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Abstract; This paper deals with development of new material for suspended ceiling with high damping property and seismic base
isolation. After the suspended ceiling was damaged by a major earthquake, ceiling boards, lighting equipment, air conditioning
equipment etc. dropped from the suspended ceiling. And people died and many people were injured. Since the damping ratio of the iron
anchor bolt is very small, the displacement response of the suspended ceiling increases and it is not reduced in a short time. For that
reason, ceiling boards, lighting fixtures, air conditioners, etc. will fall from the suspended ceiling. Therefore, it is necessary to develop
new materials which are light weight, flame retardancy, high heat resistance, high damping suspended ceilings with earthquake
resistance and seismic isolation structure. The purpose of this research is to experimentally verify the high damping performance of
basalt fiber material or glass fiber material and to develop a ceiling member having earthquake resistance and seismic isolation. In
this study, we attempt to verify the damping performance with simple support beam at both ends and cantilever beam using new

materials.
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Fig.1 Resin impregnated glass fiber pipe 2200TEX
Top 2: 2PLY, Bottom 2: 3PLY
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Table 1 Mechanical nature

GBF E glass
Characteristics Basalt v 8
. fiber
fiber
Density(g/m3) 2.63 2.54
Tensile
strength(MPa) 3200-3850 | 3100-3200
Elastic
modulus(GPa) 93 2.5
Break elongation
rate(%) 3.1 47
Softening
temperature(°C) 1050 850
Operating Copn.
temperature(°C) 260-650 380
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Fig.2 Experimental apparatus
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Fig.3 Experimental apparatus
(simple support beam at both ends)
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Fig.4 Calculation of damping ratio
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Fig. 6 GF pipe 2PLY(7)

Fig.5 GF pipe 2PLY(6)

Table 2 Example of damping ratio

Damping Damping
ratio §[%] | ratio {'[%]
19.6 19.2
GF2Ply(6)
13.9 16.1
12.8 10.7
GF2Ply(7) 12.0 128
15.3 18.9
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Table 3 Change in value of damping ratio

Type of impregnated Average damping
. Ply .
resin ratio[ %]
Basalt A 2 12.6
fiber 3 14.5
braided 2 17.5
pipe B 3 17.9
Glass fiber 2 12.1
braided A
pipe 3 11.1
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Fig. 7 Sweep test GF 2Ply (1) Fig.8 Sweep test GF 2Ply(3)
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Fig. 9 Sweep test Anchor Bolt(1) Fig. 10 Sweep test Anchor Bolt(2)
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Table 4 Natural frequency

Sweep wave Natural
frequency[Hz]
GF 2Ply(1) 3.25
GF 2Ply(2) 3.66
GF 2Ply(3) 3.70
GF 2Ply(4) 3.55
Anchor Bolt(1) 1.08
Anchor Bolt(2) 1.24
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Fig. 11 Southern Hyogo Prefecture Earthquake
BF 2PLY (1)
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Fig. 12 Southern Hyogo Prefecture Earthquake
Anchor Bolt (1)

TWBZ ERSND. K 12121, D012, B AL
FORERERT. BMNERD E, T<IC, BAITHEEE L
T, TORMERIZDIRNPWE LW ERNG0n5. BOR
v b OEE, EBRTIIR M TH T,

Table 5 Maximum displacement

Southern Hyogo

Maximum
Prefecture

displacement [mm]
Earthquake
BF 2Ply(1) 31.9
BF 2Ply(2) 32.0
BF 2Ply(3) 36.6
Anchor Bolt(1) 140
Anchor Bolt(2) 138
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(b) Hysteresis loop

Fig. 13 Hysteresis characteristics Analysis model
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Fig. 14 Hysteresis loop
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Table 6 Damping ration of
Hysteresis loop

Table 7 Parameter of Eq. 3

Fig. 15 Hysteresisi loop

Damping y : Displacement
ration[%] y0 : Initial displacement
GF 2PLY(1) 4.88 © : External force
h : Damping ratio
GF 2PLY(2) 6.83 G : Spring constant
GF 2PLY(3) 6.00 m : Mass
GF 2PLY(4) 5.73 £ Frequ?ncy .
. ¢ : Damping ratio
C : Viscous damping constant
® : Angular frequency
AW : Area
W : Strain energy
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