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Full-scale Shaking Table Test of Uninterruptible Power Supply Installed in

2-stories Steel Structure

Ji-Eon Lee', Won-Il Park', Kyoung-Kyu Choi*", Sang-Hoon Oh®, Hoon-Yang Park”

Abstract: In this study, the shaking table tests were carried out on six types of non-structural elements installed on a full-scale two-story steel structure.

The shaking table tests were performed for non-structural elements with and without seismic isolators. In this study, the seismic performance of

Uninterruptible Power Supply (UPS) specimens was tested and investigated. Non-seismic details were composed of conventional channel section steel
beams, and the seismic isolators were composed of high damping rubber bearing (HDRB) and wire isolator. The input acceleration time histories were
artificially generated to satisfy the requirements proposed by the ICC-ES AC156 code. Based on the test results, the damage and dynamic characteristics
of the UPS with the seismic isolator were investigated in terms of the natural frequency, damping ratio, acceleration time history responses, dynamic
amplification factors, and relative displacements. The results from the shaking table showed that the dynamic characteristics of the UPS including the
acceleration response were significantly improved when using the seismic isolator.
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Table 1 Geometric properties of structure members of 2-stories steel
structure
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Fig. 1 Test set up
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Fig. 2 Details of 2-stories steel structure
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Table 2 Detailed specifications of shaking table

Acceleration at full

Acceleration at nominal

: Maximum stroke (mm Operation
Table size Degree of Full payload (g) payload (g) (mm) frequency range
(m) freedom payload (tf) (H2)
X-axis Y-axis X-axis Y-axis X-axis Y-axis z
Table A 30 0.85 0.85 1.00 1.00
..................................... S.O X 5.0 3 :I:300 :I:zoo 01 ~60
Table B 60 1.00 1.00 1.25 1.25
Table 3 Evaluation of required response spectrum Table 4 Test protocol
Horizontal acceleration Test with Test with
Sps (8) z/h Test no. Events non-seismic details seismic isolators
Appx—w (&) Apre—u (8
PGA(g) PGA(g)
0.55 0 0.88 0.66 " Random teet 1 - -
2 AC156 30% 0.102 0.105
o, 29l 3719.2m x 4.7m, T 0.11mQ] AT ZIBE & 3 Random test 2 . )
HEE ARt Sl EE 1, 239 7 3R 7 4 ACI156 60% 0.193 0.206
ol AX ¥ 75 67N A HH 752 s sl = 7+ 5 Random test 3 - -
127112 M24 EEE 53l A2 A} B /g FA= 6 AC156 100% 0.336 0.358
Ok 10tO. 2 3709 S| HI AXH F2E F AFL ok 5stf 7 Random test 4 -
ol BEV|TXZQAE AR5 L& F oL tf2Fe0tf 8 AC156 150% 0.537 0.529
2 24990} S5 L 53125 1T 728 147 9 Random test§ :
7] 9 RESE PGP 23 EZA BASST 13 10 ACI56200% 0.628
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Fig. 3 Comparison between spectra of input acceleration and
RRS target
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Fig. 5 Details of tested UPS
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Fig. 6 Details of combined isolator system installed with rails
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Table 5 Material properties of 2-stories combined isolator system

Stories

(Components) Mechanical properties

) * Shear modulus: 0.4 MPa
FlrSt stor}f *  Prestress surface pressure: 6.0 MPa
(High damping o pyoriz0ntal stiffness(ky,): 81.5 N/mm

bber beari
rubber bearing) | Vertical stiffness(k,): 10426.2 N/mm

*  Wire rope yield strength: 205 MPa
*  Wire rope ultimate tensile strength: 520 MPa

Second story o porizontal stiffness(k;,): 93.4 N/mm

(Wire isolator) in X-direction, and 87.2 N/mm in Y-direction

*  Vertical stiffness(k},): 2329.8 N/mm

Fig. 7 Photo of combined isolator system
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Fig. 8 Measurement location of UPS
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Table 6 Natural frequencies at 2-stories steel structure

Test with non-seismic ~ Test with seismic

Test Events details (Hz) isolators (Hz)
e Istmode 2nd mode 1st mode 2nd mode
1 Random test 1 1.71 5.45 1.53 4.95
3 Random test 2 1.59 4.57 1.52 4.47
5 Random test 3 1.54 4.45 1.48 4.56
7 Random test 4 - - 1.47 4.45
9 Random test 5 - - 1.42 4.45
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(b) Test with seismic isolators

Fig. 9 Transfer function-frequency curves at 2-stories steel structure
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Fig. 10 Acceleration response time histories of the 2-stories steel
structure of AC156 100% test
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Fig. 11 Peak response acceleration versus PGA for test specimens
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Table 7 Natural frequencies at different locations of UPS test specimens

Natural frequency of UPS without seismic details (Hz) Natural frequency of UPS with combined isolators (Hz)

Test

no. Events C(;;);tl:g (s:\?vrll:zfll Transformer Upper frame Cg;;l::g i\?::gﬁl Transformer [figgfg
1 Random test 1 6.14 6.16 6.21 6.38 4.12 4.10 4.14 4.12
3 Random test 2 6.08 6.15 6.17 6.35 4.09 4.07 4.01 3.98
5  Random test 3 6.01 6.09 6.12 6.29 4.05 4.01 3.98 3.92
7 Random test 4 - - - - 3.95 3.98 3.88 3.88
9 Random test 5 - - - - 3.92 3.92 3.75 3.79
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