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Fig. 1. Buried pipe in Nevada sand modeling in FLAC 2D
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Fig 2. Schematical View of Buried pipe in Nevada sand
experimental modeling in centrifuge apparauts
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Fig 3. Excess pore water pressure in P1 point in experimental
and numerical models.
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Fig 4. Excess pore water pressure in P3 point in experimental

and numerical models.
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Table 1. Properties Of Nevada Sand [6]
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Fig. 10. Effect of buried depth on uplift of pipe.
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Fig. 9. Effect of pipe diameter on uplift of buried pipe.
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Table 1. Material parameters for the soil and pipe models.

(a) Soil: Pastor—Zienkiewicz Mark-III Model

Slope of critical state line, M, 1.15
Parameter determining loading surface size, M ¢ 1.03
Parameter for loading surface shape, ay 0.45
Parameter related to soil dilatancy, ag 0.45
Builk modulus constant, K., (kPa) 770
Shear modulus constant, K ..o (kPa) 1155
Deviatoric hardening parameter, 3o 4.2
Deviatoric hardening parameter, 31 0.2
Mean initial stress, pg’ (kPa) 4.0
Plastic modulus parameter, Ho (kPa) 600
Cyclic parameter, H,o (kPa) 4000
Cyclic parameter, v, 2
Cyclic parameter, vypar 0
Specific gravity, Gs 2.67
Void ratio, e 0.736
Coefficient of hydraulic conductivity, k& (m/s) 2.2 x 10—6
(b) Pipe: Linear Elastic Model
Young’s modulus, E (kPa) 2.0 x 108
Poisson ratio, v 0.286
Unit weight, v (KN/m?) 26.6
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Abstract:
Saturated granular soils are possible liquefied when subjected to earthquake loading. This phenomenon is
result from generation of excess water pore pressure because of non enough time to water drainage and
govern non- Consolidated Condition.
When liquefaction is occurred, many forces are generated and undergrounds structures are affected. In this
research numerical analysis on buried pipelines in FLAC 2D software are performed and verified duration a
comparative process with experimental result from ASCE organization. In present research surveyed effects
of various parameters on liquefaction occurrence and probable damages to buried pipelines as dilatancy and
friction angle of soil, relative density of back fill around the pipe, diameter and buried depth of pipe and
underground water level.
Results indicated that uplift of pipe decrease when dilatancy and friction angle of soil increased in constant
relative density condition. This result is different for varied relative density. In low and medium relative
density by increasing of dilatancy angle, uplift of pipe increase, reach to pick and decrease. But floating
decrease with increasing dilatancy angle for high relative density always. Buried pipe in depth trench and
increase of dead load result from back fill on pipeline and usage of pipes with small diameter, decrease uplift
the pipe in liquefaction occurrence too. Of course don’t expect perform this subjects in all conditions. for
example conflict ion to other underground installation, necessary hydraulic gradient for fluids flow or
excavation in region with up underground level, don’t make to excavation of deep conduits. The analysis
demonstrate that vertical displacement and damages to pipe is decrease if around installed pipe in conduit
back fill with non- liquefied soils. In this new analysis all physical properties of soil and pipe in model are
without any change except the cohesion and friction angle of soil around the pipe. Cohesion soils are low
potential to liquefaction. For this reason we increase this coefficient from zero to 30 kpa and reach the
friction angle to 30 degree. Results are demonstrated in a graph that show uplift versus thickness of non-
liquefied soil normalized with diameter of pipe.
Final parameter that surveyed in this research is effect of underground water level on floating buried
pipeline. Results show decrease of underground water level cause to decrease of floating and damages to
pipeline. For this purpose add a new water level to base model and run the analysis. In next steppes the
underground water level is lesser and results are show in a graph that explain variation of vertical
displacement versus water level normalized by thickness of soil model. This work possible by excavation of
drainage shaft and drop down water level nearby the pipeline. Of course, look this work isn’t economical
proposal for long transmission pipelines as petroleum or water conveyance. But in limit industrial sites as
refineries this proposal is an improvement work to prevent any damage and and continual service of lifelines

duration of unpredictable phenomenon.

Keywords: Liquefaction, buried pipelines, FLAC, finite difference method, Finn’s model.
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