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(Seismic performance evaluation of 5 different wireway—pulley system
subjected to shaking table test)
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Abstract

This paper presents the results of an experimental seismic investigation performed on prototypes
made of a pulley-wireway system with four different boundary conditions and an existing lighting
structure support, a one-way system, through a tri-axial shaking table test. The attention of this study
focused on evaluating the seismic qualification of the prototypes based on ICC-ES AC 156. In
particular, the influence of the mounting position of prototypes at the ceiling, steel frames, walls, and
beam or column on the seismic response of the building was also discussed in detail. The seismic
performance in terms of acceleration and displacement response was also evaluated by power spectral
density-based (PSD), and root mean square-based (RMS), which showed a better seismic response of
H-beam frame type than other types of pulley-type wireway system. Finally, it was determined that
the newly developed lighting support with the addition of a pulley is capable of dissipating seismic
energy more effectively than the previous lighting equipment system.

Key Words : Wireway-pulley system, coefficient of friction, finite element analysis, vibration attenuation,
damage prevention
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Fig. 1. Occurrence rate of earthquakes in
South Korea(Korea Meteorological Adm.,2019)
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Pre—test inspection
Verify pre—test functional performance
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Seismic simulation
Test methad : Single—axial

Assemble : Weighting, mounting on the shaking table, monitoring instrumentation

test set up
and fri—axial testing
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Resonance frequency search test ] [ Multi—frequency seismic simulation test
Excitation : Direction and station ©
Low level scquence : Bxcitation © Direction and
amplitude (0.98 Longitudinal (X). e lificial sequence 3
m/s2 peak input) lateral(Y) and oot thale Longitudinal (X)),
single—axis vertical (7} according 1o lateral(¥) and
sinusoidal sweeping independently, e B vertical (Z)
trom 1Hz to not AC156:2010 simultaneously
SOHz(2 octave/min) simultaneously ‘
I 1
A.nalysns method - T'est response spectrum( l RS) and
Transfer function estimation using input cross—corrclatio:
and output accelerations Check of excitation motion

[

Visual inspection :
The specimen was visually inspected to
check structural integrity of the specimen
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Fig. 2. Procedure of shaking table test for wireway system

Fig. 3. Five types of wireway system configuration

Fig. 4. Details of both ends of the wireway
system
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Table 1. Composition of five types of wireway

system
No. Part name No, Part name
Beam-—col
1 Pulley part 11 ot
connection
2 Connector 1 12 Cable brace
3 Connector 2 13 H-beam column
4 Tension Fowmg 1 Wall
machine
5 Duct 15 Beam
6 Lights 16 Anchor bolt
H-beam col
7 O 7 Cable
connection
Caili
8 iling 18 | Pulley clamp
connection
9 Pole 19 Pulley
10 Wall connection 20 Pulley shaft
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Fig. 6. Experimental setup for shaking table test
Table 2. Test plan of 5 wireway systems
Test | Test Specimen . Input PGA (g)
S
phase | No, under test Input motion 6@ TG ] vede | Zedn
1 Single-axis sinusoidal 012005 - -
2 Ceiling type and | SWeeping* from .1—50 - - - 01+005 +‘
Test 1 8 H-beam frame Hz(2 octave/min) _ _ 012006
4 tvpe 0.96 1 152 1.03 05
5 Artificial earthquake 096 1 1.49 1.07 0.46
6 1 1 163 1.14 05
1 Artificial earthquake 0.3 1 0.46 043 0.17
ingle-axis sinusoi 140, - -
2 Wall type and wall Smge.ams sinusoidal 01+0.05
Test 2 | 3 e wo pul sweeping* from 1-50 - - - 01+0.06 -
4 o by Hz(2 octave/min) 01£0.06
5 Artificial earthquake 1 1 152 1.13 0.46
1 Single-axis sinusoidal 01+0.05 - -
2 Bearn-Colurmmn sweeping* from 1-50 - - - 01+005 -
4 e 1 1 1.49 1.1 0.45
5 Artificial earthquake =7 o) 112 047

* investigation natural frequencies of cable system



Fig. 7. The results of transfer function

accelerated resonance frequency test

Fig. 8. Base acceleration of shaking table
and comparing between TRS vs. RPS
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Table. 3. Acceleration of response to pulley
application(¢°/ Hz)

Ses =03 g Ses =10 g

Direction w/ w/0 w/ w/o
puley | pulley | pulley pulley

X—dir. 0.020 0.010 0.060 0.035

Y—dir. 0.001 0.001 0.006 0.004

Z—dir. 0.002 0.001 0.030 0.015
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(a) S¢s = 039

(b) S¢s = 1.0g
Fig. 9. PSD plots of tri-axial vibraion of X-, Y- & Z-directions

(a) Sas

0.3¢

(b) S¢s = 1.0g
Fig. 10. RMS responses in X-, Y- & Z-directions
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