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Te blasting vibration has an impact on the rock and soil around the blasting hole and the nearby structures. Te vibration-
isolating slot is one of the methods to reduce the damage of blasting vibration. In this paper, the infuences of the depth and
position of the vibration isolation slot on the PPV (peak particle velocity) attenuation characteristics of the ground vibration and
blasting vibration damping efect of the vibration isolation slot at diferent measuring points are studied systematically by LS-
DYNA numerical models. Te results show that the damping efect of the vibration isolation slot is realized by refecting the
blasting vibration wave and increasing the propagation paths of the blasting vibration wave. When the measuring points are
5m∼45m far away from the vibration-isolating slot, the average vibration damping efect of the vibration-isolating slot is more
than 30% and the deeper the depth of the vibration isolation slot, the better the vibration damping efect when the measuring
points are 5m∼15m far away from the vibration isolation slot. However, when the measuring points are 15m∼45m far away from
the vibration isolation slot, the vibration damping efect is best when the depth of the vibration isolation slot is 15m.Te vibration
damping efect of blasting vibration at the same measuring point is diferent due to diferent positions of vibration isolation slot.
For the measuring points M3 and M5, with the increasing of the distance between the vibration-isolating slot and the explosion
source, the vibration damping efect of the vibration-isolating slot shows an increasing-decreasing-increasing trend; however, it
shows a decreasing-increasing-decreasing trend for the measuring point M4.

1. Introduction

Engineering blasting technology is widely used in various
felds such as mining, tunnel boring, road rift excavation,
and building demolition due to its advantages of high ef-
fciency, economy, and ease of operation [1–5]. Explosive
explosion in rock mass will generate huge energy, which will
not only cause rock breaking but also cause damage to
adjacent structures due to the negative efects of blasting
vibration, such as building cracking, coal mine roadway rock
burst, and surrounding rock block sliding [6–11]. For ex-
ample, building cracking damage that occurred in Çata-
kköprü and Susuz villages in Silvan district of Diyarbakır,
Turkey [10], and the coal mine rock burst damage that

occurred in Hegang mining area, China [11], are all related
to rock blasting. How to control the blasting vibration has
become one of the focus problems in blasting construction.

Trough the study of the propagation characteristics of
blasting vibration wave, the engineering community has
taken many vibration reduction measures to control the
damage caused by blasting vibration. Because of the good
damping efect and the convenience and economy of con-
struction, the vibration-isolating slot has been widely used in
blasting construction. At present, many scholars have
studied the damping mechanism and damping efect of the
vibration-isolating slot. In the research of damping mech-
anism, Schoneberg [12] studied the interaction between the
linear sliding medium surface and the stress wave and found
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that the stress wave would be refected and difracted when
passing through the precrack surface. Song et al. [13, 14] and
Luo et al. [15] investigated the wave propagation charac-
teristics and dynamic failure characteristics of jointed rock
mass. Tey obtained that rock joints hinder wave propa-
gation and are more likely to cause rock failure. Haupt
[16, 17] carried out a variety of model experiments with
vibration isolation efect on the ground, including open
ditches and underground concrete walls, and pointed out
that the scattering efect is only related to the cross-sectional
area of the vibration isolation barrier, not its actual shape.
Trough numerical simulation of bench blasting, Yu et al.
[18] concluded that the vibration-isolating slot weakens the
body wave by concentrating the energy of the body wave
frst. Lu et al. [19] studied the interaction between explosive
stress wave and precrack with the interface model described
by joint stifness. Trough model calculation and analysis, it
is concluded that the precrack has high-frequency fltering
efect on the incident explosion stress wave, and the precrack
should be ensured to have sufcient width to prevent it from
closing under the action of the incident explosion stress
wave. Hu et al. [20] showed the propagation path of blasting
stress wave in the precrack by numerical simulation and
described the infuence of boundary surface on the propa-
gation of blasting stress wave by generating von Mises stress
cloud. In the research of damping efect, Woods [21] per-
formed a series of scaled feld experiments on vibration
isolation by installing open trenches very close to the wave
source (known as active isolation) as well as near the ma-
chine or structure to be protected (known as passive iso-
lation). In the study, the ratio of the amplitude of the
vibration in the isolation area to the amplitude of the vi-
bration in the isolation area without the isolation trench is
used as an index to evaluate its vibration reduction function.
Çelebi et al. [22] explored the vibration reduction efect of
the empty trench and the flled trench through the harmonic
load generated by the electric vibrator and concluded that
the vibration reduction efect of the empty trench is better
than that of the flled trench. However, due to its own in-
stability, the depth of the empty ditch is greatly limited. Te
flling materials of the flling ditch include water, mottled
clay, and concrete. Trough comparison, it is found that the
softer the flling material, the better the vibration reduction
efect, and the passive vibration isolation is better than the
active vibration isolation. By numerical simulations, Berzal
[23] found that if two damping ditches are set in the blasting
area, the damping rate is higher than that of only one
damping ditch. Tang et al. [24] simulated the propagation
characteristics of blasting vibration wave in concave land-
form based on UDEC (Universal Distinct Element Code)
program and concluded that concave landform has obvious
attenuation efect on blasting vibration wave, and the at-
tenuation amplitude of horizontal vibration velocity is
greater than that of vertical vibration velocity. At the same
time, the attenuation coefcient increases with the increase
of the depth and width of the concave landform, but the
amplitude with the increase of the width is small. Prakash
et al. [25] conducted experiments on the impact of slot depth
on the vibration-isolating rate. Te ratio of slot depth and

pore depth was 0.3, 1.0, and 1.125, and the vibration-iso-
lating rate was 16.6–55%. Venkatesh [26] studied the peak
vibration velocity of the particles on both sides of the slot
when the depth of the vibration-isolating slot was more than
the hole depth and obtained the vibration-isolating rate
between 11 and 18.5%.

Te above research studies are of great signifcance to the
safety control of adjacent structures under blasting vibra-
tion. However, the infuence of the depth and position of the
vibration isolation slot on the damping efect of blasting
vibration is not studied systematically. For example, what is
the attenuation degree of ground vibration at diferent
distances from the vibration isolation slot ? With the con-
tinuous construction of infrastructure, there are more and
more blasting construction projects in cities and vibration
isolation slots are often set to ensure the safety of multiple
structures. However, the distance between these structures
and the explosion source may be diferent, and their blasting
vibration sensitivity may also be diferent. Terefore, it is
also necessary to specifcally analyze the damping efect of
the vibration isolation slot on the measuring points at
diferent positions from the explosion source. In this paper,
the infuences of the depth and position of the vibration
isolation slot on the attenuation characteristics of the ground
vibration at diferent measuring points are studied sys-
tematically by LS-DYNA numerical simulations.

2. Computational Models

2.1. Computational Analysis Models. In order to systemat-
ically study the infuences of the depth and position of the
vibration isolation slot on the attenuation characteristics of
the ground vibration at diferent measuring points, a series
of LS-DYNA models are established, as shown in Figure 1.
Te whole size of the models is 50m× 100m.Te location of
the explosion source is fxed, and the distances between the
measuring points (M1, M2, M3, M4, and M5) and the ex-
plosion source are also fxed. Generally, the propagation and
attenuation of blasting vibration in the range of tens of
meters is fast, so the distance between the measuring point
and the vibration-isolating slot studied in this paper is
5m∼45m. Te charge diameter and the height of all the
models are the same and are 150mm× 1m. Te diameter
and the height of the blast hole are 150mm× 6m, which are
fxed. Te charge quantity and charge form of each blasting
are consistent.Te widths of the vibration isolation slot of all
models are uniform, 0.5m. Figure 1(a) shows the com-
parative reference model without vibration-isolating slot.
Figure 1(b) shows the analysis models with various vibra-
tion-isolating slot depths. Te depths H of these models are
5m, 10m, 15m, and 20m. Te horizontal distance distance
L between the blasting source and the vibration-isolating slot
is fxed as 5m. Figure 1(c) shows the analysis models with
various vibration-isolating slot positions. Te horizontal
distance L between the blasting source and the vibration-
isolating slot of these models is 5m, 10m, 15m, and 20m.
Te depth of the vibration-isolating slot is fxed as 10m.

Te element size of the fnite element model is 0.25m.
Te translation and rotational degrees of freedom of the
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nodes at the bottom of the model are constrained; the
nonrefective boundary efect is considered. Except for the
top free surface of the model, all nodes on the outer
boundary of the model are set with a non refective
boundary. Te unit system used in this paper is m-kg-s.

2.2. Constitutive Models of Materials

2.2.1. Constitutive Model of TNT Explosive. TNT (trini-
trotoluene) explosive is generally used for surface founda-
tion blasting excavation [27]. Te TNT explosive can be
simulated by the equation of state (EOS) in LS-DYNA [28].
Te EOS of the JWL (Jones–Wilkins–Lee) has been widely
used to simulate the relationship between pressure and
specifc volume in the explosion process [27, 28]. Te JWL
equation is written as

P � A 1 −
ω

R1V
 e

− R1V
+ B 1 −

ω
R2V

 e
− R2V

+
ωE

V
, (1)

where A, B, R1, R2, and ω are material constants for TNT
explosive, A and B represent the magnitudes of pressure, ρ is
the density of the explosive, and E is the specifc internal
energy at atmospheric pressure. Referring to the research
studies conducted by Zhang et al. [27] and Tiwari et al. [28],
the physical and mechanical parameters of the TNT ex-
plosive in the simulation are listed in Table 1.

2.2.2. Constitutive Model of Air. Te air model is usually
described by keyword ∗MAT_NULL combined with multi-
linear equation of state ∗EOS_LINEAR_POLYNOMIAL in
this study [20]:

P � C0 + C1μ + C2μ
2

+ C3μ
2

  + C4 + C5μ + C6μ
2

  · e. (2)

For the convenience of calculation, air is regarded as
an ideal gas, in which the parameters are as follows [23]:
C0 �C1 �C2 �C3 �C6 � 0 and C4 �C5 � 0.4. For air, the
parameters of the null material model are as follows:
density ρ� 1.2 kg/m3 and dynamic viscosity coefcient u

� 0.001.

2.2.3. Constitutive Model of Rock Mass. In this paper, the
rock is simulated by means of the Drucker–Prager model,
which is usually used for simulations of rock masses in LS-
DYNA [27, 28]. Te yield criteria of the Drucker–Prager
model are given by
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Figure 1: Computational analysis models. (a) Comparative reference model without vibration-isolating slot. (b) Analysis models with
various vibration-isolating slot depths. (c) Analysis models with various vibration-isolating slot positions.

Table 1: Parameters of the TNTexplosive material model [27, 28].

ρ
(kg/m3)

Detonation velocity
(m/s)

A
(GPa)

B
(GPa) R1 R2 ω

1630 6930 373.8 3.747 4.15 0.9 0.35
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Sij represents the deviatoric stress tensor, p′ represents the
mean stress� (σ1′ + σ2′ + σ3′)/3, K is a scalar parameter that
determines the shape of the yield surface and maintains the
convexity of the yield surface in the deviatoric (π) plane, and
r is the third invariant of the deviatoric stress tensor. Te
parameter β is related to the angle of internal friction φ at the
stage of no dilatancy (the critical state of sand) using a
correlation given by
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√
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������������
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 . (4)

d is the hardening parameter related to cohesion, and c is
through a correlation given by

d

c
�

�
3

√
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 . (5)

In this paper, the slightly to moderately quartzite rock
mass is used for built models, and the properties of quartzite
rock mass are given in Table 2 [28].

3. Analysis of Computational Results

3.1. Ground Vibration of Blasting without Vibration-Isolating
Slot. Figure 2 shows the resultant velocity
(V �

�������������
(V2

x + V2
y + V2

z)


) cloud atlas of blasting vibration
propagation in rock mass without the vibration-isolating
slot. It can be seen from the fgures that the explosive difuses
outward in the form of spherical wave after blasting in the
blast hole. When the blasting vibration wave reaches the
ground surface, the refection of the blasting vibration wave
will occur, and the refected wave will be superposed with the
incident wave. Tis implies that the ground vibration is the
common response of complex blasting vibration wave
superposition.

Figure 3 shows the resultant velocity time histories and
PPV of ground vibration of blasting without the vibration-
isolating slot. As can be seen from Figure 3(a), the farther the
measuring point from the blast source, the smaller the peak
of the blasting vibration resultant velocity (PPV). Currently,
the empirical model of the following form [29] is widely used
to predict blast vibration PPV:

PPV � k · SD− β

� k ·
R

Q1/3 

− β

,

(6)

where k and β are the site coefcient and attenuation co-
efcient; R is the space distance between themeasuring point
and the explosion source; and Q is the explosive quantity.
From Figure 3(b), it can be seen that the empirical equation

(6) can efectively predict the blast vibration PPV when the
blasting is without the efect of vibration-isolating slot.

3.2. Infuence of Vibration-Isolating Slot Depths and Positions
on Ground Vibration. Here, we take the computational
model with vibration isolation slot with a depth of 5m and a
distance of 5m from the explosion source as an example to
explore the damping mechanism of the vibration-isolating
slot. As shown in Figure 4(a), when the blasting vibration
wave does not encounter the vibration isolation slot, the
blasting vibration wave still difuses outward in the form of
spherical wave. At this time, the characteristics of blasting
vibration are consistent with the computational model
without vibration isolation slot (as shown in Figure 2(a)).
When the blasting vibration wave meets the vibration-iso-
lating slot, the blasting vibration wave will be refected and
difracted, as shown in Figures 4(b)–4(d). From these fg-
ures, it can be seen that the superposition of blasting vi-
bration waves generated on the side of the isolation slot
towards blasting source will produce greater amplitude; on
the side far away from the blasting source, the amplitude of
blasting vibration wave is blocked by the isolation slot, and
the amplitude is relatively small. At this time, part of the
energy of blasting vibration wave is refected back by the
vibration isolation slot, and the other part is difracted from
the bottom of the vibration isolation slot to the rock behind,
which will greatly weaken the energy of the blasting vi-
bration. Terefore, the damping efect of the vibration
isolation slot is realized by refecting the blasting vibration
wave and increasing the propagation paths of the blasting
vibration wave.

Figure 5 shows the resultant velocity time histories and
PPV of ground vibration of blasting with a vibration-iso-
lating slot with a depth of 5m and a distance of 5m from the
explosion source. Comparing Figures 5(a) and 3(a), it can be
seen that due to the efect of the blasting vibration isolation
slot, the blasting vibration resultant velocity of the rock mass
behind the vibration isolation slot has been greatly atten-
uated. In addition, the vibration velocity of the measuring
point M1 is not the largest, mainly because the measuring
point M1 is close to the vibration isolation slot, and the
difraction and scattering of the blasting vibration wave
during the propagation to the measuring point M1 increase,
which dissipates large energy.

Table 2: Properties of quartzite rock mass [28].

Parameters Values
Specifc gravity (G) 2.65
Density (ρ) (kg/m3) 2550
Elastic modulus (E) (GPa) 28
Poisson’s ratio (]) 0.25
Angle of internal friction (φ) 45°
In situ stress ratio (K0) 0.5
Dilation angle (ψ) 5°
Cohesion (c) (MPa) 2.3
σc (MPa) 40
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Figure 2: Propagation characteristics of vibration resultant velocity without vibration-isolating slot. (a) Time� 1ms. (b) Time� 3ms.
(c) Time� 5ms. (d) Time� 8ms.
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Figure 3: Resultant velocity time histories and PPV of ground vibration induced by blasting without vibration-isolating slot. (a) Resultant
velocity time histories. (b) PPV.
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Figure 4: Continued.
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It can be seen from Figure 5(b) that due to the infuence
of the vibration isolation slot, the blasting vibration PPV
does not completely decrease with the increase of the dis-
tance from blasting source. Te PPV of blasting vibration
tends to increase frst at the position near to the vibration
isolation slot. In addition, the empirical equation (6) is less
efective in predicting the PPV of blast vibration when the
propagation of the blasting vibration propagates through a
vibration isolation slot.

In summary, the vibration isolation slot has an im-
portant infuence on the attenuation of blast vibration wave
propagation. Next, we analyze the efect of diferent depths
and locations of vibration isolation slots on the damping
efect of blasting at diferent test locations. In this study, the
ratio of the amplitude (As) of the vibration in the measuring
points behind the vibration isolation slot to the amplitude
(A) of the vibration in the measuring points in the same
position without the vibration isolation slot is used as an
index to evaluate its vibration reduction function:

ζ � 1 −
As
A

, (7)

where ζ is the attenuation coefcient of blasting vibration
wave.

3.2.1. Infuence of Vibration-Isolating Slot Depths.
Figure 6 shows the PPV onmeasuring points of blasting with
a vibration-isolating slot with diferent depths. It can be seen
from the fgure that the attenuation of blasting vibration
wave behind the vibration-isolating slot increases frst and
then decreases, mainly because the closer to the vibration-
isolating slot, the more obvious the difraction and scattering
phenomenon. When the measuring point is close to the
vibration-isolating slot, e.g., within the range of 5m∼15m,
the blasting vibration PPV tends to decrease gradually with
the increase of the depth of the vibration-isolating slot.
However, when the distance between the measuring point
and the vibration-isolating slot is more than 15m, the
blasting vibration PPV increases frst and then decreases
with the increase of the depth of the vibration-isolating slot.
Te main reason is that the blasting vibration wave will be
refected on the ground surface, and the superposition of
refected wave and incident wave is diferent.

Figure 7 shows attenuation coefcient of blasting vi-
bration wave of blasting with a vibration-isolating slot with
diferent depths. It can be seen from the fgure that the
vibration-isolating slot has good vibration damping efect.
Within the range of 5m∼45m between the measuring point
and the vibration-isolating slot, the average vibration
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Figure 4: Propagation characteristics of vibration resultant velocity with a vibration-isolating slot. (a) Time� 1ms. (b) Time� 3ms.
(c) Time� 5ms. (d) Time� 8ms.
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damping efect of the vibration-isolating slot is more than
30%. Generally, the vibration damping efect of the vibra-
tion-isolating slot is better for the measuring points closer to
the vibration-isolating slot. With the increase of the depth of
the vibration-isolating slot, the vibration damping efect
gradually increases within the range of 5m∼15m between
the measuring points and the vibration-isolating slot.
However, when the distance between the measuring points
and the vibration isolation slot is relatively larger, the

increase of the depth of the vibration isolation slot does not
necessarily lead to the attenuation of the blasting vibration
PPV. Within the range of 5m∼15m from the measuring
points to the vibration isolation slot, the deeper the depth of
the vibration isolation slot, the better the vibration damping
efect. Within the range of 15m∼45m from the measuring
point to the vibration isolation slot, the vibration damping
efect is best when the depth of the vibration isolation slot is
15m.
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Figure 5: Resultant velocity time histories and PPV of ground vibration induced by blasting with a vibration-isolating slot. (a) Resultant
velocity time histories. (b) PPV.
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3.2.2. Infuence of Vibration-Isolating Slot Positions.
Since the measuring pointsM1 andM2 are located in front of
the vibration-isolating slot when the distance between the
vibration-isolating slot and the explosion source is 20m, the
PPV characteristics of the blasting vibration of the mea-
suring pointsM1 andM2 and the vibration damping efect of
the vibration-isolating slot for the measuring pointsM1 and
M2 will not be discussed in this section. Figure 8 shows the
PPV on measuring points of blasting with a vibration-iso-
lating slot with diferent positions. It can be seen from the
fgure that the blasting vibration PPV characteristics at the
same measuring point are diferent with diferent positions
of vibration-isolating slot. For the measuring pointsM3 and
M5, with the increase of the distance between the vibration-
isolating slot and the blasting source, the blasting vibration
PPV shows a decreasing-increasing-decreasing trend, and
the PPV is the largest when L� 5m. However, for the
measuring point M4, with the increase of the distance be-
tween the vibration-isolating slot and the blasting source, the
blasting vibration PPV shows a increasing-decreasing-in-
creasing trend, and the PPV is the largest when L� 10m.

Figure 9 shows attenuation coefcient of blasting vi-
bration wave of blasting with a vibration-isolating slot with
diferent positions. It can be seen from the fgure that the
vibration damping efect of blasting vibration at the same
measuring point is diferent due to diferent positions of
vibration-isolating slots. It can be seen from the fgure that
diferent positions of vibration-isolating slot have diferent
efects on the vibration damping efect of the same mea-
suring point. For the measuring point M3, with the in-
creasing distance between the vibration-isolating slot and
the explosion source, the vibration damping efect of the
vibration-isolating slot shows an increasing-decreasing-in-
creasing trend, and the vibration damping efect is the best

when L� 20m. For the measuring point M4, with the in-
creasing distance between the vibration-isolating slot and
the explosion source, the vibration damping efect of the
vibration-isolating slot shows a decreasing-increasing- de-
creasing trend, and the vibration damping efect is the best
when L� 5m. For the measuring point M5, with the in-
creasing distance between the vibration-isolating slot and
the explosion source, the vibration damping efect of the
vibration-isolating slot shows an increasing-decreasing-in-
creasing trend, and the vibration damping efect is the best
when L� 10m.

4. Conclusions

In this paper, the infuences of the depth and position of the
vibration isolation slot on the PPV attenuation character-
istics of the ground vibration and blasting vibration
damping efect of the vibration isolation slot at diferent
measuring points are studied systematically by LS-DYNA
numerical simulation models, and some useful conclusions
are obtained.

Te ground vibration is the common response of
complex blasting vibration wave superposition. Without the
infuence of vibration isolation trench, the PPV of blasting
vibration will decrease with the increase of the distance
between the measuring point and the explosion source.

Te damping efect of the vibration isolation slot is
realized by refecting the blasting vibration wave and in-
creasing the propagation paths of the blasting vibration
wave. Due to the infuence of the vibration isolation slot, the
blasting vibration PPV does not completely decrease with
the increase of the distance from blasting source.Te PPV of
blasting vibration tends to increase frst at the position near
to the vibration isolation slot.
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L = 20 m

M4 M5M3
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Figure 8: PPV on measuring points of blasting with a vibration-
isolating slot with diferent positions.
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Figure 9: Attenuation coefcient of blasting vibration wave of
blasting with a vibration-isolating slot with diferent positions.
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Within the range of 5m∼45m between the measuring
point and the vibration-isolating slot, the average vibration
damping efect of the vibration-isolating slot is more than
30%. Generally, the vibration damping efect of the vibra-
tion-isolating slot is better for the measuring points closer to
the vibration-isolating slot.

Within the range of 5m∼15m from the measuring
points to the vibration isolation slot, the deeper the depth of
the vibration isolation slot, the better the vibration damping
efect. Within the range of 15m∼45m from the measuring
point to the vibration isolation slot, the vibration damping
efect is best when the depth of the vibration isolation slot is
15m.

Te vibration damping efect of blasting vibration at the
same measuring point is diferent due to diferent positions
of isolation vibration isolation slot. For the measuring points
M3 and M5, with the increasing distance between the vi-
bration-isolating slot and the explosion source, the vibration
damping efect of the vibration-isolating slot shows an in-
creasing-decreasing-increasing trend. However, for the
measuring point M4, with the increasing distance between
the vibration-isolating slot and the explosion source, the
vibration damping efect of the vibration-isolating slot
shows a decreasing-increasing-decreasing trend.
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