XVIII
World Water Congress

International Water Resources Association (IWRA)

Influencing factors of seismic uplift response
of buried pipelines In liquefiable solls

Gu Shi Xiang. Zang Ji Hu. Meil Wei . Yang Fan. Tong Bao Lin
Yunnan Provincial Institute of Water Resources and Hydropower Survey, Design and Research, Kunming, Yunnan;
Shan Duo Quan. Du Wen Qi: Institute of Engineering Risk and Disaster Prevention, State Key Laboratory of
Water Resources and Hydropower Engineering Science, Wuhan University, WU Han, Hu Bel

Objectives 12— — B
Taking Yuxi Section of the second phase of Yunnan- | |
Central Water Diversion Project as an example, the
dynamic response of pipeline buoyancy under earthquake
action Is studied In order to Improve the seismic
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Fig. 1 Effect of density ratio of soil on pore pressure

Based on OpenSees finite element software, the seismic

>
wave IS selected by target response spectrum and T N e = | —
spectrum matching method, and the dynamic response of £ o !  § - \;\ N a1m
pipeline floating under earthquake Is simulated by 2 od £ / 8 sl \
considering different characteristics of pipe soill and . ; | 2 g \\
ground motion. § 02 .'" rj—;j :: :::.‘ E% 3 1% ) ! \‘9\
Results T o ———
(1)The smaller the relative density of soll, the larger the g uplift displacement/m density ratio Dr/%
diameter of pipe’ the shallower the buried depth of pipe, (a) empirical probability distribution (b) average buoyancy

Fig. 2 Effect of density ratio of soil on pipe uplift

and the greater the risk of pipeline floating damageThe
empirical fitting formula of relative density of soil mass,
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diameter of pipe and buried depth of pipe to floating E_? g .

displacement of pipe. oA T #1 R

(2)When the ground motion amplitude Is the same g o4 1 — 1 & .

(PGA=0.3g) and the response spectrum shape Is basically 2 ea} ). Jj e e | _ag //

no difference, the floating displacement of pipeline under % J - e I % N A e
long holding ground motion is about twice that under short T ey B o pip'e iomeerom
holding ground motion, and the liquefaction duration Is ; (a) empirical probability distribution (b) average buoyancy

about 2.5 times that under short holding ground motion. Fig. 3 Effect of pipe diameter on pipe uplift

(3) Two failure modes exist simultaneously under the : R il 7
action of near-fault pulse ground motion: upward failure z / E |

and lateral failure. Due to the short duration and high peak s 0 K75 g g
velocity of the pulse wave, the pore pressure in the 5 SO I i N
liquefaction site dissipates quickly, resulting in the risk of T S i B S

pipeline floating damage being less than that of non-pulse 3 r o |

ground motion. Due to the strong velocity pulse effect, the TS up“ﬂ displ;;'mem/;“ - ;epth =S

risk of pipeline Ia_teral damage Is greater than that of non- b > emo SRty disiribution ) average N

pulse gmund motion. Fig. 4 Effect of burial depth on pipe uplift

Methods uplift a2 D “ uplif 0s) W 4
The relative density of soil, the diameter of pipe and the splace .M l/ | splace . 8 /
buried depth of pipe have great influence on the floating D0 M0 10 M 2% M0 1% % 2 @ @ % I
reaction of pipe. The excess pore water pressure e e a &*T‘,”E’f‘, B
dissipates slowly under long-term ground motion. Under resere 06| \ | e 08} | i |
the action of near-fault pulse ground motion, two failure = raio i | \\ | pressur g5 —_
modes of pipeline floating failure and lateral failure exist D %0 M0 10 2 2%0 N0 3%  ® W & s oo
simultaneously, and the risk of pipeline lateral failure is Timels Timers

greater than that of pipeline floating failure. &) - (b) short duration

Fig. 5 Evolutions of ru for the monitor node A and uplift displacement of the pipe versus time
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