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ABSTRACT

When a reinforced concrete (RC) slab structure, which is one of the main structural members, is
subjected to static and localized concentrated loads, it is well known that the failure mode is the
punching-shearing mode. And its design specification has been established. On the other hand, a
rational impact-resistant design procedure for the slab under low-velocity impacts such as falling rocks
has not yet been established. Therefore, the design specification needs to be smoothly established by
efficiently conducting not only experimental but also numerical research studies.

From this point of view, in this study, to establish a numerical analysis method for predicting the
ultimate state of the RC slabs under low-velocity impact loading, 3D elasto-plastic dynamic response
analyses were conducted for simply supported rectangular RC slabs. First, the effects of the mesh size,
constitutive law of concrete, rebar modeling, and damping factor on the dynamic behavior of the RC
slab under impact loading were investigated by comparing with experimental results. Then, the
appropriate parameters were specified in order to properly simulate the dynamic behavior of the slab.
Next, by investigating the experimental and numerical results in detail, a new criterion was proposed
to determine the ultimate state of the slab, that is, when the second wave of the impact load disappears
and no free-damping vibration is excited in the reaction force and deflection after the unloading.

Finally, the applicability and universality of the proposed criterion were investigated by comparing



with experimental results for the slabs with various compressive strengths and slab thicknesses.

The results obtained from this study are: 1) when RC slabs before reaching the ultimate state, the
circular cracks due to punching shear failure and diagonal cracks on the bottom surface, and 45-degree
punching shear failure cracks on the central section surface can be better simulated by using proposed
FE model; 2) when RC slabs are in a structurally undamaged state, the second wave of the impact
force, the natural vibration state of the reaction force and the deflection, and residual deflection after
unloading can be analyzed numerically. Therefore, if these dynamic characteristics cannot be analyzed
numerically, then the slab can be evaluated upon reaching the ultimate state, and 3) for RC slab with
the height-to-span ratio > 0.1, the maximum impact energy capacity, which may be equivalent to the
load-carrying capacity of the RC slabs under low-velocity impact loading, can be conservatively (on

the safe side) evaluated by using the proposed criterion.
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