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Numerical Simulation of Dynamic Response of RC Frame Structures Under Internal

Explosion Loads
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Abstract: To investigate the dynamic response of reinforced concrete frame structures under indoor
explosion conditions, the study explored the failure modes of reinforced concrete slabs and beam-column
joints through numerical simulation methods. Based on existing experimental data of reinforced concrete
frame structures under internal explosion loads, a segregated single-layer single-span reduced-scale
three-dimensional finite element model was established using the finite element software ANSYS/LS-
DYNA. This study considered the shock wave propagation of explosive charge in the air domain, the
fluid-structure coupling effect, and the influence of strain rate parameters on the material constitutive
model. The simulation modeled the explosion of a 200 g explosive charge in the central area of the

frame. The simulated results were in good agreement with the experimental results, validating the cor-
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rectness of the material and parameter settings in the model. Additionally, the failure processes of the
slabs and beams were analyzed, and overall, failure predominantly occurred at the junctions of the slab-
beam and beam-column. By applying a controlled variable method, this study investigated the influence
of parameters such as concrete strength grade and slab and beam reinforcement methods on the blast
resistance of reinforced concrete frame structures. The results indicated that increasing the concrete
strength grade enhanced the structure’s blast resistance. However, after a certain degree of increase in
concrete strength grade, further increments did not yield significant improvements. Using double-layer
bidirectional reinforcement slightly reduced vertical displacement and concrete cracking in the top slab.
Increasing the rebar diameter significantly reduced slab displacement but might increase concrete crack -
ing. Properly shortening the length of rebars extending from the slab into the beam enhanced the blast
resistance of the slab. To improve the blast resistance of frame beams, the method of increasing the diam-
eter of longitudinal reinforcement inside the beam should be considered first, followed by the application
of enhanced hoop reinforcement in heavily damaged areas. Increasing the diameter of the internal rein-
forcement of the reinforced concrete frame can improve overall blast resistance.

Keywords: reinforced concrete frame structure; blast loading; dynamic response; fluid-structure cou-

pling; failure mode
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Fig.1 Locations of measurement points for the experimental model
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Fig.2 Plan of the explosion point location of the experimental model
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Table 1 Material parameters of concrete

p :A(l - va)eR'V + B(l - R“’V)e“:”’ +“’—5 (1)
Arfep HARE VR J7 5 VOB W AR FRAR X T4
G R FRIG LU A s E, 0 B AR PR 22 B ;0 (A LB LR, .
Ry MARE 7 BB R JE 250 B B AR = 4
J[—LIJ%3O

x3 KBRS

Table 3 Material parameters of the explosive
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Fig.7 Explosion damage characteristics
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Table 5 Description of working conditions for different
concrete strengths
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Fig. 9 Failure modes of reinforced concrete frames under different

concrete strengths
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Fig. 10 Displacement time=history curves of reinforced concrete

frame components under different concrete strengths
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Fig. 11 Failure process of the concrete top slab under explosive

loading
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Fig. 12 Vertical displacement time-history curves of measuring point

A, on the top slab
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Table 6 Slab working conditions under different
reinforcement methods
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Fig. 14 Reinforcement of the top slab in Working Condition S—1-C
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Fig. 15 Strain contour plot of the top slab with shortened rebar length
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Fig. 17 Failure process of the reinforced concrete beams
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Fig. 18 Displacement time-history curve at measuring point A, of the

beam
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Fig. 20 Displacements of beam nodes under different reinforcement

methods
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