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Fast Simulation Method for Seismic Diagnosis of Extensive Distribution Networks
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Abstract:

A newly developed simulation program, NeEX, can quickly predict nonlinear seismic responses of buried distribution
networks for gas and water supply systems. NeEX is equipped with swift algorithm to simulate the seismic responses of the
networks, where the networks should be idealized with segments. The number of the segments is remarkably less than finite
elements. NeEX provides sufficient accuracy the same as finite element analysis (FEA) and a swift computing capability faster
than FEA by 5000 to 10 000 times. NeEX will be able to deal with seismic diagnosis of the extensive buried distribution

networks for the gas and water supply systems.
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Fig.1 A part of a distribution network
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Fig.2 Definition of segments to idealize distribution network
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Fig.3 Analytical model of a segment
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Fig.5 Distribution network model for verification of NeEX
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Fig.6 Node definition of the network model and seismic waves
considered for the analysis
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Table 1 Examples with 200 m wave length

Case 1-1 Case 1-2
O (cm) Error d5 (cm) Error
NeEX | FEA (") | NeEX | FEA (%)
@ | -1042 | -1055| 12 |—1759 | —-17.60 | 0.1
©) 1041 | 1052 | 1.0 |—-1759 | —17.60 | 0.1
® 2.57 249 | 32 8.21 875 | 6.1
® 2.57 249 | 32 -8.21 874 | 6.1
® —756 | —7.94| 48 | —2594|-2547| 138
@ 5.99 5.60 7.0 —6.60 | —6.96 5.2
Table 2 Examples with 300 m wave length
Case 2-1 Case 2-2
95 (cm) Error 9 (cm) Error
NeEX | FEA (*0) | NeEX | FEA (%)
O | -1491 | 1492 | 0.1 5.56 5.54 0.4
@ | —1491 | 1492 | 0.1 —~554 | —5.55 0.2
® 5.28 541 | 24 1226 | 1227 0.1
® | -1506 | —1480 | 18 | —0.80 | —0.90 | 11.1
® | —20.10 | —20.04 | 03 476 474 0.4
@ -7.06 | —-7.02| 06 3.09 | —3.07 0.5
Table 3 Examples with 400 m wave length
Case 3-1 Case 3-2
O (cm) Error dp (cm) Error
NeEX | FEA (") | NeEX | FEA (o)
@® -396 | —3.97 | 03 1140 | 11.41 0.1
@ | —1140 | —1149 | 0.8 3.98 4.00 0.5
® 7.51 7.89 4.8 5.98 5.94 0.7
® -751| —788| 47 5.98 5.94 0.7
—6.04 | —6.03| 02 12.11 | 12.09 0.2
@ —6.71 | —654| 26 1.63 1.64 0.1
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