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-e vibration induced by blasting excavation of the subway tunnel in complex urban environments may cause harmful effects on
adjacent buildings. Investigating the dynamic response of adjacent buildings is a key issue to predict and control blasting hazards.
In this paper, the blasting excavation of the subway tunnel right below a building was selected as a case study, and the blast
vibrations in the field were monitored. -e Hilbert–Huang Transform (HHT) model was used to extract and analyze the time-
frequency characteristic parameters of blasting dynamic response signals. By substituting intrinsic mode functions (IMF)
component frequency and instantaneous energy for main frequency and blasting total input energy, respectively, the charac-
teristics of time-instantaneous frequency-instantaneous energy of buildings under blasting seismic load were analyzed, and the
concept of effective duration of vibration was proposed.

1. Introduction

Subway is a key tool to facilitate new urban areas growth and
renovate the old urban areas. With the further expansion and
encryption of the subway network, the tunnels excavated
under the existing buildings will spring up in complex urban
environments. -e drilling and blasting method, as a cost-
saving and efficient excavation method for hard-rock tunnel,
has been widely used in the excavation of urban metro
tunnels. However, the blasting seismic wave will inevitably
cause dynamic disturbance to adjacent buildings. Once the
construction is not standardized or the vibration control is
insufficient, the blasting seismic wavemay lead to the cracking
or local damage of the building structure. In order to evaluate
and control the blasting dynamic damage of buildings rea-
sonably, the dynamic response characteristics of buildings
under the blasting vibration of the short-distance underneath
tunnel should be evaluated, and potentially dynamic damage
should be minimized.

-e problem-analyzing perspectives mainly include peak
particle vibration velocity (PPV) [1–4], the dominant fre-
quency [5–8], and energy [9], and the safety regulations for

blasting (GB6722-2014) stipulates the safety threshold of
PPV for adobe houses, civil buildings, commercial buildings,
tunnels, etc. Due to the complexity and transient nature of
blasting seismic waves, PPV and the dominant frequency
cannot reflect the variation characteristics of structural
blasting dynamic response in the time domain well and
cannot fully meet the needs of practical engineering.

-e blasting dynamic response of structure can be
considered as the propagation and transformation of
blasting energy, so energy can comprehensively express the
characteristic of building structure and the complexity of
blasting seismic wave. At present, the energy analysis
methods of blasting seismic wave mainly include Fourier
transform and Hilbert–Huang transform (HHT). -e
Fourier transform’s idea is to decompose signal into the
weighted sum of sinusoidal signals, and each sinusoidal
signal corresponds to a fixed frequency and a fixed ampli-
tude. -erefore, it is very effective for a stable signal whose
frequency does not change with time, but not for the
nonstationary signal whose frequency varies with time. For
example, the blasting energy based on Fourier transform is a
total cumulative energy during the duration of blasting
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vibration, which cannot reflect the specific occurrence time
of the maximum energy. -e time variation of signal cannot
be reflected.

HHT is an adaptive signal processing method with
stronger time-frequency properties than Fourier transform
and wavelet transform. It is composed of empirical mode
decomposition (EMD) and Hilbert spectrum analysis
(HSA). As the most important step in HHT, EMD was
proposed by Huang in 1998 [10], which can decompose
complex signal into a series of intrinsic mode functions
(IMF) adaptively according to the characteristics of the given
signal itself. It fundamentally breaks through the limitations
of Fourier transform and establishes the signal analysis
method based on instantaneous frequency for the first time
[11]. For the complex transient wave such as blasting seismic
wave, HHT transform can more clearly and accurately show
the specific distribution of energy at any time and frequency,
and accurately depict the signal characteristics at any time.

HHTmethod is mainly applied to damage monitoring and
modal identification of construction in civil engineering
[12–14]. Until recently, however, HHT and its variants were
gradually introduced into blasting vibration signal analysis, and
the instantaneous energy and the instantaneous frequency of
blasting seismic wave began to be valued [15,16]. Zong et al. [17]
studied the blasting seismic wave signal frequency spectrum
characteristics and energy distribution of coalmine roadway
excavation by the HHTmethod and EMD. Liu et al. [18] an-
alyzed the instantaneous total energy of the four charge
structures of conventional charge, water interval charge at both
ends, water interval charge at the orifice, and water interval
charge at the hole bottom. Li et al. [19] proposed here an
improved HHT method combined with a wavelet packet to
extract the energy spectrum feature of a blast wave. By using
instantaneous energy spectrum, Yuan et al. [20] analyzed the
blasting vibration signals in a lead-zinc mine in south China by
three-dimensional Hilbert spectrum, marginal spectrum, and
instantaneous energy spectrum, and the results indicate that the
blasting frequencies lie mainly within 0∼200Hz, which consists
of more than 90% of the total signal energy. Chen et al. [21]
studied the propagation laws of blasting vibrationwaves inweak
rock tunnels using HHT and found that with a given charge
quantity, as the distance from the explosion source increases,
the spectrumwidth of the blasting vibration frequency becomes
narrower, and the overall energy is more concentrated. Fei [22]
processed blasting vibration signals by the HHT method and
analyzed the propagation law of blasting vibration under the
ancient ruins. Yang et al. [23] explored the propagation at-
tenuation characteristics of blasting during tunnel excavation in
the grade change area of surrounding rock and analyzed the
distribution laws of instantaneous energy in time domain and
frequency domain. Most of the existing blasting energy studies
focus on the analysis of the blasting seismic wave propagation.

-e structural blasting dynamic response is not only
related to the propagation law of blasting seismic wave but
also should consider the working condition and the char-
acteristics of the building itself. Due to diverse architectural
features, such as structure types, building stories, foundation

types, and construction measures, the blasting seismic wave
of the same or similar working conditions used to produce
the different structural dynamic disturbance response
characteristics. -erefore, it is the key to analyze the blasting
dynamic response characteristics of buildings with different
structural types, obtain the variation law of the blasting
dynamic response characteristics, and enrich the blasting
safety regulations. Comparing with other analysis methods,
like Fourier transformation and the wavelet, the HHT not
only extracts the real information of structural dynamic
response in the time domain but also effectively removes
noise frommonitoring signals. However, it is very rare to use
HHT to analyze the instantaneous characteristics of the
structural dynamic response signals [24], and the report of
time-instantaneous frequency-instantaneous energy study
of structural dynamic response under blasting vibration of
underneath tunnel is not available yet.

Based on the monitoring data, HHT is introduced into
the dynamic response characteristic analysis of multi-
storey frame structure under blasting vibration of un-
derneath tunnel, using the dominant instantaneous
frequency and the instantaneous energy to replace the
dominant frequency and the total input energy, respec-
tively, the time-instantaneous frequency-instantaneous
energy variation law of multistorey frame concrete
building under tunnel blasting excavation is analyzed. -e
maximum instantaneous energy in the vibration duration
and the blasting instantaneous energy at the peak vi-
bration velocity are compared. -e curves of horizontal
radial, horizontal tangential, and vertical instantaneous
energy along the direction of floor height are obtained,
respectively. -e frequency components and energy
contribution percentages of the structural response sig-
nals are studied with time. -e concept of effective vi-
bration time length is put forward.-e concept of effective
vibration time length, that is, the duration when the in-
stantaneous energy exceeds a certain limit energy control
value in a single blasting, is put forward, which can de-
scribe the characteristic law of vibration energy more
directly and reliably than the relative duration.

-e innovations andmain contributions of this paper are
described as follows:

HHT is successfully introduced into the analysis of
blasting vibration response characteristics of building
structures. -e effectiveness and superiority of HHT is
verified by the analysis and comparison of conventional
vibration parameters and instantaneous parameters.
Substituting the IMF component frequency and in-
stantaneous energy for main frequency and total input
energy, respectively, the variation law and character-
istics of time-instantaneous frequency-instantaneous
energy is analyzed. -e variation of the main frequency
components of the structural response signal and its
energy contribution percentage with time is given,
which is of great practical values to guide the blasting
operations.
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-e concept of effective duration of vibration is pro-
posed, which can be defined as the duration when the
instantaneous energy exceeds a certain energy control
value in a single blasting, and is of great theoretical
values to enrich the current blasting safety regulations
and the methods evaluating the safety of structures.

2. Overview of Undercrossing
Tunnel Engineering

-e undercrossing tunnel is located between Zhifang Road
Station to Qinglongshan Ditiexiaozhen Station of the
Wuhan Metro Line 8. -e total length of the tunnel is
1274.11m. -is is a single-hole-double-track tunnel with a
horseshoe cross section and a size of 11.8m× 9.6m
(span× height). In this project, the tunnel roof is buried at a
depth of 15m. As the tunnel is embedded in rock of high
grade, the drilling and blasting method is adopted. -e
distribution of the underlying stratum is shown in
Figure 1(b).-ere are 3.5m thick plain fill, followed by 8.5m
thick of clay and then moderately weathered limestone from
top to bottom.

Right above the tunnel, there is a newly constructed
building, which consists of a basement and two above
ground levels. As illustrated in Figure 1(a), the tunnel is
parallel to the long axis of building.

-e building is a kindergarten teaching building. -e
foundation of the building is pile foundation, and there is a
basement, which makes the soil-structure dynamic inter-
action more obvious and results in stronger dynamic
response.

-e hard-rock tunnel is constructed by center dia-
phragm (CD) excavation method using 2# rock emulsion
explosive with the cyclical footage of about 1.5m. According
to the design requirements, a shallow hole millisecond
blasting method should be used for the construction of the
tunnel, and multiperiod nonelectric millisecond detonators
control the explosions.

According to the requirements of the project site, the
PPV of the ground surface node should not exceed 2 cm·s−1.
-e maximum charge for the same section is 24.57 kg. -e
single-period charge placed within each cut hole, relief hole,
and perimeter hole are 0.8 kg, 0.4 kg, and 0.2 kg, respectively.
Wedge-shaped cutting is adopted for tunnel excavation. -e
design depth of the wedge cut eye and the central straight eye
is 2.2m. -e diameters of the holes are all 42mm and the
distance between the cut holes, relief holes, and perimeter
holes are 350mm, 400mm, and 300mm, respectively.

3. Blasting Dynamic Response Monitoring Test
and Analysis

-e TC-4850 blasting vibration recorder system was used to
carry out field monitoring of the blasting vibration response
signal of building. -e monitoring system consists of a vi-
bration sensor and a vibration recorder. -e time-history
curve of particle vibration at the monitoring point can be
obtained, from which PPV can be extracted, namely, the
maximum absolute value of the velocity of particle vibration

around the equilibrium position when disturbed by blasting
earthquake, as well as the frequency of main vibration,
namely, the frequency with the maximum amplitude in the
vibration response.

During the test, the blasting vibration test was carried
out when the tunnel face was consistent with the short axis of
the building. Blasting vibration meters were placed at the
outer wall corner, and all measuring points were placed
along the height direction. A0, A1, and A2 are vibration
measuring points, as shown in Figure 1(b).

-e sensor directions were arranged as X direction along
the long axis of the building, that is, consistent with the
direction of the tunnel, Y direction along the short axis of the
building and tangent to the direction of the tunnel, and Z
direction was vertical direction.

3.1. Blasting Vibration Characteristics. 12 sets of blasting
vibration monitoring data of three measuring points in the
building under four times blasting were recorded during the
process of excavation blasting of tunnel. -e PPV and
maximum main frequency recorded for each data set are
shown in Table 1. Among them, blasting no. 1 and blasting
no. 3 refer to the blasting excavation of the lower bench,
while blasting no. 2 and no. 4 refer to the blasting excavation
of the upper bench.

Figure 2 shows the variation law of the PPV in the X
direction, in the Y direction, and in the Z direction with
different heights in the same blasting. -e peak response
velocity in the X direction VX and in the Y direction VY
increases first and then decreases with the increase of floors,
which is contrary to the response results of three-story
ground buildings without basement in existing studies [25].

-e vertical peak velocity VZ is consistent with the
measured results of the response of three-story ground
buildings without basement in existing studies [25], showing
a trend of decreasing first and then increasing. It can be seen
that the basement could make the blasting seismic dynamic
response different from that of nonbasement buildings.

Figure 3 shows the variation of theVZ toVX ratio and the
VZ to VY ratio in the same blasting with the floor. -e higher
the ratio is, the more obvious the vibration response of the
building is in the vertical direction. Different from natural
earthquakes, the VZ to VX ratio and the VZ to VY ratio are
basically greater than 1 under the blasting vibration of tunnel
excavation, that is, the vertical PPV is always higher than the
horizontal radial and horizontal tangential PPV. In general,
the long-axis stiffness of the building is greater than the
short-axis stiffness, so the natural vibration frequency
building in the vertical direction is closer to the main vi-
bration frequency of the blasting seismic wave.

Figures 3(a) and 3(b) show the ratios of vertical and
horizontal PPV decrease from basement to the first floor and
increase from the first floor to the second floor. At the 1st
floor which has the same elevation with the ground surface,
the difference between the vertical and horizontal structural
response velocities is the smallest, and the difference be-
tween the vertical and horizontal PPV increases with the
distance from the ground surface.
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-e frequencies of the three main vibration directions of
the structure can reflect the dynamic response of building.
As shown in Figure 4, the vibration frequency range of the
structure response is between 11Hz and 44Hz subject to the
blasting vibration of the underpass tunnel, and the dominant
frequency of the speed signal is vertical> horizontal. Under
the same blasting, the bandwidths of the dominant fre-
quency band of the velocity response signal in the three
directions have the trend that: the first floor< 2nd floor-
< basement. As the floors increase, the main frequencies in
the X direction and Y direction gradually attenuate and tend
to the natural frequency of the structure, while the main
frequency of vertical signal increases with increasing height.

3.2. Instantaneous Characteristics of Blasting Vibration.
Introducing the HHT analysis method to the analysis of
structural dynamic response, the complicated blasting vi-
bration is turned into the combined action of multiple IMF
components. Substituting the IMF component frequency
and instantaneous energy for main frequency and total input
energy, respectively, the variation law and characteristics of

time-instantaneous frequency-instantaneous energy is an-
alyzed [26, 27].

Taking the vertical response signals of blasting vibration
of the measuring point A0 in the basement of blasting no. 1
as an example, the variation of its vertical instantaneous
frequency, instantaneous amplitude, and instantaneous
energy characteristics are analyzed.

-e vertical velocity time-history curve is shown in
Figure 5(a), and the Fourier frequency spectrum is shown in
Figure 5(b). -e instantaneous energy and instantaneous
frequency time-history curve can be obtained through HHT
transformation of the data, as shown in Figures 5(c) and
5(d), respectively.

Figure 5 shows that the dominant frequency of the
vertical vibration signal is 18.265Hz. For the vertical blasting
vibration signal, the vertical real-time frequency varies
dramatically during the vibration duration, and the in-
stantaneous frequency at the moment of maximum velocity
is not consistent with that at the moment of maximum
instantaneous energy. Furthermore, the peak time of vi-
bration velocity is not consistent with that of instantaneous
energy peak.

Tunnel

3.0 m

8.5 m

3.5 m

9.6 m

Fill stratum

Clay stratum

Limestone

Building structure

Ground surface 

(a)

A0

A1

A2

(b)

Figure 1: Positional relationship of the tunnel and building and layout of the monitoring points. (a) Profile graph. (b) 3D graph.

Table 1: Vibration monitoring points PPV and maximum main frequency statistics.

Blasting number Vibration measuring point number
PPV V/(cm·s−1) Maximummain frequency f/(Hz)

VX VY VZ fX fY fZ
No. 1 A0 0.44 0.63 0.589 18.141 20.779 18.265
No. 1 A1 0.693 0.794 0.574 23.19 20.25 27.3
No. 1 A2 0.572 0.652 0.702 21.68 16.33 30.2
No. 2 A0 0.70 1.872 3.79 24.54 27.304 44.944
No. 2 A1 1.592 2.812 3.341 23.6 26.94 36.7
No. 2 A2 1.187 3.138 5.323 16.495 22.92 34.48
No. 3 A0 1.104 2.14 4.14 38.095 24.096 11.065
No. 3 A1 0.99 2.10 3.65 34.19 21.11 27.68
No. 3 A2 0.605 2.29 5.96 18.78 21.56 33.06
No. 4 A0 0.44 0.69 1.58 38.84 20.31 24.77
No. 4 A1 0.50 0.70 1.185 33.33 23.39 26.23
No. 4 A2 0.35 0.71 1.788 23.6 23.53 29.52
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Figure 2: PPV curves with different heights. (a) PPV in the X direction. (b) PPV in the Y direction. (c) PPV in the Z direction.
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Figure 3: PPV ratio curves with different heights. (a) -e VZ to VX ratio. (b) -e VZ to VY ratio.
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Figure 4: Main frequency curves with different heights. (a) fX-max. (b) fY-max. (c) fZ-max.
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During the vibration process, the particle vibration
velocity has two similar peak values, and the instantaneous
energy has one peak value. Take the occurrence time of the
maximum vibration velocity, the maximum instantaneous
energy and the secondary vibration velocity, respectively, as
the critical moment T1� 0.1442 s, T2� 0.1573 s, and
T3� 0.1633 s.

-e instantaneous energy at the three critical moments is
shown in Figure 6. It can be seen that the energy at time T2 is
44.52% higher than that at time T1.

By EMD decomposition of vertical vibration velocity
signals, 13 IMF components can be obtained. -e corre-
sponding instantaneous frequencies and instantaneous
amplitudes of the 13 IMF components can be obtained by
HHT. -e instantaneous frequencies and instantaneous
amplitudes at the three critical moments are extracted in
Table 2.

As White noise and signal drift, IMF1 and IMF13, have
extremely small energy, they are ignored and not included in
statistics.

IMF component instantaneous frequency at the three
critical moments is shown in Figure 7. According to the
analysis and results in Figure 5, the dominant frequency of
the vertical vibration signal is 18.265Hz. Vertical blasting
vibration response signals have a rich frequency spectrum,
most of which are distributed within 90Hz, and the dom-
inant frequency spectrum of the signals is within
13.57Hz∼20.71Hz. -e IMF components (IMF4 and IMF5)
of the intermediate frequency have entered the dominant
frequency range of the vertical vibration and are decreasing
continuously, which is close to the main frequency
18.265Hz. -e low-frequency IMF components
(IMF6∼IMF12) enter the range of the structure’s natural
vibration frequencies (2Hz∼10Hz). In this region, the in-
stantaneous frequencies of the three critical moments vary
slightly around the IMF dominant frequency.

Power spectral density (PSD) defines how to distribute
the power of a signal or time series with frequency. -e

maximum value of PSD is usually used to represent the
important feature information of frequency extracted [28].
According to PSD value of the vertical velocity response
signals, its relative advantage in the vertical main frequency
band can be shown in Figure 8. Among these IMF com-
ponents, IMF5 (20Hz, PSD� 275.5), IMF8 (7Hz,
PSD� 116.88), and IMF4 (58Hz, PSD� 80.43) contribute to
the vertical dominant frequency significantly.

IMF5, which is closest to the vibration dominant fre-
quency, contributes the most to the dominant frequency.
-e low frequency IMF8 in the natural frequency range of
the component dominant frequency structure has the sec-
ond contribution. -e contribution of intermediate fre-
quency IMF4 cannot be ignored. Especially for the
intermediate frequency IMF4, its instantaneous frequency is
much higher than the IMF dominant frequency at the three
critical moments. In velocity analysis and energy analysis,
the dominant frequency of IMF4 cannot replace the in-
stantaneous frequency.

Based on the instantaneous energy spectrum of HHT,
the instantaneous energy of each IMF component at three
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Figure 5: Vertical response signals of the measuring point A0 of blasting no. 1. (a) -e vertical velocity time-history curve. (b) -e Fourier
frequency spectrum. (c) -e instantaneous energy. (d) -e instantaneous frequency.
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Table 2: -e instantaneous frequency of the IMF component at three critical moments.

IMF Main frequency of IMF (Hz)
Instantaneous frequency (Hz) Instantaneous amplitudes
T1 T2 T3 T1 T2 T3

2 849 700 1007 2891 0.001 0.0018 0.0011
3 131 122.77 348 906.6 0.0829 0.0009 0.0009
4 58 137.32 76.76 92 0.0227 0.1382 0.1064
5 20 16.55 22.50 23.75 0.5463 0.6408 0.5639
6 16 17.447 20.55 22.43 0.0211 0.0393 0.0489
7 15 16.77 20.5 23.82 0.0071 0.0045 0.0038
8 7 6.09 5.74 5.52 0.0369 0.0436 0.0464
9 16 2.24 1.81 0.75 0.0019 0.00213 0.0021
10 7 2.79 3.32 3.64 0.0982 0.0108 0.0113
11 4 3.32 3.34 3.41 0.0052 0.0051 0.0051
12 3 2.33 2.29 2.32 0.0059 0.0059 0.0059
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Figure 7: IMF component instantaneous frequency at the three critical moments. (a) Instantaneous frequency. (b) Intermediate in-
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critical moments and its percentage in the total vertical
instantaneous energy can be obtained. As shown in Figure 9,
the contributions of IMF components to instantaneous
energy are inconsistent with the contributions to vertical
vibration main frequency at the three critical time points.

-e IMF5 has the most obvious effect on the vertical
vibration dominant frequency and the maximum instan-
taneous energy. -e main frequency of IMF5 (20Hz) is the
closest one to the vibration dominant frequency (18.265Hz).
-e IMF component with the second largest energy con-
tribution to the instantaneous energy is not fixed. -e
second largest energy contribution to T1, T2, and T3 is
IMF9, IMF6, and IMF8, respectively. -e frequency band
spans the low frequency and the middle frequency, and the
frequency values differ greatly.

3.3. Instantaneous Energy Varies with Different Heights.
As mentioned above, the HHT analysis method is used to
process 36 sets of data under four blasting, and the vari-
ation curves of peak instantaneous energy caused by

vibration in X, Y, and Z direction along the height are
obtained.

As shown in Figure 10, the instantaneous energy curves
of X direction and Y direction basically show a trend of
increasing first and then decreasing, and the maximum
energy appears on the first floor. -e instantaneous energy
curves in the Z direction are the polar opposite of X and Y
direction, that is, the minimum vertical energy occurs on the
first floor.

-e vibration duration in blasting engineering includes
two concepts: single blasting vibration duration and total
blasting vibration duration. -e duration of single blasting
vibration is the duration from the beginning of particle
vibration to the complete stop, and the total duration of
blasting vibration is the sum of the duration of each blasting
vibration.

When blasting seismic wave propagates in a given
structure, its input energy constantly transforms between
system kinetic energy, system damping energy dissipation,
and system deformation energy with the change of time.
-at is, the maximum instantaneous input energy corre-
sponds to the maximum strain and maximum displacement
of the structure.

-erefore, in this paper, consider the maximum in-
stantaneous energy as signs of the first dynamic damage
under blasting seismic wave and define the tm-e-z as relative
occurrence time of maximum instantaneous energy (Ei-max).
-e tm-e-z curves of change with the floor are shown in
Figure 11.

As can be seen from Figure 11, the occurrence time of the
maximum instantaneous energy of each floor varies greatly,
and it can appear at 5.7% of the total vibration duration at
the earliest and 97% of the total vibration duration at the
latest.

-e influence of vibration duration on building vibration
response is mainly in the nonlinear response stage rather
than the elastic stage. -e impact of vibration duration is
mainly manifested in two aspects that are the reduction of
elastic limit so that the material can easily enter the plastic
state and increase the cumulative damage plastic
deformation.
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Figure 10: Maximum instantaneous energy curves with different heights. (a) In the X direction. (b) In the Y direction. (c) In the Z direction.
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-erefore, the duration when the instantaneous energy
exceeds a certain energy control value in a single blasting can
be defined as the effective duration of vibration in this paper
(see Figure 12). Compared with the relative vibration du-
ration, which means the time from the beginning of particle
vibration to the time when the amplitude of vibration wave
attenuates to 1/3 of its maximum value in actual engineering
(see Figure 13). In the dynamic response analysis of the
structure, the effective duration of vibration can be more
accurate and scientific than the relative duration of vibra-
tion. Especially in the study of dynamic response based on
instantaneous energy or maximum impulse the effective
duration of vibration can describe the characteristic law of
vibration energy more objectively and directly than the
vibration duration.

4. Conclusions

In this paper, a building adjacent to the excavation blasting
of underpass tunnel is taken as a case study. Substituting the
IMF component frequency and instantaneous energy for
main frequency and total input energy, respectively, the
variation law and characteristics of time-instantaneous
frequency-instantaneous energy is analyzed. -e main
conclusions are as follows:

(1) Under the blasting vibration induced by under-
crossing tunnel excavation, VX and VY increases first
and then decreases with the increase of the floor. VZ
is firstly decreased and then increased, and VZ is
always higher than VX and VY. At the 1st floor which
has the same elevation with the ground surface, the
difference between the vertical and horizontal
structural response velocities is the smallest.

(2) -e horizontal radial and horizontal tangential in-
stantaneous energy increase firstly and then decrease
with the increase of floor under blasting vibration,
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whereas the vertical instantaneous energy variation
has the contrary feature.

(3) -e instant of maximal peak value of instantaneous
energy does not accord with the peak vibration
velocity. -e frequency and energy contribution of
structural response signal change with time and
differ considerably from main vibration frequency.
-erefore, the main vibration frequency derived
from PSD frequency spectrums cannot precisely
represent the structural dynamic response under
blasting seismic wave.

(4) Effective duration of vibration is defined as the
duration when the instantaneous energy exceeds a
certain energy control value in a single blasting,
which could describe the instantaneous energy or
maximum impulse more accurately and effectively in
the structure dynamic response analysis under
blasting vibration.

Effective duration of vibration is related to the control
value of this instantaneous input blasting energy, which is
related to the characteristics of the building structure. Due to
the diversity of structure, how to effectively link the various
parameters of the building structure with the control value of
instantaneous input blasting energy is our next work.
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