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Abstract—In this paper, an explosion experiment was carried out on the OD1219mm-X90-12Mpa natural gas
pipeline to study the vibration hazard. Based on a series of experiments, the spatial distribution of the vibration energy was studied. The vibration distribution field was drawn by interpolation method based on re-harmonic equation and it was found that the field was non-circular symmetry. Through in-depth research, it was
preliminarily proved that the vibration field had interference characteristics, which was caused by the special
vibration source of the pipeline explosion. There was a significant difference in the frequency components
between the interference strengthened region and the weakened region. The results shown that the strengthening effect of the interference in the 90° and 30° direction should be taken into account when evaluating the
damage scope of the explosion accident. Research provided reference for safety design of parallel pipelines
and buildings.
Keywords: natural gas pipeline, explosion vibration, spatial distribution, spectrum analysis, interference
effect, time-frequency characteristic
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INTRODUCTION
Due to environmental corrosion, material failure,
natural disasters and other unknown factors, pipeline
accidents happened frequently, which lead to a large
number of casualties and collapse of the surrounding
buildings [1, 2] as shown in Fig. 1. Therefore, it was
necessary to study the hazards of natural gas pipeline
explosion.
At present, the research on the hazards of natural
gas pipeline explosion was mainly about thermal effect
and flame hazard [3–6]. Most studies on vibration were
limited to numerical simulations. Mishra K. B. [7] investigated scenarios of underground gas pipeline failure,
crater formation, dispersion of gas, explosion and subsequent fires with semi-empirical and with CFD
(Computational Fluid Dynamics) modelling. This
research demonstrated a strong capability of CFD to
assess the pre or/and post events foresee abilities
within a reasonable amount of time and with an

acceptable level of accuracy meeting the industrial
needs for risk analysis. Su Hua-you [8] studied the
dynamic response of underground pipeline under
compound vibration loading mode by establishing a
nonlinear mathematical model of soil-pipe coupling
effect. The influence of vibration on the pipeline was
analyzed, and the method is obtained to evaluate the
seismic performance of buried pipeline. Mahdavi H.
[9] studied the load transfer characteristics of underground pipelines in cohesive soils. The geometrical
effects of pipe backfill and channel width was analyzed, and there are obtained soil strength distribution
and response factors.
In summary, there was a lack of research on vibration wave of pipeline explosion. The research results of
this paper provided theoretical and technical support
for comprehensively understanding the hazard effect
of natural gas pipeline explosion.
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Fig. 1. Case of pipeline explosion. (a) New Mexico, 2000; (b) Ukraine, 2007; (c) Shenzhen, China, 2015.
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Fig. 2. Aerial image of the experimental pipeline.

1. EXPERIMENT OF OD1219-X90-12MPA
PIPELINE EXPLOSION
1.1. Scheme of the Experiment
The experiment selected the third-generation natural gas pipeline. This type of pipeline had been widely
used in the West-East Gas Pipeline Project [10, 11].
Parameters were shown in Table 1. The total length of
the experimental pipeline was 430 m, and it had two
sections. The length of the gas storage section at both
ends was 150 m, and the length of the experimental
section in the middle of the pipeline was 130 m, as
shown in Fig. 2. Pipeline was filled with natural gas,
and the inner pressure was 12 Mpa. The gas components were shown in Table 2.

In order to make the pipeline explode, a linear
shaped charge cutter with length of 500 mm was set
along the axis in the middle of the experimental section to introduce the initial crack, as shown in Fig. 3.
The gas storage components were first buried. After
the preparation was completed, the experimental part
was subsequently buried. In order to simulate the
worst case after a pipe explosion, the ignition device
was set to ignite the leaked natural gas.
Took the initiation point as the coordinate origin,
the measurement lines were set in 4 directions. The
measurement line L1 was 90° angle to the pipeline, L2
was 60°, L3 was 30°, and L4 was 0°. At each measurement point, a vibration velocity sensor and a vibration
acceleration sensor were placed. The distribution of
the measurement points was shown in Fig. 4. In order
to solve the coupling problem between sensors and
natural gravel soil, the authors designed a special sensor installation platform, as shown in Fig. 5.
Vibration recorders used in the experiment were
type TC-4850 and type Blast-UM. The two types of
recorders were equipped with three-vector sensors,
which could record three mutually perpendicular
(X-axis, Y-axis, Z-axis) vibration. Parameters were
shown in Table 3. Before the experiment, all the
recorders and sensors were calibrated in Jiangsu
Metrology Institute to ensure the authenticity of the
data. The trigger threshold was set to 0.1 cm/s (vibration velocity recorders), 0.1 g (vibration acceleration
recorders), the sampling frequency was set to 10000 Sps
and the acquisition time was set to 10 s .

Table 1. Parameters of the experimental pipeline
Piping
material
X90

Diameter,
Modulus
Yield strength,
Wall
Poisson ratio
mm
of elasticity, GPa
MPa
thickness, mm
1219

206

0.3

716

16.3
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Table 2. Composition of the experimental gas
Component

CH4

Mol %

94.91

CH3CH3 CO2

2.55

0.94

N2

Other
gases

1.4

0.2

1.2. Experiment Process and Phenomenon
When everything was ready, the first step was to fire
the ignition bomb and then detonated the cutter. The
pipe was penetrated by the jet to form an initial crack.
It was broken and natural gas was sprayed. After come
into contact with the ignition bomb, the leaked natural
gas was ignited. The maximum diameter of the fireball
was about 180 m, and the maximum height of the
mushroom cloud was about 300 m, as shown in Fig. 6.
At the first moment after the explosion, UAVs
(unmanned aerial vehicle) were sent to conduct investigations on the explosion site. It could be seen that the
explosion created a crater with a size of 17 × 7 m.
Crack was extended by about 17 m, as shown in Fig. 7.
The vibration data was shown in Table 4.
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Previously, authors had successfully carried out
two high-pressure natural gas pipeline explosion
experiments. By analyzing the data, authors found
that the vibration intensity was related to the angle
between the measurement line and pipeline. Previous
data overview as shown in Fig. 8. Therefore, this
experiment aimed to study the spatial distribution of
vibrations in natural gas pipeline explosions.
2. VIBRATION SPATIAL DISTRIBUTION
2.1. Experiment Data Analysis
Vibration data of different lines were shown in the
Fig. 9. It could be seen from the figure that the vibration intensity exhibited a nonlinear characteristic with
the attenuation of the distance. In the study of predecessors, the attenuation law of explosion vibration followed the power distribution [12, 13]. However,
authors found that the vibration of pipeline explosion
was more consistent with the exponential decay law, as
shown in Fig. 10.
It could be seen that the result of exponential fitting
had higher goodness of fit. Exponential fitting had
smaller SSE (Sum of Squares due to Error), and its Rsquare was closer to 1. Therefore, in this paper, expo-

Linear shaped charge cutter

Bracket

Fig. 3. Assembly diagram of the shaped charge cutter.

Vibration velocity sensor

L1
Vibration velocity sensor
Vibration acceleration sensor

90°

Vibration acceleration sensor

L2

Bolt
60°
L3

Steel plate

130 m

30°
L4
Initiation point

Fig. 4. Layout of measurement points.
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Table 3. Technical parameters of the vibration recorders
Type

Sensor type

Number
of the channels

Trigger Threshold

Resolution

Sampling Rate, Sps

Blast-UM

Acceleration Sensor

3

0.1 g

0.01 g

10 k

TC-4850

Velocity Sensor

3

0.1 cm/s

0.01 cm/s

10 k

Table 4. Vibration velocity data
Distance, m
L1(90°)
L2(60°)
Vibrating speed
vector sum, cm/s

L3(30°)
L4(0°)

20

30

40

60

90

130

1#
13.16
7#
9.00
13#
11.86
19#
9.33

2#
10.79
8#
6.31
14#
9.68
20#
7.34

3#
7.60
9#
5.17
15#
6.52
21#
4.22

4#
3.58
10#
1.50
16#
2.79
22#
1.16

5#
1.90
11#
1.32
17#
1.53
23#
0.54

6#

nential distribution was used to fit vibration data. The
results were shown in the following forms.

Measurement line 90°: V = 24.37e −0.029r ,

(1)

Measurement line 60°: V = 17.91e −0.034r ,

(2)

Measurement line 30°: V = 22.97e −0.031r ,

(3)

Measurement line 0° : V = 22.30e −0.041r ,

(4)

where V was the vibration velocity, cm/s, r was the distance from the initiation point, m.

Ignition instant

(а)

12#
18#
0.65

For a more vivid description, the tube axis was
taken as the X-axis, and the vertical line of the pipe
passing through the initiation point was taken as the
Y-axis. A coordinate plane is constructed. Since the
measurement points were mainly distributed in the
first quadrant, authors performed two image expansions of the data and extended it to four quadrants.
The spatial distribution of the vibration velocity was
obtained by the method of spatial surface fitting based
on Biharmonic spline interpolation [14, 15], as shown
in Fig. 11.

Deﬂagration instant

50 m (b)

50 m

Fig. 6. Explosion process.
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L ≈ 17 m

(а)

(b)
Fig. 7. Cracks in pipeline after the explosion.
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Fig. 8. Data overview of previous two experiments.

14
Measure line 90°
Measure line 60°
Measure line 30°
Measure line 0°

12
Vibration velocity, cm/s

Z-axis represented the peak of vibration velocity. In
the top view, it was obvious that the vibration field was
snowflake-shaped with six lobes. Obviously, it was
non-circularly symmetric. The vibration intensity was
strengthened in certain regions, and weakened in others. This special vibration mode was different from a
general explosion. Authors believed that it might be
caused by the special vibration source of the pipeline
explosion. The group-charge used in general explosion could be regarded as “point source”, while the
pipeline explosion was “linear source”. That was possible to form an interference superposition of waves.

10
8
6
4
2

2.2. MATLAB Simulation
In order to verify the conjecture, MATLAB was
used to build a simulation model. Set up a plane with
221 × 201 cells; origin coordinate was (111,101).
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Fig. 10. Comparison of fitting effect. (a) 90° measurement line, (b) 60° measurement line, (c) 30° measurement line, (d) 0° measurement line.

According to the experiment data, the length of the
crack was 17.43 m. So, took the (103.101)–(119.101) 17
points as the vibration source. The wave was simplified
as sine wave, whose amplitude decreased exponentially with distance. It was known that interference was
related to wavelength. Different interferogram were
obtained by changing the wavelength in the simulation, as shown in Fig. 12.
It could be seen from the interferogram that the
vibration intensity was strengthened in different directions as the wavelength changed. When the wavelength
was set to 9–10 m, the simulated interferogram was

similar to the experiment data. This result preliminarily proved that the asymmetric phenomenon
observed from the experimental data might be caused
by the interference effect. What’s more, it also showed
that wavelength of the wave that caused the interference in the experiment is about 9 to 10 meters.
Therefore, the strengthening effect of the interference in the vertical direction and the 30° direction
should be taken into account when evaluating the
damage scope of the explosion accident, as shown in
Fig. 13. At the same time, engineers should consider
increasing the safety distance in the vertical direction
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Fig. 11. The space distribution of the vibration velocity peak. (a) Perspective, (b) top view.

Fig. 12. Interferogram of different wavelengths.
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Firstly, the signal Z(t) was decomposed into multiple intrinsic modal functions c(t) by EEMD (Ensemble Empirical Mode Decomposition) algorithm [18,
19]. Then, performed a Hilbert transformation on c(t):
∞

c (t ' )
H [c (t )] = 1 PV
dt ',
t − t'
π
−∞



(5)

where PV represented the Cauchy principal value.
Establish analytic signal Z(t):
(6)
z (t ) = c (t ) + jH [c (t )] = a (t ) e ( ),
where a(t) was the amplitude function and Φ(t) was
the phase function.
jΦ T

a (t ) = c 2 (t ) + H 2 [c (t )],

(7)

H [c (t )]
(8)
.
c (t )
The instantaneous amplitude and instantaneous
phase of the wave could be obtained by differentiating
the amplitude and phase. Further, the instantaneous
frequency was obtained. After the Hilbert transform,
the amplitude of the signal in the time-frequency
domain could be obtained, known as the Hilbert spectrum. The expression was:
Φ (t ) = tan −1

Fig. 13. The interference strengthened region.

and the 30° direction when doing safety design of the
position with a high risk of leakage.
2.3. Time-Frequency Analysis of Vibration Signals
For further study, the time-frequency analysis
method was adopted to compare the vibration in the
strengthened and weakened regions. Pipeline explosion had multiple energy release processes, and they
had a chronological order [16, 17]. Therefore, the
HHT (Hilbert–Huang Transform) improved algorithm was introduced to analysis the signal in timefrequency domain.

The Hilbert spectrums of the measurement point 3#
and 9# were obtained, as shown in Fig. 14.
As shown in the figure, the Hilbert energy loading
processes of the two points were similar. The first wave
that arrived, the frequency range was 0…100 Hz. After
that, the peak arrived and the frequency range was
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Fig. 14. Hilbert time-frequency spectrum of the measurement point 3# and 9# (Z-axis). (a)—measurement point 3#, (b)—measurement point 9#.
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Fig. 15. Hilbert marginal spectrum. (a) Measurement point 3# (strengthened region), (b) measurement point 9# (weakened region).

wider, about 0…200 Hz. Finally, there was a low-frequency component with a longer duration. In the
interference strengthened region, the frequency distribution was wider; there was still some energy distribution above 200 Hz. On the other hand, the low-frequency components of the interference weakened
region last longer.
The marginal spectrum could be obtained by time
integration of Hilbert spectrum; it presented the vibration components in the frequency domain, as shown
in Fig. 15.
The vibration frequency of the X-axis and Y-axis
signals of the two points were approximately similar.
However, there was a significant difference in the distribution of Z-axis signals. It could be seen that the
Z-axis signal in the strengthened region was mainly distributed in area II (10…20 Hz) and area III (20…30 Hz).
While, the Z-axis signal in the weakened region was
mainly distributed in area I (0…10 Hz). This difference indicated that it was highly probable that the frequency components in these two ranges caused interference effects. Each building actually has an infinite
number of natural frequencies. From small to large, we
call it the first frequency (base frequency) and the second frequency. The deformation state of the object
corresponding to each natural frequency is called the
vibration type. The main influences on the response of
objects (such as displacement, internal force, etc.) are
the first few low frequencies, while the higher order
frequencies or modes have less effect on the response
of objects. So that, the natural frequencies of buildings
around pipelines, such as pressurized stations or paralACOUSTICAL PHYSICS

Vol. 65

No. 5

2019

lel pipelines, should avoid this range of frequencies,
especially in the interference strengthened region.
3. DISCUSSION
Through experiments and data analysis, the preliminary conclusions of the explosion vibration damage of OD1219mm-X90-12Mpa natural gas pipeline
were obtained.
Compared with the power function, the attenuation of pipeline explosion vibration was more consistent with the exponential law. The vibration intensity
distribution of pipeline explosion was related to the
angle between the measurement line and the pipeline,
but it was not monotonous. The vibration intensity
was strengthened in certain regions, and weakened in
others. Therefore, engineers should take the angle into
consideration when doing safety design or damage
assessment.
This directionality characteristic was caused by the
interference of vibration. Moreover, the simulation
results showed that the dominant wave length, which
caused the interference, was about 9–10 m. The vibration frequency components were mainly distributed
within the low frequency range of 0…100 Hz. There
was a significant difference in the frequency components between the interference strengthened region
and the weakened region.
Since the characteristics of the vibration generated
by the explosion were related to the source of explosion and the soil medium, the results obtained in this
experiment were applicable to the OD1219mm-X90
pipeline. At present, in the West-East Gas Pipeline
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project, a considerable length of pipeline meet this
applicable condition. For other specifications of pipelines or other soil media, there was still a lot of work
needed to be supplemented by scholars.
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