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Q)k« TABEL 1 Configuration of plate-impact experiments

4

Expe@e/ i:lyer thickness ~ Specimen thickness Flyer velocity Spall strength
No: (mm) (mm) (m/s) (GPa)
Al 0.32 0.63 247 1.39
A2 0.42 0.82 246 1.30
A3 0.53 1.03 138 1.08
A4 1.04 2.05 118 0.85

®2 RERREHEMAULRSY

TABEL 2 Parameters of constitutive and equation-of-state for OFHC

Constitutive Shea(anrl)%iulus A(Gpa) B(Gpa) n C
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TABEL 3 Spall phase -field model parameters for OFHC
n (us) b (um) G(k//m?) (Gpa)
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FIG. 5 Comparison of free surface particle velocity curves (a)~(d) and damage distribution simulations and
experimental results (e)~(f)
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FIG. 8 Comparison of free-surface particle velocity curves under different distributions with experimental results
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FIG. 11 PDF and CDF of spall strength distribution under different initial random distributions
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TABEL 4 Shapiro<Wilkstest results under different initial random distributions

Normal distribution

y 0 02505 075 10 125 150 175 2.0
Value

w 0.968 /0954 0965 0968 0955 0982 0972 0961  0.965

p 0.649°%<~0.385  0.606  0.678 0364 0819 0.747 0514  0.621

Log-normal distribution

X 0 025 05 075 10 125 150 175 2.0
Value

w 0956 0962  0.961 0.981 0970 0957 0953 0964  0.950
p 0414 0524 0506 0.824 0.714 04388 0372  0.567 0324

Weibull distribution

k
\ 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
Value

w 0967 0950 0.971 0957 0963 0990 0963 0937  0.937
p 0.636 0330 0.765 0489 0.615 098  0.615 0214 0.210
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TABEL 5 Loading parameters for laser-driven/spall“experiments

Experiment . Bulk sound Density Peak loading Spall strength
Material
Number speed(m/s) (glem?) pressure (Gpa) (Gpa)
B1 Aluminum 5375 2.71 27 2.0
1200
25
1000
" PR SXR(-t/hY) 2 o
g '7:' 600
E 104 é 100
E ——EXPERIMENT
200 =——SIMULATION IN THIS PAPER
=———SIMULATION IN REF([54]
04 0
0.0 042 0.4 06 0.8 1.0 32 10 15 50 55
Time(ps) TIME (ns
B12 FRECERTE T K El13 B B TR 7 1 it 2R &
FIG. 12 Exponential decay pressure waveform FIG. 13 Free surface particle velocity curve
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AV MIBEEE D, AT OB R, AL S SER )& .
6 BHAMFRTSHESH

TABEL 6 Constitutive and equation-of-state parameters for Al

o Shear modulus
Constitutive (Gpa) A(Gpa) B(Gpa) k C
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26 1.67 3.0 0.34 0

Po(g/em?) Co(nvs) S1 Yo a

EOS
2.71 5375 1.34 2.0 0
®7 BHERBAEESH
TABEL 7 Spall phase-field model parameters in Al

n (k) b(um) Gi(k//m?) f:(Gpa)
0.01 6 1 2.0
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K14 )2 ZHREOEH
FIG. 14 Multispall cracking morphology
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FIG. 15 Evolution process of multispall damage
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FIG. 16 Analysis diagram of multilayer delamination wave system under triangular pulse loading
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K120 (a) A Rl 70 A 447 DX SR AT(b)~(2) B U K
FIG. 20 (a) the number of damage zone for different distsibutions and (b)~(g)the corresponding damage image
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TABEL 8 Time to peak number of damage zones

Distributions Uniform Normal Log-normal Weibull

Time(us) 0.216 0.214 0.215 0.215
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Statistical Characteristics of Spallation Based on Stochastic Numerical

Simulation

GUAN Youhao, ZHANG Hao, PEI Xiaoyang
(Institute of Fluid Physics, CAEP, Mianyang, 621999, Sichuan, China)

Abstract: This work integrates stochastic theory with a phase-field model for spallation in ductile
metals. By assigning the initial yield strength four distinct random distributions to characterize the
random distribution of material defects and employing an explicit dynamic solver, the entire process of
spall damage—from gradual evolution to instability and coalescence—was successfully simulated. The
simulation results were validated through plate impact experiments and triangular wave loading
experiments. These validations revealed the relationship between the heterogeneity of material yield
strength and both the spall strength and the number/area of damage zones. The results indicate a
negative correlation between the standard deviation of the initial yield strength and the spall strength,
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which holds for both single and multiple spall scenarios in ductile metals. For single spallation,
regardless of the initial distribution of yield strength, the resulting spall strength follows a normal
distribution. For multiple spallation, the number of initially nucleated damage zones increases linearly
with the standard deviation, while the size of these zones follows a Weibull distribution. Under the
same initial random distribution, the number of damage zones evolves over time, showing a trend of
initial slow growth, subsequent acceleration until saturation, and a final decline after saturation. This
trend corresponds to the typical process of damage evolution involving nucleation and coalescence
during spallation.

Keywords: ductile metal; spallation; stochastic model; phase-field fracture model; distribution
characteristics; dynamic damage



