CHAPTER 249

Wave Boundary Layer Flows and Pore Pressures in Permeable Beds

H. H. Hwung' K. S. Hwang’ B. H. Lee®

Abstract

The boundary layer flows and wave-induced pore pressures inside porous beds
are both investigated in wave tank. Two kinds of porous beds are composed of two
different grades of quartz sands which the porosities are 0.437 and 0.472 respectively.
According to the experimental results, it is found that the larger pore pressure in
permeable bed is induced by the longer wave period, and the pore pressure has an
exponential attenuation with the wave steepness increasing.

From the elaborate measurements in the boundary layer, the overshooting
induced by wave motion is effected by bed porosity and it becomes smooth. In the
experimental cases, the maximum horizontal overshooting occurs at
Z /18 ~12 ,which is lower than the impermeable case of Z /& ~ 2.7 obtained by
Hwung and Lin (1989). Furthermore, the vertical overshooting has also been found
in our experiments.

Introduction

The natural sea beds are usually permeable, however, most investigations about
the bottom wave boundary layer flow were conducted on rigid impermeable beds.
Longuet-Higgins (1953, 1958), Collins (1963), Jonsson (1966), Kajiura (1968) and so
on, analyzed the characteristics of boundary layer flows with linear or nonlinear wave
theory in uniform water depth. Furthermore, Du Toit and Sleath (1981), Sleath (1982,
1984, 1987), Hwung and Lin (1989) and other investigators detected the velocity
profile of boundary layer on rigid bottom.
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Concerning the pore pressure induced by wave motion in permeable bed, many
researchers have paid more attention on the theoretical studies, such as Putnam
(1949), Sleath (1970), Liu (1973) and so on. However, only a few of experimental
studies has been done in the past years. Therefore, the elaborate experiments
including the pore pressure and boundary layer flow in permeable beds have been

carried out in this paper.

Experimental set-up

Two different grade of quartz sand of which the porosities are 0.437 and 0.472
respectively, are used in the experiments. The wave flume and related facilities are
schematically illustrated in Figure 1. Within the wave flume, a section which 120 cm
x 30 cm x 26 cmis filled with quartz sands as the testing section. Four pore pressure
transducers are buried inside the porous bed to measure the pore pressure, while a
Laser-Doppler velocimetry is used to detect the velocities above the porous bed. The
enlargement testing section with the experimental installation are shown in Figure 2.
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Herein, there are three kinds of experimental wave conditions listed in Table-1.

Table-1 The experimental wave conditions

Test Cases T (sec) d (cm) H (cm) H/L
Case 1 1.00 20 5.0 0.041
Case 2 0.95 20 7.0 0.062
Case 3 1.20 20 5.0 0.033

Results and Discussions

According to the experimental results, Figure 3 shows the original
measurements of water surface elevation and horizontal, vertical velocities. Due to
the wave reflection and boundary turbulent effect, we can see the fluctuations are
existed in the velocity measurements. And Figure 4 is the original measurements of
water surface elevation and the corresponding dynamic pore pressure. It is obviously
to see that the dynamic pore pressure is decreasing from surface to bottom.

From the above original measurements, it shows that the length of each wave
cycle in wave flume is not exactly the same due to wave reflection. This phenomena
will lead to phase time shifting and create a false image of wave component by the
phase average method. Therefore, according to the modified phase average method
proposed by Hwung ez al. (1988), the quantities of phase average can be express as
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where < : the quantities of phase average,

: the quantities of wave component,

: the quantities of time average,
: numbers of testing wave cycle,
: numbers of phase time within one wave cycle.
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After using the modified phase average method, the water surface elevation,
velocities and dynamic pore pressure measurements are shown in Figure 5 and Figure
6 respectively, and the quantities of velocities and dynamic pore pressure at any phase
time can be calculated from the above figures.

From the above measurements and analysis, we obtained the relationship
between dimensionless pore-pressure attenuation and wave period for the two
different quartz sands in Figure 7. It shows that the pore pressure increases linearly as
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Fig. 3 The surface elevation and velocity measurements
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Fig. 5 The surface elevation and velocity measurements of the modified phase
average
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wave periods increasing, and the larger porosity bed has larger pore pressure at the
same permeable depth. Besides, Figure 8 shows the relationship between
dimensionless pore pressure attenuation and wave steepness. From the results, we
found that the pore pressure decreases as wave steepness increasing, and it seems to
have an exponential attenuation in this figure.
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Fig. 7 The relationship between pore pressure attenuation and wave period
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Fig. 8 The relationship between pore pressure attenuation and wave steepness

In addition, we also made the comparison between the dynamic pore pressure
and previous theoretical studies as shown in Figure 9. We see that it has similar
variation for the measurements and theoretical values, however, there is a little
difference at the bottom, due to the reflection of rigid bed.
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Fig. 9 The comparison between pore pressure measurements and theoretical
values

In order to understand the boundary flows on permeable beds, a two-
dimensional LDV system was employed to detect the horizontal and vertical velocities
simultaneously.  Figure 10 shows the horizontal velocity distributions on the
permeable bed of porosity is 0.437 at seven different time phases. We can see that it
also has overshooting in the boundary layer at Z /& ~ 12, and it is less than on rigid
smooth bottom which the overshooting is at Z /8 = 2.7 obtained by Hwung and Lin
(1989). Figure 11 shows the horizontal velocity distributions on the permeable bed of
porosity is 0.472 at different time phases. And the overshooting phenomena
disappears in this larger porosity case.

Further, the extreme horizontal velocity distributions of all experiments are
plotted in Figure 12, we can see that the overshsooting phenomena in the boundary
layer is clearer in shorter wave period and the overshsooting disappears in longer
wave period. The another cases of the extreme horizontal velocity distributions on
the permeable bed of porosity is 0.472 as shown in Figure 13. From the comparison
with Figure 12, we see that the boundary layer flows are more uniform in larger
porosity bed.

Finally, the extreme vertical velocity distributions in bottom boundary layer on
the permeable beds are shown in Figure 14 and Figure 15 respectively. It is
interesting to see that the velocity in lower layer are larger than in upper layer within
the boundary layer, and the velocities are more scattering due to the effect of vertical
low passing through the porous material. From the vertical velocity distribution, we
found the overshooting phenomena also occurs in porous bottom boundary layer.
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Fig. 11 Case 1, The horizontal velocity distributions on permeable bed of
n=0.472
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Fig. 13 The extreme horizontal velocity distributions on permeable bed of
n=0.472
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Fig. 14 The extreme vertical velocity distributions on permeable bed of n=0.437
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Fig. 15 The extreme vertical velocity distributions on permeable bed of n=0.472

Conclusions

The results summarized above indicate that the permeability of the bottom
would result in interesting phenomena in wave boundary flows and dynamic pore
pressure. Some remarkable conclusions would be described as follows:
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1. In permeable beds, the larger pore pressure is induced by the larger wave period,
and the dynamic pore pressure decreases exponential with the wave steepness
increasing.

2. On the same wave condition, the larger porosity bed has larger dynamic pore
pressure.

3. In the boundary layer, the horizontal overshooting induced by wave motion is
influenced by bed porosity and becomes smoother. In our experimental cases, the
maximum horizontal overshooting occurs at £ /6 ~ 12 which is lower than the
impermeable case of obtained by Hwung and Lin (1989).

4. From the vertical velocities measurements, we found that the wvertical
overshooting phenomena also occurs within bottom boundary layer.
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