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SHAKING TABLE TESTS OF CYLINDRICAL LATTICE ARCH ROOFS
SUPPORTED BY SPHERICAL SLIDING BEARINGS SUBJECTED TO EARTHQUAKE MOTIONS
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In recent years, damages such as member buckling and falling of ceilings and lightings have occurred in relatively new gymnasiums. In

order to solve these damages, introduction of seismic isolation system to spatial structures is cited. Above all, spherical sliding bearing (SSB)

has a characteristic its natural period does not depend on the supported weight. Therefore, SSB is considered to be a seismic isolation

system suitable for spatial structures consisting of steel members and having light dead load. From these backgrounds, the seismic

response behavior of cylindrical lattice arch roofs supported by SSBs by shaking table tests are investigated.
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Seismic response behavior, Finite element analysis, Seismic response evaluation
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Fig.1 Shape of shell roof

Table1 Dimensions of shape of shell roof

Halfopen|  Span for Span for Radius of Ris Member | Member
angle |gable direction |longitudinal direction| curvature H( 1s¢ ) width | thickness
6(deg.) Lx(mm) Ly(mm) R(mm) om, b(mm) | t(mm)
30 750 1000 750 100 9 0.79
Table2 Material properties
Specimen r\r(l(()yl::x%uz Yield stress ;::Ifgt; Yield strain | Yield ratio
(Plate thickness(mm)) EN /mm2) oy(N/mm®) o8N /mmz) &y(%) YR(%)
SPCC-0.79 1.87x10° 211 330 0.10 64.0
y
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Fig.2 Distribution of aluminous weights
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Fig.3 Experimental device

Table3 Model name

Model name | Number of weights(Total mass)| Presence or absence of SSB
WO-1 ith SSB
0(494kg) Ll
WO-N without SSB
W20-1 ith SSB
20(2054kg) ™
W20-N without SSB

i

fi

Il Radius of curvature Rgsp
AL

Slider Concave plate i
e

e

Fig.4 Conceptual scheme of SSB
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Fig.5 Coefficient of friction - bearing stress relationship (v=20mm/s)
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(A)Positions for measurements on roof
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(B)Positions for measurements on experimental device
Fig.6 Positions for measurements
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Fig.7 Acceleration spectra(h=0.02)
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Fig.8 Evaluation method of damping factor(half power method)

— 1467 —



Bahy NATZREBERE Limn— 27 4V FZ—%WHT 5, Figs
ORI EZ R, BEEH NI, ~N—7 T —EIC LY FE
L, TEFKHE ARG RARE 5 O E MR E 2 5 7 — ) =i
Mg AT N VAR, ZOEBIREEN S @) LVRD D,
h=Af/2 frnax “)

T 2T, o IFEBUEEI, AfIZT— U TIRIE RS P AARKE

Fmax D 1/N2 &2 DIEBI T, L OETHD,
Table4 |23 BRIA D B HIREN L, Fig9 IC & T — FOBEEHKZ =T,
BAE— NIIWE—FETHR SN, BEEHL, 1 KE—F
T48% & REWHEZ R L, IREIEDBRKE S RDITHEVWINE LD,
7B, 1RE—NIhoE— R LN, 7T—FEREO R RIS K
XWNWE—RNTHY, WEORRENKE b7, HMEEHNKE

{7goTW5,

Fig.10 12 & — FOMEIGE IR 2R T, INEMIREL, BAR
i - OB RIS A B RIS T 2 I REREIRB IR E & & AN J1 )5 1 0 1E
B O B IO E AL AS G 2 ek D, AKEF A
T DI EWIERIE, 1 KRE— RV THRRERD, 8IRE—
FIZBWTHREWEL 2D, SEHFIMANTE, 3KE—FICE
WSS IE RN R E < 25, Figll ICHEBT— FOFAE— B
W R, KEFRASCH L THEET S 1 kT — RIS 1
8 WE— NITWMR 2 WD A BT 5, Fo, SHE ST M AITK
LCEHBT 53 RE— NIxFr 1.5 oBRE R4 5, ok, #ixt
H1EE—FTHD 1 KE— ROBEAREIKIT 44Hz TH Y, AE
FTHERETNEEEFEL RS TWVD,

Table4 Natural vibtrational characteristics

N 0,
Mode Fref?:[?;w Daml:;:g)i)f actor Input direction| 6.0 h(%)
Horizontal °
1 4.4 4.8 Vertical 4.0
2 8.8 2.5 Horizontal .
3 11.6 1.8 Vertical | 2.0 sy
4 12.05 1.8 Horizontal Lad
5 13 1.6 Horizontal 0.00 S 0 15 20 35 30
6 13.1 1.5 Vertical 1 f(Hz)
7 20.1 1.1 Horizontal . .
8 | 215 0.96 Horizontal Fig.9 Damping factors
9 22.3 1.0 Vertical of each mode
A /AHmax A lAVmax
20 ¢ 20 ¢
1st mode(4.4Hz)
10 8th mode(21 5Hz) 10 ‘
3rd mode(11.6Hz)
0 [T f(Hz) 0 L1 | f(Hz)
0 5 10 15 20 25 30 0 5 10 15 20 25 30

(A)Horizontal input (B)Vertical input
Fig.10 Vertical response magnification factors of each mode

Input direction

(A)1st mode
fi=4.4Hz, h1=4.8%

(B)3rd mode
f3=11.6Hz, h3=1.8%
Fig.11 Shapes of eigenmodes

(C)8th mode
fg=21.5Hz, hg=0.96%
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Fig.18 Maximum response acceleration amplification factors on AOA'
(WO-I model, Artificial earthquake motion of Taft EW UD L2,
Vertical component increased)

¢ The explanatory notes are common in Fig.19 and Fig.20
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Fig.19 Time history relative displacement of SSB (WO0-I model, Artificial
earthquake motion of Taft EW UD L2, Vertical component increased)
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Fig.20 Time history measured value (WO0-I model, Artificial earthquake
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Fig.22 Response acceleration amplification factors on AOA'
(Experiment vs. numerical analysis, horizontal input)
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Table5 The values calculated by the evaluation method'®

WO-I ‘W20-1
Supported weight M (kg) 297 1857
Secondary stiffness Kt (N/mm) 5.79x10” | 3.62x10°
Initial stiffness Ko (N/mm) 5.79x10° | 3.62x10°
Secant stiffness Ks (N/mm) 2.91x10° | 1.00x10*
Ductility factor yima 248 567
Equivalent damping factor heq (%) 0.55 0.50
Period for evaluating method Teq (s) 0.20
Natural period ratio Rt 0.88
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Spatial structures are expected to be shelters and aid stations after large earthquake disasters, and required to keep immediate occupancy
performance without damages. However, in recent years, damages such as member buckling and falling of ceilings and lightings have occurred
in relatively new gymnasiums. In order to solve these damages, introduction of seismic isolation system to spatial structures is cited. Above all,
spherical sliding bearing (SSB) has a characteristic its natural period does not depend on the supported weight. Therefore, SSB is considered
to be a seismic isolation system suitable for spatial structures consisting of steel members and having light dead load. However, there is no
research in which the seismic response behavior of spatial structures supported by SSBs by shaking table tests is investigated. From these
backgrounds, the purpose of this study is investigations of seismic response behavior of spatial structures supported by SSBs by shaking table
tests. The roof structure for experimental model is the cylindrical lattice arch roof with span for gable direction is 750 mm. The half open
angle is 30deg. The arch roof is made of cold rolled steel plates (SPCC) with 0.8 mm thick. The responses of structures are measured with the
accelerometers, the motion capture system (VENUS3D-1.7MW made by Nobby Tech), the strain gauges and the laser displacement sensors.

First, the seismic response behavior and the response reduction effects of cylindrical lattice arch roofs supported by SSBs are examined by
shaking table tests. Next, the experimental results are compared with the results of finite element analyses. Finally, correspondence between
the experimental results and the seismic response evaluation methods under horizontal earthquake motions proposed in previous papers is
examined.

From the experimental results, it is concluded as follows.

1) In cylindrical latticed arch roofs supported by SSBs, response reduction effects become larger as the accelerations of input earthquake
motions increase. In addition, response reduction effects become larger because of the decrease of coefficient of friction due to the increase
of bearing stress.

2) Responses of cylindrical lattice arch roofs supported by SSBs subjected to horizontal and vertical earthquake motions can be reproduced
by the sum of time history responses of each single inputs or SRSS of the maximum responses under each single inputs. In addition, when
vertical input acceleration increases downward, bearing stress of SSBs decreases and response reduction effects become smaller.

3

~

It is possible to reproduce the seismic response behavior of cylindrical lattice arch roofs supported by SSBs by the results of numerical
analyses using the numerical analysys models with SSB modeled with Multiple Shear Spring (MSS) model.
4

=

It is possible to evaluate the distributions of maximum response accelerations for cylindrical lattice arch roofs supported by SSBs subjected
to horizontal earthquake motions by using the equivalent rigidity evaluation methods of isolation layers proposed in ref. 15) and the
response acceleration evaluation methods for roofs proposed in ref. 16) or ref. 17).

5) In non-isolated models, as the accelerations of input earthquake motions increase, the distributions of experimental values vary, resulting
in the shapes of distributions different from those by evaluation methods in previous papers. The reason for disagreement between the
results of experiments and those of evaluation methods is that the shapes of distributions of response accelerations on centerline AOA’ of
experimental values change from the shape with two peaks to that with one peak due to symmetrical mode appearing and finite bending

deformations occurring.

(2018 42 3 7 8 HIsfa= 81, 2018 42 6 J 28 HERFIUsE)
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