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Abstract - In this study, a systematic analytical study was conducted for a friction-added ceiling system which had been
developed in the previous study conducted by the authors. The friction-added ceiling system incorporated a novel rotational
friction mechanism and its effectiveness was demonstrated through a series of shake-table tests. The primary focus of this study
was to evaluate the effects of key governing parameters of the friction-added ceiling system, with due consideration for the
dynamic characteristics of supporting structures. Firstly, based on a total of 6 building models, the effects of structural dynamic
properties on the peak floor acceleration (PFA) were evaluated. The analysis results showed that the in-structure amplification
(PFA/PGA) was higher for concentrically braced frames (CBF) compared to the moment-resisting frames (MRF) due to the
relatively short-period characteristics inherent to CBFs. It was also observed that the PFA reduction caused by structural
nonlinearities was more pronounced for CBFs because of their drastic elongation of fundamental period. The friction-added
ceiling systems showed reduced displacement response as the friction force increased. The effectiveness of the friction-added
ceiling systems was only minimally influenced by the length of the hanger wires and the angle of damper braces, implying the
versatility of the system to various design and installation conditions. Various response characteristics of friction-added ceiling
systems considering structural nonlinearities was also presented.
Keywords - Nonstructural element, Seismic design, Ceiling system, Nonlinear time history analysis, Friction damper

LAE

Ak A% W mY AR o] choyt 2l A
SELER L ENEL ST ETESSREE
Fopste] o] efat Hl PR R A0 WS At & 71
A A4 &4 oI Ao e Ui e
2 HT2e4E AA SFo] AVFREHFEAL
= A% AgH 904 1 2go] 2 2551

Note.-Discussion open until August 31, 2024. This manuscript
for this paper was submitted for review and possible publication
on October 06, 2023; revised on December 30, 2023; approved
on January 09, 2024.

Copyright © 2024 by Korean Society of Steel Construction
"Corresponding author.

Tel. +82-2-880-9061 Fax. +82-2-880-9061

E-mail. ceholee@snu.ac.kr

ool X7 FfEof Hs) A o= Xz Hsirt & &
%ol Yt ojof what vl @ A PHAHA Y S84
I A+ " Qo] LE5] F7hokal Sl Aol
AZAI A S 74 B2 84 F SR gHtEo
7ol AA AAE7] wzol AGAIAR ] oy
S5 AT 7 5EAT HEC] /AT E of
ChFig. 1 21). 3 A A" It o s &
ALt 3 A S 2 qlom X|xst
Al 8 HA eLo] FE= QIsto] A o7
£ 2R 5l A} KDS 41 17 00°12 =55} o
o] A7 7|E=NA= FFAILRY 7HEA
A< SHSIEE ARtk glom, 4|4
=9 WAAA® S| ozt 2755 o]
Al of AFAIARY] HY SHE= 7HIAHE
o|AS &3l F55to] AR AFC] I HFE HA

T

Sz 8le] =5 A36W Al 15 (EE A]1883) 20249 2 47


https://crossmark.crossref.org/dialog/?doi=10.7781/kjoss.2024.36.1.047&domain=http://ksscjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

HAY TR RO BT T YA AR shast 2

(a) 2016 Gyeong]u earthquake (b) 2017 Pohang earthquake

Fig. 1. Ceiling system failure observed 2016 Gyeongju and
2017 Pohang earthquakes
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Table 1. Eigenvalue analysis results of building models

1¥ mode 2" mode 3" mode
Lateral
system Story | period |Modal mass Participation| Period |Modal mass|Participation| Period |Modal mass|Participation
(sec) (%) factor (sec) (%) factor (sec) (%) factor
3 1.07 83.35 1.28 0.35 12.74 0.40 0.20 3.67 0.30
MRF 9 2.36 80.62 1.29 0.81 8.52 0.42 0.46 2.14 0.22
20 3.98 74.03 1.38 1.40 11.08 0.6 0.81 3.38 0.35
3 0.57 99.71 1.29 0.21 9.96 0.56 0.14 1.29 0.21
CBF 9 1.42 72.18 1.46 0.49 18.71 0.66 0.27 491 0.35
15 2.40 67.95 1.51 0.77 20.71 0.76 0.41 5.26 0.40
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Fig. 4. Effect of supporting structure on extent and distribution of PFA/PGA
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Table 2. Key governing parameters of friction-added ceiling system

Key governing parameters

Values of key governing parameter

Number of damper (»,,)

1 (0.0676 N-sec’/mm), 2 (0.0338 N-sec’/mm)’,
3 (0.0225 N-sec’/mm), 4 (0.0170 N-sec’/mm)

Friction force (F},,,,,,,)

16.28 N, 32.55 N, 48.83 N, 65.10 N", 97.65 N, 130.20 N, 162.75 N

Length of hanger wire (%

ceiling)

500 mm (0.66 N/mm), 750 mm (0.44 N/mm)’, 1000 mm (0.33 N/mm),
1250 mm (0.27 N/mm), 1500 mm (0.22 N/mm)

Friction damper brace angle (%,,,.,)

15° (6797.60 N/mm), 25° (9771.64 N/mm), 35° (10833.96 N/mm),
45°(9952.28 N/mm)’, 60° (6094.59 N/mm), 75° (1821.57 N/mm)

" used for friction-added ceiling test specimen
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