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Numerical simulation on a large diameter SHTB apparatus and
dynamic tensile responses of concrete based on mesoscopic models
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Abstract: Research of concrete materials subjected to tensile stress wave at high strain rates is currently based on splitting
experiments and spalling experiments with a split Hopkinson pressure bar device, however, they are not appropriate to study
the stress-strain relationship of concrete materials subjected to one dimensional tensile stress wave. Therefore, the large
diameter split Hopkinson tensile bar (SHTB) is urgently needed to perform direct dynamic tensile study of concrete materials.
Mechanical analysis of a new type of SHTB apparatus was performed in numerical simulation method, then corresponding
incident tensile stress wave was studied and optimize improvement measures for partial components were also proposed. The
partly improved SHTB apparatus reconciled the demands of glued connect mode, hooked connect mode and so on. At last,
concrete was considered as a two-phase composite material which composed of coarse aggregates and cement matrix, the
annulus three-dimensional concrete aggregate model was established and applied to SHTB simulation experiment. The
comparison between numerical simulation results and experimental results verified the effectiveness of partly improved SHTB

apparatus, which also provided research directions for dynamic tensile responses of mesoscopic concrete model.
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Fig. 1 Dynamic tensile experiments of concrete materials with Hopkinson pressure bar apparatus!* '*!
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Fig. 2 Large diameter SHTB apparatus utilizing a solid bullet to strike end cap for generation of tensile stress wave
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Fig. 3 Photographs of several parts of large diameter SHTB device
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Fig. 4 Member bars meshed with tetrahedron elements and mesoscale concrete model established in
background grid mapping method
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Fig. 5 Axial stress distribution in incident and transmitted bars
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Fig. 6  Stress waveforms in incident and transmitted bar
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(a) External view of end cap and exhaust trough (b) Sectional view of end cap and striker bar
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Fig. 7 Finite element models for several parts of the large-diameter SHTB apparatus
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Fig. 8 Calculation results for the bullet striking the reverse taper-shaped end cap
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Fig. 12 Stress nephograms of the wave propagation process around the dowels part
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Fig. 13 Sectional drawing of the finite element model for the red copper pulse shaper
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(a) Geometrical model (b) Aggregate elements  (c) Finite element model of concrete specimen

(d) Sectional view of entire model (e) Cut-away view of entire model
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Fig. 16 Mesoscale concrete models established by the background grid mapping method
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