated with the development and utilization of under-
ground space.

(5) Geophysical exploration: The spatial characteristics within 600
m underground were established by Ma Y et al. (2020) based on
shallow reflection exploration, the microtremor survey method,
and the high-density electrical method.

The research described above introduces the underground struc-
tural characteristics and geophysical properties of Rongcheng
County and its surrounding areas from different perspectives.
However, it lacks two important parameters of engineering
mechanics, the predominant period and the equivalent shear
wave velocity (Vs,), as well as high-precision characteristics within
the uppermost 40 m. Therefore, in this study, we attempted to fill
these gaps.

In this work, active-source surface wave exploration technology
was used to extract the surface wave signal from a single-shot
record, generate and extract the dispersion curve by the phase
shift method, and adopt global optimization inversion method.
On the basis of the Vs profile, two conclusions were obtained. First,
the Vs profile within 40 m was divided into five layers. The layers
0-8m, 14-20 m, and 20-30 m are low-velocity layers, corre-
sponding to miscellaneous fill, a water-bearing sand layer, and a
sand layer, respectively. Layers 8-14 m and 30—-40 m are high-
velocity layers, mainly composed of clay, with relatively better
compactness and relatively high Vs. Second, we calculated the
predominant period of the site and the Vg, by using the Vs profile.
The site of the study area was categorized as class lll, with better
conditions for engineering geology. In addition, the calculated

predominant period of the site ranged from 0.56 to 0.77 s. There-
fore, this range should be avoided when constructing the founda-
tion engineering.

2. Geological Background

The Jizhong Depression is located in the northern North China
Plain and in the western margin of the rift basin of Bohai Bay. The
study area is located at the periphery of the Rong City uplift in the
Jizhong Depression, with a relatively flat terrain, and the altitude
is generally between 5 and 26 m (He P et al., 2014). The stratum is
stable and suitable for construction engineering. According to the
depositional age, rock characteristics, and soil type, the study area
can be broadly divided into Holocene, upper Pleistocene, and
middle Pleistocene strata. The soil types are mainly silty clay, clay,
medium sand, and silty sand (Figure 1; Han B et al., 2020). The
Holocene silty clay and clay have a moderate bearing capacity,
and compression deformation can occur when the load exceeds
130 kPa. In the upper Pleistocene strata, the silty sand and
medium sand have low compressibility and a high bearing capac-
ity, so they can be used as the bearing layer of pile foundations. In
the middle and lower strata of the Holocene, quicksand and lique-
faction of the sand and soil can easily occur during construction.
The muddy clay in the lacustrine facies around Baiyangdian has
high plasticity and a poor bearing capacity, so these strata cannot
be used as the bearing layer in foundation design. During the
flood season, when the water level is high, poorly constructed
foundations and foundations constructed in areas with poor
geological conditions often undergo damage, such as seepage
and gushing pipes (Hao AB et al., 2018; Ma Z et al., 2019; Han B et
al., 2020). Therefore, it is necessary to study the near-surface struc-
ture before designing the infrastructure and continuing urban
construction.

3. Data Processing and Analysis

3.1 Data Acquisition

In 2018, we adopted the multichannel analysis of surface waves
technique, using the one-sided 99-channel receiving mode of a
SmartSolo node seismometer, to complete the original surface
wave data acquisition in the central sedimentary plain of the
Jizhong Depression. To fully receive the surface wave signal, we
tested the number of receiving channels of the observation
system. Compared with the traditional 12-, 24-, 36-, and 48-channel
acquisition methods (Song YY et al., 1989; Park et al., 1999), the 99-
channel acquisition could more fully receive the low-frequency
signal of surface waves. As shown in Figure 3, in the dispersion
diagram of channels 12, 24, 36, and 48, the effective low-
frequency signals were 17.5, 15, 12.5, and 7.5 Hz, respectively.
However, the low-frequency signal of 5 Hz could be obtained by
99-channel reception. Compared with the traditional acquisition
method, the low-frequency signal could be obtained, and the
inversion depth was deeper. In addition, compared with the tradi-
tional wired detector (Figure 2b), the nodal seismograph used in
this study could complete the mobile acquisition by arranging the
first few geophones in the acquisition process, greatly saving on
acquisition time. The acquisition parameters were set as follows:
the receiver spacing was 2 m, the shot spacing was 8 m, the mini-
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Figure 1. Characteristics of subsurface rock and soil stratification in Rongcheng County (Han B et al.,, 2020).
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Figure 2. Different geophone acquisition methods.

mum offset was 2 m, the sample interval was 1 ms, and the data
recording length was 6 s. We acquired a total of three lines of data
(Figure 4): line 1 (L1, red) had an east-west strike and was 4.0 km
in length, line 2 (L2, green) had an east-west strike and was
approximately 1.0 km in length, and line 3 (L3, blue) had a
north-south strike and was 2.5 km in length. The specific acquisi-
tion parameters are shown in Table 1.

3.2 Data Analysis

We selected a single shot from different positions along L1
(Figure 5), corresponding to points 1, 100, 200, and 300, for analysis
of the amplitude spectrum. By comparing different single shots,
we found that the frequency was within 0-50 Hz and that the
amplitude was relatively large. After 50 Hz, the amplitude value
attenuated rapidly, and these signals corresponded to high-

frequency interference waves (Figure 6). Therefore, before surface
wave extraction of a dispersion curve, it was necessary to filter out
the high-frequency interference and retain effective signals
between 0 and 50 Hz.

3.3 Data Processing

In this study, we mainly used the active-source surface wave data
processing method. The Vs was obtained by collecting surface
wave signals, extracting the dispersion curve, and inverting (Dal
Moro et al., 2007; Jin C et al.,, 2016; Aleardi et al., 2020; Lei T et al.,
2020; Shao XH et al., 2022). The Vs was divided into strata according
to geological and logging data, and the predominant period and
Vs of the site were calculated according to an empirical formula
to evaluate the site type. The specific technical route is shown in
Figure 7.
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Figure 3. Dispersion energy diagram of different receiver channels.

3.3.1 Dispersion Curve Extraction

Obtaining the dispersion curve is one of the key steps in surface
wave data processing. First, we used ParkSEIS software to conduct
a frequency spectrum analysis of the single-shot data, filter out
the high-frequency interference, and retain the 0—50 Hz effective
surface wave signals. The single shot in the time-space domain
was then transformed into the frequency-velocity domain by the
phase-shift method (Park et al., 1999). The surface wave record in
the frequency domain was expressed as the product of amplitude
and phase and was normalized to form a dispersion energy
diagram (Figure 8). It can be seen from the dispersion energy
diagram that the continuity of the fundamental dispersion curve
was superior. The frequency range was 5—40 Hz, and the phase
velocity was 100-300 m/s. Finally, we used ParkSEIS software to
pick up the fundamental dispersion curve automatically by
setting the picking range. To improve the imaging accuracy in the
process of picking up the dispersion curve, we removed data with
a low signal-to-noise ratio and retained only data with a high
signal-to-noise ratio, which increased the credibility of the results.

3.3.2 Initial Model Establishment
The initial model included many parameters, such as the formation

thickness, density, Vs, and Vp (which is compressional wave velo-
city; Andajani et al., 2019). For the n-layer model, multiple parame-
ters needed to be inverted. If all the model parameters were
inverted as independent variables, the inversion calculation
would be very large, which would create difficulties in the calcula-
tion. It was found through experiments that the Vs and the thick-
ness of the stratum had a great influence on the accuracy of the
inversion results, whereas the density and Vp had a small influence
(Xia JH et al., 2015). Therefore, we adopted a simplified method,
and the initial model considered only the layer thickness and Vs in
the inversion. Such a simplified method is currently widely used in
surface wave inversion. Although certain inversion effects can be
obtained with this approach, parameters such as the layer
number, layer thickness, and layer velocity must constantly be
corrected during the inversion process.

We selected part of the dispersion curves for testing and analysis
and found that the inversion depth of the dispersion curves of the
three lines was within 40 m from the surface. After combining
data from the engineering geology and logging of the research
study area (Figure 1; Han B et al., 2020), the inversion of the layers
within 40 m from the surface was divided into seven layers. By
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comparing the degree of fit of the measured curve and the
forward curve, we concluded that the model was suitable when
the one-dimensional inversion error of all the dispersion curves
was within a range of 5%. The initial model was determined by
repeated comparison tests (Table 2).

3.3.3 Inversion of the Dispersion Curve

On the basis of the initial model, a global optimization inversion
method was adopted to obtain Vs for the fundamental-order
dispersion curve. In Figure 9, the blue line is the Vs by inversion,
the blue points of the dispersion curve were obtained through
forward modeling based on the theoretical model, and the red
points were the picked dispersion curve. The inversion results
showed that the selected dispersion curve corresponded well to
the dispersion curve obtained by forward modeling based on the
theoretical model. The degree of fit was high, especially in the low-
frequency area. However, in the high-frequency area, a certain
error was present because of noise in the raw data, so the extraction
of the dispersion curve and the theoretical model of the dispersion
curve were inconsistent. The one-dimensional inversion results at
point 10 in Figure 9 show that the velocity of the first layer
increased successively to the fifth layer and that the velocity of
the sixth layer began to decrease. The results of points 36 and 56
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Table 1. Data acquisition parameters.

Acquisition parameter Line 1 Line 2 Line 3
Source Dynamite Dynamite Dynamite
Shot spacing (m) 8 8 8
Receiver spacing (m) 2 2 2
Minimum offset (m) 2 2 2
Sample interval (ms) 1 1 1
Record length (s) 6 6 6
Heavy hammer quality (kg) 90 90 90
Profile length (km) 4.0 1.0 25
Shot number 508 116 289

show a low-velocity layer at approximately 30—40 m, whereas a
low-velocity layer may also be present at 10—-18 m.

3.3.4 Reliability Analysis

To verify the reliability of the results, we examined two logging
curves for L1 for analysis and verification (Figure 10). The logging
curves had four parameters: gamma ray, apparent resistivity, natu-
ral potential, and interval transit time. Increases in the gamma ray
value and apparent resistivity indicate an increase in shaliness and
a decrease in fluid content. A high natural potential value indicates
weak permeability. A high interval transit time indicates a high
porosity and poor compactness. Therefore, we reached the
following conclusions from the logging curves of the two wells:

(1) GB032 logging: At 12 to 32 m, the gamma ray value, apparent
resistivity value, and natural potential value are high, and the
interval transit time is low. These data suggest that the sedimentary
strata are shaly and have a low porosity, relatively weak perme-
ability, and good compactness. At 32 to 40 m, the gamma ray
value, apparent resistivity value, and natural potential value are
low, and the interval transit time is high. Thus, the shaliness is rela-
tively low, the porosity is high, the permeability is high, and the
compactness is poor. Hence, the sediment from 12 to 32 m is
mainly a silty layer with good compactness and a high degree of
shaliness, whereas that from 32 to 40 m is mainly a water-bearing
sand layer with strong permeability and little shaliness.

(2) GB034 logging: From 12 to 20 m, the gamma ray value and the
natural potential value are relatively low, and the apparent resis-
tivity has a minimum value, indicating that the degree of shaliness
is low, the porosity is high, the permeability is high, and an under-
ground water layer is present. From 20 to 25 m, the gamma ray
and natural potential values increase, and the apparent resistivity
has a maximum value, indicating an increase in shaliness, a
decrease in porosity, and a decrease in permeability. From 25 to
40 m, the gamma ray jumps abnormally, the apparent resistivity
continues to decrease, and the natural potential increases. This
result suggests that silt and sand are interbedded in this layer, the
shaliness changes greatly with depth, and the porosity also
changes greatly. Therefore, we suspected that a water-bearing
silty sand layer is present from 12 to 20 m and that it has a high
permeability. From 20 to 25 m, the silty clay has good compact-
ness. From 25 to 40 m, the sediment is mainly silt, and the sand

Wang GW and Wang HY et al.: Application of active-source surface waves in urban underground space detection
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Figure 5. Original single-shot records (points 1, 100, 200, and 300 are surveying points with an equal interval spacing along line 1).

content may be high locally.

We projected the logging stratification results onto the Vs profile
of L1, and the corresponding results were superior. At GB032, the
silty sand and silty soil in the lowest layer is an aquifer, which
corresponds to the low-velocity zone between 30 and 40 m. The
silt layer spans from approximately 12 to 34 m and corresponds to
the low-velocity region, which may be an ancient channel. At
GBO034, the logging results showed a silty sand layer with a high
water content, which corresponds to the low-velocity layer in the
inversion results. Because silty clay has good compacting proper-
ties and is a natural aquiclude, the Vs is high. The bottom layer of
silt corresponds to the high-velocity layer of the inversion results.

4, Site Evaluation

4.1 Site Classification

At present, according to survey specifications in engineering geol-
ogy, the site soil should be within a depth of 30 m, and the Vs and
sedimentary layer thickness should determine the site type. These
specifications have an important impact on the stability and
safety of the engineering facilities (Pasquet et al., 2015; Sairam et
al., 2019; Chimoto and Yamanaka, 2019). Several building codes
have adopted the Vs, (which refers to the weighted average velocity
of the S-wave wihtin 30 m under ground) as the preferred site
parameter for common engineering applications and ground
motion prediction studies (Boore et al., 1994; Rastogi et al., 2011;

Sairam et al., 2011; Stewart et al., 2015; Cho et al., 2018; Hammal et
al., 2020). The Vs, is computed according to Equation (1):

Vo= —% (1)

(di/Vs;)

M=

I

where Vg; and d; represent Vs and the thickness of the ith layer in
the top 30 m, respectively, and d, is the depth of calculation
(Editorial Board of Geological Engineering Handbook, 2018; Dobry
etal., 2000).

According to the Vs, and the thickness of the sedimentary layer,
the site can be divided into four classes (Table 3): 1, II, Ill, and IV.
Class | sites are mainly rock and tight gravel soil with good
compactness. Class Il sites are dominated by medium-dense and
loose gravel and coarse and medium-dense sand. Class Il sites are
dominated by loose gravel, coarse sand, medium sand, dense
sand, medium-fine sand, and silty sand. Class IV sites are dominated
by silty soil, loose silt, silty sand, and newly deposited cohesive soil
(Meng YS, 2010; Editorial Board of Geological Engineering Hand-
book, 2018).

We obtained Vs, by the weighted average of Vs within a depth of
30 m (Figure 11). According to the calculation results, the Vs,
values of the three lines correspond to class Il sites. The Vg, of L1,
L2, and L3 are 195.39-248, 208.54-219.46, and 196.3—-223.96 m/s,
respectively. The overall Vs, in the study area exhibits a small

Wang GW and Wang HY et al.: Application of active-source surface waves in urban underground space detection
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change, which is basically less than 250 m/s, within the velocity
range of class Il sites. Although L1 reaches 250 m/s locally, it
corresponds to a class Ill site because the thickness of the over-
burden is greater than 50 m. The study area has good conditions
for engineering geology and is suitable for the construction of
basic engineering facilities.

4.2 Characteristics of the Predominant Period

Rock and soil are always highlighted with a certain period of wave
selection amplification, and this period is referred to as the
predominant period of the rock and soil. The period of the seismic
wave is the same as the natural vibration period of the surface
rock and soil, which will produce a resonance effect and seriously
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Figure 8. Dispersion curve extraction.

Table 2. Initial model parameter values.

Layer Depth (m) Vs (m/s)
First 1.47 146
Second 478 155
Third 8.53 276
Fourth 16.84 218
Fifth 264 420
Sixth 34.58 211
Seventh Half-space 431

damage surface buildings (Editorial Board of Geological Engineer-
ing Handbook, 2018; Macau et al., 2018; Kim et al., 2019). There-
fore, the impact of the predominant period of a site on the infras-
tructure is often considered in engineering design and construc-
tion. At present, the predominant period of a site can be calculated
not only by experimental testing but also by calculating the Vs of
the soil layer. Generally, the predominant period of a site should
be calculated for the bedrock surface. If the bedrock surface is
deep, it can be assumed to be 30-50 m. The predominant period
of a site can be calculated according to Equation (2):

Vs’
=1

wherein T is the predominant period of the site, H; is the thickness
of the ith soil layer, and Vyis the Vs of the ith soil layer (Sun XR

etal, 2002; Zhang H et al., 2010).

The predominant periods of the three lines are shown in Figure 12.
The maximum predominant periods of the L1, L2, and L3 survey
lines are 0.776, 0.724, and 0.757 s, and the minimum values are
0.568, 0.648, and 0.63 s, respectively. Overall, the site period of
excellence in the study area ranges from 0.568 to 0.776 s. According
to the site classification in the code for seismic design of buildings,
the site of the study area belongs to class lll (Table 4). Therefore,
according to the calculation results, in the overall structural
design, the natural vibration period of the structure should be
strictly controlled to avoid the predominant period of the site. For
example, one should improve the damping performance of the
embedded part of the structure, reduce the amplitude of the
structure by increasing the buried depth of the building, conduct
a foundation treatment to avoid the predominant period of the
site, and adjust the overall stiffness of the building to avoid the
predominant period of the site (Hao B et al., 2016).

5. Discussion

5.1 Stratification Characteristics

From the Vs profile (Figure 13a), we supposed that the layered
effect of the underground structure within 40 m was obvious. The
geological survey suggested that the soil layers in the study area
are composed mainly of silt, clay, and silty sand and that the Vs is
low. Previous geophysical explorations have found that five litho-
logic layers can be identified in the upper 50 m, including a silt
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Figure 9. One-dimensional inversion (blue points: forward dispersion curve [DC (Model)]; red points: picked dispersion curve [DC]; blue line:

shear wave velocity [Vs] layers).

Table 3. Classification of construction site soil (corresponding to
different sedimentary layers).

Site category
Vse (m/s)
h It I I v
Vs, > 800 m/s 0 - _ - -
800 > Vs, > 500 m/s -0 _ _ _
500 = Vs, > 250 m/s <5 >5 - -
250 = Vg, > 150 m/s <3 3-50 > 50 -
Vs, <150 m/s - <3 3-15 15-80 >80

layer, a silty sand layer, a silty clay layer, an interbedded silty clay
and fine sand layer, and a clay layer (Figure 13b; Ma Y et al., 2020).
Therefore, we divided the Vs profile into five horizons according to

the velocity differences. The 0—8 m layer is composed of anthro-
pogenic miscellaneous fill, mainly exists in the shallow surface,
and has a relatively small velocity change. The 8-14 m layer is
discontinuous silty clay, and the Vs is relatively high. The 14-20 m
layer is a silty sand layer, some of which contains water, so the Vs
is markedly lower than that of silty clay. In the 20-30 m layer, the
horizontal Vs changes greatly, and through comparison, we found
that this layer is mainly silt. The Vs from 30—40 m is greater than
300 m/s. This layer is mainly a clay layer, and the velocity change is
small.

5.2 Velocity Anomaly Analysis

In the Vs profiles, a low-velocity anomaly area is present from 20
to 40 m (Figure 13a, red box), and the speed range is basically
between 100 and 200 m/s. We speculate that this may be the loca-
tion of an ancient channel. In the Paleogene period, the region
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Figure 10. Comparative analysis of logging data for GB032 and GB034 (the two logging numbers along the survey line).

was characterized by high mountains and deep valleys and a hot,
dry climate, and thick soil layers were deposited after many
phases of subsidence. In the Neogene, the fluvial activity was
further strengthened, and channel deposits with large thicknesses
and wide areas formed. Previous researchers used the anti-inter-
ference electrical sounding method combined with logging data
to identify the location of the ancient channel in this area (Zhang J
et al., 2018). Therefore, we speculate, based on the geological
data and previous research results, that several ancient riverbeds
may be located within 40 m underground around Rongcheng
County, some of which are close to the surface and some of which
are deep. The Vs of these ancient channels is obviously low, and
the layers are mainly silt.

5.3 Assessment of Engineering Geology Conditions
The study area is located at the periphery of the Rongcheng uplift
in the Jizhong Depression, with a relatively flat terrain. The main

stratum is silty sand, silt, and silty clay, with relatively better
compactness and a high bearing capacity. A large amount of data
shows that long-period buildings on weak sites and short-period
buildings on hard sites are vulnerable to resonance damage
during earthquakes. Therefore, the predominant periodic charac-
teristics of the test site soil have important theoretical and practical
significance in evaluating the foundation site and improving the
seismic design of buildings. In the study area, the predominant
period is characterized by an “overall low and local high.” This
value ranges from 0.568 to 0.776 s. According to the seismic forti-
fication intensity of major cities in China, the seismic fortification
intensity of Rongcheng County is 7°. In addition, it is categorized
as class lll according to the above-mentioned site categories.
Therefore, the characteristic period value corresponds to 0.45 s
(Table 5). The predominant periods of the sites in the study area
are greater than this value, so this value satisfies the seismic fortifi-
cation requirements.
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Table 4. Site classification according to the predominant period
(Wang ZQ, 1994).

Table 5. Design earthquake grouping and site categories (Zhang J et
al., 2018).

Site predominant period (7/s) Site class Site category
Design earthquake grouping
<01 I Io I II I v
0.1-04 II Group 1 020 025 035 045 065
0.4-0.8 111 Group 2 025 030 040 0.55 075
>0.8 v Group 3 030 035 045 065 090

6. Conclusions

On the basis of three near-surface active-source data sets from
Rongcheng County, we obtained a high-precision near-surface
velocity structure through the surface wave data processing
method and interpreted it with drilling data. We used the Vs to
calculate the predominant period and the Vs, which is both time
and labor saving compared with the traditional method. Finally,
we reached the following two conclusions:

(1) Active-source surface wave exploration can be used to divide
the structure of underground strata, study the positions of

aquifers, and determine the depth of ancient channels. On the
basis of the detection results, we divided 40 m of the subsurface
in the study area into five layers, corresponding to anthropogenic
miscellaneous fill, silty clay, silty sand, silty sediment, and clay.
From the low-velocity anomaly area in the Vs profile, we
concluded that the aquifer in the study area is mainly between 14
and 20 m and that the depth of the ancient channel is mainly
between 20 and 30 m.

(2) In this study, the Vs was used to calculate the predominant
period and the Vi, of the site. Compared with the traditional
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method, this method is both time and labor saving. In the study
area, the Vg, is basically within 220 m/s and belongs to a class llI
site. The predominant period of the site is between 0.56 and 0.77 s,
so the underground foundation engineering of a construction
project should avoid this predominant period range to prevent
serious damage related to resonance.
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