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the trajectory contours get away from the bed and the mean velocity falls

ured using the wave height recorders which have been installed on a ramped shore
with a constant slop of %. By using a camera under water and also coulor injection into
the bed, the trajectory contours and movement path of fluid in 3 various permeability
ranges have been drawn. Meantime, the flow velocity is estimated in two positions in-
cluding near the bed surface and the bed deep. Through the relative non-dimensional
permeation velocity (V= W/U), it is shown that in a given wave frequency, by increas-
ing Vin the suction phase, the tension imposed on the bed is risen up, whiles by in-
creasing the relative velocity (V;) in injection phase, the tension imposed on the bed is
fallen down.
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1. Introduction

A Fluid current depends on the bed permeability over a porous surface such as, sandy

bed. For calculation of the bed permeability, the hydraulic conductivity of bed sediments

and hydraulic gradient of fluid are of high importance. Conley and Inman (1992) [1] have

done some field studies about the effects of bed structure on the wave behavior, also they

found that the formation of the shore bed depends on the tension variations. The effect of

bed permeability on wave characteristics over a shore has been studied by Conley and

Inman (1994) [2]. One of the results derived by analysis of water flows over a permeable
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Figure 1. The results derived by Conley’s and Inman’s research (1994).
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structures, the permeability of bed is assumed to be ignorable because of the selection
of scales between 30 - 50, thus, conducting such experiments in order to consider the

effects of the bed permeability could be necessary.

2. Physical Foundations of Wave Run-Up

While the waves approach to the shallow zone of sea (near the shoreline), they rise and
consequently breakdown after collision to the shoreline. Following the wave-break, and
the resulted balance with hydrostatic force, the water surface gets raised. The rising of
water surface is called a wave event.

Hence, there is a constant Head (m,,,.) at the shore sifle versus water table

integration, the wave moves

wave rundown occurs. The

so manper of wave break.

Figure 2. Wave run-up.
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has been used (Figure 4).

The similarity parameter o

he middle flume has 24 m length, 1 m width and 1 m depth. All exercises have been

ne on an artificial shore at the outset of middle flume. The waves are generated by
using a piston paddle installed at the end of flume. The artificial shore has been made
inside a box with dimensions of 2 m length, 1m width and 0.45 m depth and a constant
slop of 1/4. This box is filled by the gravels with different permeability as the represent-
ative of materials on shore [11] [12]. The sandy and gravel materials are taken in con-
sideration based on the soil mechanic experiments by 3 different permeabilitys (in-
cluding 3 water conductivity coefficients: 0.083, 0.080 and 0.079 cm/s). Meanwhile, to
have a comparison, all experiments have been repeated on the impermeable bed also.
During the exercises, 5 waves have been generated and moved towards the artificial
shore. The waves which hit the shore have sharpness ranges from 0.015 to 0.05. During
the interaction of wave and shore, a camera has been installed under water on the shore
bed, to track and record the fluid current which is colored. The velocity of the current

has been estimated by measuring the relation between time and distance of the current
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Figure 4. Breaking similarity parameter.

movement. To record the wave run- rundown, ve height recorders have

bout 43 exercises have been done that

By Figure 5, the wave relative run-up according to the wave sharpness is shown, for

permeable beaches through the measurement points and their fitting line.

Figure 6 compares the wave relative run-up according to the wave sharpness, be-
tween permeable and impermeable beaches by their best fitting lines. The permeability
significantly causes high reduction of wave run-up (by 5 times), especially for the waves
with poor sharpness. Figure 7 compares the wave relative run-up according to the wave
sharpness, between 3 permeability coefficients of a permeable beach (with the following
hydraulic conductivities: k1 = 0.083 cm/s, k2 = 0.08 cm/s, k3 = 0.079 cm/s) by their fit-
ting lines. It is found that the wave relative run-up through increasing permeability gets

decreased.

4.2. Effect of Bed Permeability on the Bed Currents

Reviewing the film record of the colored water movement, the effect of bed permeabili-

ty on the current over the bed has been studied. The method used was based on the
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Table 1. The errors derived through measurements in the experiments.

The fl
€ K ow The flow speed
speed in the in the bed The flow speed
bed at two . of wave run-up Wave period Wave height Wave run-up  Parameters
(suction and
depths of 3 L and run-down
injection)
and 13 cm
Vi1, V2 Ws, Wi Uruy, Urd T Hs Ru variable
cm/s cm/s cm/s s Cm cm Unit
0/05+ 0/01% 0/025+ 0/01% 0/05+ 0/1% Error

permeable beaches 3

0.5

0.4
0.3
0.2
0.1

Ru/Hs

Figure 5. RelatiV@wave run-up|according to the wave sharp-
ness for 3 differe

Figure 6. Relative wave run-up according to the wave sharp-
ness over a permeable and impermeable beach.

colored water movement and the calculation of the general current velocity over the
bed in two positions near the surface and depth of the bed (Figure 8 and Figure 9).
Table 2 includes the waves height and frequency parameters along with the current ve-
locity over the bed. The results derived by film analysis illustrated that by decreasing
the radius of curvature in the current track, the bed permeability is getting decreased.
Meantime, in the high depth the radius of curvature could be decreased also, as this
finding illustrates that the strength of bed versus the fluid movement, gets increased by

high depth and poor permeability.

4.3. Effect of Bed Permeability on the Tension Imposed over the Bed

As before mentioned, while the fluid penetrates/transpires the bed respectively a suction/
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Fig . Track of injected color in two points respectively at 4 cm and 12
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Figure 9. Track of injected color in two points respectively at 4 cm and 12
cm from bed surface. Experiment 3007 (high permeability).
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Table 2. The information of measurements of the flow speed within the bed.

Flow speed within the bed
Experiment no. Permeability Wave height Flo.w speed  Speedatdepth  Speed at depth
(cm) within the bed of 3 cm of 13 cm
V1 (cm/s) V1 (cm/s)
1001 10/9 1/96 3/8 2/8
1002 9/2 1/6 3/4 2/6
1003 9/1 1/39 3/6 2/9
1004 K1 9/7 1/24 3/6 2/8
1005 (0/7084) 2/5
1006 2/5
3007 1/02
3008 1/06
3009 1/08
3010 K2 1/13
3011 (0/081) 1/15
3012 1/05
2007 0/87
2008 0/88
2009 0/9
2010 K3 0/97
2011 (0/079) 0/88
2012 0/86

injection process oc¢

have been measured h d

ctively. Regarding the researchers developed by Conley and In-

udying the current tracks, W-suction and W-injection

d introducing the non-dimensional parameter (V' = W/ ), this pa-
eter is defified as following relations:

Vi _ Winjection and VS _ Wsuction )
w w

rundown runup

For all experiments, it is calculated that V; and V;are the same, regarding the abso-
lute values. The findings are presented by Table 3.

Conley and Inman’s observations (1994) [2] verified that in a wave with constant
frequency, by increasing V, the bed tension in a permeable condition (#) comparing to
the bed tension in a impermeable condition (), namely t/%, is getting increased.
Whiles, by increasing V; the relation (#/%) gets decreased. In the present investigation
this problem has been studied according to 6 constant frequencies for different per-

meability coefficients, and the results are showed by Figure 10.

5. Results

The comparison between the results derived from Conley and Inman’s experiments
(Figure 1) and the results of present experiments (Figure 2), about the tension im-

posed on the bed, indicates that there is a similarity among the tension variations and
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Table 3. The measurement of different speed parameters.

. T W.

Brperimentno, (Mt W fhe ey ey
1001 -7/9874 2/259 66/054 18/2360 -0/1209 +0/1209
1002 -7/8628 2/3239 40/1935 11/8795 -0/1956 +0/1956
1003 —9/3893 2/6114 34/829 9/6869 —0/2696 +0/2696
1004 -9/037 3/35 32/1069 11/9103 —0/2813 +0/2813
1005 —8/5965 3/3774 26/9929 10/6051 +0/3185
1006 —7/1836 3/2309 20/9619 9/4278 +0/3427
3007 —-3/6413 1/5181 61/3953 +0/05931
3008 —3/4802 1/8608 38/5521 +0/0903
3009 —4/182 1/5417 23/5716 +0/1285
3010 -4/182 2/2806 /1516 +0/1516
3011 -3/9122 2/1123 -0/17 +0/17
3012 —-38995 2/4757 -0/1872 +0/1872
2007 —1/9925 4484 —-0/042 +0/042
2008 -2/159 19/4309 —-0/0670 +0/0670
2009 15/5249 —-0/0878 +0/0878
2010 16/8137 —-0/1068 +0/1068
2011 20/2215 15/5394 -0/1239 +0/1239
2012 21/5071 16/9062 -0/1328 +0/1328
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Figure 10. Non-dimensional parameter ( V) graphic according to #/ ¢,

the non-dimensional velocity through both studies.

Note, Conley and Inman had done the exercises for a horizontal bed, through one
wave frequency only, whiles in the present investigation, the exercises have done on the
ramped bed through 6 wave frequencies. The results obtained show that the reduction
of relative tension up to about 70% in the injection phase was significantly evident,
whiles in the suction phase increasing of relative tension is notable by 2.5 times (Figure

11). These intense variations illustrate the effect of bed permeability on tension, so that

05 i o
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6. Conclusions

ithin' the bed does not relate to the wave frequency and the general line of current
thin the bed follows the water level.

Vertical track of the fluid movement because of positive and negative imposed pres-
sures on the bed (generated through wave run-up and rundown) completely depends
upon the wave height and head. The fluid movement tracks as incomplete spiral lines
parallel to the water level move towards outside.

In a wave cycle, the suction and injection phenomena are observed inside the bed. So
that, by increasing/decreasing the head in result of wave run-up/rundown and impos-
ing the positive/negative pressure on the bed, the suction/injection occurs respectively.
About the effect of permeability on tension imposed on the bed (Figure 10 and Table
2), it should be noted by increasing the suction velocity the tension on the bed is getting
increased up to 2.5 times, whiles by increasing the injection velocity the tension on the
bed is getting decreased about 70%, both phases (suction/injection) occur through ap-

proaching/receding of the vortex boundary layer to the bed. The variations of tension

10
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on the vortex boundary layer near the bed have a significant importance [4].

In a given permeability of bed with a specific wave frequency, by changing the wave
height there is not any change at V parameter, namely the relation of V= W/U, has
been considered independent from the wave height. Through a specific wave frequency,
it is found that by increasing V, the ratio of #/¢, is getting increased, whiles by increas-
ing V, the ratio of #¢, is getting decreased, such as the obtained results by Conley and
Inman (1994) [2]. Thus, regarding the considerable effect of bed permeability on the
tension imposed of bed, it is necessary these effects to be taken into consideration

through the applied researches.
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