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assembly. It means that if a location rather than the end of slab is considered, the time
for ‘b> would come much later, depending on the progress of the interface in the LP.
Eventually, small pore is invaded by air at around 55,700 sec, indicated in Fig. 5. as
‘c’. This moment can be considered as the end of funicular stage for this considered
location as the liquid phase becomes isolated (Fig. 4b), and possibly the beginning of
pendular stage, where the presence of liquid would be limited to the liquid bridges
between solid particles.
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Fig. 6. Evolution of void ratio simulated.
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Fig. 7. Evolution of degree of saturation simulated.

The initial void ratio and volumetric water content are calibrated against
experimental data reported in Peron et al. (2009) and Hu et al. (2013c). Fig. 8 shows
the correlation between void ratio and volumetric water content. It should be pointed
out that the characteristic moments in presented model are different from those in the
previous 1D model, the latter result from homogenization of the entire soil slab while
the former have to be considered locally and are distinctly different at different
locations. Consequently, one characteristic moment in the 1D model, the end of the
full desaturation of LP cannot be applied here. It is interesting to note that the drying
rate (loss of volumetric water content) is very high throughout the process. It has been
established that the drying rate would experience a decrease in the “falling rate
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period” after the initial “constant rate period” (e.g. Sherwood 1929). Macroscopic
modeling has successfully reproduced this observation (e.g. Puyate and Lawrence
2006). The present model most likely can be better calibrated and provide the
corresponding scenario developed at the micro and meso scales.
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Fig. 8. Void ratio versus volumetric water content simulated.

CONCLUSIONS

The presented numerical modeling is based on a conceptual model with the
intention to assess the different scenarios for air entry observed in the recent
experiments and quantitatively evaluate the implications of these scenarios, leading to
the development of different saturation regimes. Obviously the model can be
improved if more complicated configurations are considered. However, even
sophisticated numerical investigations with Discrete Element suffers from the lack of
tools to account for transition of different saturation regimes and thus have to be
confined to low degrees of saturation applicable for pendular regime only (e.g.
Scholtes et al. 2009). The presented model is able to conceptually show the three
regimes: capillary, funicular and pendular during a drying process.

Only one scenario of air entry is discussed in this paper, air entry at middle
(intersection of large and small pore) first. However, it might occur first at boundary
of large pore as shown in experimental observation at Fig. 1, numerically this is
possible in the presented model, depending mainly on the stiffness and evaporation
rate of small pores. If stiffness and evaporation is much lesser than the value taken
during this modeling, air entry at the LP-SP intersection would occur later than at
large pore boundary.
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ABSTRACT: China is one of the countries that suffer from flood casualty severely,
and piping disaster is catastrophic. To explore the piping mechanism, putting forward
a valid piping prevention measure has great significance. Due to the complexity of
piping, study on the mechanism is still in controversy although it has been on for
more than one hundred years. Therefore, more precise analysis is required to clarify
the filter prevention piping mechanisms. Because of comprehensive study on the
documentations and generalizing the research founding of predecessors and their
shortage, an analytical model taking the large deformation of medium and coupling of
fluid and solid into account is established to simulate base soil-filter system during
seepage in broadly graded cohesionless soils by using and developing PFC3D
program based on discrete element method. The model shows that the key point of
piping control is locating filter, and the factor between layers is important for the
effectiveness of filter. The model predictions are also compared with the available
empirical recommendations. On a series of base material, laboratory tests verify the
validity of the model.

INTRODUCTION

Flood is very common in many countries including China. Dams have been built
for flood control, irrigation works, recreation activities, and navigation. Dam failures
are common and are caused by a multitude of factors, such as poor construction,
inadequate design, piping, and improper maintenance. The phenomenon of piping is
commonly observed under dams, and it involves subsurface erosion of soil particles
piping which is a form of seepage erosion by referring to the development of
subsurface channels in which soil particles are transported through porous media.
Piping begins at the land-facing side of the structure where the flow lines converge.
High seepage pressure may force a slit to develop; then the process of erosion
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develops backward under the dam, and if the process continues, the structure may be
undermined and collapse.

Much experimental and numerical work (Terzaghi 1939; U.S. Army 1971; Lafleur
1984; Lowe 1988; Indraratna et al. 1996) has been conducted to develop empirical
filter criteria for various base soil-filter combinations. Probabilistic formulations have
also been considered in the development of filter design criteria (Honjo and
Veneziano 1985). However, limited studies are based on discrete element method.

In this paper, a coupled fluid-particle model based on PFC3D was given to
modeling the behavior of filters for cohesionless base soil. The result is discussed and
compared with laboratory test.

MODELING PROCEDURE

PFC3.10
Filter
Simulation in
PFC3D.
Job Title:
Making

Assembly

Fig. 1. Illustration of the PFC3D model

Fig. 1 shows the model of the initial state of the ball assembly and walls. The
model consists of balls and surrounding walls, 0.02 m % 0.02 m % 0.04 m (width X
depth x height). The ball size distribution is 0.1-5 mm diameter. The sidewall of the
model consists of four imperviousness rigid wall. At the top and bottom, mesh wall is
used to represent permeable boundary, which could add hydraulic pressure, drainage
and particle loss.

The generators of a center dense base soil in the space are stochastic, and then
dropped by gravity. After reaching a steady state condition, filter which has a certain
ball size distribution and thickness is generated at the top of the base soil, and then
dropped by gravity until it reaches to a relatively natural state. Then full water to
saturation and begin to original coupling calculation which could make it to initial
whist water pressure state. When the imbalance forces eliminate little enough and the
saturation sand sample basically satisfies whist water pressure state, boundary
condition is given. At the bottom of the sample, a pressure of 2000Pa is given, at the
same time, no pressure is put on the top of the sample, and there will be a head
difference which could simulate upwards seepage. The sample is broadly graded
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sand, the number of particle is large and the diameter is difference, so the speed of
calculating is slowly. Considering the time, the principle of centrifuge test is used and
the scale is 1:5.

The contact stiffness model uses the linear contact model. The slip model between
particles uses the friction slip model. Table 1 shows the material properties.

Table 1. Material properties of the model

( Ball) (Water)
. Density 1000 kg/m’
Diameter 0.1-5.0 mm Viscosity 1.0x10Pa.s
Density 2650 kg/m’ Fluid Volume 5%x5%5 mm’
Normal Stiffness 1.0x10°N/m cell Number 4x4x8
Shear Stiffness 1.0x10°N/m (Timestep)
Friction Coefficient 0.5 TMC 6.71 X10™°s
(Wall) TFC 5.05 X107
Normal Stiffness 1.0x10°N/m
Shear Stiffness 1.0x10°N/m
Friction Coefficient 0.5

RESULTS

Several groups of numerical sample with different factor between layers were
produced, and the influence of coefficient between layers was analyzed. However, as
a result of computation, the speed will be very slow if the number of the particles is
large, the numerical modeling used uniform base soils and different filter to satisfy
require of different coefficient between layers.

At the bottom of the sample, a pressure of 2000Pa was given. At the same time, no
pressure was put on the top of the sample, and there will be a head difference.
Hydraulic pressure was slowly given, and the time of calculating seepage was nearly
two days. The analysis result shows that, particle loss fraction will be increased if
coefficient between layers becomes bigger; however, the relationship is nonlinear.
When coefficient between layers is near 3, although the calculating time of seepage is
longer enough, the particle loss fraction is very small, only 3.53% and particle loss
has a trend of convergence and stabilization. Under this condition, the pore of the
filter is small enough to prevent the particle which could transfer the base lose, even
if there is small part of particle lose, the big part of the particle which could transfer
will jam the pore and form a self-sieve layer between base soil and filter, then the
filter could be considered effective.

Table 2. Ultimately particle loss fraction with different coefficient between layers

D;s/dgs 2731382455597 |6.72|7.46 | 8.21
Particle loss fraction (%) | 3.53 | 445 | 6.87 | 7.21 | 7.35| 6.79 | 7.60
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Fig. 2. Curve of D;s/dsss and particle loss fraction

Fig. 2 shows that, coefficient between layers 5 is a critical point., when coefficient
between layers is greater than 5, the particle loss fraction will became bigger and the
fine particles will be loss entirely if time is enough..

The coefficient between layers is the key factor of the effective of the filter. If the
filter particle is too large, the filter couldn’t prevent losing of the particle, meanwhile,
both the particle loss fraction and the porosity of the base soil become bigger
distantly, so the filter becomes ineffective. The result shows that particle loss fraction
is small and has a trend of stability when coefficient between layers is less than 4.
When coefficient between layers is between 4 and 5, the filter is on the critical sate
which detains the filter is effective or ineffective. When coefficient between layers is
greater than 5, both the particle loss fraction and the porosity of the base soil will
become bigger distinctly and has no trend of stability, the filter is ineffective.

COMPARISON WITH LABORATORY TESTS

To describe and test the validity of the model predictions, a comparison with a
series of laboratory tests is described.

A large-scale filtration apparatus (500-mm long, 100-mm broad and 600-mm high)
was constructed to investigate the filtration of coarse and noncohesive materials
typical of the filter and drainage zones within embankment dams. The tests described
here employed a series of broad-graded sands as the 100-mm thick base soil and well-
graded gravel as the 100-mm-thick filter. Finer gravel was placed (approximately
10cm deep), as the flow buffer which can ensure flow is uniformity and avoid flow
fling sample to destroy. The base soil was placed and lightly compacted in a single
layer of 100 mm. The filter was placed and compacted in 50-mm layers. Erosion was
induced by a uniform upward flow of 0.2kPa/min. The experiment was repeated for
different base-filter combinations with varying filter retention ratios, D15 /d85s. In
this paper, filter and base-soil particle sizes are denoted by D and d, respectively. The
result is shows in Tab. 3.
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Table 3. Result of Laboratory test

filter Base soil Piping?
sample | Height Dys Dunin | Height dss D5/ dgss i
Cu (Y/N)
(em) | mm) | (mm) | (¢cm) | (mm)
F1 10 1.15 1 10 0.46 | 12.43 2.5 / N
F2 10 1.94 1 10 0.46 9.47 4.2 / N
F3 10 2.35 1 10 0.46 | 15.94 5.1 / Little
F4 10 2.82 2 10 0.46 | 12.43 6.1 0.75 Little
F5 10 3.00 2 10 0.46 9.47 6.6 0.68 Y
F6 10 3.45 2 10 0.46 | 12.33 7.5 0.72 Y
F7 10 4.29 2 10 046 | 12.43 9.3 0.52 Y
F8 10 4.62 2 10 0.46 | 14.00 10.0 0.45 Y
F9 10 5.31 2 10 046 | 12.33 11.5 0.42 Y
F10 10 5.72 2 10 0.46 | 14.00 12.4 0.39 Y
F11 10 5.31 2 10 0.46 | 12.33 11.5 0.24 Y
F12 10 5.31 2 10 046 | 12.33 11.5 0.61 Y
F13 10 5.31 2 10 0.46 | 12.33 11.5 0.85 Y
F14 10 5.31 2 10 046 | 12.33 11.5 0.34 Y
F15 10 5.31 2 10 0.46 | 12.33 11.5 0.25 Y

The result shows that the filter is effective when coefficient between layers is
smaller than 4. When coefficient between layers is between 4 and 5, the filter is on
the critical sate, detaining the effective or ineffective filter. When coefficient
between layers is greater than 5, the filter is ineffective.

The model predicts similar trends to those observed in the laboratory.

CONCLUSIONS

By using and developing PFC3D program based on discrete element method, the
analytical model taking the large deformation of medium and coupling of fluid and
solid into account is established to simulate base soil-filter system during seepage in
sandy soils. The comparison with laboratory results has shown that the current model
predicts particle movement and capture which is similar to the measured data for
broadly graded noncohesive base and filter materials. The model is able to predict
other samples with different parameters.
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ABSTRACT: A coastal area in the Tohoku district was fatally damaged by the Great
Tohoku Earthquake that occurred in Japan. However, the mechanism of the tsunami
disaster for the coastal structure has not yet been completely revealed. In this paper,
we discuss the tsunami disaster and how the multi-scaling problems and multi-phase
interactions among the soil and water affect structures. Based on centrifuge tests and
smoothed particle hydrodynamics (SPH) simulations with Tsunami-soil-structure
interactions, the breakwater caused destabilization by scouring the seabed soil, which
was a result of the tsunami seepage flow, and consequently, the ground strength
decreased. Therefore, a bearing-capacity failure may occur in a breakwater exposed
to long-acting tsunami forces due to the decrease in the rigidity of the seabed soil.

INTRODUCTION

In Japan, a magnitude (Mw) of 9.0 earthquake occurred in 2011. Following this
earthquake, a tsunami occurred and it struck the coastal area fronting the Pacific
Ocean side from Hokkaido to Chiba Prefecture. This gigantic tsunami caused damage
for many coastal structures. However, the mechanism of the tsunami disaster for the
coastal structure has not yet been completely revealed. The establishment of measures
to minimize damage is urgently required, and thus the situation and mechanism of the
damage caused by the Great East Japan Earthquake must be elucidated as soon as
possible. For example, the breakwater damage occurs due to the following causes
besides tsunami force: (1) scour due to an overflow, and (2) scour around the
breakwater. Based on these causes, the magnitude of a tsunami force and overflow,
and also scour phenomenon should be considered as key factors. To examine tsunami
external force and overflow, precious data newly obtained through the Great East
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