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To learn more about dynamite explosions in confined spaces, we focused on the chamber adjacent to the main chamber, the main
chamber being the location of the explosion. We investigated the characteristics of two damaging pressure loads: first reflected
shock wave and quasistatic pressure. In this work, we analyzed the characteristics of the first reflected shock wave and the
quasistatic pressure formed by the explosion of the chamber charge. Simulated chamber explosion experiments were carried out,
where high-frequency piezoelectric sensors were used to measure the first reflected shock wave, and low-frequency piezo-resistive
sensors were used to measure the quasistatic pressure. Valid and reasonable experimental data were obtained, and the ex-
perimental values of the pressure load were compared with those calculated from the classical model. ,e results showed that
when the main chamber was partially damaged by the explosion load, the adjacent chambers were not subjected to the shock wave
load, and the quasistatic pressure load was less than that in the main chamber.,e presence of adjacent chambers did not affect the
shock wave load in the main chamber. Using the mass of the explosive and the blast distance as input parameters, the internal
explosion shock wave load parameters, including those in adjacent chambers, can be calculated. ,e presence of the adjacent
chamber did not affect the theoretically calculated quasistatic overpressure peak in the main chamber. Using the mass of the
explosive and the spatial volume of the chamber as input parameters, the quasistatic pressure load parameters of the internal
explosion can be calculated, including those in the adjacent chambers.

1. Introduction

,e explosion of dynamite inside a confined space leads to two
typical pressure loads: shock wave and quasistatic pressure.
Due to the constraint of boundary conditions, the time history
of an internal explosion pressure load is much more com-
plicated than that of an external explosion, and it will cause
more severe damage [1, 2]. ,e shock wave is continuously
reflected inside the confined space and superimposes at the
corners, causing plastic deformation and local fracture of the
structure. ,e first reflected shock wave is decisive, whereas
quasistatic pressure is believed to be the deciding factor for
structural disintegration and overall destruction based on
structural damage and local failure.,erefore, the first reflected
shock wave and quasistatic pressure comprise an important
basis for analyzing and evaluating the damage effect.

,e study of the explosion pressure load in a chamber
began during World War II [3]. ,e initial researchers
believed that the reflected shock wave was the main damage
load. In the 1960s, quasistatic pressure loads began to receive
attention. Books [4–6], reports [7–10], and manuals [11–13]
on this topic included the relationship between the two
pressure loads mentioned above and the mass and position
of the explosive, the volume of the confined space, and the
area of pressure relief. ,e literature also included com-
putation models for the two load parameters in a specific
range of applications and the interaction between the
pressure load and the structure. ,ese research results have
made possible the prediction and evaluation of internal
explosion pressure load. In terms of mechanisms, studies on
reflected shock waves mainly included theoretical calcula-
tions of multiple reflection shock waves [14–16], local
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interaction between shock wave and confined space [17–20],
research on quasistatic pressure, mainly the calculation of
quasistatic pressure load parameters [21–23], effects of
postexplosive combustion on quasistatic pressure [24–27],
effects of shape and structure of pressure relief hole on
quasistatic pressure [28–32], and internal explosion load
characteristics of nonideal explosives [33–35]. In contrast to
research on single chambers, today’s research on the internal
explosion pressure load of multichamber structures is in-
adequate. Multichamber structures are closer to the reality,
and the characteristics of internal explosion pressure loads
are more complicated. With increasingly greater demand on
the destruction capability of internal explosion load and
increasing requirements for a structure’s anti-internal ex-
plosion performance, it has become increasingly important
to investigate internal explosion pressure load characteristics
of adjacent chambers. In this study, we conducted internal
explosion experiments with charges in simulated chambers.
Two types of pressure sensors were used to test the reflected
shock wave and the quasistatic pressure in synchronized
tests. Combined with theoretical analysis and calculation, we
studied the characteristics and behavior of pressure loads in
an adjacent chamber generated by an explosion in the main
chamber.

2. Pressure Load Characteristics of
Explosion inside Cabin

When an explosion occurs in a limited space, the explosive
will form a high-temperature and high-pressure detonation
product as well as rapidly expand the compressed air to
form an explosion shock wave in the air. After the ex-
plosion shock wave is separated from the explosive
product-air interface, the product continues to expand and
gradually mixes with the air compressed by the shock wave.
Subsequently, the shock wave reaches the boundary of the
finite space and is reflected, and the spatial Euler point
exhibits a fluctuating process where the peak pressure is
continuously attenuated [23]. ,e average value of such
fluctuating pressure is called the quasistatic pressure. For
an observation point on a solid wall, the quasistatic
pressure starts from the moment the shock wave first ar-
rives and reflects and continues until it reaches its peak
when the detonation product is mixed with the original air.
Due to the short time frame, the pressure drop caused by
the existence of the pressure relief hole and the heat ex-
change between the gas and the solid walls can be ignored.
,e quasistatic pressure continues to decrease over time,
and this decay process lasts for seconds.

,e explosive explodes in the cabin, and the fluctuating
pressure reflected on the bulkhead can be decomposed into
two kinds of damage pressure loads: the first incident shock
wave and the quasistatic pressure. ,e pressure loads can be
analyzed and processed relatively independently. ,e load
parameters of the first incident shock wave include the first
peak overpressure, positive pressure action time, and specific
impulse. ,e load parameters of the quasistatic pressure
include the peak overpressure of the quasistatic pressure,
pressure relief time, and specific impulse. ,e amplitude of

the first incident shock wave is typically on an order of
magnitude of 10MPa and the positive pressure action time is
on an order of magnitude of milliseconds, which are typical
high-frequency pressure signals. Hence, to test the first
incident shock wave, the sensor should have a response
frequency of hundreds of kilohertz, and the collector should
have a sampling frequency in megahertz. ,e quasistatic
pressure is usually on an order of magnitude of kilopascals,
and the pressure relief time is on an order of magnitude of
seconds. Moreover, since the quasistatic pressure is the
average of the fluctuating pressure, the response frequency
of the quasistatic pressure test sensor should be low (kilo-
hertz) to ensure that the data are stable and that it is possible
to obtain a smooth test curve [36].

3. Explosion Experiment in
Simulated Chambers

3.1. Chamber Structure and Test Method. In order to study
the pressure load characteristics of explosion in an adjacent
chamber, we conducted explosion tests in simulated
chambers. For comparative analysis, two simulated cham-
bers were designed. Simulated chamber 1 was a single-level
chamber, and the standard chamber was used to analyze the
internal explosion pressure load without an adjacent
chamber. Simulated chamber 2 was double-layered, with the
upper chamber serving as the main chamber and the lower
chamber serving as the adjacent chamber. Simulated
chamber 2 was used for analyzing the internal explosion
pressure load in the main and adjacent chambers. ,e total
volume of simulated chamber 2 was twice that of simulated
chamber 1, and the upper and lower chambers were of the
same volume and connected through a prefabricated hole.
Figure 1 shows a schematic diagram of the simulated
chambers used in the experiment.

Figure 1 shows that, for simulated chamber 1, a total of
four test points were located on the two bulkheads at the
front and back of the simulated chamber. Test point 1 and
test point 2 were located at the geometric center of the
front and rear bulkheads, respectively, for acquiring shock
wave load data. Test point 3 and test point 4 were located
on both sides of test point 2 at the front bulkhead to obtain
quasistatic pressure load data. For simulated chamber 2,
the upper chamber was the main chamber, and the lower
chamber was the adjacent chamber. ,e test point dis-
tribution in the main chamber was the same as that in
simulated chamber 1. Test points 5, 6, and 7 were located
in the front bulkhead of the lower chamber at locations
corresponding to the test points in the upper main
chamber. Test point 7 was used to obtain shock wave load
data in the lower adjacent chamber, and test points 5 and 6
were used to acquire the quasistatic pressure load in the
lower adjacent chamber. ,e physical layout of the sim-
ulated chamber is shown in Figure 2.

As shown in Figure 2(a), the internal dimensions of
simulated chamber 1 were 2.4m× 1.2m× 0.5m, the bulk-
head thickness was 16mm, the round hole at the top of the
chamber was 120mm in diameter, and the explosive charge
was suspended in an iron frame at the geometric center of
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the chamber. ,e chamber was made of Q235 steel. As
shown in Figure 2(b), the size of simulated chamber 2 was
2.4m× 1.2m× 1m, and the chamber material was Q235
steel. ,e wall thickness of the main chamber in the upper
level was 16mm, the same as the design parameter of
simulated chamber 1. ,e interior spatial volume of the
lower adjacent chamber was the same as that of the upper
main chamber, the bulkhead thickness was 6mm, and the
diameter of the circular hole at the top of the main chamber
was 120mm. ,e explosive charge was placed at the geo-
metric center of the main chamber through the top round
hole. A 200mm diameter prefabricated round hole was
opened between the two chambers to ensure that explosive

products in the main chamber could move into the adjacent
chamber during the explosion process. ,e test charges were
418 g of TNT bare charges fabricated into cylindrical charges
of equal height (ϕ70mm× 68mm).

At the test point for shock wave load measurement, a
Model CY-YD-203T sensor produced by Lianneng Elec-
tronic Technology Co., Ltd. (Yangzhou, Jiangsu Province,
China) was used. Its parameters were as follows: range
0–30MPa, output voltage 0–5V, operating temperature
−40–150°C, and response frequency 100 kHz. At the test
point for quasistatic pressure measurement, a Model CY-
YZ-010 sensor produced by Lianneng Electronic Technology
Co., Ltd., was used. ,e parameters were ranging 0–1MPa,
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Figure 1: Schematic diagram of the simulated chamber layout. (a) Simulated chamber 1. (b) Simulated chamber 2. (c) Top view of
simulation chamber.
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Figure 2: Photograph of simulated chambers. (a) Simulated chamber 1. (b) Simulated chamber 2.
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output voltage 0–5V, operating temperature −40°–85°C, and
response frequency 2 kHz. ,e measurement system con-
sisted mainly of a data acquisition system and a charge
amplifier. ,e data acquisition equipment was a Model
IDH446 data acquisition instrument produced by LDS
Company of the United Kingdom, and the charge amplifier
was aModel YE5853 charge amplifier produced by Lianneng
Electronic Technology Co., Ltd., in Yangzhou, Jiangsu. At
the shock wave test point, the sensor was connected to the
charge amplifier, its sensitivity setting was consistent with
that of the sensor, and the amplification factor was set to 1.
,e charge amplifier was connected to the data acquisition
instrument, with the sampling frequency of the two shock
wave signal channels set at 10MHz. ,e sensor at the
quasistatic pressure test point was connected directly to the
data acquisition instrument, the sampling frequency of the
two quasistatic pressure signal channels was set to 10 kHz,
and the data recording was triggered by the rising edge of the
channel.

,e test site was prepared before the initiation of the
experiment, including the placement of the test system and
the installation of the circuits and sensors. At the placement
location of the simulated chamber, the ground was leveled
with a bulldozer and then covered with fine sand to damp the
mechanical vibrations of the simulated chamber in the
explosion. ,e simulated chamber was placed on the sand
with a crane, and the layout position was kept level. After the
placement of the chamber, the sensors were installed. At the
shock wave test point, the sensor was placed in the through-
hole reserved on the chamber bulkhead. An elastic and
insulating nylon fixture was installed between the sensor and
the bulkhead to effectively block the stress waves and in-
terference signals, such as mechanical vibrations and elec-
trical signals.,e sensor was housed in the nylon fixture, and
the nylon sleeve was installed in the through-hole of the
bulkhead with an interference fit to ensure a tight fit. ,e
pressure sensitive surface of the sensor was flush with the
inner surface of the bulkhead, and the wiring was fastened to
prevent movement. A metal buckle cap was installed at the
end of the nylon sleeve to hold the entire fixture in place. At
test points for quasistatic pressure measurement, nylon
sleeve tooling was also installed, but the tooling was screwed
into the hole on the bulkhead to ensure effective isolation
against mechanical vibrations, electrical signals, and stress
waves. Finally, the charge amplifier and the digital data
acquisition were grounded. ,e power line and the test data
line were separated, and the data lines were kept knot-free
wherever possible.

3.2. Analysis of Experimental Results. Following the above-
mentioned experimental method, we conducted four ex-
plosion tests in two simulated chambers and statistically
analyzed the experimental data by deleting invalid data and
averaging the effective data. We then analyzed the shock
wave load data and the quasistatic pressure load data
separately.

3.2.1. Shock Wave Load. For the shock wave load of the two
simulated chambers, the mass of the explosive and the
distance from the test point to the detonation point were the
same.,e shock wave pressure-time (p-t) curves obtained in
the two simulated chambers in the experiment are shown in
Figure 3.

As can be seen from Figure 3, the peak value of the shock
wave overpressure was about 10MPa, the positive pressure
action time was about 0.1ms, and the specific impulse was
about 900 Pa·s. In identical simulation chambers, the two
test points were operating in parallel, and the shock wave
load parameters obtained at the two test points were con-
sistent, indicating that the experimental data were valid and
accurate. ,e results in Figure 3(c) show that, at the shock
wave test point in the lower level of simulated chamber 2,
only interference clutter signals were acquired, indicating
that the shock wave load from the explosion in the upper
level did not affect the lower chamber structure after the
explosion. To compare simulated chamber 1 and simulated
chamber 2, we list the shock wave load parameters in Table 1.
,e shock wave load parameters in the two chambers were
not different, indicating that when the main chamber was
partially damaged, the adjacent chamber did not affect the
shock wave load in the main chamber. ,is is because the
main effect of the adjacent chamber on the main chamber
was the outflow of explosion products. Since the shock wave
propagation velocity was very high, the explosion products
did not have time to flow to the adjacent chamber when the
shock wave exerted its load on the chamber wall. As a result,
the shock wave loads of the two simulated chambers were
very similar.

,e two shock wave test points in the experiment were
both positions of positive reflection of the shock wave. ,e
calculation method for the first positively reflected shock
wave pressure is well-established and is usually based on the
pressure of the incident shock wave. In this paper, we chose
to use the Brode formula with a larger range of application to
calculate the positive reflected shock wave overpressure [4]:

pr

ps

�
2.655 × 10− 3

ps

1 + 1.728 × 10−4
ps + 1.921 × 10−9

ps

+ 2 +
4.218 × 10− 3

+ 4.834 × 10− 2
ps + 6.856 × 10− 6

p
2
s

1 + 7.997 × 10−3
ps + 3.833 × 10−6

p
2
s

, (1)

where pr is the peak overpressure (MPa) of the reflected
shock wave and ps is the peak overpressure (MPa) of the
incident wave.

In order to calculate the pressure of the reflected shock
wave, onemust first calculate the incident shock wave pressure.
,e incident pressure was obtained from the Henrych formula:
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Figure 3: Shock wave load p-t curve. (a) Simulated chamber 1. (b) Simulated chamber 2, upper level. (c) Simulated chamber 2, lower level.

Table 1: Shock wave load parameters.

Simulated chamber Test point Peak value of overpressure (MPa) Positive pressure reaction time (s) Specific impulse (Pa·s)

1 1 10.06 0.00098 897.5
2 10.40 0.00097 899.8

2
1 10.64 0.00096 902.3
2 9.87 0.00112 913.8
7 0 0 0
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where R is the proportional distance, R is the distance from
the center of the explosion (m), andW is the TNTequivalent
(kg).

We calculated the theoretical value of the peak over-
pressure for the conditions of this experiment. From
equation (2), the peak overpressure of the incident wave was
calculated to be 1.134MPa. ,e peak overpressure of the
reflected wave was then calculated from equation (1), and
both the calculated and experimental results are listed in
Table 2.

,e compiled results in Table 2 show that the discrep-
ancy between the theoretical calculation and experimental
value of the shock wave load in the main chamber of
simulated chamber 1 and simulated chamber 2 did not
exceed 10%, which further proves that the presence of the
adjacent chamber did not affect the shock wave in the main
chamber. ,e shock wave load of an internal explosion in a
chamber containing an adjacent chamber can be calculated
using the explosive mass and the explosion distance as
inputs.

3.2.2. Quasistatic Pressure Load. Having completed the
analysis of shock wave load, the quasistatic pressure load is
analyzed below. Figure 4 shows a typical quasistatic pressure
p-t curve obtained in simulated chamber 1 in the
experiment.

As shown in Figure 4, the quasistatic pressure sensor
functioned normally and obtained valid test data. ,e
quasistatic pressure load parameters were read from the p-t
curve: the peak value of the overpressure was 0.89MPa, the
peak time was 0.029 s, the positive pressure reaction time
was 0.67 s, and the specific impulse was 195,250.1 Pa·s.
Compared with the shock wave signal, the peak value of the
quasistatic pressure was very small, but the positive pressure
reaction time and the specific impulse were much greater. In
this experiment, the experimental data of the pressure load
inside simulated chamber 1 mainly described the experi-
mental load inside simulated chamber 2. We now analyze
the quasistatic pressure load of the main chamber in sim-
ulated chamber 1 and simulated chamber 2. ,e experi-
mental data are shown in Figure 5.

,e quasistatic pressure p-t curves obtained in the two
chambers are shown in Figure 5. ,e quasistatic pressure
load parameters for the main chamber of simulated chamber
2 can be read from the p-t curves: the peak value of

overpressure was 0.55MPa, the peak time was 0.012 s, the
positive pressure reaction time was 0.86 s, and the specific
impulse was 143,443.1 Pa·s. Compared with the quasistatic
pressure load parameters in simulated chamber 1, the peak
value of the quasistatic overpressure of the main chamber of
simulated chamber 2 was lower than that in simulated
chamber 1. In terms of the total volume of the simulated
chambers, the total volume of simulated chamber 2 was
equivalent to twice of that of simulated chamber 1, so, for the
same amount of explosive, the quasistatic overpressure peak
in the main chamber of simulated chamber 2 was lower. ,e
quasistatic pressure peak time of the main chamber of
simulated chamber 2 was lower than that of simulated
chamber 1. Other than the fact that simulated chamber 2 had
a large total volume, the movement behavior of the internal
product gas was also more complex, so its quasistatic
pressure reached the peak value faster. ,e positive pressure
reaction time of the quasistatic pressure of themain chamber
of simulated chamber 2 was higher than that of simulated
chamber 1. For the same area of the pressure relief hole, the
positive pressure reaction time was inversely proportional to
the volume of the space, so the pressure relief time was
longer for simulated chamber 2. Specific impulse is a
quantity derived from the overpressure peak and the positive
pressure reaction time. Although the main chamber of
simulated chamber 2 had a longer positive pressure reaction
time, it had a lower peak value, so its specific impulse was
lower than that of simulated chamber 1.

Having comparatively analyzed the quasistatic pressure
load parameters in the main chambers of simulated chamber
1 and simulated chamber 2, we now analyze the quasistatic
pressure load of themain chamber and the adjacent chamber
of simulated chamber 2.,e experimental data are displayed
in Figure 6.

Figure 6 shows the quasistatic pressure load parameters
of the adjacent chamber of simulated chamber 2: the
overpressure peak was 0.40MPa, the overpressure peak time
was 0.045 s, the positive pressure reaction time was 0.86 s,
and the specific impulse was 134,600.0 Pa·s. ,e peak value
of quasistatic overpressure of the main chamber was higher
than that of the adjacent chamber, and the peak time was
shorter than that of the adjacent chamber. ,is is mainly
because, with the explosive charge detonated in the main
chamber, it takes time for the explosion product gas to move
from the upper level to the lower level. When the quasistatic
pressure reaches the peak in the adjacent chamber, some of
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the product gas has already been discharged from the
pressure relief hole at the top of the chamber, so the peak
value of the overpressure in the adjacent chamber is lower
and lags behind in time.,e quasistatic pressure in the main
chamber quickly dissipates before the quasistatic pressure in
the adjacent chamber peaks. ,is is because, while the gas
movement in the main chamber stabilizes, the gas in the
main chamber is escaping through the pressure relief holes
at the top and the bottom simultaneously. After the

explosion gas has stabilized in the chambers on the two
levels, the explosion product gas has escaped through the
pressure relief hole at the top of the chamber, so the pressure
relief trend of the two chambers is basically the same, that is,
the positive pressure reaction time is the same. Due to the
difference of the overpressure peak, the specific impulse in
the main chamber is greater than that in the adjacent
chamber.

Having analyzed the quasistatic pressure load charac-
teristics in the simulated chamber with an adjacent chamber,
we now invoke the classical formula to calculate the qua-
sistatic pressure load parameters of the experiment and
compare the results with the experimental data. ,e peak
value of the quasistatic overpressure depends on two pa-
rameters: the total energy released by the explosion and the
volume of the chamber. In this paper, we used the formula in
the UFC (Unified Facilities Criteria) manual [11] to calculate
the peak value of the quasistatic overpressure:

pQS � 2.26
m

V
 

0.7
. (4)

,is formula includes the chamber volume V (m3), the
explosive mass m (kg), and the peak overpressure of the
quasistatic pressure PQS (MPa).

Based on the operating conditions of this experiment,
the corresponding theoretical values of quasistatic over-
pressure peaks were calculated. ,e theoretically calculated
results and experimental results are listed in Table 3.

Table 2: Comparison of experimental value and theoretical value of peak shock wave overpressure in two simulated chambers.

Simulated chamber Experimental value (MPa) Calculated value (MPa) Relative error
1 10.36 9.92 −4.25%
2 10.04 9.92 −1.19%
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It can be seen from Table 3 that the relative error between
the calculated value and the experimental value of the peak
value of quasistatic overpressure in the main chambers of
simulated chamber 1 and simulated chamber 2 was less than
10%, and the calculation accuracy was good. ,e relative
error of the calculated and experimental values for the
adjacent chamber of simulated chamber 2 was 28.9%. ,is
relatively large calculation error indicates that, during the
flow process of explosion product from the main chamber to
the adjacent chamber of simulated chamber 2, a portion of
the gas products escaped through the top vent hole of the
chamber, which made the calculated peak value of quasi-
static overpressure in the adjacent chamber too high. In
addition, compared to the adjacent chamber, the calculation
error was smaller for the main chamber. ,is indicates that
the presence of an adjacent chamber does not affect the
theoretical peak value of quasistatic overpressure in the main
chamber. ,at is, the peak value of quasistatic overpressure
in the adjacent chamber can be calculated using the ex-
plosive mass and the chamber volume as inputs.

4. Conclusion

In this study, we analyzed the characteristics of the two types
of loads formed by internal explosion in the adjacent
chamber: the first reflected shock wave and the quasistatic
pressure.We carried out explosion experiments in simulated
chambers and obtained valid experimental data. We ana-
lyzed and compared the experimental values of the pressure
load and the computed values obtained using the classical
model. ,e results supported the following conclusions:

(1) When the main chamber is partially damaged by the
explosion load, the adjacent chamber is basically
unaffected by the shock wave loading, and the ex-
perienced quasistatic pressure load is less than that in
the main chamber.

(2) ,e presence of the adjacent chamber does not affect
the shock wave load in the main chamber, and the
explosion shock wave load in the main chamber can
be calculated using the mass of the explosive and the
explosion distance as inputs.

(3) Since the explosive product gas is discharged
through the vent hole of the chamber, the theoret-
ically calculated result of the peak quasistatic over-
pressure in the adjacent chamber is high. ,e
presence of the adjacent chamber does not affect the
theoretical calculation of the peak quasistatic over-
pressure in the main chamber; that is, the peak
quasistatic overpressure of the main chamber can be
calculated using the explosive mass and the volume
of the chamber as inputs.
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