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Full-Scale Shaking Table Test and Analysis of Seismic Ceiling Systems
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Abstract

In the current research, a seismic ceiling system as one of non-structural elements in buildings has been developed by
applying newly designed vertical hanger clips combined with M-bar channel clips. In order to evaluate the seismic
performance of the developed system, full-scale shaking table tests of one story frame structure with the conventional
ceiling system or the developed seismic ceiling system were performed with time-history responses under earthquake loads.
The developed system was also evaluated by the time-history dynamic analysis. From seismic test and analysis, it was
shown that the developed seismic ceiling system could give improved seismic performances to minimize displacements and
damages of ceiling systems as well as enhance seismic safety of the ceiling system.

Keyuwords : Seismic ceiling systems, Shaking table test, Dynamic load, Seismic analysis
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(Fig. 1> M-bar system

Mebar AAIZHS A3 S Buinw 4%
Hlgre] B e 2IEE o] AR ot
YA BES A 19T YA 2HOR WA
2Eo] A% ALL AX, Mbar FHL olg3}e]
A% Aol Mbarg AR A2 S o] §3}o]

M-barol] FEl2 AZANE DXk

olg3 AFHFFTEE Jdx H AT Ay
9 sg= Ade FEREE MM dF9
HlFzAEA W3l A SRS 9% A4 2 B
ANE 7ol HFFF.

= >
fiu ol

ol

2.2 =t Ald LHZ dA| J|1E

St R84 71F A (A2009-183,
H3}t71e5)7} 20 09Lﬂoﬂ AAN A, o] 7%

HeEas 9 475 5 7 W oh]

AEAGE A7 e v e
H Aele] F7h BFughe oz

£ tkFig. 2>. o] FAFFolH Y& At
o]tk

wall

—
column

U

anti- V_-

vibration

(Fig. 2) Case of seismic separation joints in ceiling
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(Fig. 3) Developed M-bar clip

40mX4.0mX3.0me TFEE

ANA 71E JAEARH| 75 2AYS St
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AgA1z="o] AXE e AlEE A ZHde
7HAE
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(Table 1) Dimension of shaking table

% i
t\f‘_fl Table size(m) 4.0x4.0
Type Fixed
Degree of freedom 6
Full payload(kN) 600
Nominal payload(kIN) 200
! lf";"il_ Desired overturning moment(kIN-m) 1,000
= e == Acceleration at full payload(g)
X-Axis 1.20
HANGER CLIP Y-Axis 120
Z-Axis 0.80
Acceleration at nominal payload(g)
X-Axis 1.50
Y-Axis 1.50
Z-Axis 1.00
METALTHK (mm) : 1.0 - -
Maximum velocity(mm/s)
(Fig. 4) Developed hanger clip X-Axis 1,500
Y-Axis 1,500
Z-Axis 1,000
3. &2 MFCH &y % | Maximum stroke(mm)
X-Axis + 300
3.1 A 4y 3 4F Y-Axis £ 200
Z-Axis + 150
A WAE AR ARE AFS B ,
93} 7% FAA 28 (Case 1 AE Mbar 2 Operation frequency range(tlz)  01~60
Y 2 7S 383 WA A 2E (Case 2)9] Moveable distance(m) -
F A9 o) AfE A%0) 43¢ £33
th AE A8 ICC-ES AC 156 (2010)V9] A1¥
WS 88k FRston, AdAe] A &
R L AL 71719 B Sl EEs A
SIRZURZESIX _137



(b) View 2
(Fig. 5) Setup of ceiling systems in shaking table

A\ Accelerometer

(Fig. 6> Set up an accelerometer
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(RRS, Required Response Spectrum)< AM-315]
o ARAY A AL 9 AR e 7S
HAHEY 24 vetvE= off <Table 2>} 2
oh 25T ARe £ 2 9 7 18] o)
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(Table 2) Determined parameter in RRS

Horizontal Vertical

Test B/D Z’f'-t SE AP AR AF AR

No. code tetia ® IX- G X G

H H V V

® @@ © @O

1 060 1 0% 072 041 017

2 084 1 135 101 057 023
ICC

3 e g 1B 1 1B 130 0B 030

4 22 AC 43 1 210 159 089 036
156

5 156 1 250 188 105 043

6 168 1 269 20 113 046

* SDS: Spectral response acceleration at short period

A7V, Sppx— g = Sps(1+ 2%)

ARIG—H - 045[)5(1 + 21)

Sprx— v =0.675p4 '
Apro v = 0278,

A1y Azks ICC-ES ACI56 (2010)S F83}4,
ATE S 15‘<_ AAoBAN FUFIF G A
g Hxo 3 Wt 630}‘3%5} AR =" Y] §
92 B3] Yste] T2 FEQ1E) 3% KEEA)
£ AAseH, st Ao ARE 1]
st} REH Elo|Ed 3% NELAS XA
o ZF 7T A9 AR S1A]E <Fig. 6>3 2th
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(Table 3) Result of resonance test

Measured frequency at resonance

Measured (Hz), df=0.25Hz
locations Dir. Case 1 Case 2
X 15.75 13.75
A2
Y 2450 16.00
X 14.00 13.75
A3
Y 16.00 16.00
X 16.50 23.00
Ad
Y 15.75 34.00
X 23.00 16.25
A5
Y 15.00 16.00
Time history(A4-X) G Time history(A4-X)
o5 e s —A
% 0 :EJ.; 0
2 <
=50 -50
0 50 100 150 0 50 100 150
Time [s] Time (]
Time history(Ad-Y) i Time history(A4-Y)
— [ e S
< <
-50 =50
0 50 100 150 0 50 100 150
Time [s] Time [s]
Time history(Ad-Z) o Time history(A4-2)
i — s A4
E 0 é. DF %
< <
50 50
0 50 100 150 0 50 100 150
Time [s] Time [s]
(a) Case 1 (b) Case 2

(Fig. 7 Measured acceleration responses at A4
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(b) M-bar clip

(Fig. 8> Setup of ceiling systems in shaking table
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HzA - 235 alA - =82
Atk AR (b)ol XA EE M-bar FHL2 A FEZ gejo|th vlFR 2 AFAIAEHY T
s T8 FAAE Z7] AR Al A9t 2o AW e C-A'2 150x75%6.5/102 %=°] 2,000mm % 7t
@ jlo]l FAs] g%l T3] A A 7 900mmE oA aAH] s Ry}
FAE AABEAL A ek
4. LR MTIA|AEIO| Fio[A (Table 4) Static loads in the frame
. Floor load
4.1 Od =8 228 Dead load(1)
Dead load(2) Live load
HF 22 4 HAA 2R YR A5 37} sids 30.25kN 3KkN/m 25kN/m’

A8l AR sl A3 sYs 2dS s
o FAAAAE FAsATE AEd Ao H=
TZES Midas-Gen'S o] 83l s, o
71l AAAN S F QA5 o] 83t FRA
A BdS A U<Fg. 9> g WxIRA
L] Ag AR WS Fa vy 2 iy A
AR 2=H Y 2G| F AL AR A K8kl
gk AlZtolEai S AAlete] A2 EY] Yzl
A ASE FYAh

vy 1]
LI

I 3,500

(a) Plan

3,500

(b) Elevation

(Fig. 9) Model of a frame with ceiling system
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ARE-gE 0] 3,000mm 2 7ZF 3,500mme! 15 17
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TASE 100%, EstE 25%S 1185}kl <Table 4>
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(Fig. 11) Scale factor of 1.0 for Case 2

(Table 5) Max. displacements of ceiling
system

Seale Case 1(mm) Case 2(mm)
factor Floor Ceiling Floor Ceiling
level level level level
025 1.557 1.613 1124 1111
0.50 3113 3.226 2.247 2221
0.75 4.67 4.839 3.371 3.332
1.00 6.226 6.452 4494 4.443
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