Scour of soil with dynamics interactions among soil-water induced by jet
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ABSTRACT: The present study attempted to explicate the scouring mechanism due to overflow focusing on
the tractive force and the pore water pressure in the ground by using several geomaterials. For example; In the
case of sandy soil, the scour profile has same profile as proposed by Yeh et al (2006), and the excess pore wa-
ter pressure was generated. Especially, the excess pore water pressure was severely increased and it increased
with the depth of sedimentation ground increased due to jet flow. As a result, the effective overburden pres-
sure became zero, and a fluidization/liquefaction-like phenomenon occurred. Moreover, we investigated the
mechanics of generate the excess pore water pressure in the ground induced by jet flow by using SPH method.
As a simulation results, we found that the generating excess pore water pressure in the porous rigid ground
was lower than the 1g-field model test.

1 INTRODUCTION erate the excess pore water pressure in the ground
induced by jet flow by using SPH method.
Scour phenomenon in the ground induced by water
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layer and the effective weight of soil particles in the —
outermost layer of the ground. As a recent study has U\ Drain valve

pointed out, fluid force does not only affect the
ground surface layer but also causes stress changes
in the ground (e.g., Imase et al., 2012). Therefore, it
is important to focus on mesoscopic and macroscop-
ic perspectives in addition to the microscopic.

In this study, the scour mechanism induced by
relatively fast flow (jet flow) was investigated by us-
ing the 1g-field model test and numerical simulation
of particle based method. The present study attempt- In this study, was used the device that showed in
ed to explicate the scouring mechanism due to over- Figure 1. The shape of device is half cylinder. The
flow focusing on the tractive force and the pore wa-  main tank was 0.7m in diameter and 1.0m in height.
ter pressure in the sediment ground by using several In order to the external force, jet flow was gener-
geo-materials that is different permeability. Moreo-  ated by pipe that is set in the upper of the main tank
ver, this study is investigated the mechanics of gen-  using a submersible pump (0.12m3/min), taking into

Figure 1. Schematic diagram of experimental device.

2 OUTLINE OF EXPERIMENT

2.1 Experimental device and measurement tools



consideration Froude’s similarity law. The pipe di-
ameter is 0.05m and the distance between the pipe
and experimental ground surface was 0.3m. During
the experiments, the pore water pressure in the
ground was measured using pore water pressure sen-
sors. The resolution of pore water pressure sensor is
5Pa. The measurement point of pore water pressure
was shows by circle point in Figure 1. The experi-
ments were recorded by using a high-speed camera
(200—400 fps) and a video camera (29.97 fps) to ob-
serve scouring and corrosion.

2.2 Experimental condition

Table 1 shows the experimental cases and physical
parameters of goematerial. In this experiment, two
kinds of geomaterial were used. One of the geo-
materials is Toyoura sand which is sandy soil. On
the other hands, was used gravel. Each soil was set-
tled in device, in 0.7m height. In order to examine
the effect of the scouring by the density, Toyoura
sand had changed density. External force with pump
of input velocity was generated about 2.06 m/s.

3 EXPERIMENTAL RESULTS

3.1 Profile of scouring shape

Figure 2 shows time histories of the scouring due to
jet flow; (a) Toyoura sand, (b) Gravel. The scouring
of gravel was not occurred. Therefore, this paper
discuss on the scouring of the Toyoura sand in de-
tail. Rapid scouring to vertical direction was gener-
ated at x = 0 to x = 50mm until ¢ = 10s. After ¢t = 20s,
the maximum scouring depth converged, and hori-
zontal scouring at a shallow from z = 150mm was
generated.

The final scouring profile in this experiment was
compared the result that was proposed by Yeh et al.
(2009). Yeh et al. were presented the equation of
scour profile as following:
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there r, r2, ¢, ¢,a and 4 are the radial direction, the
radius of the scour hole at the ridge, the scour bed
elevation, the maximum scour bed elevation and the
ridge height, respectively.

Figure 3 were shown the scouring profile that
compared the result of present experiment and the
result by Yeh et al. As a result, the experimental re-
sult was shown almost the same scouring shape with
the results of Yeh et al. However, at the center (r’ =
0.0) and »’ = 1.0, it was underestimated the results of
this experiment.

Table 1. Experimental cases and physical parameters of goe-
material.

Experiment case Casel Case2
Inflow velocity: m/s 2.06
Initial ground height: m 0.7
Geomaterial Toyoura sand Gravel
Midial dl_ameter of ge- 0.17 25
omaterial: Dspmm
Permeability coeffi- | 5,1 8.349x10"
cient: k m/s
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Figure 2. Time histories of scouring phenomenon; (a), Toyoura
sand and (b), Gravel
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Figure 3. Scouring profile compared present experi-
ment and result of Yeh et al.



3.2 Change in pore water pressure

In this section, the change in pore water pressure in
the soil due to jet flow was examined. Regarding
validation for observed pressure, it was compared by
using the formula of dynamic pressure proposed by
Ishikawa (1982):
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where p, g and vy are density of water, the gravita-
tional acceleration and initial velocity, respectively.
Shown in Figure 1 are other parameters. Figure X
shows the time histories of excess pore water pres-
sure in CH9. Moreover, it was added the theoretical
value that is calculated by formula (1). As a calcula-
tion result, it was confirmed that the experimental
values and the measured value is the same value
(P,=1200Pa).

\
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Figure 4. Schematic diagram of parameters that calculation of
dynamic pressure due to overflow by using formula (1).

Figure 5 and Figure 6 shown the time histories of
excess pore water pressure in the ground. Figure 5
shows result used Toyoura sand and Figure 6 shows
result used Gravel. The excess pore water pressure is
increasing the same volume about 250 Pa at all sen-
sor in gravel. On the other hands, the excess pore
water pressure was generated with the progress of
the scouring when Toyoura sand was used. The case
of Toyoura sand, the excess pore water pressure was
increased about 500 Pa to 1,000 Pa. It was not dissi-
pated and has accumulated.

3.3 Excess pore water pressure ratio

Regarding the experiment case of Toyoura sand, the
change in stress state induced by jet flow in ground
was calculated that 1 dimensional vertical direction.
The formulas of total stress and effective stress that
are taking into account the progress of the scouring
are shown as following:
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where v, Vsa, hw, € and A, are unit weight of water,
unit weight of saturated soil, water depth, scouring
depth and initial covering thickness of soil, respec-
tively.

Figure 7 shows the time histories of total stress,
effective stress and pore water pressure. The calcula-
tion result in Figure 7 was used the excess pore wa-
ter pressure at CHO in present experiment.

The total stress and effective stress was decreased
within the progress of the scouring. On the other
hands, the excess pore water pressure was increased
by jet flow and continued.
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Figure 5. Time history of excess pore water pressure in the
sandy ground due to jet flow; Toyoura sand.
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Figure 6. Time history of excess pore water pressure in the
gravel ground due to jet flow; Gravel.
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Figure 7. Time histories of total stress, water pressure and ef-
fective stress in the sandy ground due to jet flow.

As a result, the effective stress became zero and
the stress state at CH9 area in the ground became
liquefaction-like at # = 3s.

4 NUMERICAL SIMULATION

4.1 Outline of SPH method

The SPH method was developed from the field of
astrophysics, and it uses a particle element (a radius
of h), that moves and possesses a physical quantity,
as a grid based on Lagrange’s theorem (Lucy, 1977;
Gingold and Monaghan, 1977). The physical quanti-
ty f(x) of a marked particle element at the center x
(position vector) is calculated by interpolating the
physical quantity f{(X) of a particle element X within
the area of influence using the smoothed function W
as follows:

:jf(x')W(x—x',h)dx‘ (10)

when discretization of a finite number (the total
number of N) of particle elements is considered, Eq.
(10) can be approximated as follows:
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where the position vector, mass, and density of par-
ticle element i to be evaluated are expressed as x;, m;,
and p;, respectively, and the adjacent particle ele-
ment is expressed as j. Since the integrated value of
W in the region with a 24 radius was 1, the three-
dimensional spline function was used (Gingold and
Monaghan, 1977).

4.2 Coupling of soil and fluid phases

Soil—fluid coupling is expressed in the SPH method
by separately calculating a solid phase consisting of
soil and a fluid phase for each layer, and the ob-
tained results are overlapped. This allows soil-water
coupled analysis to be performed (Maeda and Sakai,
2004). When overlapping, Darcy’s law is assumed to
apply and a body force that involves the porosity »
and water penetration coefficient k acts between the
soil and water. The body force is considered to arise
due to the frictional force that is proportionally gen-
erated from the difference in velocity between these
two phases, and it is defined based on Biot’s theory
(1941).

4.3 Condition of Numerical simulation

Figure 8 shows an initial condition of calculation.
The geometry condition of calculation is same to this
presented experiment. Jet flow has setting by inflow
boundary condition. The water permeability coeffi-
cients of gravel and Toyoura sand were set as



1.0x10™ m/s and 1.0x10” m/s, respectively. In order
to examine to the change in water pressure in ground

due to jet flow, soil element has setting rigid-porous
model (V°=0).

(b) Sandy soil: £ =1.0x10" m/s
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Figure 9. Change in the excess pore water pressure; (a), Gravel,
(b), Sandy soil

4.4 Numerical simulation results

Figure 9 shows incremental water pressure contour
maps. The case of gravel increased pressure
throughout an analysis domain. On the other hands,
the case of sandy soil increased pressure about 400-
600 Pa at the region of shallower than the middle
layer. As a result, the cause that measured of higher
water pressure in this experiment using Toyoura
sand is considered to effect of deformation of soil.

5 CONCLUSION

The present study attempted to explicate the scour-
ing mechanism due to jet flow. The scouring profile
was different by each geo-material. The ef-fect of
scouring rate was influenced by tractive force. On
the other hands, the excess pore water pressure was
generated in sandy soil by jet flow. The case of
Toyoura sand, the effective stress became zero be-

cause increasing excess pore water pressure induced
by jet flow and decreasing the effective stress by
scouring, and a fluidization/liquefaction-like phe-
nomenon occurred. A simulation results by using
SPH, the generating excess pore water pressure in
the porous rigid ground was lower than the 1g-field
model test. Therefore, we guess that generation of
the larger excess pore water pressure induced by the
jet flow to be due to the deformation of the ground.
In future, we necessary to clarify to increasing ex-
cess pore water pressure by shear deformation of
ground induced by jet flow.
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