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Abstract: Curved steel-concrete-steel (CSCS) composite slabs can increase the compression range of concrete so as to give
full play to the compressive strength of the concrete and the tensile strength of the steel plate. It has been used in high-rise
buildings, nuclear reactor containment, Arctic caisson and oil storage tanks and other important building structures. According
to the specifications, three CSCS composite slabs with different fittings were designed. Based on the nonlinear finite element
program ANSYS/LS-DYNA, the damage modes, midpoint displacement, energy consumption, etc. of the composite slabs
under the action of near field explosion were studied, and the energy consumption and damage mechanism of the three
different slabswere compared. The midpoint displacement and pressure of the CSCS composite slab were extracted from the
finite element simulations. The results of the midpoint displacement were compared with the existing field explosion test

results, and the results of pressure were compared with the empirical formula, which verified the rationality and effectiveness
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of the finite element model. Taking the midpoint displacement of the backsteel plate as the index, the effects of the explosive
quantity, concrete strength and steel plate thickness on the anti-explosion performance of the CSCScomposite slabswere
analyzed. The results show that the curved slabs maintain good integrity under the action of near-field explosion, there is no
concrete fragments dispersion phenomenon, and they still have a continuous bearing capacity. Meanwhile, they have a better
anti-explosion performance than traditional planar steel-concrete-steel composite slabs. The connection performance of the
overlapping studs is stronger than that of the discrete studs, but slightly weaker than that of the pair studs. Increasing the
concrete strength can reduce the midpoint displacement but cannot improve the damage condition of the concrete. Increasing
the thickness of the steel plate can significantly reduce the midpoint displacement of the steel plate and improve the anti-
explosion ability of CSCS composite slabs.

Keywords: explosion load; curved steel-concrete-steel composite slab; anti-explosion performance; dynamic response
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Fig. 1 Structure and dimensions of CSCS-BO (unit: mm)
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Table 2 Material parameters of the steel plates

pl(g-em™) E/GPa u A/MPa B/MPa n m c
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Fig. 6 Configuration and size of the specimen
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Fig. 7 Verification and comparison of the FE results
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Fig. 8 Effective plastic strains of the concrete(CSCS-BO)
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Pressure/ Pressure/ Pressure/
MPa MPa MPa
182 178 170
[ 162 153 145
142 128 120
122 103 95
102 78 70
82 53 45
62 28 20
42 3 -5
22 =22 =30
2 47 -55
—-18 =72 —80
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Fig. 9 Pressures of the steel plates (CSCS-BO)
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Fig. 10 Midpoint displacement time history curves (CSCS-BO) Fig. 11 Energy time history curves (CSCS-BO)
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Fig. 12 Effective plastic strains of the concrete (CSCS-OS)
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Fig. 13 Pressure of the steel plates (CSCS-OS)

6 —— — - —Front plate 4800 |

£ y S~ — ~Rearplate
8 / T~ 4000
§ 4r S .
g !/ - & 3200} —— Concrete
& / ~TTT 2 — - — Front plate
g 2r: . = 2400 — . — Rear plate
B | /' B g
< L 5
g ol 2 1600
)
= 800f;

-2+ Front plate sunken  Rear plate sunken 0

0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Time/ms Time/ms
Bl 14 AR PO I R 2 €15 CSCD-OS #ifitt ik
Fig. 14 Midpoint displacement time history curves (CSCS-OS) Fig. 15 Energy time history curves (CSCS-OS)
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Fig. 16 Effective plastic strains of the concrete (CSCS-ST)
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