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Abstract: Low cycle tests on the main tee splices, main-
cross tee joints and peripheral joints of suspended ceiling
were conducted. The failure modes of grid joints and
splices were summarized. The load-bearing ability and
deformation capacity of grid joints and splices were
analyzed. The Pinching4 model in OpenSEES software
was used to establish the force-displacement hysteretic
model for grid joints and splices. The force-displacement
hysteresis curve based on the hysteretic model is
consistent with that obtained from the experiments, and
as the number of cyclic loading increases, the change rule

of the accumulated energy dissipation based on the
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hysteretic model agrees well with the corresponding
experimental results. On this basis, the generic hysteretic
model for various grid joints and splices was further
established, and the recommended values of generic
hysteretic model parameters for grid joints and splices

were given.

Key words: suspended ceiling; grid joints and splices;

seismic performance; experimental study; force-

displacement hysteretic model
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Tab.1 General information of test specimens

JENESTiT] WEe2eA mdorm e s

BV A5z =) G| 3 JA-3-Ml1; JA-3-M2; JA-3-M3

Eim| 3 JA-3-Cl; JA-3-C2; JA-3-C3

- F:Hh 3 CIS-A3-Cl; CJS-A3-C2; CJS-A3-C3
ERV /AR - WA 3 CJS-B3-C1; CJS-B3-C2; CJS-B3-C3

s Tk 3 CIB-A3-Cl; CJB-A3-C2; CJB-A3-C3

Yl 4 CIB-B3-C1; CJB-B3-C2; CJB-B3-C3; CIB-B3-C4

[#1 2 7 4 i 6 WI-E3-M1; WI-E3-M2; WJ-E3-M3; WI-E3-C1; WI-E3-C2; WI-E3-C3
H B 1 Al ) 4 WJ-D3-M1; WJ-D3-M2; WJ-D3-C1; WJ-D3-C2
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Tab.2 General information of the constitution of test specimens
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FIREPHER Al 2 300
Bl 1 430 2 300
o F:Hh 1 60 2 200
. Zh
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= Tk 1 60 2 170
2T
< i 1 200 2 170
] 2 30 A il 1 300 1 300 1
) H AL A Bl 1 300 1 300 1
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Fig.1 Schematic diagram of test setup
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Fig.2 Mechanical diagrams of specimens (unit: mm)
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Fig.3 Loading protocol of cyclic test
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Tab.3 Test results of ceiling grid joints and splices

jERE il Ik gy m E D, F, D,
FIREPHER Bl 1.220 3.8 0.957 3.1
By 1.151 3.0 0.475 0.5
w Fhh 1.012 11.2 1.222 11.9
ER/S ARy - i 0.359 15.0 0.367 16.1

= FHih 9.605 0.237 6.035 0.254

Zh o i

Uit 23.035 0.216 22.988 0.181
[ 5 TR Y iy 0.094 13.7 1.990 12.4
1 A il 0.071 27.7 2.336 27.9
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Zh 2 (16 Z%0E X, 5358 (ePd,, ePf) | (ePd.,,
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(eNd,,eNf,) . (eNd,, eNf,) . (eNd,, eNf,) ) , fE& M#k
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o
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Fig.4 Pinching4 model
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Fig.5 Comparison of hysteresis curves based on Pinching4 model and test results of representative specimens
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Tab.4 Comparison of maximum accumulated dissipated energy based on Pinching4 model and test results of

representative specimens

K BRFERE/ (KN-mm)

ke g6 Tz 1) - — EZ57/%
R AR

FleEPHEN o] 37.0 37.1 0.3
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o ) i b e o
EREET R Tl 4.6 3.9 15.2
Z U 2.7 3.2 18.5
Wl 2.6 2.7 3.8
[ R P14 ) 10.0 11.3 13.0
A B o] 11.9 11.2 5.9
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Fig.6 Comparison of accumulated dissipated energy based on Pinching4 model and test results of

representative specimens
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Tab.5 Parameters of generic force-displacement hysteretic models of ceiling grid joints and splices

Fhed  FoOew Fuoew Fuder Eicded ERed B0 BERLGL ARl
Pinching4 #5171 S8 PREEAUm PR TR R R WA PRl Ul el
A BB ZOYRERD ZOYRIR AR AR ZARIEI2 R A
ePf,/N 450 472 150 75 0. 15% 0. 15% 0. 15% 0.1 0.1
ePf,/N 756 889 651 230 4. 44% 0. 20 3. 20% 30 1
ePf,/N 1206 1216 1001 350 7.97* 0. 30% 19. 62% 109 25
ePl,/N 507 378 458 100 7.90% 0. 60* 4. 50% 111 50
s 4
I FER A ePd,/mm 0.3 0.6 0.5 0.5 0. 000 4* 0.0002 * 0. 000 2% 0.01 0.01
ePd,/mm 1.7 1.7 5.5 8.5 0.139* 0.033* 0.13% 1.9 18.0
ePd,/mm 3.6 3.1 10.5 17.0 0. 24% 0.1* 0. 2% 8.2 20.7
ePd,/mm 4.7 3.6 13.8 21.5 0. 268* 0.21* 0. 23* 12.6 23.8
eNf/N —450  —472  —150  —75  —0.15+  —0.15%*  —0.15* —4 —4
eNL/N —650 —361 —620 —230 —2.43% —3.20% —0. 20% —173 -9
eNf,/N —979 —290  —1248  —350 —2.93% —19. 62% —0. 30% —566 —587
— — —RR — —5 — |~ — — —
G eN[,/N 196 261 556 100 5.432% 4. 50% 0. 60* 2385 2336
eNd,/mm —0.3 —0.6 —0.5 —0.5 —0.0007*  —0.0002* —0.0002* —0.01 —0.01
eNd,/mm —1.4 —0.8 —5.0 —8.5 —0.105* —0.133* —0.033* —1.7 —15.0
eNd,/mm —3.3 —3.3 —12.7 —17.0  —0.204* —0.2% —0.1* —4.4 —19.3
eNd,/mm —4.7 —54 —16.0 —21.5  —0.287* —0.23% —0.21* —12.7 —27.9
rDispP —0.55 0.45 0.6 0.5 0.6 0.8 0.8 0.5 0.5
rForceP 0.01 0.1 0.2 0.2 0. 0001 0.13 0.13 0.5 0.01
. oy UForceP —0.01 —0.3 —0.01 —0.1 —0.01 —0.01 —0.01 —0.01 —0.13
B - E AR rDispN —0.55 —0.8 0.6 0.5 0.6 0.8 0.8 0.45 0.95
rForceN 0.01 0.2 0.2 0.2 0.0001 0.13 0.13 0.03 0.01
uForceN —0.01 —0.01 —0.01 —0.1 —0.01 —0.01 —0.01 —0.1 —0.1
. gK; 0 0 0 0 0 0 0 0 0
3B
BIRAIEEN K 0 0 0 0 0 0 0 0 0
gD, 0 0 0 0 0 0 0 0 0
[JEEES
M NEZR Dy 0 0 0 0 0 0 0 0 0
. gF, 0 0 0 0 0 0 0 0 0
o R
IR gF 0 0 0 0 0 0 0 0 0
ek gE 1 1 1 1 1 1 1 1 1
Y] dmgType cycle cycle cycle cycle cycle cycle cycle cycle cycle

TE R i=1~4; R 082 SRR rhafy o« SO0 N 7 28RS RS B 53591 2 KNemm il rad 5 F2 0008 B9 sOUAIAZ 25 A L
U 12 PARNERY, A3 B X i P 71 R 7.

2.3.2 EHRAhLR T

FT 2.3 1 4R A TR R 24

bR 2 D7 1%, TR 7 25 1 T il E IR 2 A R )

ARt 2 2

o T EOER, ERIEET

A A2 BT



5 3 1 F

367

L5 r...cJ8-A3-Cl
1.0 L -+-CJS-A3-C2

~-CJS-A3-C3 4\
Z g Ve 2
= 0
R R 05
-1.0
| ) _15 1 1 | L 1 1 1 )
8 6 =20-15-10-5 0 5 10 15 20
f7#% / mm £7F#% / mm
a FIEPHE S A N0 b EXEET AMENEIRE ¢ FRORET R R AL
0.6, CJS-B3-Cl 51 .. cB-A3Cl R S CIRESl
0.4 -»-CJS-B3-C2 A ’g 10f -»-CIB-A3-C2 g 20 -..CJB-B3-C4
--.CIS-B3-C3 A g 5| -~ CIB-A3-C3 E ol =4k
z 02r s z [ imbg ~
0 2 0 P ¢ < 0
R 02 w S & -10
-0.4 w-10 20
—0. L I L L I ) ~18 I I I | =30 L L L L L |
=30 =20 =10 0 10 20 30 -04 -0.2 0 0.2 0.4 -03-02-0.1 0 0.1 02 03
fF / mm ¥ fH / rad HAf [ rad
d FRE T SR SZ BT 5 e ERWA A EHZEIRK £ WA IR EZ R
30r -..cIB-B3-C2 . 3r - WI-E3-MI 31 .. WJ-D3-M1
‘e 20 -s+-CJB-B3-C3 2} -+-WJ-E3-M2 2} -+-WJ-D3-M2
g IRy A -~ WI-E3-M3 - H
g 10 HoaRIZ J AN 1k E’j’DFH:IQ‘ 1k
z AL z =G £ z
< 0f . -t Z o - Z or
= -10 R -1 / R}
) -2t -2t
1 L L :

I I J
-03-02-0.1 0 0.1 02 03

-3 1 L4 1 1 I 1 J
-40-30-20-10 0 10 20 30 40

-3 | I 1 1 1 1 1 )
-40-30-20-10 0 10 20 30 40

A /rad 4% / mm {rF% / mm
g EWRET AR ZE K52 h [ 58 BLA Y s A 32 R i H B S N 2R
E7 BMAEESTAMHZERERRS NERNSEME

Fig.7 Skeleton curves of generic hysteretic models of ceiling grid joints and splices
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