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Abstract: The nature of the fracture and fragmentation process of concrete medium under blast 

loading is the transformation process of the medium from continuum to discontinuity, coupled with 

the significant rate correlation of concrete medium, its mechanical behavior presents a high degree 

of complexity. Problems such as grid distortion and even negative volume are often encountered in 

the finite element method and others when solving this problem, while the material point method 

can effectively avoid these problems. In addition, the widely used HJC concrete constitutive model 

does not take into account the segmented characteristics of the calculation function for dynamic 

increasing factor. Therefore, in this paper, firstly, the calculation function for dynamic increasing 

factor in the HJC concrete model is modified by SHPB experiment, and the improved HJC concrete 

model is proposed; secondly, the material point method simulation program is developed, and the 

improved HJC concrete model is embedded into the simulation program; finally, the simulation 

program is verified by numerical examples, and the results show that the developed simulation 

program can better simulate the fracture and fragmentation process of concrete medium under blast 

loading, especially the pulverization characteristics of the medium in the near zone of the load. 

Keywords: blast loading; concrete medium; rate sensitivity; improved HJC concrete model; material 

point method 

 

1. Introduction 

The mechanical performance characteristics of concrete medium are: when external forces reach 

a certain limit, the concrete medium will undergo abrupt failure without prior warning; it has 

significant strength asymmetry, with compressive strength far greater than tensile strength; the 

failure is random and is a typical disordered medium, with an extremely small ultimate strain value 

during failure; it exhibits significant rate sensitivity under blast loading. In addition, the process of 

concrete medium failure under blast loading exhibits significant progressive (dynamic evolution 

process of failure), grading (scale of fragments), and zoning (mechanical response differences at 

different distances from the load source) characteristics: the medium in the near zone undergoes 

violent deformation and shows characteristics of crushing failure; the medium in the middle zone 

undergoes elastic-plastic deformation, and the degree of fragmentation is relatively larger compared 

to the medium in the near zone; the medium in the far zone undergoes elastic vibration. Therefore, 

the mechanical behavior of concrete medium under blast loading is highly complex. 

Numerical simulation studies of concrete medium under blast loading mainly include finite 

element method, discontinuous deformation analysis method, and discrete element method. S.M., 

Martin, Jian, Jeong, et al. used finite element software to simulate the mechanical behavior of the 
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concrete medium under blast loading and compared with the experimental results [1–4]. In order to 

solve discontinuous mechanical problems and break the limitations of the finite element method, the 

extended finite element method has been developed in recent years. Baietto et al. analyzed the two-

dimensional and three-dimensional contact-type crack expansion, based on contact fatigue tests and 

empirical formulas for friction-type cracks [5,6]. However, the finite element method based on 

continuum mechanics often encounter grid distortion or even negative volume problems when 

solving the problem, resulting in abnormal termination of calculations. 

The discontinuous deformation analysis (DDA) is a numerical model proposed by Shi Genhua 

for analyzing the motion and deformation of block systems [7]. DDA is capable of solving problems 

such as large displacements, large deformations, and discontinuous movements such as slipping, 

cracking, and rotating which are difficult to solve using traditional finite element methods. In recent 

years, scholars have started using this method to simulate the failure process of reinforced concrete 

structures and have achieved good results [8,9]. However, this method is currently limited to 

simulating two-dimensional problems and is still a certain distance away from simulating three-

dimensional problems. 

The discrete element method was first proposed by Professor Cundall P.A. in 1971 in the United 

States, suitable for solving large displacement and nonlinear problems [10]. Zhang et al used a two-

dimensional discrete element model to study the failure process of concrete, it was verified that the 

concrete material failure simulation based on the discrete element method can truly simulate the 

entire process of crack generation, expansion and failure [11]. Sebastien et al used a three-dimensional 

discrete element model to study the dynamic behavior of concrete, and verified the rate effect of 

concrete through dynamic tensile tests [12]. Qin et al used the discrete element method to establish a 

two-dimensional concrete model, they further simulated the Brazilian splitting test of concrete and 

obtained a significant rate effect on the tensile strength of concrete [13–15]. Wu et al studied the crack 

propagation modes and the relationship between kinetic energy and strain energy under different 

strain rates [16,17]. However, the discrete element method simulates through iterative calculations, 

which requires a huge amount of computational resources; additionally, this method only uses 

cohesion to reflect the strength characteristics of the research object when simulating the damage of 

concrete medium, which is quite different from the actual situation. 

The material point method (MPM) is developed from the Particle-in-Cell method, and combines 

the advantages of Lagrange and Euler methods, the material point moves in a background grid and 

the motion equation is solved on the background grid, avoiding the problem of grid distortion, it is 

particularly suitable for solving problems that involve large deformations or even material failure 

[18,19]. Therefore, this paper developed an MPM calculation program using C++ language based on 

the existing theoretical foundation of the material point method, and improved the widely used HJC 

concrete constitutive model. Finally, it was used to simulate the process of concrete medium fracture 

and fragmentation under blast loading. 

2. Fundamental theory of the material point method 

The material point method discretizes the continuum into a series of material points, each 

material point represents a material region and carries all the material information of that region, 

such as mass, velocity, stress, and strain, the collection of all material points represents the entire 

material area. Therefore, the density of the continuum can be approximated as. 

( ) ( )
1

pn

i p i ip

p

x m x xρ δ
=

= −  (1) 

In the equation, 
pn  represents the total number of material points, 

pm  is the mass of the 

material point, δ  is the Dirac Delta function, and ipx  represents the coordinates of the material 

point. 
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Similar to the finite element method of Lagrange, the solution format of the material point 

method is also based on the weak form. The solution format of the material point method is as 

follows: 

, 0
t

s s

i i ij i j i i i iu u dV u dV b u dV t u dAρ δ ρσ δ ρ δ ρ δ
Ω Ω Ω Γ

+ − − =     
(2) 

In the equation, ρ  is the density, iu  is the acceleration, ib  is the force acting on unit mass of 

the object, Ω  is the solving area, tΓ  is the given surface force boundary, /s

ij ijσ σ ρ=  is the 

comparing stress, /s

i it t ρ=  is the comparing boundary surface force. 

Substituting Equation (1) into Equation (2), we obtain: 

1
,

1 1 1 1
0

p p p pn n n n
ss
ipp ip ip p ijp ip j p ip ip p ip

p p p p

m u u m u m b u m t h uδ σ δ δ δ−

= = = =

+ − − =     (3) 

In the equation, ( )ip i pu u x= ， ( ), ,ip j i j pu u xδ δ= ， ( )s s

ijp ij pxσ σ= ， ( )ip i pb b x= ，

( )
s s

ip i pt t x= ， h  is used to introduced a hypothetical boundary layer thickness in order to convert 

the final term of the left-hand side boundary integral in Equation (2) into a volume integral. As shown 

in Equation (3), the material point method converts the integrals in Equation (2) into the product of 

the value of the integrand at each material point and the volume represented by the material point, 

which is a form of point integration. 

The material point method arranges a background grid in the material domain and uses the 

principle of virtual work to approximate the momentum equation. The displacement field is 

constructed using finite element shape functions on the regular grid and spatial derivatives are 

solved to establish the motion equation of the background grid nodes. At each time step, the material 

points move together with the background grid, and there is no need to handle the convection term. 

At the end of each time step, all motion information is recorded on the material points, and a new 

regular background grid is used in the next step. The solution process of the material point method 

in a single step is shown in Figure 1, and the calculation algorithm is shown in Figure 2. 

 

Figure 1. Solution process of the MPM in a single step. 
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1. Map the mass and momentum of each material point onto the grid to calculate the 
mass and momentum of the background grid nodes. 

2. Apply essential boundary conditions to nodal momentum. 
3. Calculate the velocity of each material point based on the momentum of each grid 

node, and use this to calculate the strain and vorticity increments of each material 
point. Then update the density and stress of each material point: 
a) Calculate the velocity of background grid nodes. 
b) Calculate the strain increments and vorticity increments of each material point. 
c) Update the density of the material point. 
d) Use the strain and vorticity increments to update the stress. 

4. Calculate the internal forces, external forces, and total nodal forces of the 
background grid nodes. 

5. Integrate momentum equation on background grid nodes. 
6. Map the changes in velocity and position of the background grid nodes back to the 

corresponding material point, and update the position and velocity of each material 
point. 

7. At this point, all material information of the object has been stored on the material 
points, thus the deformed mesh can be discarded and a new regular mesh can be 
adopted in the next time step. 

Figure 2. MPM calculation algorithm. 

3. An improved HJC concrete model considering the segmentation of DIF function 

3.1. HJC concrete model 

The HJC concrete model was proposed by Holmquist, Johnson, Cook et al [20]. This model 

proposes corresponding state equations and yield functions for concrete under high confinement 

pressure and large deformation at high strain, which can effectively simulate the mechanical behavior 

of concrete materials under high-speed impact, while reasonably considering the damage and failure 

of concrete during this process. The equation of the yield surface is shown in Figure 3. 

 

Figure 3. Equation of the yield surface [20]. 

The yield stress of the HJC concrete model is 

( )

( )

* *

*
* * *

1 0

1 / 0

n

y

A D Bp DIF p

A D p T DIF p
σ

  − + ≥ 
= 

 − + < 

 (4) 
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In the equation, 
*=1 lnDIF C ε+   is the dynamic increasing factor, * '/y y cfσ σ=  is the 

normalized yield stress, 
yσ  is the yield stress, 

'
cf  is the unconfined compressive strength, D  is 

the damage factor ( 0 1D≤ ≤ ), 
* '/ cp p f=  is the normalized pressure ( p  is the actual pressure), 

*
0/ε ε ε=    is the dimensionless equivalent strain rate (

1
0 1sε −=  is the reference strain rate), A is 

the normalized cohesive material strength, B  is the normalized pressure hardening coefficient, n  

is the pressure hardening index, C  is the strain rate coefficient. 

The HJC model comprehensively considers the hydrostatic pressure effect and strain rate effect 

of concrete materials, as well as damage evolution caused by plastic strain and plastic volumetric 

strain. However, the HJC model itself still has certain shortcomings: (1) The model cannot well 

describe the failure mode dominated by tensile failure; (2) The influence of the third deviatoric stress 

invariant on the strength surface has not been considered; (3) The strain hardening behavior of 

concrete materials has not been taken into account. 

In response to these deficiencies, researchers have made some improvements to the HJC model 

to improve its calculation accuracy under different loading conditions. Polanco-Loria et al. modified 

the HJC model by considering the hydrostatic pressure effect, the third deviatoric stress invariant, 

and the tensile-compression-shear composite damage, and used the improved HJC model to calculate 

uniaxial compression, biaxial compression, strain softening, and projectile penetration effects on 

concrete targets, and compared the results with other experimental results as well as the original HJC 

model calculation results [21]. M.J.Islam et al. mainly modified the strain rate effect part of the HJC 

model based on the experimental results of the dynamic increasing factor (DIF) of concrete material 

strength growth. At the same time, they considered the temperature effect in the HJC model and used 

the improved HJC model to calculate an example of projectile penetration into a concrete target, and 

compared it with the original HJC model [22]. Zhang Fengguo et al. in China corrected the deficiency 

of the tension damage model in the HJC model and verified the improved model through a 2-D 

program [23]. 

3.2. The improved method of HJC concrete model 

In addition to the above shortcomings, a large number of research results have shown that the 

HJC model can well reflect the influence of low strain rates on the dynamic strength of concrete, but 

cannot accurately describe the significant enhancement effect of concrete dynamic strength under 

high strain rate conditions. That is, the dynamic strength calculated by the DIF function in the HJC 

model under high strain rate conditions deviates greatly from experimental results. 

Therefore, based on the Hopkinson bar, this paper carried out dynamic uniaxial compression 

and dynamic split tension experiments on concrete to obtain the dynamic compressive and tensile 

strength of concrete under high strain rates, and improved the DIF function in the HJC model in 

combination with experimental data, making it have segmentation. That is, there is a critical strain 

rate. When the strain rate is lower than the critical strain rate, the strain rate effect on the strength of 

concrete is not obvious, but when the strain rate is higher than the critical strain rate, the degree to 

which the strength of concrete increases with the strain rate is significantly improved. 

The Split-Hopkinson Pressure Bar (SHPB) experiment is the primary method of studying the 

mechanical properties of materials at high strain rates (102~104s-1). A modern conventional SHPB 

consists of a gas gun (cannon or launching device), a bullet, an incident bar, a transmission bar, an 

energy absorption device and a data acquisition system (as shown in Figure 4). 
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Figure 4. Conventional Hopkinson bar experiment system. 

Several circular concrete specimens with a size of Φ50×25mm (as shown in Figure 5) were 

prepared for dynamic compression and dynamic Brazilian splitting tests using a 400mm cylindrical 

punch. Throughout the experiment, it is required that the cross-sectional area of the specimen is 

always smaller than or equal to that of the rod. In addition, the incident rod must be long enough 

(more than twice the length of the bullet) to avoid overlapping of incident and reflected waves, and 

the material must remain within the elastic range during the experiment. To improve the accuracy of 

the test, it is also required that the contact surface between the rod and the specimen must remain 

flat and parallel to each other throughout the experiment. 

  

Figure 5. Concrete specimen. 

The concrete specimen is loaded between the incident and transmission bars. The bullet is 

propelled by high-pressure gas and is fired from the launching device at a certain velocity, striking 

the incident bar and generating a pressure pulse in the incident bar, known as the incident wave 

(measured by the resistance strain gauge attached to the incident bar). The pressure pulse propagates 

forward in the incident bar, and when it reaches the interface between the incident bar and the 

specimen, the entire specimen is compressed due to the inertial effect of the specimen and the 

transmission bar. Meanwhile, due to the wave impedance difference between the bar and specimen, 

the incident wave is partially reflected as a reflected wave back to the incident bar, and the other part 

passes through the specimen as a transmission wave and enters the transmission bar. The reflected 

wave is also measured by the resistance strain gauge attached to the incident bar, and the 

transmission wave is measured by the resistance strain gauge attached to the transmission bar. By 

processing the measured incident wave, reflected wave, and transmission wave, the deformation and 

failure of the material can be obtained, and the dynamic performance data of the material can be 

obtained. 

To comprehensively consider the effect of strain rate on the dynamic compressive strength and 

dynamic tensile strength, compression dynamic increasing factor and tensile dynamic increasing 

factor are separately defined. The compression dynamic increasing factor ( cDIF ) is defined as 
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'/c cd cDIF f f=
 

(5) 

The tensile dynamic increasing factor ( tDIF ) is defined as 

'/t td tDIF f f=  (6) 

In the equation, cdf  is the dynamic uniaxial compressive strength, 
'
cf  is the quasi-static 

uniaxial compressive strength, tdf  is the dynamic uniaxial tensile strength, and 
'
tf  is the quasi-

static uniaxial tensile strength. 

3.2.1. Calculation expression of the cDIF  

According to the results of the SHPB dynamic uniaxial compression experiment, multiple 

function forms are used to fit the experiment results, and the fitting goodness of each function curve 

is compared and analyzed. The scatter plot of the experiment results is shown in Figure 6a, it can be 

seen that high strain rates have a significant strengthening effect on the dynamic compressive 

strength of concrete, while the DIF function in the original HJC model does not reflect this 

characteristic. The fitting results of various curves of the compression dynamic increasing factor of 

concrete are shown in Figure 6b–f. Before fitting the data, it is necessary to remove some "bad points" 

with large data dispersion. 

  

(a) The scatter plot of the experiment result (b) Linear curve fit result 

  

(c) Boxlucas1 curve fit result (d) Exp1p1 curve fit result 
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(e) Parabola curve fit result (f) PWL2 curve fit result 

Figure 6. Fitting results of the compression dynamic increasing factor. 

By analyzing and comparing the goodness of fit of each curve, it can be found that compared to 

other curves, the Boxlucas1 curve has a higher goodness of fit. Therefore, the compression dynamic 

increasing factor is calculated using the Boxlucas1 curve. Thus, the formula for calculating the 

compression dynamic increasing factor of concrete considering strain rate segmentation 

characteristics is: 

( ){ }
*

2 1

1.28491 log 2 1

10

0.07892 1 10c

DIF s

DIF
e s

ε

ε

ε

−

 × − 

 ≤


= 
− × − >







 

(7) 

In the equation, 
*1 lnDIF C ε= +   is the formula for calculating the dynamic increasing factor 

in the HJC model, ε  is the strain rate, 
*

0/ε ε ε=    is the dimensionless equivalent strain rate (

1
0 1sε −=  is reference strain rate). 

3.2.2. Calculation expression of the tDIF  

According to the results of the SHPB dynamic split tension experiment, multiple function forms 

are used to fit the experiment results, and the goodness of fit of the curves of each function is 

compared and analyzed. The scatter plot of the experiment results is shown in Figure 7a, it can be 

seen that high strain rates also have a significant strengthening effect on the dynamic tensile strength 

of concrete, and the dynamic tensile strength of concrete shows higher sensitivity to strain rates. 

However, the DIF function in the original HJC model does not reflect this characteristic. The fitting 

results of the various curves of the tensile dynamic increasing factor of concrete are shown in Figure 

7b–f. Before fitting the data, it is necessary to remove some "bad points" with large data dispersion. 
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(a) The scatter plot of the experiment result (b) Linear curve fit result 

  
(c) Boxlucas1 curve fit result (d) Exp1p1 curve fit result 

  
(e) Parabola curve fit result (f) PWL2 curve fit result 

Figure 7. Fitting results of the tensile dynamic increasing factor. 

By analyzing and comparing the goodness of fit of each curve, it can be found that compared to 

other curves, the Boxlucas1 curve has a higher goodness of fit. Therefore, the tensile dynamic increasing 

factor is calculated using the Boxlucas1 curve. Therefore, the formula for calculating the tensile dynamic 

increasing factor of concrete considering the strain rate segmentation characteristics is: 
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( ) ( )* *

2 1

1.45258log 0.11132log 2 1

10
0.11132 10

0.11132 1.45258
t

DIF s

DIF
e e s

ε ε

ε

ε

−

− −

 ≤


=   − >   +

 




 (8)

In the equation, 
*=1 lnDIF C ε+   is the formula for calculating the dynamic increasing factor 

in the HJC model, ε  is the strain rate, 
*

0/ε ε ε=    is the dimensionless equivalent strain rate (

1
0 1sε −=  is reference strain rate). 

Therefore, the yield stress of the improved HJC concrete model is 

( )

( )

* *

*
* * *

1 0

1 / 0

n

c

y

t

A D Bp DIF p

A D p T DIF p
σ

  − + ≥ 
= 

 − + < 
 (9)

In the equation, 
*T  is the normalized maximum static tensile stress, and the other symbols are 

explained in the previous text. 

4. Numerical example 

Embed the improved HJC concrete constitutive model into the developed material point 

calculation program and use it to simulate the fracture and fragmentation process of a concrete slab 

under blast loading. This calculation example is a contact explosion experiment of a plain concrete slab 

done by Alok et al [24]. The dimension of the concrete slab is 750mm×750mm×75mm, The concrete slab 

was reinforced with 12-mm-diameter rebar mesh spaced at 100 mmc/c each way at the top and bottom 

with 30-mm cover. The concrete slab was supported on a 900-mm-high steel frame without edge fixity. 

Experimental test were performed to investigate both failure modes by subjecting the concrete slab to 

contact explosion effects of 500-g TNT. The experiment result is shown as Figure 8. 

 

Figure 8. Response of the concrete slab to contact explosion effect [24]. 

Before solving the problem using the material point method, first establish the numerical model 

of the simulation object. The material points are used to discretize the charge and concrete slab, and 

a background grid is generated. The spacing between material points of the charge is set to 0.005m, 

resulting in a total of 2184 material points. The spacing between material points of the concrete slab 

is also set to 0.005m, producing a total of 339684 material points. The range of the background grid is 

set to X: 0.0m~0.75m, Y: 0.0m~0.75m, Z: -0.8m~0.3m, with a spacing of 0.01m. Boundary conditions 

are applied to the concrete slab using the background grid, with the length and width being fixed 

and the thickness being free. The explosive calculation model in contact with the concrete slab is 

shown in Figure 9. 
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(a) Geometric model (b) Numerical model 

Figure 9. Calculation model for contact explosion of concrete slab. 

The plain concrete slab uses the improved HJC concrete model, and the charge uses the high-

energy explosive model and JWL state equation. The model parameter values are shown in Tables 1–5. 

Table 1. Parameters of high-energy explosives model. 

3( / )kg mρ
 

( / )D m s
 

1630 6930.0 

Table 2. Parameters of JWL equation of state. 

( )A Pa
 

( )B Pa
 1R  2R  w 

3
0 ( / )E J m  

3.712e11 3.23e9 4.15 0.95 0.30 7.0e9 

Table 3. Parameters of improved HJC state equation. 

( )crushP MPa
 

µcrush  
( )lockP MPa

 
µplock  1( )K MPa

 2( )K MPa
 3( )K MPa

 
16 0.001 800 0.127 16e3 0.0 0.0 

Table 4. Parameters of improved HJC strength model. 

( )G MPa
 A  B  C  N  ( )cf MPa  ( )T MPa

 max
fS  

14.86e3 0.79 1.6 0.007 0.61 48.0 4.0 7.0 

Table 5. Parameters of improved HJC damage model. 

minε f

 1D  2D  
48.0 4.0 7.0 

The final damage distribution of the concrete slab under explosive contact is shown in Figures 

11 and 12, calculated using the original HJC concrete model and the improved HJC concrete model. 

From the figures, it can be seen that the improved HJC concrete model can better reflect the influence 

of high strain rate on the dynamic strength of concrete material, particularly the significant 

enhancement of dynamic tensile strength under high strain rate. 

The failure mode of the concrete slab under explosive contact is mainly local crushing, cutting 

damage, and bottom collapse and peeling damage. After the charge is detonated, the high-pressure 

shock wave generated will directly act on the blast surface of the concrete slab, the pressure 

amplitude reached 9GPa and then rapidly attenuated, as shown in Figure 10, and this pressure is 

often higher than the compressive strength of the concrete, causing a crushed area to appear on the 

slab facing the explosion, that is, the appearance of a blast pit, as shown in Figure 11; after the shock 

wave pressure propagates to the inside of the concrete slab, it will spread to the bottom in the form 
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of a compression wave, and the tensile wave formed by reflection on the bottom surface will cause a 

collapse and peeling area on the bottom surface, while a penetrating hole will be formed at the center 

of the slab, as shown in Figure 12. 

 

Figure 10. Pressure time curve of charge detonation point. 

  
(a) HJC concrete model (b) Improved HJC concrete model 

Figure 11. Damage area on the front of the slab. 
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(a) HJC concrete model (b) Improved HJC concrete model 

Figure 12. Damage area on the back of the slab. 

When the damage value of a certain material point inside the slab exceeds 1.0, it is considered 

that the material point has failed. Therefore, the area with a damage value of 1.0 is extracted, as shown 

in Figure 13. From the figure, it can be seen that after the detonation of the charge, the first damage 

caused is the crushing damage of the slab facing the explosion, followed by the formation of a 

through-hole at the center of the slab, and finally the tensile damage on the back of the slab facing 

away from the explosion, with the damage area on the back of the slab being significantly larger than 

that on the front. The diameter of the damage area on the front of the slab calculated by the material 

point method is 315mm, with an error rate of 10% compared to the experimental results, indicating 

that the improved HJC concrete constitutive model and material point method can accurately 

simulate the process of concrete medium under blast loading. 

  
(a) The XY plane of the slab (b) The YZ plane of the slab 
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(c) The whole slab 

Figure 13. Area with a damage value of 1.0. 

The process of the change in system energy over time is shown in Figure 14. When the charge 

detonates, it produces a huge amount of energy instantaneously. The concrete slab experiences 

compression and tensile failure. As the explosive burns fully, the internal energy of the explosive 

gradually transforms into the system's kinetic energy. However, the total energy of the system 

remains conserved before and after the explosive detonation, which also indirectly reflects the 

accuracy of the material point method calculation program and the improved HJC concrete 

constitutive model. 

 

Figure 14. System energy time curve. 
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5. Conclusion 

The main conclusions of this paper are as follows: 

(1) Based on the SHPB experiment, the dynamic compression and tension strength of concrete 

under medium and high strain rates were obtained. The DIF function in the HJC concrete model 

was modified according to the experimental data, making it piecewise, On this basis, an 

improved HJC concrete model was proposed, and the calculation expressions of the 

compression dynamic increasing factor and tensile dynamic increasing factor of concrete were 

given separately; 

(2) On the existing theoretical basis of the material point method, a calculation program for the 

material point method was developed using C++ language, and the improved HJC concrete 

model was embedded into the material point calculation program, thus breaking through the 

limitations of methods such as finite element method based on continuous medium mechanics 

in simulating concrete medium fracture and fragmentation under blast loading; 

(3) The developed calculation program was verified through numerical examples, and the results 

showed that the improved HJC concrete model can better characterize the rate sensitivity of 

material strength, especially the rate sensitivity of the strength of concrete materials under high 

strain rate conditions. While the material point method can accurately simulate the fracture and 

fragmentation process of concrete medium under blast loading, particularly the pulverization 

characteristics of medium in the near zone of the load. 
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