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The impact energy produced by blast casting is able to break and cast rocks, yet the strong vibration effects caused at the same
time would threaten the safety of mines. Based on the theory of Janbu’s Limit Equilibrium Method (LEM), pseudo-static method
has been incorporated to analyze the influence of dynamic loads of blasting on slope stability. The horizontal loads produced by
blast vibrations cause an increase in sliding forces, and this leads to a lower slope stability coefficient. When the tensile stresses of
the two adjacent blast holes are greater than the tensile strength of rock mass, the radical oriented cracks are formed, which is the
precondition for the formation of presplit face. Thus, the formula for calculating the blast hole spacing of presplit blasting can be
obtained. Based on the analysis of the principles of vibration tester and vibration pick-up in detecting blast vibrations, a detection
scheme of blast vibration is worked out by taking the blast area with precrack rear and non-precrack side of the detection object.
The detection and research results of blast vibration show that presplit blasting can reduce the attenuation coefficient of stress wave
by half, and the vibration absorption ratio could reach 50.2%; the impact of dynamic loads on the end-wall slope stability coefficient
is 1.98%, which proves that presplit blasting plays an important role in shock absorption of blast casting.

1. Introduction

Blasting operation, the initial step in open-pit mining, may
break the ores into fragments so that they can be mined
and loaded by excavating equipment.However, this operation
might create environmental impacts such as air overpres-
sure, ground vibration, fly-rocks, and back-break around
the blasting zone [1–3]. Blast casting in open cast mines is
usually associated with high bench, large hole diameter, and
large explosive charge. More than 30% stripping materials
are cast into mined-out area, as a result, the operation of
surplus overburdens in mining, loading, and hauling can be
relatively reduced, resulting in a reduction in stripping costs
and transportation costs. Based on the operation features
of mining and loading equipment, the stripping technology
composed of blast casting with dragline displays evident
economic advantages among various mining technologies as
blast casting is applied in rock breaking step. The shift and
transportation of surplus material can be realized with the

coordinated application of dragline stripping equipment.The
total number of blast holes in a high bench blast casting can be
more than 500. The explosive charge in one hole is between
1.8t and 2.7t, and the aggregate explosive load reaches 900t
to 1500t. High bench blast casting may not only cause strong
vibration effect and affect large area, but also exert severe
influences on surrounding buildings and pit slope [4, 5].
Consequently, controlling the vibration effects of blast casting
and reducing the negative effects are of great importance to
maintaining the regular production and work safety in open
cast mines [6, 7].

The effective blast energy used for breaking and casting
rocks only accounts for 20% to 30% of the gross energy,
and the rest of the energy is distributed to producing fly-
rocks, causing vibration effect and dissipating into the air.
Vibration velocity of rock mass particles is an important
indicator for describing the intensity of vibration effect.
Explosive volume, charge position, explosive type, detonation
direction, and charge structure directly affect the vibration
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Table 1: Basic information of the minable coal seam.

Coal measure era Coal seam type

Thickness of coal
seam

Min∼max
Average/m

Coal seam spacing
Min∼max
Average/m

Coal seam structure Stability

Taiyuan formation 6
6I

0.10 ∼ 12.65

2.78

0 ∼ 9.58

1.13

Complex Unstable

6II
0.05 ∼ 7.71

3.26

0 ∼ 9.58

1.13

, 0 ∼ 5.46

0.25

Complex

6III∼VI
0.50 ∼ 27.19

22.76

0 ∼ 5.46

0.25

Complex Relatively
stable

strength [8]. Therefore, millisecond blasting together with
the detonation direction is often adopted to control the
ignition charge over the same period. Presplit blasting is
often used to control the blast vibration effect and mitigate
disasters caused by vibrations. Changing the charge structure
is also a conventional method [9–11], with which presplit
blasting can exert positive effects on shock absorption and
reduce detonation wave propagation since it is able to form
presplit cracks with a definite width and depth before the
detonation of the main blast hole. This leads to termination
of the transmission of detonating waves. Presplit cracks cause
reflection and refraction on stress waves causing the stress
wave energy transmitted into rock mass within protection
zones to be reduced [12, 13]. Cai and Ma conducted a series
of research on vibration reduction mechanism of presplit
blasting with the application of joint stiffness model and
stress wave theory. The research proved that the vibration
absorption effect can be improved through increasing the
length and depth of presplitting cracks [14]. Zou studied the
vibration reduction result of presplit blasting with in situ
investigation and figured out that the closer the presplit crack
was, the better the vibration reduction results were obtained
[15]. Salmi and Hosseinzadeh analyzed the mechanism of
presplit blasting with the help of numerical simulation and
determined that tensile stress waves induced by the deno-
tation of two adjacent blast holes are the primary cause of
presplit cracks [16]. Yang launched tests on trial blast holes
with cross hole method and ultrasonic waves and established
that presplit blasting might cause less damage to the rock
mass in the slope than loosening blasting [17]. Sun et al.
conducted some research on vibration effect of blast casting
and its influences [18, 19]. Zhang and Song concluded and
analyzed the practical experience of adopting presplitting
blast in Heidaigou open cast mine and demonstrated that
presplitting plays an important role in reducing blast vibra-
tion and maintaining the structure of rock mass in the slope
[20, 21].

Presplit blasting is a major method to reducing the
vibration effect of blast casting in higher bench and is of great
significance to ensuring safety in blasting and production of
open cast mines. Based on the characteristics of vibration
effects and the vibration reduction mechanism of presplit
blasting, the effects of presplit blasting on blast casting are
analyzed on the basis of the study on the detection of results
of blast vibration.

Surface boundary
Bottom boundary

Mining district 
III

Mining district I

Mining district II

Heidaigou surface coal mine

Advancing direction

Figure 1: Mining district division and current exploitation status of
Heidaigou open cast mine.

2. Engineering Geology of
the Experimental Area

Heidaigou open cast mine is located in the southeastern part
of Zhungeer Coalfield in Erdos Plateau. The average strike
length of themining range is 7.86 kmand thewidth is 5.39 km,
resulting in a gross area of 42.36 km2. Most coals mined
within this area are long flame coal with the characteristics
of ultra-low-phosphorous, low-sulfur, and medium- or high-
ash-fusion-point. The minable coal seam in Heidaigou is
the 6th composite coal seam with thick-layer and massive
structure; the average thickness is 28.8m and dipping less
than 10∘. Table 1 shows the basic information of the minable
coal seam.The aggregate amount of minable coals within the
boundary reaches 149.77 million tons. The zone is divided
into three mining districts. At present, it is in the transitional
period from primary mining district to secondary mining
district, as shown in Figure 1.

By adopting loosening blasting, the upper soil and rock of
Heidaigou open cast are broken and fragmented into pieces
to be excavated and loaded by shovels and then transported
to an internal dump by self-discharging truck. With the
application of blast casting in the rocks above the coal seam
roof within the scope of 40∼50m, more than 30% of the
materials can be casted into the mined-out section and the
surplus materials are disposed with a dragline. The strata of
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Table 2: Main characteristic parameters of rock stratum in the blasting area.

Lithology Rock
density (𝛾)

Rock mass
velocity (Vrm)

Rock wave
velocity (V

𝑟
)

Integrity
coefficient

(𝐾
𝑖
)

Crack
coefficient

(𝐾
𝑐
)

Wave impedance
(𝑅) Blastability

Mudstone 2.7 g/cm3 1273m/s 3744m/s 0.12 0.88 3.44 × 103 g/cm3⋅m/s Medium
Sandstone 2.3 g/cm3 796∼1118m/s 1586∼3226m/s 0.06∼0.5 0.5∼0.99 2.2 × 103 g/cm3⋅m/s Easy
Note: the integrated coefficient of rocks is determined by the square of the ratio of rockmass velocity to rock wave velocity,𝐾𝑖 = (Vrm/V𝑟)

2; the crack coefficient
of rocks,𝐾𝑐 = (𝑉

2

𝑟
− 𝑉
2

rm)/𝑉
2

𝑟
; the wave impedance of rocks, 𝑅 = 𝛾 ⋅ Vrm.

Detonation blast hole Blast hole space

A
rr

ay
 p

itc
h

Blast hole diameter

Presplit blast hole

Bench crest

A

A

200ms
150ms

100ms
9ms

(a) Schematic diagram of the plane parameters and interconnected design of blast
casting

Minimum burden 

Detonator with 

interval
Blast hole 
dip angle

600ms delay

(b) Schematic diagramof the drilling parameters and explosive
charge in blast casting

Figure 2: The schematic diagram of blast casting parameters.

the blast casting area are mainly composed of sandstone and
mudstone, and the main characteristic parameters of rock
strata are shown in Table 2 [22].

The blast hole diameter for blast casting in Heidaigou
open cast is 310mm, the blast hole spacing is 9∼12m, the
array pitch is 7∼9m, the plunge of blast hole ranges from
65∘ to 70∘, the unit explosive consumption is 0.7∼0.9 kg/m3,
and the minimum burden is 6∼6.5m. In order to control
the detonation charge over the same period, hole-by-hole
millisecond initiation control technology is adopted, the
interhole delay is 9ms, the interarray delay is 100∼200ms,
and the time delay in holes is 600ms [23]. Presplit blasting
is adopted ahead of the detonation of main blast hole so
that the impacts of blast vibrations on slope stability on high
benches can be reduced.The result is commendable, as shown
in Figure 2.

3. Vibration Effects of Blast Casting and
Vibration Absorption Mechanism of
Presplit Blasting

3.1. Vibration Effect of Blast Casting and Its Impact on
Slope Stability. The displacement, velocity, and acceleration
of particle motion caused by blasts are three factors for
describing blast vibration strength. Moreover, since the criti-
cal safety values of acceleration and displacement are within
a relatively wide limit, velocity of blast vibration naturally
becomes the most important parameter for determining the
destruction-bearing capacity of the medium. According to

Sadov’s empirical formula, the velocity of blast vibration can
be determined as [24]

V =

𝑘

3
√𝑓 (𝑛)

(

3
√𝑄

𝑅

)

𝛼

,

𝑓 (𝑛) = 0.4 + 0.6𝑛

3
,

(1)

where V is the velocity of blasting vibration, cm/s; 𝑄 is the
maximum explosive charge ignited over the same period, kg;
𝑅 is the distance between blasting source center and guard
point, m; 𝛼 is attenuation coefficient of seismic wave related
to geological conditions, 𝛼 = 1 to 3; 𝑘 is medium parameter
related to rock properties and blasting methods, 𝑘 = 50∼200;
𝑓(𝑛) is the exponential function of the blasting effect; 𝑛 is the
index of the blasting effect.

According to wave theory, it can be assumed that blasting
seismic wave is composed of several simple harmonic waves
with different amplitudes and different vibration frequencies
[25]:

𝑋 = ∑

𝑖

𝐴

𝑖
sin (𝜔

𝑖
𝑡) ,

𝑉 = ∑

𝑖

𝜔

𝑖
𝐴

𝑖
cos (𝜔

𝑖
𝑡 + 𝜑

𝑖1
) ,

𝑎 = ∑

𝑖

𝜔

2

𝑖
𝐴

𝑖
sin (𝜔

𝑖
𝑡 + 𝜑

𝑖1
) ,

(2)

where 𝑋 is displacement, cm; 𝑉 is vibration velocity, cm/s;
𝑎 is vibration acceleration, cm/s2; 𝐴

𝑖
is blasting vibration
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Figure 3: Force diagram on noncircular slip surface with slices
based on Janbu Method.

amplitude, cm;𝜔
𝑖
is circular frequency,𝜔 = 2𝜋𝑓, Hz; 𝑡 is time,

s; 𝜑
𝑖1
and 𝜑

𝑖2
denote phase differences.

High bench is applied in blast casting with the blast
parameters of deep and large blast hole diameter. The rock
volume blasted each time and the explosive consumption is
huge. Blast vibration effect is a significant factor affecting
slope stability of open cast mines. When calculating slope
stability affected by blasting dynamics with pseudo-static
method, it is usually assumed that the horizontal loads
of blasting vibration exerted on the slope slip mass are
equivalent to static loads [26]:

𝑄

𝑖
= 𝐾

𝑠
𝑊

𝑖
,

𝐾

𝑠
=

𝐾

𝐷
𝑎

𝑖

𝑔

,

(3)

where 𝑄

𝑖
is the equivalent static load, N; 𝐾

𝑠
is seismic load

coefficient; 𝑎
𝑖
is vibration acceleration, m/s2; 𝑊

𝑖
is the slice

weight of slidingmass,N;𝑔 is gravitational acceleration,m/s2;
𝐾

𝐷
is reduction coefficient of blasting dynamics whose value

range is 0.008∼0.152.
According to the schematic diagram for noncircular slip

surface shown in Figure 3, the following equation based on
Janbu’s theory and the equilibrium condition of slice can be
obtained [27]:

∑𝑌 = 0,

𝑊

𝑖
+ 𝐻

𝑖
− 𝐻

𝑖−1
− 𝑁

𝑖
cos𝛼
𝑖
− 𝑆

𝑖
sin𝛼
𝑖
= 0

∑𝑋 = 0,

𝐸

𝑖
− 𝐸

𝑖−1
+ 𝑆

𝑖
cos𝛼
𝑖
− 𝑁

𝑖
sin𝛼
𝑖
− 𝑄

𝑖
= 0.

(4)

According to Mohr’s-Coulomb criterion, the shear force
on the bottom sliding surface should meet the following
condition:

𝑆

𝑖
=

𝑐𝑙

𝑖

𝐹

𝑠

+ 𝑁

𝑖

tan𝜑
𝐹

𝑠

. (5)

Based on the balance of forces of the whole landslide,

∑(𝑊

𝑖
+ 𝐻

𝑖
− 𝐻

𝑖−1
) tan𝛼

𝑖
−∑𝑆

𝑖
sec𝛼
𝑖
+∑𝑄

𝑖
= 0. (6)

Combining (4), (5), and (6), the following factor of safety
equation is obtained:

𝐹

𝑠
=

∑ (sec2𝛼
𝑖
/ (1 + tan𝛼

𝑖
tan𝜑
𝑖
/𝐹

𝑠
)) [𝑐

𝑖
𝑙

𝑖
cos𝛼
𝑖
+ (𝑊

𝑖
+ 𝐻

𝑖
− 𝐻

𝑖−1
) tan𝜑

𝑖
]

∑ (𝑊

𝑖
+ 𝐻

𝑖
− 𝐻

𝑖−1
) tan𝛼

𝑖
+ ∑𝑄

𝑖
cos𝛼
𝑖

,
(7)

where 𝐸

𝑖−1
and 𝐸

𝑖
are the normal forces of the 𝑖th slice;

𝐻

𝑖−1
and 𝐻

𝑖
are the vertical shear stresses of the 𝑖th slice;

𝑁

𝑖
and 𝑆

𝑖
are the vertical reactions and shear forces on the

slipping surface, respectively; 𝑙
𝑖
is the slice’s bottom length of

the sliding surface of the 𝑖th slice; 𝑐
𝑖
is cohesive force of the

𝑖th slice; 𝜑
𝑖
is the internal angle of friction of the 𝑖th slice; 𝐹

𝑠

is the factor of safety.
It can be seen from Figure 3 and (7) that the horizontal

load produced by blast vibration on the slip mass and the
sliding component caused by gravity together constitute the
sliding force of the slip mass. The factor of safety of the slope
that has been affected by blast vibration is reduced compared
to rock masses that are not affected.

3.2. Vibration Absorption Mechanism of Presplit Blasting.
Blast casting in high bench of open cast mines causes the
production of large blasting volume and devastating shock; it
can cause relatively severe effects on slope stability of adjacent
rock masses which have not been blasted. But as a special
method for blasting control, presplit blasting can be very
effective in reducing blast vibrations. This is achieved by

detonating the explosive charge placed in the presplit hole of
the main blasting area and then separating the rock masses
from original ones after cracks are formed along the blasting
area boundary. In this way, the damages caused by blast
vibrations on the original rock masses can be reduced.

The necessary condition to ensure the success of presplit
blasting is that the pressure of the explosion in the blast holes
will not damage the wall of the hole and the presplit crack
will develop along the predetermined direction. According
to stress wave interference theory [28–30], stress waves of
each explosion spread radically after the denotation of two
adjacent presplit holes as shown in Figure 4.

After the charge is denoted, the peak of the stress wave
front weakens as the propagation distance of the stress wave
increases with the attenuation formula [31, 32]:

𝑃

𝑅
= 𝑃

𝐷
(

𝑟

1

𝑅

)

𝛼

,

𝑃

𝐷
=

1

𝑘 + 1

𝜌𝐷

2
(

𝑟

1

𝑟

2

)

−2𝑘

𝑛,

(8)
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Figure 4: Wave front of two adjacent blast holes.

where 𝑃

𝑅
is the pressure of stress wave front after the

detonation of explosive charge, Pa; 𝑟
1
is the radius of blast

hole, m; 𝑅 is the distance between the center of blast hole
and a certain point on the wave front, m; 𝛼 is the attenuation
coefficient, 𝛼 = 2 − 𝜇/(1 − 𝜇); 𝜇 is Poisson’s ratio; 𝑃

𝐷
is the

pressure on the wall of the holes, Pa; 𝜌 is explosive density,
kg/m3;𝐷 is explosive speed, m/s; 𝑟

2
is the radius of explosive,

m; 𝑘 is adiabatic exponent; 𝑛 is the multiple of pressure
increase of the explosive gas colliding with the blast hole wall,
and 𝑛 = 8∼11.

The stress wave causes radical displacement of the rock
mass between two adjacent blast holes, while the radical
displacement derives the tangential stresses and tangential
strains. The tangential stress 𝜎

𝑇
can be expressed as [33]

𝜎

𝑇
=

𝜇

1 − 𝜇

𝑃

𝑅
. (9)

If the tangential stress on the wall of the hole is greater
than the rock tensile strength 𝜎

𝑡
, the initial crack on the wall

of the blast hole will appear. Resulting from the stress wave of
two adjacent blast holes, the sum𝜎

𝑀
of the tangential stress in

the middle of the line connecting the two adjacent blast holes
(𝑅 = 𝑠/2) is

𝜎

𝑀
=

2𝜇

(1 − 𝜇) (𝑘 + 1)

𝜌𝐷

2
(

𝑟

1

𝑟

2

)

−2𝑘

𝑛 (

2𝑟

1

𝑠

)

𝛼

. (10)

Similarly, if the tensile stress produced by blasting 𝜎

𝑀
is

greater than the tensile strength of rocks, that is, 𝜎
𝑀

≥ 𝜎

𝑡
,

radial cracks appear along the lines connecting blast holes,
which creates condition for the formation of the presplit face.
The high pressure gas of explosion of the two adjacent blast
holes then acts on the walls of the hole, thereby forming a
quasi-static stress field around the blast holes. When the high
pressure gas wedges in the initial crack of hole wall, there
is a great tensile stress along the line connecting blast holes.
The tensile stress concentration is all sides of the walls of the
hole. A free surface with a certain width is formed which
can exert positive effects towards the reduction in vibrations.

Therefore, the important precondition for the formation of
the presplit face is that tension waves can produce tension
crack. Based on (10), the formula of the blast hole spacing in
presplit blasting should be

𝑠 ≤

2𝑟

1

[𝜎

𝑡
((1 − 𝜇) (𝑘 + 1) /2𝜇𝜌𝐷

2
𝑛) (𝑟

1
/𝑟

2
)

2𝑘

]

1/𝛼
. (11)

Low density ANFO explosive is used as a presplit blast
explosive in Heidaigou open cast with a density of 200 kg/m3,
a speed of 1950m/s, a presplit blast hole diameter of 310mm,
charge diameter of 150mm, and a unit explosive consumption
of 0.85 kg/m3. According to (11), the optimum blast hole
spacing of presplit blasting is estimated as ranging from
3.03m to 4.16m, with 3.5m selected for application. Figure 5
shows the presplit blasting effect.The cracks formed from the
blast are relatively intact with an even width and the ratio of
the half hole to the total presplit hole is a little higher.

The transmission coefficient of stress wave is

𝑅

𝑡
=

𝐴

𝑡

𝐴

𝑖

, (12)

where𝑅
𝑡
is the transmission coefficient and𝐴

𝑖
and𝐴

𝑡
are the

amplitude of incident wave and the amplitude of transmitted
wave, respectively.

The wave velocity expression is

V = 𝐴𝑒

−𝛼 sin𝜔𝑡 (13)

and the vibration absorption ratio of presplit blasting is

𝜀 =
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max
= 1 − 𝑅

𝑡
. (14)

4. Detection and Analysis of Vibration
Produced by Blast Casting

4.1. The Detection Principles of Blast Vibration. Detection
system of blast vibration is composed of the blast vibration
tester and the vibration pick-up. As the vibration wave is
transmitted to the vibration pick-up, induced voltage outputs
are generated and once the induced voltage signal exceeds the
preset triggering level, the tester automatically records and
saves the vibration signals loaded by the sensor. After detect-
ing the vibration signals, the blast vibration waves can be
read and analyzed with the connection and communication
between special software and vibration tester. The principle
diagrams of the detection system and the measuring point
layout are shown in Figures 6 and 7, respectively.

Based on the inspection data, the regression analysis
should be carried out with Sadov’s empirical formula and
the formula of vibration velocity attenuation can thus be
obtained.

4.2. Detection Scheme of Blast Vibration. In order to record
the whole vibration process and the attenuation law of blast-
ing seismic waves, the detection scheme of blast vibration is
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Figure 5: Presplit blasting effect pictures of surface coal mine.

Vibration pick-up

Detection system

Blasting seismic wave

Blasting vibration tester

Parameter set-
up Signal input

Data process Signal output

Computer Printer

Figure 6: The principle diagram of the detection system.

worked out according to the characteristics of blast casting
and the geological and topographic conditions of the blasting
zone. Detection points are set on the same bench and kept in
a straight line on the right side of the blasting zone without
presplit blast. Another set of detection points are also set on
the same bench in a straight line on the rear blasting zonewith
presplit blast. Both of the above-mentioned detection points
are used to monitor the seismic intensity and variations of
blast vibrations.

The blast vibration tester adopted here is a vibration
signal recorder whose model is UBOX-20016, the maximum
sampling rate of which is 200KSps/CH and the signal
resolution is 16 bits (1/65536 of the measuring range). The
vibration pick-up is CD-21magnetoelectric vibration velocity
sensor with the sensitivity of 200mv/cm/s, and the error
is less than 3%. The installation of sensors is based on the
measurement of vibration velocity in different directions and
the censors must be firmly bonded to the ground by gypsum
powder.

The primary detection area of blast vibration is the rear
part and the broadside of the blasting zone: the former is
with presplit cracks and the latter is without. Therefore, the
effect of presplit cracks in vibration reduction can be proved
by comparison. Blast vibration recorder is used for inspecting
the velocity of particles in vertical direction (V-), radial
direction (R-), and transverse direction (T-). Figure 8 shows
the schematic diagram of detection point layout.

Vibration
tester

Blasting center

Vibration
tester

Vibration
tester

Vibration
tester

Vibration
tester

Vibration
tester

Vibration
pick-up

Vibration
pick-up

Vibration
pick-up

Vibration
pick-up

Vibration
pick-up

Vibration
pick-up

Figure 7: The schematic diagram of the measuring point layout.

4.3. Analysis on the Detection Results of Blasting Vibration. In
all cases, blast vibration detection has been carried out three
(3) times. The gross explosive loads (GEL) for each time are
9.6 × 105 kg, 7.8 × 105 kg, and 1.3 × 106 kg, respectively. The
maximum explosive charges per delay interval (MECPDE)
are 1 × 104 kg, 1.5 × 104 kg, and 1.5 × 104 kg, respectively,
and the explosive charge per blast hole is 2 × 103 kg. The
distance between each detection point and the blasting source
(DDPBS) as well as the vibration velocity of the largest
particle are shown in Table 3.

Standard blast casting is adopted in Heidaigou open cast,
and the blasting acting index 𝑛 = 1. Based on (1) and the
detection data, the attenuation equations for blast vibration
in presplit blasting and non-presplit blasting are obtained by
fitting:

V

=

{

{

{

{

{

{

{

{

{

95.18 (

3
√𝑄

𝑅

)

1.34

, 𝑅

2
= 0.959 (presplit blast)

221.61 (

3
√𝑄

𝑅

)

1.40

, 𝑅

2
= 0.795 (non-presplit blast) .

(15)
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Table 3: Location of detection points and blast vibration strength.

Detection point 𝑇- mm/s 𝑉- mm/s 𝑅- mm/s Resultant mm/s DDPBS m GEL kg MECPDE kg Remarks
H1-2 14.1 11.1 10.8 17.4 350 960000 10000 Back
H1-3 10.4 16.8 7.8 17.9 550 960000 10000 Back
H1-4 4.3 9.9 10 800 960000 10000 Back
H1-5 1.7 2.3 3.8 3.9 1215 960000 10000 Back
H1-6 1.1 1.9 2.8 2.9 1800 960000 10000 Back
H2-1 104.7 149.7 124.3 181.3 100 780000 15000 Back
H2-2 31.7 56.5 32.7 55 200 780000 15000 Back
H2-3 11.8 17.3 16.3 20.4 300 780000 15000 Back
H2-4 10.8 13.9 18.7 500 780000 15000 Back
H2-5 4.5 3.9 3.7 7.9 800 780000 15000 Back
H2-6 4.2 2.5 2.3 5.4 1000 780000 15000 Back
H2-7 17.4 30 22 41.1 380 780000 15000 Back
H3-1 66.7 69.4 59.8 87.4 162 1300000 15000 Back
Y1-1 28.6 13.5 29.1 30.3 574.9 960000 10000 Right
Y1-2 19.6 12.1 30.6 31.1 604.6 960000 10000 Right
Y1-3 12.6 5.59 12.4 14.5 800 960000 10000 Right
Y1-4 8.51 3.05 8.51 10.3 826.6 960000 10000 Right
Y3-1 65.6 70.9 70.8 118 200 1300000 15000 Right
Y3-2 23.3 28 25.5 50.7 350 1300000 15000 Right
Y3-4 10.1 5.8 — 17.5 550 1300000 15000 Right
Y3-5 6.5 2.4 3.7 10.7 650 1300000 15000 Right

Detection point
on the right side

Detection point
on the rear

Presplitting blast Non-presplit blast

H1

H2

H3

H4

H5

Hi

Y1

Y2

Y3

Y4

Figure 8: Location of the blast detection point and blast vibration
source.

According to (15), the attenuation indices under these
two conditions are nearly the same, that is, 1.34 and 1.40,
respectively. However, the attenuation coefficient might be
reduced by half when adopting presplit blasting. Because
of the application of hole-by-hole millisecond detonation,
the maximum explosive charge per segment is less than 1.1
× 104 kg, and the vibration velocity of the end-wall slope
is 2.53 cm/s. In addition, the equation for calculating the
acceleration of blast vibration is [34]

𝑎 = 0.028𝑄

0.83
𝑅

−3.5
𝐶

𝑝

2
, (16)

where 𝑎 is acceleration of the blast vibration, m/s2; 𝐶
𝑝
is the

longitudinal wave velocity, m/s; other symbols are consistent
with the former expressions.

The transmission velocity of blast vibration in sand-
stone rock mass is 1118m/s, the acceleration is calculated as
1.21m/s2 (16), and the seismic load coefficient of blasting
is calculated as 0.012 (3). According to the mechanical
parameters of rock mass of Heidaigou open cast listed in
Table 4, the factors of stability of the end-wall slope are
calculated as 1.311 for the condition of static load and 1.285
for the condition of dynamic load, respectively.Therefore, the
effect of dynamic load on factor of safety of the end wall is
merely 1.98%.

Meanwhile, the resultant vibration velocities of different
detection points are shown in Table 5. As the distance
between detection points and blasting centers increases,
the vibration velocities decrease exponentially under the
condition of both presplit blasting and non-presplit blasting.
A closer distance to the blasting center can better reflect
the vibration reduction effect of presplit blasting. When
the detection point is 200m away from the blasting center,
the vibration absorption ratio is increased to 50.2%, which
implies that presplit blasting can effectively absorb vibrations.

5. Conclusions

(1) Pseudo-static method has converted the dynamic load
of blast vibration to equivalent static load, and Janbu LEM
has been used to analyze the influence of blast vibration on
slope stability. The horizontal load caused by blast vibration
enhances the sliding force of the slip mass and therefore
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Table 4: Mechanical parameters of rock mass of Heidaigou open cast.

Stratum Density (kN/m3) Internal friction angle (∘) Cohesion (kPa)
Loess 19.50 29.5 45.1
Sandy mudstone 24.50 30 135
Fine sandstone 24.50 28 150
Medium sandstone 22.70 31.5 150
Coarse sandstone 22.40 32.0 130
Weathered mudstone 24.7 29.0 127.5
Coal 14 35 185.1
Siltstone 24.5 31.3 176.8

Table 5: Actual blast vibration detection data and absorption shock rate of presplit blasting.

Detection point distance to
blasting center/m

Velocity of vibration/cm⋅s−1

200 400 600 800 1000 1200 1400
Presplit blasting 5.48 2.21 1.3 0.89 0.66 0.52 0.43
Non-presplit blasting 11.01 3.97 2.18 1.43 1.03 0.79 0.63
Vibration reduction ratio 50.2% 44.3% 40.4% 37.8% 35.9% 34.2% 31.7%

reduces the factor of safety. Calculated results suggest that
slope stability factors on conditions of static load and
dynamic load of blasting are 1.311 and 1.285, respectively, and
the dynamic load of blast casting has slight effect on the end
slope stability, taking only 1.98%.

(2) After the detonation of two adjacent presplit holes,
stress waves of each explosion spread radially and create
tangential stress in the tangential direction. Based on the
theory of stress wave interference, when the sum of the
tangential stress of two adjacent blast holes is greater than the
rock tensile strength, radial cracks come into being along the
line connecting blast holes, which creates condition for the
formation of the presplit face. Based on the above condition,
the blast hole spacing in presplit blasting is obtained. Accord-
ingly, the blast hole spacing of presplit blasting of Heidaigou
open cast mine ranges from 3.03m to 4.16m, with 3.5m used
in actual production, satisfying the presplit blasting effect.

(3) The vibration detection principles of vibration testers
and pick-ups are analyzed. The vibration velocity of blasting
particle is detected in the blasting zonewhose rear part is with
presplit cracks, and right side is without. Based on Sadov’s
empirical formula, attenuation formulas of blast vibration on
conditions with and without presplit blasting are obtained by
numerical fitting, respectively. The detection results indicate
that presplit blasting can reduce the attenuation coefficient
by half, and the vibration absorption ratio can reach 50.2%,
whichmeans presplitting blast is of great significance in shock
absorption of blast casting.
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