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Abstract - This study presents shake-table testing of ceiling systems installed on a full-scale 2-story steel moment frame, con-
ducted to develop an effective seismic design method for large-area suspended ceiling systems and also evaluate the seismic
demand on nonstructural elements. First, nonstructural seismic demand was evaluated based on the measured peak floor accel-
eration (PFA) of the test frame. Especially, the effects of structural nonlinearity on PFA were analyzed. Then, the seismic per-
formance evaluation on a non-seismic ceiling specimen was conducted, where partial-height partitions, pipes, and fire sprinklers
were installed to evaluate their interaction with the ceiling specimen. A braced ceiling system having grid reinforcements was
newly proposed for this testing program. The grid reinforcement was introduced to increase the in-plane stiffness of ceiling grid
systems, which was insufficient in conventional ceiling bracing systems. Test results showed that PFA reduction suggested by
ASCE 7-22 to account for structural nonlinearity was shown to be larger than the experimental results for low-to-moderate duc-
tility levels. The partition-attached non-seismic ceiling specimen showed inferior seismic performance compared to the bare
ceiling specimen due to the highly adverse interaction effects between the partitions and ceiling specimen. A seismic strengthen-
ing method using lateral bracing combined with ceiling grid stiffening was shown to be very effective in improving the overall
ceiling seismic performance.
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(a) 2011 Tohoku earthquake (b) 2016 Gyeongju earthquake
M, =9.0) My=54)

Fig. 1. Building functionality interruption caused by
earthquake damage of suspended ceiling systems
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Fig. 2. In-structure amplification according to ASCE 7-22
depending on structural period (7,)
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Fig. 3. Full-scale 2-story steel moment frame for shake table testing of comprehensive nonstructural elements
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N : Ceiling panel dislodgement
T

(b) Overturned rectangular and flange of T-section partition

I : Ceiling panel dislodgement
@ : Gridjoint disconnection

O : Sprinkler

(c) Fallen ceiling area observed at end of tests

Fig. 15. Damage propagation of partition-attached non-seismic ceiling specimen
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Fig. 16. Effect of partition-induced interaction
on ceiling fragility

20 H —— D1 (front)
15 || — D2 (center)
—— D3 (rear)

Clearance (20 mm)

Displacement (mm)

Clearance (20 mm)

0 10 20 30 40 50
Time (s)

(a) Displacement time history showing reduced
in-plane relative displacement

35

30

Jun et al.18)
25

Clearance (20 mm)
20

=~ 80 % reduced

Ceiling displacement (mm)

ceiling
displacement

10 B Front (DI1)

Thisstudy 4 Center (D2)
® Rear (D3)
5
X
0
0 0.20 0.40 0.60 0.80 1.00 1.20

Peak floor acceleration, g

(b) Comparison of braced-ceiling specimen
with and without grid reinforcement
Fig. 17. Effect of grid reinforcement on displacement
response of braced ceiling specimen
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