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Abstract: To investigate the shear-enhanced compaction effect and strain-rate effect on the equation of state (EoS) of
concrete-like materials subjected to blast and impact loadings, high-fidelity numerical simulations were performed based on
two types of EoS behavior tests for cement mortar, including hydrostatic compression tests and flyer-plate impact tests. These
simulations employed the Kong-Fang hydro-elasto-plastic model for concrete-like materials and were implemented using the

smoothed particle Galerkin (SPG) algorithm in LS-DYNA, enabling accurate reproduction of complex dynamic mechanical
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behaviors, including the shear-enhanced compaction effect and strain-rate effect. Based on the high-fidelity numerical
simulations described above, a quantitative analysis was conducted to investigate the influence of the shear-enhanced
compaction effect and strain-rate effect on EoS behavior of concrete-like materials, and the challenges associated with
eliminating the shear-enhanced compaction and strain-rate coupling effects in flyer-plate impact tests were systematically
identified. The results demonstrate that the Kong-Fang model, when combined with the SPG algorithm, can accurately simulate
the complex dynamic mechanical behaviors of concrete-like materials, including shear-enhanced compaction effect and strain-
rate effect. To achieve high-precision simulation of dynamic mechanical behaviors of concrete-like materials subjected to blast
and impact loadings across high-medium-low pressure ranges, it is essential to establish an EoS with a wide-range pressure
based on experimental data from EoS behavior tests. However, shear-enhanced compaction and strain-rate coupling effects
should be eliminated when using flyer-plate impact test data to calibrate the EoS parameters. A paradox arises in the
establishment of EoS with wide-range pressure for concrete-like materials, and the application of numerical iteration correction
methodology may represent an effective approach to resolving this challenge. These findings provide a theoretical foundation
for the future development of a numerical iteration correction methodology to eliminate the shear-enhanced compaction effect
and strain-rate effect on the EoS of concrete-like materials, thereby facilitating the establishment of a high-precision EoS with a
wide range of pressure for concrete-like materials subjected to impact and blast loadings.
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Table 1 Mix ratios and mechanical property parameters of cement mortar
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HCSZH: 0.5 336.4 672.8 1183.5 2194 0.20 44.8 SCHK[30]

FPISZHR 0.5 276.6 553.2 14382 2268 0.19 427 SCHk[2,31]
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Fig.2 Loading-unloading curves from HC experiment for cement mortar
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Fig.3 Comparison of particle velocity-time histories recorded ~ Fig. 4 Comparison of particle velocity-time histories recorded
in symmetric FPI experiment at an impact velocity of 288 m/s in normal FPI Experiment at an impact velocity of 475 m/s
with ones predicted by numerical computation with ones predicted by numerical computation
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Table 2 FPI experimental data for cement mortar at different impact velocities”
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T (s P/ (mes™) P/ (mes™) i (ms™) AT/ (mes™) PP H (ms™)
45 225 3055 314 274.9 2041
61 31.5 2160 475 4117 2370
82 41.0 1996 601 508.4 2827
100 50.0 2140 777 656.9 2908
114 57.0 1613 957 787.8 3546
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170 85.0 1282 1970 1526.1 5373
212 106.0 1330
214 107.0 1242
288 144.0 1454
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7 000 20
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5000 5T
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Fig. 5 Relationship between longitudinal wave Fig. 6 Relationship between axial stress and volumetric
velocity and particle velocity of cement strain of cement mortar determined
mortar target for FPI experiment™ by FPI experiment!”
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Fig. 7 Comparison between hydrostatic pressure-volumetric

30]

strain curve obtained in HC experiment™” and axial stress-

volumetric strain curve obtained in FPI experiment”! for cement
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triaxial compression experimental data
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Fig. 9 Calibrated EoS parameters based on HC data (EoS-HC)
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Table 3 Equation-of-state parameters of the Kong-Fang model for cement mortar

WH th i i g s e i s o tho
EoS-HC 0 0.0038 0.0221 0.0448 0.0656 0.0875 0.1119 0.1314 0.1538 0.1788
EoS-FPI 0 0.0052 0.0201 0.0512 0.0856 0.1312 0.1701 0.2014 0.2437 0.2817

Wi p,/GPa p,/GPa py/GPa p./GPa ps/GPa p/GPa p,/GPa ps/GPa po/GPa p/GPa
EoS-HC 0 0.0148 0.0793 0.1440 0.2037 0.2728 0.3663 0.4533 0.5718 0.7271
EoS-FPI 0 0.1662 0.3276 0.4521 0.5863 0.9061 1.3952 1.9939 3.3863 5.5687
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Fig. 10 Geometry and boundary conditions of numerical models for EoS behavior tests of cement mortar
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Fig. 11 Mesh-size sensitivity of numerical models for EoS behavior experiments of cement mortar
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Fig. 17 Comparison of experimental data with numerical predictions using EoS-FPI
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Fig. 18 Comparison of numerical predictions based on two sets of EoS parameters
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