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To compare the damage zones of spherical and cylindrical charges in rock and soil, a quasistatic spherical model was established to
predict the characteristic dimension of the cavity. ,e results indicated that the damage zones of cylindrical charges were larger
than those of spherical charges. Furthermore, the cavity development of two charges with different shapes was obtained by
numerical simulation, and a comparison of the prediction results between the quasistatic model and numerical simulation was
made. ,e comparison showed that the model could predict the damage zones exactly and faster than numerical simulation.
Ultimately, the influence of explosions and soil media was discussed by the quasistatic model. It was observed that larger damage
zones were generated by smaller values of the product of pressure and exponential expansion. However, the influence of soil media
was complex, and larger damage zones were usually generated by the harder soil media.

1. Introduction

,e problem of the damage zones caused by an explosion in
the rock and soil has been widely investigated.,e size of the
damage zones affects the seismic wave field generated by the
explosion; thus, the damage zones with different sizes are
encountered in different engineering fields. In practical
engineering, spherical charge and cylindrical charge are two
commonly used charge forms; therefore, it is necessary to
conduct a comparative study on the damage zones to
provide a basis for the choice between these two charge
forms.

,e research methods for the damage zones caused by
these two kinds of charge mainly include the analytical
method, numerical analysis, and explosive test method in
soil. Henrych, respectively, proposed the cavity analytical
expressions for the rock and soil under quasiempirical,
quasistatic, and dynamic conditions [1–6]. Zhang derived
the analytical expressions for the crushed zone generated
by two charge forms based on the theory of explosion shock
wave and suggested that the size of the crushed zone was
related to the initial charge radius [7]. Holmberg and

Persson [8], Ouchterlony [9], Kanchibolta et al. [10], and
Ouchterlony et al. [11] predicted the size of the broken area
by a semiempirical formula that is broadly used in engi-
neering fields. However, this formula is utilized for
quantitative analysis with poor accuracy and cannot dis-
tinguish the types of geotechnical media. Forrestal and
Tzou [12] and Voitenko [13] used explosion dynamics
theory to calculate the damage area and, as a result, they
obtained higher accuracy results. However, this calculation
method was complicated and inefficient. Furthermore, the
range of the generated plastic zone, which directly affects
the characteristics of the seismic wave field, is not con-
sidered in the above methods. Moreover, the dynamic
method often takes much more time in the process of
calculating the damage zones, which is not suitable for the
analysis of seismic wave field, while the quasistatic method
can quickly calculate the damage zones and it is more
suitable for the analysis of seismic wave field. Lin and Bai
[14] studied the impact process of explosives in rock and
soil and obtained the impact pressure and evolution pro-
cess of the inner surface of the cavity during the expansion
of the explosive cavity under the condition of spherical
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charge. ,is study provided a theoretical basis for the study
of the internal surface pressure of cavity sources. Bergeron
et al. [15] carried out a large number of experiments re-
garding the explosion in soil and made tangible progress.
Luccioni [16] conducted a series of tests on explosives in
the soil surface and near-surface. ,e study analyzed the
influence of soil properties on the size of the explosion
funnel. Fiserova [17] used the AUTODYN program to
numerically simulate the dynamic response of explosives
and compared the results with the analytical model given
by Henrych. Luccioni and Ambrosini [18] and Ambrosini
and Luccioni [19] utilized the AUTODYN program to
perform numerical simulations regarding explosives in the
ground and shallow burial conditions. Overall, the results
of the development of the explosive cavity obtained from
the numerical simulations are consistent with the experi-
mental results.

Based on the quasistatic theory, this study established a
prediction model for the damage zones of the spherical drug
package, which was compared with the column-symmetric
model established by Drukovanyi et al. [20].,e feasibility of
the model was verified by comparing it with the numerical
simulation method, and the effects of explosive properties
and geotechnical medium on the damage zones were ana-
lyzed as well.

2. Prediction of Damage Zones

,e process of explosives from blasting to finally forming
elastic waves in the distance is accompanied by a series of
chemical and physical changes. ,e energy keeps attenu-
ating during the transmission process due to various dis-
sipation mechanisms, showing the evolution from the
powerful blast waves to elastic waves finally. ,is process is
composed of four stages, which are hydrodynamic stage,
geomaterial crushing stage, dynamic expansion stage, and
elastic wave propagation stage. Meanwhile, the medium
would have irreversible deformation under the strong
explosion effects during the attenuation process, so that the
geomaterial near the explosive source shows certain fluid
properties under the impacts of huge energy. At the mo-
ment of explosion, a wave front could be pushed out from
inside the explosion cave, which is in a shape the same as
the explosive. With the development of the blast wave, its

peak stress attenuates rapidly during the outward propa-
gation process until below the ultimate failure strength of
the geomaterial. At this moment, the geomaterial turns
from the fluid stress state to the elastic-plastic stress state.
And the attenuation of the stress wave continues until its
peak value falls below a certain value, and the geomaterial
transforms from the plastic state to the elastic state. In this
case, the explosive source forms the explosion cavity area,
plastic area, and an elastic area in sequence when it blasts in
geomaterial along the energy transformation direction
(Figure 1).

Since the explosion wave generated by the spherical
charge explosion is a spherical wave and the cylindrical
charge explosion produces a cylindrical explosion wave,
therefore, under the same charge quantity, the two charge
forms will produce different damage zones (Figure 2). To
further investigate the effect of charge form on seismic wave
field, it is necessary to compare the damage zones caused by
spherical and cylindrical charges.

To predict the size of damage zones of different charge
structures, a quasistatic model for damage zones prediction
was established. In the model, there are several assumptions
as follows: (1) ,e rock and soil medium are incompressible.
(2) ,e change in the density of rock and soil caused by the
explosion is ignored. (3) ,e formation of the explosive
cavity and damage zones is instantaneous. (4) ,e deto-
nation of explosives is instantaneous. As shown in Figure 1,
am is the cavity radius, b∗ is the radius of the crushed zone,
and b0 is the radius of the fracture zone. ,e whole region
can be divided into three parts:

(1) Elastic zone: b0(t)≤ r≤∞
(2) Cracked zone: b∗(t)≤ r≤ b0(t)

(3) Crushed zone (cavity): am(t)≤ r≤ b∗(t)

2.1. Elastic Zone

2.1.1. Spherical Charge. Based on the above assumptions, the
shear stress is zero and the annular stress is equal under the
condition of spherical cavity expansion in the elastic me-
dium; thus, the equilibrium equation can be expressed as
follows:

Elastic
deformations

Radial
fissures

Fine
crushing

Cavity

am b0b
∗

Figure 1: Distribution of different damage zones.

Spherical Cylindrical

Figure 2: Explosive wave characteristics produced by two charge
forms.
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dσr

dr
+
2 σr − σϕ 

r
� 0, (1)

where σc is the radial stress, σφ is the annular stress, and r is
the explosion center. ,en, the strain (QUOTEε) can be
expressed as εr � du/dr and εφ � u/r, where u is the radial
displacement. Hooke’s law is applied to elastic deformation
area and its general form can be expressed as follows:

σij � 2μεij + λθδij. (2)

μ and λ are Lame’s coefficients, and the stress in the
equilibrium equation is expressed as a function of dis-
placement as follows:

λ
2μ

+
dθ
dr

+
d
dr

du

dr
+
3u

r
  � 0, (3)

where θ is the volumetric strain, and the volumetric strain in
the previous part of the formula is 0. In the inner boundary
of the elastic area, the shear stress is limited by the tensile
strength (σ0) of the rock mass and the radial displacement
becomes

u �
1
2μ
σ0b0

b0

r
 

2

. (4)

,erefore, in the elastic region, the displacement u0 on
the boundary b0 can be expressed as follows:

u0(t) �
1
2μ
σ0b0(t). (5)

2.1.2. Cylindrical Charge. According to the above assump-
tions, the equilibrium equation under the condition of cy-
lindrical charge can be expressed as follows:

dσr

dr
+

σr − σϕ 

r
� 0. (6)

,e displacement u0 on the boundary of the elastic
region b0 can be expressed as follows:

u0(t) �
1
2μ
σ0b0(t). (7)

2.2. Fracture Zone

2.2.1. Spherical Charge. ,e annular stress is zero in the
radial fracture zone; thus, the equilibrium equation is pre-
sented as follows:

dσr

dr
+
2σr

r
� 0. (8)

At the boundary of region 3, σr(b0) � − σ0, and at the
boundary of region 1, σr(b∗) � − σ∗, where σ∗ is the com-
pressive strength. By integrating the above equation, we can
obtain the following equation:

σ0b
2
0 � σ∗b

2
∗. (9)

,en, the boundary at region 2 is expressed as follows:

u∗(t) � u0(t) + 
b∗

b0

εrdr. (10)

From the stress-strain relationship of σr � 2με, the
particle vibration velocity u is expressed as follows:

u∗(t) �
1
2μ
σ∗b∗. (11)

2.2.2. Cylindrical Charge. Similarly, the simplified equilib-
rium equation of cylindrical charge is expressed as follows:

dσr

dr
+
σr − σϕ

r
� 0. (12)

At the boundary of region 3, σr(b0) � − σ0, and at the
boundary of region 1, σr(b∗) � − σ∗, where σ∗ is the com-
pressive strength. By integrating the above equation, we have

σ0b0 � σ∗b∗. (13)

From the stress-strain relationship of σr � 2με, the
particle vibration velocity u is expressed as follows:

u∗(t) �
1
2μ
σ∗b∗ 1 + In

σ∗
σ0

  . (14)

2.3. CrushedZone. In the crushed zone, the rock and soil are
in close contact with the explosive, and the instantaneous
pressure generated by the explosion is far greater than the
compressive strength of rock and soil. ,erefore, in this
region, significant plastic deformation, fracture, and other
phenomena will appear on the medium. At present, the
prediction of this area is very different, and it is generally
believed that the radius of this area is about 3 to 5 times the
charge radius. To describe the destruction of rock and soil in
the crushed zone, a granular incompressible medium model
with cohesive force is used. ,e simplified Mohr–Coulomb
failure criterion is as follows:

τmax


 � − fσ + k, (15)

where τmax is shear strength, f is the internal friction co-
efficient, and k is cohesion.,e shear stress at the time of the
destruction is the maximum shear stress and the normal
stress is σ � (σφ + σr)/2. Considering the incompressible
optimal condition, the relationship is as follows:
σz � (σφ + σr)/2. By substituting this equation into equation
(9), we have

σφ � ασr + β, (16)

where α � (1 − f)/(1 + f), β � 2k/(1 + f).
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2.3.1. Spherical Charge. By substituting equation (16) into
the spherical equilibrium equation and considering the
boundary conditions, r � b∗, σr � − σ∗, we have

σr �
β

1 − α
− σ∗ +

β
1 − α

 
b∗
r

 

2(1− α)

. (17)

,e pressure on the wall of the chamber is expressed as
follows:

P � −
k

f
+ σ∗ +

k

f
 

b∗
a

 

(4f/(1+f))

. (18)

After applying the incompressible conditions and cal-
culating the boundary r � b∗, we have

u∗(t) �
1
4μ
σ∗b∗ 3 −

σ∗
σ0

 . (19)

Because zu/zr≪ 1, the velocity on the wall of the
chamber can be obtained by establishing the momentum
equation:

v(a) �
da

dt
. (20)

When t � 0, the rupture at the boundary of the chamber
begins to occur, then a � b∗ � a∗, and we can obtain the
following equation:

b
3
∗ � L

a
3

3
− a

3
∗
1
3

−
1
L

  . (21)

,en, L � 2μ/σ∗, and because a≫ a∗, we have

b∗
a

�

3
���
2μ
3σ∗



�

3 ��
L

3

 �������

b
2

− 4ac



. (22)

,us, the detonation pressure Pm in the largest deto-
nation chamber is expressed as follows:

Pm � −
k

f
+ σ∗ +

k

f
 

L

3
 

(4f/(3(1+f)))

. (23)

According to the adiabatic law, the pressure relationship
on the blasting chamber is Pm(am)3c � P0(a0)

3c, where a0 is
the charge radius, P0 is the instantaneous pressure of the
initial explosion, and c is the explosive expansion index. ,e
maximum radius of the blasting chamber is computed by the
following equation:

am � a0
P0

Pm

 

(1/3c)

. (24)

We can obtain the size of the maximum crushed zone b∗
as follows:

b∗ � a0
P0

− (k/f) + σ∗ +(k/f) L(4f/(3(1+f)))
 

(1/3c)
���
2μ
3σ∗

3



.

(25)

,e range of radial fracture zone b0 is expressed as
follows:

b0 �
σ∗
σ0

 

(1/2)

b∗. (26)

Introduce the linear radial strain and hoop strain
according to the spherical symmetry and linear theory to
simplify the motion equation as follows:

z
2
u

zr
2 +

2
r

zu

zr
− 2

u

r
2 �

1
c
2

z
2
u

zt
2 . (27)

,e solution of this equation can describe the forced
vibration of the particle under viscous damping, and its
general form is

U(r, t) � e
− η2τ( )/ρsoilcb∗

P0b
2
∗c

ηκr
2 −

ηP0b∗
κρsoilcr

 sin
ηκτ

ρsoilcb0
+

P0b∗
ρsoilcb0

cos
ηκτ

ρsoilcb0
 , (28)

where

η2 �
2(1 − 2σ)ρsoilc

2
+ 3(1 − σ)cP0

2(1 − σ)
,

κ2 �
2ρsoilc

2
− 3(1 − σ)cP0

2(1 − σ)
,

τ � t −
r − b0

c
.

(29)

2.3.2. Cylindrical Charge. By substituting equation (16) into
the spherical equilibrium equation and considering the
boundary conditions, r � b∗, σr � − σ∗, we have

σr �
k

f
− σ∗ +

k

f
 

b∗
r

 

(2f/(1+f))

. (30)

,e pressure on the wall of the chamber is expressed as
follows:

P �
k

f
+ σ∗ +

k

f
 

b∗
r

 

(2f/(1+f))

. (31)

By applying the incompressible conditions, we have

u∗(t) �
1
2μ
σ∗b∗ 1 + In

σ∗
σ0

  . (32)

Now, let us consider:
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b∗
a

�

�������������
μ

σ∗ 1 + Inσ∗/σ0 



�
��
L

√
. (33)

,erefore, the detonation pressure Pm in the largest
detonation chamber is

Pm � −
k

f
+ σ∗ +

k

f
 L

2f/(1+f)
. (34)

According to the adiabatic law, the pressure relationship
on the blasting chamber is Pm(am)3c � P0(a0)

3c, where a0 is
the charge radius, P0 is the instantaneous pressure of the
initial explosion, and c is the explosive expansion index. ,e
maximum radius of the blasting chamber is calculated by the
following equation:

amc � a0
P0

Pm

 

(1/2c)

. (35)

We can obtain the size of the maximum crushed zone b∗
as follows:

b∗m � a0
P0

− (k/f) + σ∗ +(k/f) L2f/(1+f)
 

1/2c

���������������
μ

σ∗ 1 + ln σ∗/σ0(  



.

(36)

,e range of radial fracture zone b0 is expressed as
follows:

b0m �
σ∗
σ0

 b∗m. (37)

3. Contrastive Analysis of Damage Zones

3.1.ExampleAnalysis. According to the calculationmodel of
damage zones under two charge forms obtained in this
study, TNT explosion in ordinary sandy clay under two
charge forms was calculated, among which the characteristic
parameters of TNTand siltstone are shown in Tables 1 and 2,
and the calculation results are shown in Table 3.

Table 1: Characteristic parameters of TNT.

Classification of explosive Explosive velocity (σ∗) Density (σ∗) Initial pressure (GPa) Expansion index

TNT 6900 1650 9.82 3.15

Table 2: Characteristic parameters of sandy clay.

Categories of medium σ∗ (MPa) σ0 (MPa) μ (GPa) f k (kPa) ρ (kg/m3)

Sandy clay 11.6 2 0.16 0.2 50 1600

Table 3: Contrast of damage zones between spherical and cylindrical charges.

Type of charge Radius of charge (m) Radius of cavity (m) Crushing zone (m) Fracture zone (m)
Cylindrical 0.0580 0. 155 0.361 2.093
Spherical 0.0527 0.141 0.295 1.713
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Figure 3: Scope of damage zones of cylindrical and spherical charges.
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It can be seen from the calculated results that when the
charge amount was the same, the size of the destructed zone
produced by the two charge structures in the radial direction
was different, and the radius of the destructed zone pro-
duced by the spherical charge was smaller than that of the
cylindrical charge. ,is was because of the obvious direc-
tivity of the cylindrical charge when it exploded. Hence, the
strong pressure was generated in the radial direction, and
thus, the damage zones generated in the radial direction
were greater than those caused by the spherical charge.

To further compare the size of the damage zones caused
by the two charge forms, the software AUTODYN was
employed to simulate the explosion process of spherical and
cylindrical charges in the solid medium.,e initial dosage of
the two charge forms was 1 kg. ,e linear material model
and von Mises intensity model were selected for the geo-
technical medium. ,e model parameters were obtained
through literature. ,e JWL equation of state that exists in
the AUTODYN software was utilized to describe the ex-
plosives. ,e comparison between the calculated results and
the predicted results of the quasistatic model is shown in
Figure 3.

,e results of the radius of damage zones obtained by the
quasistatic analytical method were similar to the numerical
simulation method (Figure 3). ,e cavity generated by the
cylindrical charge was estimated to be 0.326m by numerical
simulation and 0.361m by the analytical model. ,e cavity
generated by spherical charge was estimated to be 0.309m by

numerical simulation and 0.295m by the analytical model.
By comparing the two methods, it was observed that the
analytical model could predict the radius of the damage

Table 4: Characteristic parameters of different explosives.

Classification
of explosive

Explosive
velocity
(σ∗)

Density
(σ∗)

Pressure
(GPa)

Expansion
index

RDX 8300 1700 14.64 3.4
TNT 6900 1650 9.82 3.15
TL 4500 1500 3.80 2.6
BP 3100 1500 1.81 1.8

Table 5: Calculation results of different explosives.

Categories of explosives
Cylindrical
charge

Spherical
charge

b∗/a0 b/a0 b∗/a0 b/a0

RDX 6.13 35.57 5.53 23.32
TNT 6.24 36.17 5.60 23.50
TL 6.45 37.43 5.75 23.85
BP 8.40 48.73 7.32 27.63
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Figure 5: Change curve of the crushed zone under different P∗c
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zones quickly and easily. Moreover, the conclusion that the
cavity radius of spherical charge in the radial direction was
smaller than that of cylindrical charge could also be verified.
To further understand the radial destruction caused by
different charge structures, it was necessary to analyze the
stress distribution in the medium. ,e analytical model was
used to calculate the stress distribution generated by the two
charges in the medium. ,e results are shown in Figure 4.

Figure 4 shows that the stress peak on the medium was
larger because of the smaller damage zones caused by the
spherical charge and the less energy consumed by the
destructed rock and soil. It was found from the calculation
that the stress peak generated by the cylindrical charge on
the cavity surface was about 75% that of the spherical charge.
However, with the propagation of the explosion wave, be-
cause of the different energy release characteristics between
the spherical and cylindrical waves, the stress attenuation of
the spherical charge acting on the medium was faster than
that of the cylindrical charge. ,erefore, they had different
effects on the characteristics of particle vibration.

3.2. Effect of Explosive Properties on Damage Zones. In en-
gineering practice, the damage zones with different sizes are
encountered in different engineering fields; thus, it is nec-
essary to master the control method of the damage zones.
According to the analysis of the analytical model, the scope
of the damage zones was primarily affected by the properties
of explosives and rock and soil. ,e detonation pressure and
expansion index of explosives certainly affected the size of
the damage zones. Table 4 shows the characteristic pa-
rameters of four common explosives.

Considering sandy clay as the rock and soil medium, the
damage zones formed by four different explosives are shown
in Table 5.

,e initial pressure of the explosion increased with the
detonation speed, but the calculation results from Table 5
indicated that the greater the detonation speed, the smaller
the damage zones. ,is was because the scope of the damage

zones was related not only to the initial pressure of the
explosive but also to the expansion index of the explosive.
Generally speaking, the greater the explosive detonation
speed was, the smaller the expansion index was. ,erefore,
when analyzing the impact of explosive properties on the
damage zones, the initial pressure and expansion index
should be considered together. Figures 5 and 6, respectively,
exhibit the influence of the product of different expansion
indices and initial pressures on the size of the damage zones
under cylindrical and spherical charge forms.

Figures 5 and 6 display that when the P∗c value de-
creased, the size of the blasting chamber under the two
charge conditions was larger. Moreover, when the P∗c value
remained unchanged, the size of the explosive chamber
increased with the increase of the initial pressure of the
explosive. ,erefore, the initial explosion pressure and ex-
pansion index of the explosive can be changed in the process
of controlling the damage zones.

3.3. Effects of Rock and Soil on theDamageZones. ,e change
of the properties of rock and soil would also affect the size of
the damage zones. Table 6 shows the characteristic pa-
rameters of four different rocks and soils. ,e calculation of
damage zones of two charge forms under the condition of
TNT charge was performed, respectively. ,e results are
shown in Table 7.

,e calculation results in Table 7 suggest that the size of
the blasting chamber gradually increased with the decrease
of the strength of the rock and soil, but there was no certain
linear rule between the two because of a large number of
rock and soil parameters that affected the results. ,e larger
the strength of the medium, the more energy was needed to
expand the cavity, thus, the smaller the size of the cavity was.
Under the same conditions, the size of the crushed zone and
the fracture zone formed by the cylindrical charge was larger
than that formed by the spherical charge.

4. Discussion

An explosive cavity test was carried out to test the accuracy
of the quasistatic model in predicting the size of the ex-
plosion cavity. ,e experimental results are compared with
the quasistatic results. 1 kg TNTand 2 kg TNTwere exploded
in silty clay; the explosion cavity of the experiment is shown
in Figure 7. Measuring the cavity radius of vertical and
horizontal, the results of cavity radius calculated by the
quasistatic method and measured radius are shown in
Table 8.

,e calculation results in Table 8 suggest that the dif-
ference between the quasistatic model result and the

Table 6: Characteristic parameters of different rock and soil types.

Categories of medium σ∗ (kg/cm
2) σ0 (kg/cm2) μ (GPa) f k (kg/cm2) ρ (kg/m3)

Siltstone 2000 143 1.13 0.267 800 2600
Diabase 3090 560 5.76 0.67 1000 2800
Concrete 950 160 1.49 0.44 395 2070
Limestone 620 63 2.10 0.42 420 1900

Table 7: Scope of damage zones of two charge forms under dif-
ferent medium conditions.

Categories of medium
Cylindrical
charge

Spherical
charge

b∗/a0 b/a0 b∗/a0 b/a0

Siltstone 5.22 72.9 2.51 9.37
Diabase 9.15 50.56 3.02 6.99
Concrete 10.36 59.7 3.57 8.7
Limestone 14.0 137.6 4.50 14.12
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measured result is about 5.4%∼12.0%. ,is shows that the
quasistatic model has a small gap with the results of the
cavity radius obtained by the other two methods. ,e main
reason for the difference value is the accuracy of geotechnical
parameters. To reduce the difference between the theoretical
model results and the measured results, it is necessary to
study the acquisition of near-surface geotechnical
parameters.

5. Conclusion

(1) ,e quasistatic analytical method was used to predict
the damage zones of spherical and cylindrical
charges. ,e results showed that the radial damage
zones of the spherical charge were smaller than those
of the cylindrical charge under the same conditions.
By comparing with the results of numerical simu-
lation, it was proved that the analytical model can
quickly and easily solve the damage zones caused by
different drug packages.

(2) ,e analytical model was utilized to calculate the
stress distribution of the two charges in the medium.
Because the damage zones of the spherical charge
were small, the stress peak in the medium was larger
than that of the cylindrical charge.

(3) ,is model was employed to analyze the impact of
explosives and rock and soil on the damage zones.
We found that the smaller the expansion index of
explosives, the greater the initial explosion pressure,
and the larger the damage zones. ,erefore, the
influence of P∗c on the damage zones was com-
prehensively examined. ,e smaller the value was,
the larger the damage zones were. Furthermore, the

parameters of rock and soil had an impact on the
damage zones. It was observed from the results that
there were many parameters of rock and soil that had
no regular law. By selecting the different media in
siltstone, diabase, concrete, and limestone, we found
that the smaller the medium’s strength, the larger the
damage zones.

(4) In different engineering fields, the size requirements
of the damage zones are also different. For example,
in the field of seismic exploration, it is necessary to
control the scope of the plastic damage zones to
obtain stronger seismic waves, while in the mine
blasting, it is necessary to strengthen the rock-
breaking ability of the charge package and to reduce
the blasting seismic effect. According to their dif-
ferent requirements, the spherical charge is more
suitable for seismic exploration and the cylindrical
charge is more suitable for mine blasting.
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Figure 7: Explosive cavity in the soil.

Table 8: Result of the explosion cavity test.

Soil type Explosive quality (Kg) Explosive radius (cm)
Radius of explosive cavity

(cm) Radius of quasistatic method
Vertical Horizontal

Silt clay 1 5.3 40.8 38.5 36.43
Silt clay 1 5.3 41.5 39.5 36.43
Silt clay 2 6.7 49.5 50.5 42.04
Silt clay 2 6.7 48.5 48.0 42.04
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