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Table 1 Material parameters of the circular tube

Eg/Pa v0 cB/Ikg7l-°C  AQ/J(sm)~!.°C  ko/m?s”! Ty, /°C Ys/Pa A/J-m~2
2.1x 1011 3.7 447.0 48.15 1.365 x 10~5  2600.0 3.53 x 108 7500.0
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Table 2 Experimental and Computational data for the tube fracture

’.I\lbe Fracture time Fracture strain Fracture strain . -1
thickness ty/us es/% rate €7/10%5~! Fracture velocity/m:s
é/mm
Exp. Comp. Exp. Comp. Exp. Comp. Exp. Comp.
5 15 14.5 75.18 72.76 5.01 5.05 750 938
3 9 9.88 77.04 75.63 7.00 7.65 1050 1436
1 5 4.74 37.00 69.30 8.86 14.77 1550 2202
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RESEARCH ON THE DEFORMATION, DAMAGE AND
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Abstract In this paper, the problem of the deformation, damage and fracture rules of circular
steel tubes under inside-explosive loading is studied theoretically and numerically. The damage
is defined as the ratio of the void volume to the total volume of the materials, and the surface
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energy’s increase for the void growth is considered to be provided by the strain energy of the ma-
terials in a limited neighbourhood, which expands with the volumetric wave speed of the material.
From the above point of view, the damage function models and the damage evolution equations for
the micro voids in materials are established by means of combining the physical statistics method
and the phenomenological research method. In our damage evolution equations, the effect of the
plastic volumetric strain on the damage evolution is considered. Then on the basis of deformation
thermodynamics, the Drucker’s postulate and the theory of internal variables, the incremental con-
stitutive relations for damaged thermo-plastic materials are presented. Our constitutive relations
are given with the incremental stress expressed by the incremental strain, and can cover plastic
hardening behaviors, thermo-softening behavibrs, damage softening behaviors and their coupling
effects between each other. So they are very convenient for the use in dynamic problems. The
thermo-softening effects of the material parameters are also counsidered in the ccasiitutive rela-
tions. After giving the computational routine, applying cur constitutive reiaticns and the damage
evolution equations to the problem of inside-exrlosivziy loaded steel tubes. we have completed the
systematic numerical simulatiens for the deformaticn and fraciure process of the 45% steel tubes.
Compared to each other, the computational results and the experimental ones are in reasonable
and good agreamany in the informations of the tubes’ deformation procedure, fracture moment,
fracture velocity, fracture strain and fracture strain rate and so on. This demonstrates that our
constitutive relations, the damage function models and the computational method are correct and
of academic and practical values. By changing the thickness of the tubes we have obtained the steel
tubes’ fracture curve €4-£¢ (fracture strain versus fracture strain rate), which has a so called “plas-
tic peak” by Ivanovi®l. The computational results show that the steel tubes’ fracture curve e #Ef
reaches its “plastic peak” at about the strain rate £; = 7.6 x 10*/s. The computational results also
show that because of the combining effects of plastic flow, thermo-softening and damage-softening
very high temperature about 550°C~ 990°C can be reached, and the thermo-plastic instability
may appear in the tubes, which indeed has been found in our experiments.

Key words deformation, damage, fracture, circular tubes, inside-explosive loading



