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(a) A9 722 DiE (b) ~ 2k QB AR T 7
(a) Damage of Flat Ceiling. (b) Damage of Slope Ceiling parallel to Gable Roof.

F 1

() R® TP L (U y T DN (d) NH—D5HE
(¢) Damaged Ceiling Board with Light-weight Metal Frame. (d) Opening of Hangers.
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Photo 1.2.1 Damage of Ceiling due to Tohoku Earthquake [1.14].
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(a) Buckling and Rupture of Vertical Braces. (b) Buckling of Horizontal Braces.

(c) Hif L/=rgax =3

(¢) Damage at Column-Roof Connection.
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Photo 1.2.2 Damage of Structural Members due to Tohoku Earthquake [1.21].
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Photo 2.2.1 Full-scale Gymnasium Specimen.
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(a) Ceiling Constructed in Gymnasium Specimen. (b) Model of Specimen.
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Photo 2.3.1 Non-seismic Ceiling.
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(a) Ceiling Joist Receiver and Ceiling Hunger (JIS Equivalent).
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Photo 2.3.2 Members of Non-seismic Ceiling.

— 149 —



B SRS R T RN 83918 2015 §F 2

N No. 1
71, -—No.27
v ~——No. 3_
3\
N
N J
N\

Allowable Strength 930N

1

|
5 10 15
Displacement (mm)

(b) s
(1) Z7U—=N>2H— (JIS)
(1) Free Hanger (JIS).

800
700

Force (N)

| 1
O0 5 10 15 0 5 10 15
Displacement (mm) Displacement (mm)

(a) BHAIL (b) L1 (0) Agsy
(2) > 7))y 7 JIS)
(2) Narrow Clip (JIS).

1000 T T 1000 T
—No. 1
800+ A -— No. 2|
_ LT No. 3 _
Z 600~ 1 &
5} \ \ 5}
2 I ) 2
£ 4000 -

20011 Allowable Strength 26OI‘F:

| | 1 1
- \ 00 5 10 15 00 5 10 15
! m._ Displacement (mm) Displacement (mm)
(a) BFRLL (b) T5EUT (c) BEITF

3) #7217 JIS)
(3) Wide Clip (JIS).

v 233 35 8O ER S A
Fig. 2.3.3 Tensile Test of Metal Parts for Connection of Ceiling.
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(a) AT INEY LS (b) R OB A

(a) Ceiling Constructed in Gymnasium Specimen. (b) Model of Specimen.

5E 241 1.1G Fﬁ%*i'
Photo 2.4.1 Seismically Ceiling with Seismic Coefficient of 1.1.
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Photo 2.4.2 Connection in Seismically Designed
Ceiling with Seismic Coefficient of 1.1.
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Fig. 2.4.4 Connection at Brace Top and Support Beam of Ceiling Brace.

Photo 2.4.3 Hole in Catwalk around Hanging Bolts.
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Fig. 2.4.7 Test Result of Metal Part of Connection at Brace Top.
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Fig. 2.4.8 Test Result of Aseismic Clip in Direction of Ceiling Joist Receiver.
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Photo 2.5.1 Model of Specimen. Photo 2.5.2 Seismically Designed Ceiling with Seismic
Coefticient of 2.2.
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Beam of Ceiling Brace. Photo 2.5.4 Connections in Ceiling.
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Photo 2.5.5 Connections of High Ceiling Lighting.
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Fig. 2.5.9 Test Result of Metal Part of Connection at Brace Top.
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Fig. 2.5.10 Test Result of Metal Part of Ceiling Joist Clip Part 1.
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Fig. 2.5.11 Test Result of Metal Part of Ceiling Joist Clip Part 2.
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Photo 2.6.1 Failsafe System in Gymnusium Specimen.
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Fig. 3.4 Comparison of Time-history Response of Global
Drift Angle obtained by Wire-transducer and
Accelerometer (Non-seismic Ceiling, K-NET
Sendai 50% 1%-Excitation).
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Photo 3.1 Buckling of Vertical Brace after K-NET

Sendai 80% Excitation.
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Photo 3.2 Buckling of Horizontal Brace after All
Excitations.
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Fig. 3.5 Comparison of Time-history Response of Global
Drift Angle obtained by Wire-transducer and
Accelerometer (Non-seismic Ceiling, JMA Kobe
100% Excitation).
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Fig. 3.30 Comparison of Roof Acceleration Data not-filtered
and filtered by 100Xz-LPF (Non-seismic Ceiling,
K-NET Sendai 50% 1*-Excitation).
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(a) K-NET {15 25% S8 6 ' (b) K-NET i1 4 50% (1'% @) Jrdief
(a) After K-NET Sendai 25% Excitation. (b) After K-NET Sendai 50% 1st Excitation.

(¢) K-NET {15k 50% (2% 9 ) /s
(c) After K-NET Sendai 50% 2nd Excitation.

TE 41 §PREONE EETORI
Photo 4.1 Damage after Experiment.

FE 42 Uy TOTRDICKBIRET O (K-NET 5 7 25% FHRE)
Photo 4.2 Meandering of Furring Bracket due to Slip of Clips.
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Fig. 4.2 Response Acceleration of Ceiling and Damage Progress during K-NET Sendai 50% 1st Excitation.
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Photo 4.3 Damage of Ceiling after K-NET Sendai 50%
2nd Excitation.
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(b) Area of Damaged Ceiling around 30s.
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(c) Area of Damaged Ceiling after 70s.
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Fig. 4.4 Response Acceleration of Ceiling and Damage Progress during K-NET Sendai 50% 2nd Excitation.

(a) 71 v TDHEFRIL
(a) Damage of Clip.
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by 7Yy TDHEFEA A= () NH—DHEFA A=
(b) Damage Pattern of Clip. (d) Damage Pattern of Hanger.
Y 4.5 A F FELIOHEE R
Fig. 4.5 Damage of Ceiling Connection.
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(c) Damage of Hanger.
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Photo 4.4 Damage of Non-seismic Ceiling after Experiment.
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5E 513 IMAME E 100% P2 RE OR OHFTH
8 ERPL

Photo 5.1.3 Buckling of Brace during JMA Kobe

100% Excitation.

e —

P 515 Fyv hTgp—r LoOEE
Photo 5.1.5 Pounding of Bolts to Catwalk.

T R

TE 517 AF O EELFvy b — T DEE
(IMA T 5 150% FR)

Photo 5.1.7 Pounding of Ceiling to Catwalk (JMA
Kobe 150% Excitation).

!

3914 2015§ 2

5E 514  IMA M 150% PPRE OR O FH
H i RPL

Photo 5.1.4 Buckling of Brace during JMA Kobe
150% Excitation.

SE 516 LIG W OHFRIL
Photo 5.1.6 Damage of Seismically Designed
Ceiling with Seismic Coefficient of 1.1.

TES18 FyvbhUx—riEt O LY
(IMA AT g 150% FHR)

Photo 5.1.8 Damage of Ceiling Panels underneath
Catwalk (JMA Kobe 150% Excitation).
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FE 519 FyvbhUuxr—ret oL SFHRLE, TE 5110 © PP EEER o RO
Photo 5.1.9 Falling Down of Ceiling Panels Photo 5.1.10 Breaking Through of Ceiling Braces.

underneath Catwalk.

FESLIL BEAQBEZEICK G LR FE 5112 ROBHBOREICKSE ST
Photo 5.1.11 Damage due to Pounding of Ceiling #* DRLYE,
to Column. Photo 5.1.12 Falling Down of Ceiling Panels due to

Breaking of Braces.

(a) 7L —2A ~&% (b) 7L —2A2™ "
(a) Top of Brace (b) Bottom of Brace

G 5.2.1 K-NET i 80% FHRICHIT 5% Ryl ) ) =
Photo 5.2.1 Damage during K-NET Sendai 80% Excitation. 5 F 522 K-NET itimiE 100% Mt OR @
R
Photo 5.2.2 Damage of Brace during K-NET Sendai
100% Excitation.
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Fig. 5.2.2 Progress of Damage after K-NET Sendai 80% Excitation (Direct Inspection).

#

5F 523 IMAMF 100% ﬁ“‘& SR DB
iR _ o
Photo 5.2.3 Damage of Brace during JMA Kobe 100% (a) Pounding of Ceilings at Top.
Excitation.

(a) EBONE T D EEE

100 b N - . . .
GE 525 IMAMR 150% RGO 0T (b) *F' FHBUT BT B EEAD 2
H gL (b) Pounding of Ceiling to Wall.
Photo 5.2.5 Damage of Brace during JMA Kobe 150%

SE 524 IMAMT 100% RS ORPL

Excitation.
xertation Photo 5.2.4 Ceiling of collision JMA Kobe 100%Excitation.
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(a) & B 3-2(2) (b) & I 32 () 4 E5# 10-1 () & B 13-1
(a) Brace 3-2 (2) (b) Brace 3-2 (i) Brace 10-1 (j) Brace 13-1

(c) & DHETH 3-4(2)
(c) Brace 3-4 (2)

(e) B ®EIH 4-5 (f) & DHFIH 5-6(2) (m) X2Y1 £ 28 0 (n) X4Y1 £ 0

(e) Brace 4-5 (f) Brace 5-6 (2) (m) Around X2Y1 Column (n) Around X4Y'1 Column

- k] . \ g -

(g) B DI 5-6 (h) & BT 8-1 (0 Fvvbyxr—r+1 (p) Fyvvbur—r7
(g) Brace 5-6 (h) Brace 8-1 (o) Underneath Catwalk (1) (p) Underneath Catwalk (2)

e

SE 52.6(1) IMAMT g 150% SR O iR L
Photo 5.2.6 (1) Damage after JMA Kobe 150% Excitation.

(@ IF¥aAf > b () B

(q) Joint of Ceiling Joist (r) Top of Ceiling
Receiver

HE 5.26(2) IMAAR E 150% JHR R O R
Photo 5.2.6 (2) Damage after IMA Kobe 150% Excitation.
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Fig. 5.2.5 Damage after JMA Kobe 150% Excitation.

FE 527 TL—RAEZORHEARIL
Photo 5.2.7 Damage after IMA Kobe 150% Excitation.

(@) >4 5 (b) BL¥&L /=3 oHEELRTL () HELI=Z Y T
(a) Look up from floor. (b) Catching the Damaged Ceiling. (c) Damaged Clip.

5P 531 ARFEANFITVWT S K-NET 15 50% MHREDO 7 o1 )Lt — 7HEen KL
Photo 5.3.1 Failsafe System after K-NET Sendai 50% Excitation for Non-seismic Ceiling.

(a) 2.2G W (b) 1.1G Weger ¥ (c) g Moz #H
(a) Seismically Designed Ceiling (b) Seismically Designed Ceiling (c) Bent Suspending Rods.
with Seismic Coefficient of 2.2. with Seismic Coefficient of 1.1.

5§ 532 1.1G ﬂi\“}?ifjx ¥, 2.2G Fﬁ%*i’ W% IMAAT JE 150% 50 7 1 )Lt — T E5em Rt
Photo 5.3.2 Failsafe System after IMA Kobe 150% Excitation for Seismically Designed Ceiling.
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(a) 10.07%> (b) 11.97%
(a) 10.0 sec (b) 11.9 sec
TE 533 IMAAR 100% PURICBIT S H DM AN O e

Photo 5.3.3 Pounding of Ceiling to Suspending Rods.

@ EFI1Y (b) D
(a) Wire (b) Suspending Rod

5P 534 AUREEBICKHAIAGTEHE OF M
Photo 5.3.4 Evaluation of Remain Strength by Tensile Tests.

5E 535 RHATAVTOHRERIL EE 53.6 HDFOGRRREL
Photo 5.3.5 Rapture of Wires. Photo 5.3.6 Rapture of Hanging Rods.

TF 537 EZEOIPH
Photo 5.3.7 Pounding of Ceiling Board.
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Fig. 6.2 Transfer Function (Non-seismic Ceiling).
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Fig. 6.3 Transfer Function (Seismically Designed Ceiling with Seismic Coefficient of 1.1).
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Fig. 6.4 Transfer Function (Seismically Designed Ceiling with Seismic Coefficient of 2.2).
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Fig. 6.5 Collapse Mechanism of Non-seismic Ceiling.
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Fig. 6.6 Collapse Mechanism of Seismically Designed Ceiling.
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(a) ~FR0FT
(a) Top of Brace.

FE 731 NZH—~NDEZRFT BRI
Photo 7.3.1 Screw Fastening to Hangers.

(b) * B ERE T
(b) Screw Fasten at Bottom of Brace.

FOHFTH I RPL

IR a A hEIER -9
Screw Fastening to Joint of Ceiling Joist

5P 733

Photo 7.3.3 Assemble Brace.

5§ 732

Photo 7.3.2
Receiver.
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HE 735 Ovru—)L%E R0
Photo 7.3.5 Paste Rock Wool Acoustic Tiles.

=

TE 734 Jd‘“)t_j'j— }\%ED
Photo 7.3.4 Paste Plaster Boards.

5'E 7.3.6 2]'5" BRI TR HE 737 REAFITBIFRZIUT T AR
Photo 7.3.6 Vinyl Chloride Ceiling Edge. Photo 7.3.7 Check of Clearance in Slope Ceiling.
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Table 7.3.5(1) Difference of Characteristics of Members in Ceiling.
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Table 7.3.5(2) Difference of Characteristics of Members in Ceiling.
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Table 7.3.5(3) Difference of Characteristics of Members in Ceiling.
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Table 7.3.5(4) Difference of Characteristics of Members in Ceiling.
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Table 7.3.5(5) Difference of Characteristics of Members in Ceiling.
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Table 7.3.5(6) Difference of Characteristics of Members in Ceiling.
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Table 7.3.5(7) Difference of Characteristics of Members in Ceiling.
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Table 7.3.5(8) Difference of Characteristics of Members in Ceiling.
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Table 7.3.5(9) Difference of Characteristics of Members in Ceiling.
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Fig. 8.1 Ceiling model. Fig. 8.2 Ceiling model for gymnasium.
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Fig. 8.3 Bird-eye view of gymnasium model with ceiling. Fig. 8.4 Failure conditions of clip and hanger.
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Fig. 8.5 Collapse behavior of ceiling.
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Fig. 8.7 Ceiling model with plaster board and screw.
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Fig. 8.8 Partial collapse behavior of ceiling.
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