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Seismic fragility analysis of telecommunication cabinets based on shaking table tests
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Abstract; Shaking table tests on 36 telecommunication cabinets were conducted to investigate the seismic damage
of cabinets under different earthquake intensities. Artificial ground motions were adopted as the inputs of the
shaking table tests according to the standards. Results show that 13 cabinets met the standards, while other tested
cabinets failed to meet the standards, and nine of them overturned during the tests. The quality of the
telecommunication cabinets was uneven with poor seismic performance, which may pose a potential safety loophole
for the normal operation of internet data centers. The acceleration amplification effects of the cabinets were
compared and analyzed based on the recorded acceleration time-history curves during the tests. It was found that the
acceleration amplification effect at the top of the unqualified cabinets was significantly larger than that of the
qualified cabinets; the acceleration amplification effect at the middle of the cabinets was basically the same. The
seismic fragility model of the telecommunication cabinets was developed based on the shaking table test data of 36
cabinets in this study. Peak floor acceleration was selected as the engineering demand parameter and the damage
state of the cabinets was defined as hard to recover and loss of functionality. Test results show that when the peak
floor acceleration was 1. 118 1 g, the exceedance probability corresponding to the damage state of loss of
functionality of the telecommunication cabinets was 50% . By comparing the results with the existing fragility curves
in the literature, it was found that the dimensions of the telecommunication cabinets had little influence on their
seismic fragility. The cabinets were more prone to be damaged and easier to lose functionality under bidirectional
seismic excitations than under unidirectional seismic excitations.

Keywords: telecommunication cabinet; shaking table test; seismic fragility; required response spectra; loss of
functionality
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Fig. 1 Seismic damage of telecommunication equipment
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Fig.2  Spectrum of dynamic amplification factors
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Tab.1 Dynamic amplification factors defined in the standards'"”
I A 4514/ He K-l 3 . [7]

0.5 1.5 0.5
1.0 3.0
5.0 3.0 2.0

10.0 1.5

20.0 1.0 2.0

33.0 1.0

50.0 1.0 1.0

R2 XESHEE

Tab.2  Values of critical parameters
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Tab.3  Determination requirements for different aseismic grades
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Fig.3  Required response spectra of telecommunication power
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Fig.4 Telecommunication cabinet for tests
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Fig.5 Input for tests and response of cabinet
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Tab.4 Dimensions and mass distributions of unqualified cabinets

$i/mm %/ mm 725/ mm MR kg e/ kg
184 150
600 1 000 2 000 170 300
162 200
160 500
168 300
600 1 000 2 200 194 200
168 200
233 500
216 300
600 1200 2 000 162 500
206 260
144 200
214 800
218 150
237 300
302 600
210 500
600 1200 2 200 294 200
248 500
162 550
324 700
168 200
220 300
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Fig.6  Acceleration amplification factors of cabinets
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