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Fig. 1. Sample specifications: (a) Cube sample; (b) trapezoid sample; (c) diagram of the trapezoid sample.
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Fig. 2. Schematic diagram of the modified SHPB device.
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Table 1. Statistics of stress differences between

two ends of sample.
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Fig. 3. Load displacement curve and crushing process during impact: (al) Load displacement curve of cube sample under steel

transmission bar; (a2) cube sample deformation process under impact velocity of 7.8 m/s; (b1) load displacement curve of trapezoid

sample | under steel transmission bar; (b2) trapezoid sample | under steel transmission bar (impact velocity of 12.38 m/s);

(c1) load displacement curve of trapezoid sample | under aluminum transmission bar; (c2) trapezoid sample | under aluminum

transmission bar (impact velocity of 15.45 m/s). The orange arrow denotes the impact direction.
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Fig. 4. Strain distribution of trapezoid sample | under steel transmission bar (impact velocity of 13.3 m/s): (a) Area of DIC calcu-

lation; (b) high speed images; (c) 2D equivalent shear strain field (The arrow denotes the impact direction).
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Fig. 5. Strain distribution of trapezoid sample | under aluminum transmission bar (impact velocity of 16.21 m/s): (a) High speed

images; (b) 2D equivalent shear strain field. (The arrow denotes the impact direction.).
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Fig. 6. Average equivalent shear strain distribution along
impact direction: (a) Trapezoid sample | under steel trans-
mission bar (impact velocity of 13.3 m/s); (b) trapezoid
sample | under aluminum transmission bar (impact velo-
city of 16.21 m/s).
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Fig. 7. Stress distribution in sample at different time.
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Deformation evolution and diffusion characteristics of
polymethyl methacrylate under impact loading”
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Abstract

Dynamic compression experiments on cubic polymethyl methacrylate (PMMA) specimens and two kinds of
trapezoid PMMA specimens are carried by changing the transmission bars into steel bar and aluminum bar on
the experimental device of split Hopkinson pressure bar (SHPB). The compression processes of PMMA
specimens are recorded by high-speed photography, and the breakage processes of PMMA specimens are
analyzed based on the force displacement curves and high-speed images. The evolutions of deformation and
diffusion resistances of PMMA specimens under impact loading are discussed. The results show that the failure
of the sample is caused mainly by the partial failure front at the contact end, and then the failure front
propagates to the inside of the sample, leading the sample to break. The failure front of cubic sample is
generated preferentially at the transmission end under low speed impact and at the incident end under the
higher speed impact. After changing the shape of the specimen and the material of the transmission bar, the
relaxation phenomenon is prominent, and the failure front occurs only at the incident end. The compressive
deformation of the trapezoid sample before breakage is non-uniform, and the stress and strain in the sample
gradually decrease with the increase of the cross section, and show a linear diffusion distribution. The strain
distribution and shear activation diffusion equation are used to obtain the generalized diffusion resistance
distribution of the failure front. The generalized diffusion resistance increases first in front of the failure front
and decreases after the failure front, and the amplitude of the generalized diffusion resistance is related to the

release of local strain energy.
Keywords: impact dynamics, stress-state adjustment, polymethyl methacrylate, stress diffusion
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