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Seismic Behavior Analysis of Unified Pipeline by Rigid Joints
MRk * KHEB* WAFE* EZI) BF™

Tetsuo Hatanaka, Masahiro Ota, Yoshihiko Yamamoto, Masayoshi Kitagawa

FaBEBL R IR AE 2 A L 22 TAREE 2 b DI IR 12 & 0 RO ERALASE S, AR/l X 9 2K &
BT U238 < SIS BEBERT AR T & IR S IRk TV ST b 2O L) ZEFTICBW T, FiZ, RE
Bz SIHBOMMTIC L) ML SNAEH L 2D TOMMETOREC X0l s X O IS 5 H
HEEAMIK S 72 5 72 ORI 12320 T 2 IR O TR S STV 5,

AT BEOMMTIC L) ML S N7 OMBENIC X 2B 25l § 572012, (#h) HAKE R & AFEAT
T % KB i 5 LEE RS - SR U TR ST A — 5 R 3E L. TN 0 O RIFICED X EERB L O
HRICIEREZ E T2 FEMENT 2175 72D T, T O#ERZMET 5.

Pipeline has been renewed by earthquake resisting pipe that has flexible and non-detached joint, and a part where works thrust force
like bend pipe section or branched pipe section is used rigid joint. In that section, especially, like inverted siphon is made it unified
pipeline by plural rigid joints, and it's be apprehensive about the influence of ground displacement during earthquake because
degrees of freedom for bending direction and axial direction go down by characteristic of rigid joint.

This paper reports the result of FEM analysis with elastic straight pipe element and nonlinear spring element in order to estimate
the influence of ground displacement on unified pipeline by plural rigid joints, and the established parameters in analysis is based on
“Guidelines of Earthquake Resistant Method for Water Supply Facilities” by JWWA (JAPAN WATER WORKS ASSOCIATION).
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Fig. 3 Pipe and ground model
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Table 4 Stress of the model pipe
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Table 5 Safety factor of joint and stretch of joint
WwFE | P | HFE—X D i) WK | BERAMTE— X Y b | L, | MR
F5 | Bk (kN-m) (kN) (MPa) (kN-m) ZEE | om)
1 KF 0.06 x 10° 0.49 x 10° 0.23 3.57 x 10° 59.5 -

2 KF 0.08 x 10° 1.19 x 10 0.55 349 x 10° 43.6 -

3 S - - - - - 16.6
4 | S Mk - - - - - 86.7
5 KF 0.05 x 10° 145 x 10° 0.67 3.46 x 10° 69.2 -
6 KF 0.03 x 10° 2.49 x 10° 1.16 3.34 x 10° 111.3 -

7 KF 0.43 x 10? 3.63 x 10° 1.69 3.20 x 10* 74 -
8 KF 2.07 x 10? 6.05 x 10° 2.82 2.88 x 10 1.4 -
9 KF 1.26 x 10? 9.03 x 10° 4.20 2.43 x 10° 1.9 -
10 KF 0.03 x 10° 9.58 x 10° 4.46 2.33 x 10° 777 -
11 KF 0.00 9.56 x 10° 4.45 2.34 x 10° 7623.4 -
12 KF 1.05 x 10° 9.39 x 10° 4.37 2.37 x 10° 2.3 -
13 KF 0.86 x 10° 7.23 x 10° 3.37 2.71 x 10° 3.2 -
14 KF 1.70 x 10° 6.49 x 10° 3.02 2.82 x 10 1.7 -
15 KF 0.47 x 10? 6.18 x 10° 2.88 2.86 x 10° 6.1 -
16 KF 0.73 x 10? 5.33 x 10° 248 2.98 x 10 4.1 -
17 KF 1.45 x 10? 4.97 x 10° 2.31 3.03 x 10° 2.1 -
18 KF 0.21 x 10° 3.92 x 10° 1.83 3.16 x 10° 15.0 -
19 KF 0.03 x 10° 3.13 x 10° 1.45 3.26 x 10° 108.7 -
20 KF 0.04 x 10° 2.10 x 10° 0.98 3.39 x 10° 84.8 -
21 KF 0.06 x 10° 1.10 x 10° 0.51 3.51 x 10* 58.5 -
22 | K ks - - - - - 92.5
23 K - - - - - 11.7
24 K - - - - - 5.7
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