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Ceiling Collapse Simulation of Concert Hall with Box-Type Suspended Ceilings
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In this study, a collapse analysis of a concert hall’s box-type suspended ceiling containing level gaps was
performed. A numerical model of the concert hall and ceiling, constructed with linear Timoshenko beam elements, was
simulated by applying a seismic wave. The adaptively shifted integration (ASI)-Gauss code, which can stably simulate
such phenomena with strong nonlinearities such as fractures and contacts, was used in this analysis. The numerical
results revealed that the collapse of the ceiling was caused by the detachment of clips connecting the ceiling joists to the
ceiling joist receivers. The detachment of clips, in turn, was caused by the propagation of the impact force that was
generated when the suspended ceiling collided with the wall. Furthermore, it was confirmed that the detachment
progressed because the load distribution supported by the clips changed from its initial state. The results also showed
that the locations of the clips detached by the collisions were strongly affected by the geometrical shape of the ceiling.
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Figure 1 Outline of the box-type suspended ceiling
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Figure 2  Single-unit model of the box-type suspended ceiling
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Figure 3 Concert hall model with the box-type suspended ceiling
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Table 1 Detachment conditions for the joint components

Item Condition

Hanger Tensile axial force 2.80 [KN]
Ceilingj joist joint Tensile axial force 0.29 [kN] and axial strain 4.93x10”°

Single (front cover) |Tensile axial force 0.35 [kN]
Clip Single (back cover) [Tensile axial force 0.70 [kN]

Double Tensile axial force 0.80 [kN]
Screw Tensile axial force 0.40 [kN] Shear Force 0.30 [kN]

and axial displacement 3 [mm] and shear displacement 18 [mm]
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Figure 4 Collapse sequence of the ceiling
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Figure 5 Time history of the number of detached clips Figure 6 Distribution of detached clips 7.479 s ~ 7.593 s)
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