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Numerical simulation and engineering design method for prefabricated
concrete bursting layer subjected to projectile penetration
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PLA Army Engineering University, Nanjing 210007, Jiangsu, China)

Abstract: Prefabricated concrete bursting layer has a very important application prospect in the field of protective engineering
attributed to its technical advantages including high construction efficiency and construction quality. However, compared with
the monolithic cast-in-situ concrete bursting layer, the impact resistance of the prefabricated concrete bursting layer may be
significantly reduced because of the interfaces between the prefabricated blocks and the cast-in-situ part. Therefore, it is
important for engineers to reasonably design the prefabricated concrete bursting layer to make its penetration resistance
comparable to the monolithic one. To this end, a kind of prefabricated bursting layer connected by wet joints and rebars was
proposed in our previous study. In order to apply the prefabricated bursting layer in protective engineering, a series of
numerical models were developed to further study its penetration resistance. Firstly, based on the Kong-Fang model and
smoothed particle Galerkin (SPG) method, the numerical models were developed and validated against the experimental data
of projectile penetrating monolithic and prefabricated targets. Then, the validated numerical models were further used to
investigate the influences of prefabricated block size, wet joint width and anchorage length, spacing and diameter of rebars on

the penetration resistance of prefabricated targets. Numerical results indicate that increasing the width of wet joints, reducing
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the spacing between rebars, and extending the anchorage length of rebars can significantly enhance the penetration resistance
of prefabricated targets. After clarifying the influences of these parameters, an engineering design method for a prefabricated
concrete bursting layer was proposed. Finally, based on this method, two prefabricated high performance concrete targets
subjected to two typical types of warhead penetration were designed. Numerical results show that the penetration resistances of
two prefabricated targets were comparable to monolithic targets. The proposed engineering design method can provide a
reference for engineering applications of prefabricated concrete bursting layers connected by the wet joints and rebars.
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Fig. 1 Cross-sectional views of monolithic target” and prefabricated target®)
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Table 1 Experimental results for penetration tests”*

TR HA T kg R/ (ms™) RREE/m D,/m D/m D,/m D,/m D, /m
ZT-1 35.58 365 0.75 1.04 1.06 1.05 1.15 1.08
ZP-2 35.66 359 0.74 0.43 0.54 0.69 0.69 0.59
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Fig. 3 Comparisons of numerically predicted penetration depth and damage contour at frontal surfaces with test data
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Table 2 Numerically predicted penetration depth and damage contours in prefabricated targets with various block sizes

v BB Iy PN v ML/ % 'S Wi E
32 39 1.176 5.6 54 1.167
4.0 46 1.174 6.4 57 1.172
48 50 1.174 72 63 1.162
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Fig. 6 Penetration depth and time history curves of projectile acceleration for cases with various block sizes
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Fig. 7 Numerical models for prefabricated targets with various widths of wet joints
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Table 3 Numerically predicted penetration depth and damage contours
in prefabricated targets with various widths of wet joints
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Table 4 Numerically predicted penetration depth and damage contours in targets for different anchorage lengths of rebars
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Table 5 Numerically predicted penetration depth and damage contours in targets for different spacing of rebars
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Fig. 13 Numerical models for two warheads
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