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Seismic response analysis and damage assessment of urban water supply
networks considering influences of crossing pipelines
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Abstract: Based on a buried water supply network in Beijing, the two-dimensional finite element models for the network are
developed in this study. The influences of the critical parameters, such as the pipe diameter, joint type, site condition, intensity
level of ground motion and incident angle of seismic wave, on the axial and bending deformations of pipe joints are
systematically investigated, and the seismic damage status of the water supply network under different intensity levels of
earthquakes is evaluated. Moreover, the criteria for damage assessment of the pipelines based on joint deformation are
developed through the statistical analysis of the test results of the worldwide pipeline joints. These criteria are subsequently
used for the seismic damage assessment of different types of pipeline joints. A seismic damage database of typical pipeline
joints buried in different engineering sites is established. Finally, according to the pipeline properties, engineering site
conditions and seismic damage database of typical pipeline joints, the seismic damage distribution maps of water supply
networks are developed using the GIS. It is found that the peak deformations of the joints at the pipeline cross junctions are
about 1.5 to 2.0 times those of the joints in a straight pipeline under the same intensity of earthquake ground motions. Besides,
sudden changes of the peak seismic deformations occur at the push-on joints adjacent to the flange joints. The pipeline network
suffers much more severe seismic damage under the considered maximum earthquake than under the design level of earthquake.
The seismic damage mainly concentrates in the site class IV and the cross junction of the pipelines.
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Fig. 1 Seismic response analysis method for urban water supply

networks based on physical model
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Table 1 Representational parameters of soil layers in target region

ity E JERE EPE ERCE SUIBOE it

R H/m p/kg:m?) E/MPa Vi(ms') 5
J3A 3 1700 4 100
-t 4 1850 12 75 .
® g NIES
RRRL ARy 5 1900 32 200
wWREt 6 1900 70 375
WHIELE 4 1800 10 80
N 2 2300 56 180
@© U IV
ek, FRr 4 2400 80 200
WY 7 1400 20 360
# BN
BUERTLL

3.1 EEER

B 2 Sy SRR LR A B A AT, IR S AR
RMAZXELREIER AR R, SHNELE, T
B L&, 8 450 RIRA, HAPARFRERRLX
A SR K PEE DG TSO YL (1 ) i A FROR ik

B HARTRARE SRR, SO b B ek R
TEBK 6m, 1ML I F A 0%,
R HAKE 2 QWWA) far i, &Ll
R AR T 2R M SC A FE BT 300 me
2 (b) &t 7 B M EIRSLA ) . BT ) A

R A TE R DR A ) SRR, #E OpenSees
R AR 2 P 35 5 e 00 & R Ak A a X D i AR Rk
N5 BREGHEMN IR R HENIMRR S
THI2, 3R 2 g T I AVE AR I ER SBR ER A T R R
B8, Mo KEAREE D 1S HR A Ml
VERATE o Bl 50 EE 52 IR N AR I P v B S A T W
— B, B BT R s NI R S B BTN
JE—30, R RG0S 1 K DR A 32 Al I 6 ) 5
M| 7

*2 kEHREEROERS K

Table 2 Parameters of DI pipe joint model

wype WEHEN) B PR WIRFS RPRAE

FAN  0/C ) MINm) 6JC ) MJ(KN-m)
150 9.2 7.0 1.46 13.1 14.83
200 116 6.6 2.86 12.5 7.60
300 174 5.8 3.57 — —
400 21.0 3.9 6.00 10.5 10.00
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Fig. 2 Numerical model for crossing pipelines
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Table 3 Statistics of tensile test results of DI pipe joints
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Fig. 3 Time histories of artificial ground motions
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Fig. 9 Peak deformations of pipeline joints at two engineering sites
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Table 5 Seismic responses of cross-type pipeline joints

MK AR H HEEN
e VEEUOTR VR VAR VR
dimax/mm Rmax/(° ) Prmax/mm Rmax/(° )
100 6.33 1.9X 1072 0.872 2.20X103
200 6.37 2.0X1072 0.611 0.90X103
400 6.40 2.1X1072 0.518 0.26X103
600 6.46 2.3X102 0.494 0.18X103
1000 6.54 3.8X102 0.287 0.10X103
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Table 6 Statistics of damage of pipeline joints
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distribution pipelines in the greater Tehran area[J]. Tunnelling
SEH: and Underground Space Technology. 2020, 106: 103607.
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