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Applicability of sine beats in seismic performance test for
communication network equipment
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Abstract: Seismic resistance qualification is mandatory for telecommunication equipment prior to network
deployment. While sinusoidal resonance beat waves (SRBWs) serve as optional excitations in seismic testing,
practical applications have revealed operational limitations. This study comparatively investigated the seismic
responses of typical telecommunication cabinets through shaking table tests using both SRBWs and artificial ground
motions ( AGMs ). A comprehensive analysis of damage patterns, natural frequencies, deformations, and
acceleration responses demonstrated SRBWs’ superior efficacy in exciting seismic reactions for equipment with
natural frequencies exceeding 3 Hz. The findings substantiate the necessity of employing SRBW excitations for such
equipment and the critical infrastructure categorized as “ essential” or “ important”. Furthermore, critical
examination of the current Specifications for Seismic Test of Telecommunication Equipment ( YD 5083—2005 )
reveals technical inconsistencies in SRBW implementation, prompting proposed revisions to enhance testing protocol

reliability.
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Fig. 1 Sequence of 5 sine beats with 5 cycles
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Table 1 Recommended values of k, and k, in YD 5083—2005

VTR ky k,
HL IR A 1.2 3
AR 1.1 2
3 e 1.1 2
BRI 1.1 3
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Table 2 Values of peak ground acceleration for artificial ground motions and sinusoidal resonance

beat waves in YD 5083—2005

7 BB 8 ZUE 9 ZUpE
HhAZ Bk
K FEH K EH IR E
ANLHhieg) /g 0.10 0.05 0.20 0.10 0.40 0.20
E5ZATE /g 0.08 0.04 0.15 0.08 0.30 0.15
Pk L/ % 80 80 75 75 75 75
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Fig.2 IDC cabinet used in the test
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Fig.3 Sensors layout of the cabinet
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Fig.4 Time histories and response spectra of the excitations input to the shaking table
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Table 3 Test cases (loading protocol)

1 SHUE CIESZHI) 2 SHUE (A T Hb7E )
Hu 2 B
TH T Ay g SR A/ g SEBR Ay /AL B f/Ha TH 4 A/ S2bR AS/g

PR Y 1 0.2 15 0.2

PR X 2 0.1 16 0.1

7B Y 3 0.26 0.29 80% 4.49 17 0.33 0.36
7 FE X 4 0.26 0.31 88% 2.73 18 0.33 0.35
FIE S Y 5 0.2 19 0.2

I X 6 0.1 20 0.1

8 FUE Y 7 0.50 0.56 75% 4.30 21 0.66 0.74
8 ZIE X 8 0.50 0.54 75% 2.15 22 0.66 0.72
PR Y 9 0.2 23 0.2

IR X 10 0.1 24 0.1

9FIEY 11 0.99 1.05 89% 2.73 25 1.32 1.17
9 FUEE X 12 0.99 0.85 67% 1.76 26 1.32 1.26
PR Y 13 0.2 27 0.2

I X 14 0.1 28 0.1
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Table 4 Typical damage phenomena of test cabinets under various excitations
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Fig.5 Damage phenomena of cabinet 1
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Fig.6 Damage phenomena of cabinet 2
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Fig.7 Variation of fundamental frequency of the cabinets
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Fig.8 Maximum drift ratio at the top of the cabinet relative to the base
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Fig.9 Maximum accelerations at the top and 5th floor of the cabinet
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Fig.10  Acceleration amplification ratios at the top and 5th floor of the cabinet relative to the base
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