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Lighthouses are the most important hydraulic structures that should be protected during underwater drilling blasting. Thus, the
effect of blasting vibration on lighthouse should be studied. On the basis of the dimensional analysis, we deduced a revised formula
for water depth based on Sodev’s empirical formula and established the linear fitting model. During the underwater reef project in
the main channel of Shipu Harbor in the Ningbo–Zhoushan Port, the blasting vibration data of the lighthouse near the underwater
blasting area were monitored. The undetermined coefficient, resolvable coefficient, and 𝐹 value of the two formulas were then
obtained.The comparison of the data obtained from the two formulas showed that they can effectively predict the blasting vibration
on the lighthouse.The correction formula that considers water depth can obviously reduce prediction errors and accurately predict
blasting vibration.

1. Introduction

With the rapid development of the national economy, devel-
oping and utilizing marine and river resources had become
increasingly urgent. The construction of port terminals and
water power facilities and the laying of oil pipelines require
extensive excavation of underwater rock formations. Under-
water drilling blasting can maximize the explosiveness of
the force and energy of broken rocks through the blasting
effect. The unit consumption of explosives and the shock
impact are small; hence, underwater drilling blasting has
become the main method of modern underwater blasting
[1–3]. As an important branch of engineering blasting, such
method plays an increasingly important role in the national
defense infrastructure and the national economy. Moreover,
its applications have expanded, and the research on the
damage effect of underwater drilling blasting has become
increasingly valuable [4]. Underwater drilling blasting exerts
a very strong destructive effect on buildings near the water
area. The main hazards include the blasting seismic effect,

shock wave and bubble pressure, air shock wave, and blasting
fly rock and swell. The blasting seismic and water shock wave
effects are the most serious. In these cases, the explosive
energy of underwater drilling blasting is consumed by the
rock damage, compression, andmovement.The seismic effect
of underwater blasting is first transmitted through the water
and the rock mass and then spreads to the nearest building
and land. The damaging effect of the blasting vibration on
hydraulic structures near the explosion area is much greater
than that of the shock wave in the water [5–7].

Lighthouses are the most common hydraulic construc-
tions affected within underwater drilling blasting areas.
The distance between a lighthouse and a blasting area is
usually very small. Thus, the effect on blasting vibration on
lighthouses must be investigated. The blasting vibration of
lighthouses should be controlled within a reasonable and
safe range [8–10]. The blasting vibration prediction from the
reasonably acquired blasting vibration data can be used as a
reference for blasting vibration hazard control under similar
construction conditions.

Hindawi
Shock and Vibration
Volume 2017, Article ID 7340845, 9 pages
https://doi.org/10.1155/2017/7340845

https://doi.org/10.1155/2017/7340845


2 Shock and Vibration

The blasting vibration attenuation law based on site
conditions is an important basis for the design and prediction
of engineering blasting. This concept is also the key issue
to address in the study of the effect of blasting on adjacent
buildings. Saadat et al. attempt to reveal the differential
evolution algorithm for predicting blast induced ground
vibrations by contrast and analysis. Square and cubic root
scaled distance predictors are the best among other empirical
models [11]. This law is commonly described by the former
Soviet M. A. Sodev’s empirical formula (cubic root scaled
distance predictors):

V = 𝑘( 3√𝑄𝑅 )𝛼 , (1)

where V is the blasting vibration velocity; 𝑄 is the quantity of
explosive charge used per delay;𝑅 is the distance (m) between
the observation and blast points; 𝑘 and 𝛼 are site-specific
constants, which are estimated by the regression analysis of
the observed data obtained by recording several experimental
blasts with different charge weights at various distances.

On the basis of the data from the small-scale blasting
and field tests, this method can be used to compute the
undetermined coefficients 𝑘 and 𝛼, which are related to
the blasting method, geology, and topography conditions in
certain areas and blasting forms. Sodev’s empirical formula
has been demonstrated by most engineering tests and is
widely used because of the high accuracy of the predicted
particle velocity of blasting vibrations at ground level, under
flat terrain conditions [12–15]. The accuracy of this formula
is poor when the blasting environment is complex and the
topography of the blasting site changes greatly. In the litera-
ture [16–20], the elevation difference between the measuring
point and the blasting area is taken as the influencing factor.
Based on the dimension analysis, the revised formula, which
considers the height difference, is deduced from Sodev’s
empirical formula and has improved prediction accuracy. In
addition to the empirical formula method, many researchers
have employed the BP neural network to predict the blasting
vibration intensity and obtain a better prediction results
[21–23]. However, empirical formula method can intuitively
express the influence of bursting distance, charge, and other
factors on vibration intensity and can be used efficiently in
engineering. Therefore, the study was based on the formula
method.

Comparedwith land blasting, underwater borehole blast-
ingmust consider the factors that are highly influenced by the
presence of water. Similar to the height effect considered for
the prediction of land blasting, the effect ofwater depth on the
prediction of the blasting vibration of underwater boreholes
should also be considered [24]. Therefore, the influence
of water depth must be considered for the prediction of
underwater drilling blasting vibration.

On the basis of the dimensional analysis, we deduced
the formula for blasting vibration prediction considering the
water-depth effect. During the underwater reef project of the
main channel of the Shipu Harbor in the Ningbo–Zhoushan
Port, the vibration data of the measured points at the light-
house near the blasting area under different water depths,

the charge amount, and the burst distance were obtained.
The prediction accuracies of Sodev’s empirical formula and
the revised formula, which considers the water depth, were
compared and analyzed. The comparison results could serve
as a reference for the prediction method for controlled
blasting under complex condition.

2. Revised Water-Depth-Based
Prediction Formula for Blasting Vibration
in Underwater Drilling Blasting

The blasting vibration of a lighthouse is affected by the explo-
sion source, medium conditions (such as rock properties and
joint and geological structures), water depth, the distance
between the measuring point and the blasting area, and the
height difference. Ten major physical quantities are involved
in the propagation of seismic waves (Table 1). According to
the 𝜋 theorem, the particle peak vibration velocity in the
lighthouse can be expressed as𝑉 = Φ (𝑄, 𝑅, 𝑐, 𝜌,𝐻, ℎ, 𝐿, 𝐹, V, 𝑡) . (2)

In Table 1, 𝐿, 𝑇, and 𝑀 represent the length, time, and
mass dimensions, respectively.

On the basis of the 𝜋 theorem, we selected 𝑄, 𝑅,
and 𝑐 as the independent variables, and 𝜋 represents the
dimensionless quantity [1]:𝜋 = 𝑉𝑄𝜒1𝑅𝜒2𝑐𝜒3 , (3)

where 𝜒1, 𝜒2, and 𝜒3 are undetermined coefficients. In the
dimensionless homogeneous theorem, the molecular and
denominator dimensions are consistent. Thus,

dim V = 𝐿𝑇−1 = (𝑀)𝜒1 (𝐿)𝜒2 (𝐿𝑇−1)𝜒3 . (4)

When 𝜒1 = 0, 𝜒2 = 0, and 𝜒3 = 1, we obtain𝜋 = 𝑉𝑐 . (5)

The remaining physical quantities can be expressed as𝜋1 = 𝜌𝑄𝑅−3 ,𝜋2 = 𝐻𝑅 ,𝜋3 = ℎ𝑅,𝜋4 = 𝐿𝑅,𝜋5 = 𝐹𝑅−1𝑐 ,𝜋6 = 𝑡𝑅𝑐−1 .
(6)
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Table 1: Major physical parameters.

Number Symbol Name Dimension

Independent variable

1 𝑄 Charge amount 𝑀
2 𝑅 Distance between the measuring point and the blasting area 𝐿
3 𝐶 Seismic wave velocity 𝐿𝑇–1

4 P Rock-medium density in water 𝑀𝐿−3
5 𝐻 Height difference between the measuring point and the blasting area 𝐿
6 ℎ Depth of the blasting area 𝐿
7 𝐿 Hole depth 𝐿

Dependent variable
8 𝐹 Particle vibration frequency 𝑇–1

9 𝑉 Peak particle vibration velocity 𝐿𝑇–1

10 𝑇 Duration 𝑇
Equations (2), (5), and (6) are combined as follows:𝜋 = 𝑉𝑐 = Φ( 𝜌𝑄𝑅−3 , 𝐻𝑅 , ℎ𝑅 , 𝐿𝑅 , 𝐹𝑅−1𝑐 , 𝑡𝑅𝑐−1) . (7)

The amount of multiplication of two different dimension-
less quantities is still dimensionless [25, 26]. Therefore, the
combination of𝜋1 and𝜋3 yields a newdimensionless quantity𝜋7 as follows:𝜋7 = (𝜋1)1/3 𝜋3 = ( 𝜌𝑄𝑅−3)1/3 ( ℎ𝑅) . (8)

Equations (7) and (8) show that 𝑉/𝑐 and (𝜌/𝑄𝑅−3)1/3(ℎ/𝑅)
have a certain functional relationship. Under the same test
site conditions, the rock density 𝜌 and seismic wave velocity𝑐 can be considered constant. Thus,

ln𝑉 = 𝛼1 + 𝛽1 ln( 3√𝑄𝑅 ) − [−𝛼2 + 𝛽2 ln( ℎ𝑅)] . (9)

The blasting vibration produced by land blasting is
usually predicted by Sodev’s empirical formula:

V = 𝑘( 3√𝑄𝑅 )𝛼 , (10)

where V is the vibration velocity of a given point, 𝑘 and 𝛼
are the parameters that describe the propagating media and
monitoring points.

The logarithm of both sides of (10) is

ln V = ln 𝑘 + 𝛼(13 ln𝑄 − ln𝑅) . (11)

We let ln V = ln V0, ln 𝑘 = 𝛼1, and 𝛼 = 𝛽1. Hence,
ln V = 𝛼1 + 𝛽1 (13 ln𝑄 − ln𝑅) . (12)

By substituting (12) into (9), we obtain

ln𝑉 = ln V0 − [−𝛼2 + 𝛽2 ln( ℎ𝑅)]= ln V0 + 𝛼2 − 𝛽2 ( ℎ𝑅)= ln 𝑘1 ( 3√𝑄𝑅 )𝛽1 + 𝛼2 − 𝛽2 ln( ℎ𝑅) .
(13)

We let ln 𝑘2 = 𝛼2, 𝛾 = −𝛽2. Then,𝑉 = 𝑘1𝑘2 ( 3√𝑄𝑅 )𝛽1 ( ℎ𝑅)𝛾 = 𝐾( 3√𝑄𝑅 )𝛽1 ( ℎ𝑅)𝛾 , (14)

where 𝑘1 is the influence coefficient of the site of the seismic
wave propagation area, 𝑘2 is the influence coefficient of
the water environment, 𝐾 is the influence coefficient that
considers the length and the water environment, 𝛽1 is the
attenuation coefficient the reflects the influence of the charge
quantity, and 𝛾 is the attenuation coefficient that reflects the
influence of water depth. The other symbols are the same as
those mentioned above.

3. Fitting Model

Equation (14) shows that dependent variable𝑉 is not linearly
related to charge 𝑄, burst center distance 𝑅, and water depthℎ. To facilitate the calculation, proportional dose 𝜌𝑄 and
proportion of water depth 𝜌ℎ are introduced. Then,𝑉 = 𝐾( 3√𝑄𝑅 )𝛽1 ( ℎ𝑅)𝛾 = 𝐾𝜌𝛽1𝑄 𝜌𝛾ℎ . (15)

By taking the logarithms of both sides of the equation, we
obtain

ln𝑉 = ln𝐾 + 𝛽1 ln 𝜌𝑄 + 𝛾 ln 𝜌ℎ. (16)

For further calculation, we let ln𝑉 = 𝑦, 𝑎1 = 𝛽1, 𝑥1 =
ln 𝜌𝑄, 𝑎2 = 𝛾, and 𝑥2 = ln 𝜌ℎ. 𝑏0 is introduced as an
additional coefficient. Accordingly, (16) can be rewritten as
a linear homogeneous equation as follows:𝑦 = 𝑎0 + 𝑎1𝑥1 + 𝑎2𝑥2 + 𝑏0. (17)

According to the number of experiments, the linear
equations can be obtained by fitting the following vibration
data: 𝑦1 = 𝑎0 + 𝑎1𝑥11 + 𝑎2𝑥12 + 𝑏1𝑦2 = 𝑎0 + 𝑎1𝑥21 + 𝑎2𝑥22 + 𝑏2...𝑦𝑛 = 𝑎0 + 𝑎1𝑥𝑛1 + 𝑎2𝑥𝑛2 + 𝑏𝑛,

(18)
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where 𝑦1 ⋅ ⋅ ⋅ 𝑦𝑛 are the index of vibration velocity data;𝑥11 ⋅ ⋅ ⋅ 𝑥𝑛1 are the index of proportional dose 𝜌𝑄; 𝑥21 ⋅ ⋅ ⋅ 𝑥𝑛2
are the index the proportion of water depth 𝜌ℎ; 𝑏1 ⋅ ⋅ ⋅ 𝑏𝑛 are
introduced as an additional coefficient.

The above equation is transformed into amatrix equation:𝑌 = 𝑋𝐴 + 𝐵𝐵 ∼ 𝑁(0, 𝜎2𝐼𝑛) , (19)

where

𝑌 = (𝑦1𝑦2...𝑦𝑛), (20)

𝑋 = (𝑥11 𝑥12𝑥21 𝑥22⋅ ⋅ ⋅𝑥𝑛1 𝑥𝑛2), (21)

𝐴 = (𝑎0𝑎1𝑎2), (22)

𝐵 = (𝑏1𝑏2...𝑏𝑛). (23)

According to the principle of least-squares estimation,
the problem is transformed into a problem of solving the
minimum. 𝑄𝑒 = 𝑌 − 𝑋𝐴 − 𝐵, (24)

where𝐴 and 𝐵 are the best estimated values of𝐴 and 𝐵;𝑄𝑒 is
the minimum that can be achieved. The partial derivative of
the above equation can be obtained as follows:𝜕𝑄2𝑒𝜕𝐴 𝐴=𝐴 = −2𝑋 (𝑌 − 𝑋𝐴 − 𝐵) = 0𝜕𝑄2𝑒𝜕𝐵 𝐵=𝐵 = −2 (𝑌 − 𝑋𝐴 − 𝐵) = 0, (25)

where𝑋 is the transpose of𝑋. That is, matrix equation𝑋 (𝑌 − 𝑋𝐴) = 0. (26)

If𝑋 is a column full rank, the least-squares estimate of 𝐴 is

𝐴 = (𝑋𝑋)−1 (𝑋𝑌) = (𝑎0𝑎1𝑎2). (27)

The linear fitting model of the vibration velocity formula
considers the water depth by replacing the variables of the
above parameters as shown below:

𝑉 = 𝑒𝑎0 ( 3√𝑄𝑅 )𝛽1 ( ℎ𝑅)𝛾 , (28)

where 𝐾 = 𝑒𝑎0 , 𝛽1 = 𝛽1, and 𝛾 = 𝛾.
The fitting value is not true because of the difference in

data. The calculation model was tested and evaluated using
the coefficient of determination (CoD) and the significance
test (𝐹 test) [27].

As an important indicator of model quality, CoD can
measure the close relationship between the independent and
dependent variables. The independent variable explains the
percentage change of the dependent variable. Larger values
result in better models. The formula is

CoD = [[[ ∑ (𝑥 − 𝑥) (𝑦 − 𝑦)√∑ (𝑥 − 𝑥)2√(𝑦 − 𝑦)2]]]
2 . (29)

𝐹-test calculation formula:𝐹 = ∑ (𝑦 − 𝑦)2𝑚𝑠2 = CoD (𝑛 − 2)𝑚 (1 − CoD) , (30)

where 𝑥 and 𝑦 are the arithmetic mean of 𝑥 and 𝑦; 𝑛 is
the number of samples; 𝑚 is the number of independent
variables; and 𝑠 is the standard error, which is the average
square error between the regression line and the dependent
variable. It is a measure of the deviation of the dependent
variable from the regression line. The formula is as follows:

𝑠 = √∑ (𝑦 − 𝑦)2𝑛 − 𝑚 − 1 . (31)𝐹 can be used to test whether a significant linear sta-
tistical relationship exists between the overall effects of the
independent and dependent variables; that is, whether the
linear relationship between the dependent and independent
variables is significant. In theory, a higher 𝐹 value signifies a
higher fitting accuracy.

4. Project Examples

Shipu Harbor is a comprehensive harbor that integrates
passenger and cargo transport, the port industry, marine
fishery, and tourism.The Shipu port conditions are desirable,
but the channel is in the natural state. Hence, adapting to
the trend of large-scale ships is difficult. By constructing
the Shipu port channel, upgrading the existing channel,
and building a 10,000-ton channel, the optimal allocation of
harbor resources can be achieved. Many underwater reefs are
required during the expansion of the main channel, and a
lighthouse in the blasting area needs to be demolished. The
project (as shown in Figure 1) provides a test platform that can
closely monitor the effects of blasting vibration on near-site
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Shipu port channel

Shipu

Test area

Figure 1: Project location.

Lighthouse Blasting area

Figure 2: Lighthouse and blasting area site map.

hydraulic structures. The relative locations of the lighthouse
and the blasting area are shown in Figure 2, and the blasting
area is located below the working platform.

As the lighthouse is located in the blasting area, the
lighthouse is demolished at the end of the construction, and
no target building needs to be protected within 300m of
the blasting area. Therefore, the blasting network uses all
blasting holes simultaneously. According to the tide table, the
researchers boarded the lighthouse in Figure 2 with a traffic
boat under safety condition. In the middle of the lighthouse,
the TC-4850 vibration tester is set up. The 𝑥 direction of the
vibration sensor points to the burst area, and the𝑦direction is
perpendicular to the explosion area.The settings are shown in
Figure 3. The depth of the lighthouse changes with the tides.
The traffic boat can be docked in the lighthouse only at the
right time, and the researchers are to complete the vibration
tester settings. Thus, the vibration sensor is maintained in
the data-acquisition state to ensure that the vibration data
can be collected when blasting. The vibration tester can be
operated continuously for 50 hours and then taken back for
charging. After charging, the vibration data is derived and
then placed in the lighthouse. Figure 4 shows the underwater
drilling blasting.

The blasting network used in the experiment is all holes
blasted at the same time, so the detonation dose is the total
charge in the fitting formula. The diameter of the hole is
90mm; the charge diameter is 70mm. The number of holes,

Figure 3: Vibration tester (TC-4850).

Underwater drilling blasting 

Figure 4: Scene of underwater drilling blasting.

the quality of the explosive, the depth of the water, the
distance of each explosion center, the data of the monitored
vibration velocity, and other specific data are listed in Table 2.

Vertical vibration velocity is widely accepted as an eval-
uation criterion in engineering blasting [28, 29]. However,
it ignores the impact of horizontal tangential and radial
vibrations and only considers the vertical direction of vibra-
tion velocity. Using the higher peak particle velocity in the
horizontal and vertical directions as the highest vibration
intensity evaluation standard is of great reference value.
However, using the vibration velocity as the evaluation
criterion in a specific or certain direction cannot reflect the
vibration intensity of the measured point comprehensively.
Therefore, the vector summation of the three-direction vibra-
tion velocity data can be used to reflect the change rule
of the vibration of the measuring point during blasting.
Adopting the peak vibration velocity vector (PVV) to predict
the vibration intensity is reasonable.

PVV = √(V𝑥-𝑡)2 + (V𝑦-𝑡)2 + (V𝑧-𝑡)2, (32)

where V𝑥-𝑡, V𝑦-𝑡, and V𝑧-𝑡 represent the particle vibration
velocity in the 𝑥, 𝑦, and 𝑧 directions, respectively.

In [12], the square sum of peak velocity (SPV) in three
directions is adopted as the index for predicting and analyz-
ing the blasting vibration intensity. SPV values are usually
greater than PVV because the three directions of vibration
velocity do not necessarily reach the peak simultaneously.



6 Shock and Vibration

Table 2: Vibration data.

Serial number Number of holes 𝑄 ℎ 𝑅 V𝑥-max V𝑦-max V𝑧-max PVV SPV
kg m m cm/s cm/s cm/s cm/s cm/s

1 31 513 12.96 54.36 4.494 15.039 10.705 15.127 18.999
2 20 450 9.97 50.51 8.093 8.908 7.229 11.282 14.039
3 22 588 11.59 47.20 7.523 16.996 13.144 17.029 22.765
4 30 1008 8.44 45.15 19.546 7.656 15.106 20.934 25.862
5 29 1122 7.59 43.06 17.214 16.179 18.078 28.179 29.747
6 30 1132 7.36 42.27 18.415 19.062 16.841 29.102 31.402
7 29 916 8.90 39.60 16.852 16.184 15.519 27.009 28.049
8 46 1353 9.07 39.61 15.389 16.705 18.217 28.408 29.116
9 30 597 9.98 43.48 18.78 18.297 12.768 22.587 29.163
10 48 1635 10.09 45.90 16.874 21.099 14.791 24.829 30.800
11 48 2112 8.20 50.41 19.783 23.489 25.691 35.429 40.039
12 48 1615 4.96 53.54 6.724 10.763 10.563 12.393 16.512

Table 3: Table of coefficients fitted using (10).

V𝑥-max V𝑦-max V𝑧-max PVV SPV𝑘 193.64 31.125 99.286 269.616 116.863𝛼 1.742 0.426 1.245 1.589 0.978
CoD 0.490 0.079 0.633 0.629 0.653𝐹 14.429 1.718 21.205 15.276 14.320

From the safety perspective, SPV amplifies the predicted
value of vibration intensity but can control the blasting
vibration intensity strictly. Employing SPV is suitable for
predicting the vibration intensity.

SPV = √(V𝑥-max)2 + (V𝑦-max)2 + (V𝑧-max)2, (33)

where V𝑥-max, V𝑦-max, and V𝑧-max represent the particle peak
velocities in the 𝑥, 𝑦, and 𝑧 directions, respectively. Using (10)
and (14) to fit the vibration data, we fitted the coefficient table
as shown in Table 3.

Regardless of which formula is used the resolvable coeffi-
cients in the 𝑥 and 𝑦 directions are small, especially in the𝑦 direction using Sodev’s empirical formula. The vibration
data of these two directions are scattered, and the formula
cannot accurately reflect the law. However, the two formulas
are suitable for predicting the vibration data of V𝑧-max, PVV,
and SPV. The CoD of the revised formula calculation model
is larger than Sodev’s empirical formula, as shown in Figure 5.
The revised formula improves the fitting accuracy and can
reflect the relationship between the vibration data and the
dependent variable more effectively than Sodev’s empirical
formula. The results of the significance test are consistent
compared to the results of the resolvable coefficients. The
revised formula improves 𝐹 and increases the prediction
accuracy, as shown in Figure 6.

Normally, the distance between the measuring point and
the explosive area is greater than the water depth; that is, the
proportion of water depth is less than 1. In Table 4, the fitted
depth attenuation index 𝛾 < 1 indicates that the vibration

0
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0.9

1

Sodev’s empirical formula
Revised empirical formula

Comparison chart of correlation coefficients

PPV SPVVx-Ｇ；Ｒ Vy-Ｇ；Ｒ Vz-Ｇ；Ｒ

Figure 5: Comparison chart of coefficients.

Table 4: Table of coefficients fitted using (14).

V𝑥-max V𝑦-max V𝑧-max PVV SPV𝐾 746.205 95.393 207.680 695.061 350.724𝛽1 1.966 0.649 1.367 1.559 1.161𝛾 0.606 0.503 0.332 0.633 0.494
CoD 0.581 0.222 0.702 0.848 0.831𝐹 12.124 1.879 18.072 18.747 19.270

velocity increases with thewater depth at the same charge and
explosive distance. The water cover influences the throwing
effect because of the enhanced effect of underwater clogging;
when the explosives detonate in the underwater rock, a part
of the throwing energy is converted to blasting energy [30].
Therefore, the seismic effect of underwater blasting is greater



Shock and Vibration 7

Table 5: Comparison between the calculated value and the measured value.

Number V𝑥-max V𝑦-max V𝑧-max PVV SPV
Eq. (10) Eq. (14) Eq. (10) Eq. (14) Eq. (10) Eq. (14) Eq. (10) Eq. (14) Eq. (10) Eq. (14)

1 0.532 0.612 0.085 0.110 0.146 0.121 0.151 0.064 0.055 0.016
2 0.104 0.153 0.565 0.393 0.313 0.273 0.194 0.167 0.317 0.255
3 0.267 0.415 0.123 0.098 0.122 0.067 0.015 0.133 0.053 0.035
4 0.280 0.283 1.142 1.019 0.010 0.007 0.179 0.100 0.037 0.032
5 0.055 0.074 0.050 0.021 0.064 0.075 0.000 0.104 0.022 0.040
6 0.083 0.104 0.101 0.451 0.031 0.018 0.001 0.110 0.054 0.073
7 0.007 0.131 0.057 0.309 0.112 0.194 0.070 0.118 0.054 0.170
8 0.364 0.020 0.082 0.189 0.114 0.222 0.250 0.217 0.153 0.071
9 0.409 0.354 0.155 0.143 0.007 0.058 0.121 0.062 0.195 0.136
10 0.380 0.344 0.277 0.289 0.166 0.140 0.242 0.212 0.263 0.230
11 0.097 0.148 0.260 0.330 0.297 0.319 0.135 0.264 0.234 0.271
12 1.046 0.327 0.515 0.000 0.420 0.120 0.949 0.167 0.603 0.125
Mean 0.302 0.247 0.284 0.279 0.150 0.134 0.192 0.142 0.170 0.121
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Figure 6: Comparison chart of the 𝐹 value.

than that of the same grade of land and rock blasting. The
total energy percentage of the blasting vibration energy of
underwater drilling blasting should be more than that of the
general land-rock blasting vibration energy [2]. Explosive
energy is increasingly used to form stress waves because of
the influence of water pressure. Water depth is the most
important factor that influences the seismic wave intensity
of underwater drilling blasting. The water pressure of the
blasting area varies with the water depths, and the influence
of blasting-energy distribution also differs.

The average error of the predicted data of V𝑧-max, PVV,
and SPV is less than 20% of the measured data, as shown
in Figure 7 and Table 5, which is because of the smaller
detonation distance range and vibration data discretization.
This observation implies that the formula can effectively

Comparison chart of mean error
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Figure 7: Comparison of mean error.

predict the blasting vibration intensity.The error comparison
chart shows that the error of the revised formula based on
water depth is smaller than that of Sodev’s empirical formula.

5. Conclusions

The seismic effect of underwater drilling blasting is a complex
problem.The special effects of water media on blasting earth-
quakes should be taken into account. The law of attenuation
of seismic waves on land cannot be used.

(1) Water depth is an important factor that affects the
vibration intensity of underwater drilling blasting.
The revised blasting vibration formula that considers
water depth was deduced and analyzed through
dimensional analysis.
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(2) Blasting vibration data under different conditions
were obtained bymonitoring the lighthouse vibration
near the blasting area. V𝑧-max, PVV, and SPV can
be used as predictors of blasting vibration intensity.
Among the predictors, PVV is the most comprehen-
sive, and SPV has the highest safety factor.

(3) The blasting vibration data can be predicted by
Sodev’s empirical formula and the modified Sodev’s
empirical formula. By comparing the predicted value
with the measured value, the prediction error of the
two formulas was within 20%. Therefore, these two
formulas can be used to predict the vibration intensity
of the lighthouse near the underwater drilling blasting
area, and themodified Sodev’s empirical formula con-
sidering the water depth can improve the prediction
accuracy.
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