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NUMERICAL SIMULATION OF SPALLATION IN BRITTLE SCLIDS
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Un modgéle de rupture dynamique fragile de matériaux endommagés est décrit dans cette communi-
cation. La porosité § est utilisée pour décrire la rupture fragile par nucléation, croissance, coales-
cence de micro—fissures et écaillage. Des simulations numériques sont réalisées avec ce modele.
Lesrésultats obtenus montrent un meilleur accord avec les résultats expérimentaux que ceux de Co-
chran, [1]. '

Abstract A dynamic brittle fracture model of damaged solids is developed in this paper. Thé
porosity ® is used for describing the brittle fracture process which consists of microcrack nucleation,
microcrack growth, microcrack coaleacence and spall formation. Numerical simulation of spall pro-
cess is carried out with the model. The numerical results are mﬁch more better in agreement with the
experiment results than Cochran’s 7
1. Introduction

In general, the fracture mechanisms are divided into three kinds: ductile fracture mode, brittle fracture
mode and mixed mode. Low temperature or high strain rate encourage brittle mocrocracking, whereas high
temperature or low rates favor ductile void nucleation and growth. On the basis of experiment, Seaman et al. (a
developed a dynamic brittle fracture model by the microstatistical approach. The simulations agreed well with
the experiment results and could model the failure process by the nucleation, growth, and coalescence of the
microcracks. But Seaman’s model is so complex that it is difficult for utilization as many unknown parameters

are needed to be determined by experiment. Cochran ¢

proposed a simple dynamic fracture model by two in-
ternal variables, namely, the spall strength and the critical porosity. Although the model is simple, it can simulate
well the experiment results.

A dynamic brittle fracture model was given in this paper. The porosity © was used for describing the brittle
fracture process. The material parameters of damage materials were also described by the function of porosity ®.

The computer simulations by our model agreed well with Cochran’s experiment.

2. Fracture model

The porosity ¢ which is described by two internal variables, namely; the density of microcracks and the av-
erage size of microcrack, was chosen for describing the brittle fracture process. The fundamental equation of @
was given by Perzyna

®=ANR’ 1

where A is the material constant related with the shape of microcrack.
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The density of microcracks N and the average size of microcrack were given as
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where N o> M are the material constants, 6 denotes the stress, k is the Boltzmann constant, 6 denotes the tem-
perature, ¢ , is the nucleation threshold stress, # is called the viscosity coefficient, ¢ ¢ is the microcrack growth
threshold stress. )

The evolution of ® during the dynamic process is determined by the differential equation

¢=AR3N+3(DTR )

Suppose ® is composed of & (nucleation) and <i>! (growth)
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Considering the growth part, we have
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Considering the nucleation part, we have
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where 4 ,is @ constant, 4, is the material parameter, and 4, = %
Then the evolution equation (5) takes the form
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In order to minimize the unknown parameters, the simplicity was given for <i>’l
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The final evolution equation of @ then takes the form

b=Ba—0c)+ 3(0—06)% (10)
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where B is constant which can be determined by computer trial calculation, ¢ ¢ = 0,is usually chosen in the fol-
lowing form

o, =0.5pcAv (11)
where p is the density, ¢ is the sound velocity, A v is the pullback velocity which can be determined in the meas-
ured free—surface velocity.

The growth and coalescence of microcracks, or the damage that occurs in solids during dynamic process is
presumed to affect both the yield strength and the effective shear or bulk moduli of material. As the measure of
damage we define a strength function

w n
F=1-— ( ) 12
o (12
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where @ is the porosity, <I>m is the critical porosity, n is a constant.
F is used to characterize the degraded shear and bulk moduli by the presence of microcracks. The corre-
sponding expressions are

Y=FY, 3)
p=Fu, 4
K=FK, s

where Y ,Y are the yield strengths undamaged and damaged, o» 4 are the shear moduli undamaged and dam-
aged, X, K are the bulk moduli undamaged and damaged.
The relation between the average macroscopic pressure and the pressure without microcracks is given by

P=(1-0)P [(1 - D)V,E] (16)

3. Numerical Simulations

Our model was implemented into a one—dimensional finite—differential code. The Runge—Kutta scheme
was developed to solve the evolution equation of porosity ® (formula (10)). For model validation, Cochran’s ex-

U1 were considered for simulations. The fracturehappens in the cell when its porosity exceeds

periment results
the critical porosity, namely <D><I>m, and at this time the strength function F equals zero. The mechanical
parameters in the fracture cell are considered zero in the simulation. The simulation results by our model are
shown in Figure 1. The results simulated by Cochran’s mode] are also given in the Figures. The simulations by
our model agree well with the experiment and are better in agreement with the experiment than Cochran’s. In
order to evaluate the numerical stability and accuracy, different time steps were chosen in each run as shown in

Figure 2. It can be seen that the time step had no influence on the free—surface velocity.

4. Summary

A brittle fracture model is developed which works well in describing spall fracture of uranium, The model is
based on the porosity @ which is a function of the density of microcracks ‘and the average size of microcrack. The
evolution equation of ® is postulated in this paper. The model can describe the nucleation, growth, coalescence
of microcracks and fracture i)rocess. The simulations agree well with the experiments. From the simulation we
can see the presented model is appropriate to the dynamic brittle fracture process.
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