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Nonlinear Analysis of Influence of Large Displacement
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Abstract; Underground pipelines are the big arteries of present-day industry,agriculture,and city
life.It is important to ensure the safety of pipelines in operation,especially under seismic loading.
For underground pipelines, seismic damages can be classified as either wave-propagation damage
or permanent ground-displacement damage. There have been some events where pipe damage has
been due only to wave propagation.More typically, pipeline damage is due to a combination of haz-
ards.However,the damage from large ground displacements typically occurs in isolated areas of
ground failure and tends to be greater, whereas wave propagation tends to cause less damage.
Large liquefaction-induced displacement (lateral displacement and settlement) is a potential
source of major damage to underground pipelines during earthquakes. Therefore, soil liquefaction
does major damage to underground pipelines during earthquakes.In order to analyze the damage to
underground pipelines under a slope due to sand liquefaction,a three-dimensional nonlinear analy-
sis was carried out to study the pipe characteristics damaged by liquefaction-induced large dis-
placements using the FLLAC finite-difference method and to analyze the displacement characteris-
tics of the slope due to sand liquefaction and the pore water pressure buildup. A numerical model
was established,which is similar to the real engineering project dimensions. The model consists of

the saturated sand and dry sand layers,as well as the pipeline buried under the slope.The saturat-
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ed sand on the foundation was modeled using a Mohr-Coulomb soil model coupled with a Finn
model, which is the pore water pressure generation model. The dry sand of the slope was also
modeled as a Mohr-Coulomb model without the pore water pressure generation model. The soil-
pipe interaction was simulated by a bilinear elastic model,in which the elastic modulus before lig-
uefaction is 103 times that after liquefaction. The base boundary was a rigid boundary. The calcula-
tion process is divided into two stages of static and dynamic analysis.In the initial static analysis,
in order to compute the gravity stresses,the base boundary was fixed both horizontally and verti-
cally, and the side boundaries were only fixed horizontally. In the dynamic analysis, free-field
boundaries were used,and the sine waves were applied to the base boundary. After computing the
static stress conditions,a time history dynamic analysis was carried out for sine wave velocities
with different frequencies and amplitudes.It was shown that the occurrence of sand liquefaction
and large displacement was caused by large sine waves. The displacement of the slope increased
with time, which was different in the various parts of the slope.The displacement below the toe of
the slope was bigger than that below the crest of the slope,and the sand above the slope had a
trend of slipping into the foot of the foundation. The displacement of the pipe increased linearly in
the first stage, and then increased nonlinearly with the increase in damage. The liquefaction-in-
duced large displacement does damage to the buried pipe;the displacement of the pipe increases
with an increase in the amplitude and frequency of applied sine waves.It is possible to use the non-
linear method to simulate the soil-structure interaction.It is necessary to find a simplified analysis
method for predicting pipe damage.
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Fig.1 Numerical mesh and boundary of the model (unit:m)
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Table 1 Basic parameters of the numerical model
G +y EERE/ EEESM BT W BERK
SR (kgem Y /() dt/kPa ft/kPa /(mes )
1 T 1 600 36 1.5e4+04  2.40e+04 -
2 Mo FER 1900 35 2.00e+04 3.00e+04 1e—10
TR TR B 10 m, 5 FH 235 #0) /Y 52 B e ik

ﬁﬁ%ﬂ,Q%Lﬂﬁiaé%x%%@ﬁn%m%%ﬁ%uo
Y IER R 1.2 X10° kPa, JARA LR 0.25, %5
97000 kg/m®, EHAH 300 mm, + 542 E K%K
R EPE R LA 2, WAL e R 3
X 10" kPa , W b J5 B i h 30 kPa, R H 0.5% Ra-
leigh fHJE
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Fig.2 Bilinear relationship between soil and pipe
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Fig.3  Displacement vectors diagram at 10 seconds after
vibration under the load of a sine wave with velocity

=0.5 m/s, frequency=5 Hz
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Fig.4 Displacement vs time of the toe and crest of the slope
at a depth of 10 m below the surface under the load

of a sine wave with amplitude=0.5 m/s, f=5 Hz
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Fig.5 Maximum pore water pressure versus time of the toe
and crest of the slope at a depth of 10 m below the
surface under the load of a sine wave with amplitude

=0.5 m/s.f=5 Hz
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Fig.6 Displacement in the middle of pipe versus time under
the load of a sine wave with amplitude=0.5 m/s, f =

5 Hz
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Fig.7 Displacement of pipe versus velocity amplitude at 10

s after vibration under the load of a sine wave with of

f=0.5 Hz
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Fig.8 Displacement of pipe versus velocity frequency at 10 s
after vibration under the load of a sine wave with A

=1.0 m/s
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