CHAPTER 31

EXPERIMENTS OF WAVE REFLEXION ON IMPERMEABLE SLOPES
by Carlos de Campos MORAES*
ABSTRACT

Results from experiments on the reflective power of smooth and rough impermea
ble slopes are presented The importance of relative depth to the regular scatter dia
gram of the function R=R (0o0) and the need for an adequate computational wave theo
ry through which no significant alterations are introduced in the determination of re-
flective power 1s pointed out Stokes 2nd order corrections are introduced These help
find a superior value for the reflexion coefficient and destroy the mentioned regularity
of the scatter diagram A regular scattering of experimental points, also of function
R=R (80), where, however, for constant steepness, reflexion decreases when relative
depth Increases, 1s found in rough slope tests In this case, the more inclined 1s the
slope, the greater 1s the influence of roughness

1 - INTRODUCTION

Some of the approaches used for determining the reflexion coefficient of a given
parameter are based on direct recording of Incident and reflected wave trans {these
are the "wave tall'! and "subtraction" methods described in [I] by Goda and Abe), o-
thers on the recording of clapotis Calculation procedures using maxima and minma of
these clapotis range from the simplest — immediate application of the small amplitude
assumption through the well-known formula

R = (Max-min)/({Max+min) (1)

to more elaborate cases h which approximations of different orders are used Stokes
It (as developed by Carry [2], Stokes 1l (as proposed by Goda and Abe [1] ), cnoidal
theory, etc More sophisticated methods exist as, for instance, Santon's and Marcou's
method developed in Grenoble, which applies harmonic analysis to the clapotis profile as
recorded at three ponts [3], [4], [5]

The present paper concerns results of tests where the reflective power of smo
oth and rough impermeable slopes was studied

Ulse was made of the method of recording maxima and minima of clapotis The am
was above all to study the validity range of the linear theory small amplitude assump-—
tion and acquire an idea of errors introduced by 1ts application

2 - RANGES OF PARAMETER VARIATION IN TESTS

Systematic tests were performed In a 20 m long and 0 80 m wide flume witha to
tal depth of 0 35m This flume 1s equipped with a monochromatic translation actuator
Results of the tests are studied in the following

Absolute water depth (d) was kept constant and equal to 0 35 m since the slope con
cerned a semi-indefinite plane L.ocal or offshore relative depth, d/L. or d/Lo, respect!
vely varied then only owing to Lg variation, that 1s, owing to T, which took vaiues be
tween 0 8 and 2 2 s

In most cases concerning the presentation of results, periods 1 0, 1 6 and 2 2 s
were selected corresponding the following relative depths

T (s) d/L d/Lo
10 0 25 0 22
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% - Tranee Research Officer, Laboratério Nacional de Engenharia Civil (LNEC), Lis
bon, Portugal

509



510 COASTAL ENGINEERING

Going along the decreasing order of relative depths, the first of those three ca
ses presents waves satisfying Miche's condition for non-appearance of secondary crests
{d/Il_>0 15) These waves are best suited for elementary computations, according to
the linear theory smali ampiitude assumption The second case {which occupies an inter
mediate position in the set of tests) includes waves corresponding to finite amplitude
wave theories To them the different Stokes approximations may be applied according
to the rigour demanded The case of the least relative depth comprises waves calcuia
tion of which enters the domamn of cnoidal wave theory

As for steepness, 1ts off-shore value (80) varies approximately between 0 3 and
3% These arethe most common limits for sea waves It was endeavoured to secure a
great range of vaiues corresponding to unbroken waves Aiso, tests were carried fur
ther whenever breaking occured for increasing steepness However, beyond a certain
point 1t was Impossible to get acceptable clapotls from the point of view of regularity

The piane siope inciination varied, for the set of tests, from the mimmum 10%
value to vertical inclination

Roughness, which was introduced in the second part of the tests made, consis—
ted of sand glued to the siope OfF course, the greater the intended roughness, the
greater the used sand grain size The sift hole dlameter r was used to characterize
absolute roughness This factor was made non-dimensional by means of the wave len-
gth The resulting parameter r/Lo, a measure of reiative roughness, took values be~
tween 1 3 x10~%4 and 240 x 10~%

3 . TEST RESULTS
3 1 - Smooth siopes

in Fig 1, a graphic diagram of R=R {60}, points corresponding to 10%, 15%, 20%
and 30% slope tests are piotted

Fig 2 comprises four R {50) piots corresponding to 40%, 50%, 100% and vertical
siopes

in the first set of tests (Fig 1) points corresponding each one of the four in
clinations cluster around similar curves In each inchnation oniy an experimental scat-
tering of points occurs, with no period separation

On the other hand, In the second set of tests a regular scattering of periods
occurs For constant 8o vaiues a decrease of R i1s apparent when T increases The
same phenomenon I1s noted for run-up experiments (Fig 5)

3 2 - Rough slopes

In Fig 4 four diagrams relating to rough slope tests are selected, absolute rou
ghness being in each case a constant

It is seen that in every case two type of point scattering are present, accor-
ding to siope variation for 20% and 30% a regular scattering of periods I1s observed,
now, however, in the opposite sense for constant 0o values, R and T vaiuesincrea
se or decrease together For vertical inclination {and also for 100%inclinations, though
no dlagrams are presented) again a regular scattering of periods 1s observedas in the
case of smooth siopes

4 - INTERPRETATION OF RESULTS
4 1 - Introduction

With a view to simpifying the language used, the foliowing designations are adop

%* - However, according to Urseli's parameter
.H L2
u=-45 =5 (2)
cnoidai theory shouid be apphed only for LU >100 Taking Into account the highest

wave of the tests (6 75 =
to the off-shore wave Ien%ngr)u la_’:i7th$e5 Ironca}ITv:?vg 5"%32 éé‘t—tzzzn) eorresponding
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ted for characterization of the three mentioned scattering types

- experimental scattering

- smooth type regular scattering

- rough type regular scattering

An attempt shall be made to interpret occurrence of regular scattering in the high
of an explanation relative to computations in & case and of physical order in another
That 1s physical causes are perhaps related to energy dissipation phenomena which 1n
turn are the reason for the decrease in the slope reflective power Changes undergo
ne by the wave in its orbital velocity field, when 1t 1s propagating In decreasing relat:
ve depths, with an increasing turbulence and finally reaching breaking point or energy
dissipation due to slope roughness are cases In which the physical factor 1s indisputa-
ble The decrease in reflective power may however be fictitious, that i1s, It may me-
rely result from a inefficient computation method

4 2 - Smooth slopes

4 2 1 ~ Influence of relative depth on reflexion computations

It 1s known that the best suited wave theory for computations of the relevant pa
rameters is determined by relative depth It should be noted, however, that the para
meter t/L (where t 1s the horizontal distance measured from still water level to the
slope base projection on the surface and L s the local wave length) may be of great
importance

SLOPE
10% | 15% | 20% | 30% | 40% [ 50% [100%][200%]vert

t (m)
d=0235m 3 50]2 331 75[1 17]o s8]0 70]o 35[0 18]0 00

T(s)iLolm}|L{m)| d/Lo d/L /L
08| 10010 97]0 35060 3584|3 58]2 39]1 79|1 19]0 90|0 72]0 36|0 18]0 0O
10| 1 56 |1 42 |0 22440 2458|2 46|1 6411 23|0 82[0 61]0 490 25]0 12]0 00
12| 225 |1 86|0 1558|0 1881|1 88 |1 250 94]0 63|0 47|0 380 19]|0 09]0 0O
1 4] 306 |2 28|0 1145[0 1535]1 54]1 02|0 77|0 510 380 310 15|0 08|0 0O
16| 399 |2 69]0 0876|0 1301]1 30|0 870 65]0 43]0 33|0 26/0 130 06]0 00
18| 505 |300|0 0692|0 1132]1 13|0 75]|0 57]0 38|0 28|0 23]0 11]0 06{0 0O
20| 6 24 | 3 49 |0 0561]0 1004|1 00|0 67|0 500 33|0 25/0 20[0 t0|0 05|0 OO
22| 755 |3 88|00 0464]0 0903|0 9010 60]0 45|0 300 23|0 18|0 09|0 040 OO

Schoemaker and Thijsse have pointed out [6] that that parameter i1s the main
cause of energy dissipation and indicated that for an almost total reflexion we must
have t/L.S0 25, and for a very small reflexion then t/LZ0 5

In a small inchnation slope (15%, for Instance) two waves of different lengths,
which propagate, before reaching 1t, in different relative depths, willin the end have
traveled over zones with same relative depth {of course one lagging behind the other)
Thus period does not exert a selective action This 1s the type of tests correspon-
ding to "experimental scattering" which was found for 10%, 15%, 20% and 30% slopes

For strong inclinations {greater than 40%), the fact that t/L. 1s small makes the
two waves propagate n different relative depths when they bear on the slope Thus,
a proper wave theory for computations 1s essential For the shorter wave a deep wa
ter wave theory seems best suited while for the longer one a shallow water theory s
indicated This seems to be the evident explanation for the occurence of the "smooth
type regular scattering"

In fig 3 1s shown the mnfluence of inchination on R for constant values of T and
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cen be easily noted the different espect of the phenomenon in inciinations up to 40%
and from this vaiue up to vertical in what concerns the shorter period (1 0s) and the
fonger ones (1 6s and 2 2s)

4 2 2 - Michet!s theory

The steepness maximum value, § ..., of a wave theoretically capable of totel re
flexion on a siope which is at an angle 0 with the horizontal has been defined by Miche

7] as 2
20 Sin o
6 an = V e (2)

the theoretical reflexion coefficient being

1)
R! = ——max (3)
6O
for ﬁmex < .50 If 6ma>< > .50 then R = 1

The ectuel refiexion coefficient 1s
R = P R! (4)

where p I1s the so-called slope ntrinsic reflexlon coefficient

The diagram R!' = R'(ﬁo) , Fig 6, shows thet up to an 40% inciination and within
the steepness range of the tests, R! values present a first constant 100% "ianding"
The smailer the incliination, the smalier 1s this fanding For slopes of inclination grea
ter than 40% and about (but not quite) 3% steepness, theoreticai refiexion Is always
total for steepness values up to 3%

Greater §, vaiues are more and more unlikely in nature For instance, fora 100%
siope 1t 1s § ., = 1 26%

This 40% nclination value (for results corresponding to the steepness range of
the tests, as said before) separetes in fact the two domains of experimentel resuits
experimental scattering end reguiar scattering

4 2 3 - Stokes' 2nd order corrections

According to

2T 3
1/a—th2nd(1+2 2 g (5)
L s L

d values were computed as e function of d/L

T(s) d/L a T(s) d/L o

08 0 3584 [0 1458 16 0 1301 |0 0382

10 0 2458 [0 1118 18 0 1132 |0 0277

12 0 1881 | 0 0782 20 0 1004 [ 0 0206

1 4 0 1535 |0 0541 22 0 0903 |0 0157

foilowing Carry!s procedure [2] These & vaiues were used to compute

M + m
200 201

where M and m are maximum end minimum of the recorded ciapotis

(6)
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Fig 7 shows a diagram taken from [2] where the corrective value B Is determi-
ned which will allow the calculation of the new reflexion coefficient B (vatue corrected
according to Stokes! 2nd order theory)

B=pR (7)
where R s computed from (1}

In Fig 2, the corrected experimental points {(black simbols} and the uncorrected
points (white simbols) are presented linked by hne segments which provide a measure
of the amplitude of the introduced correction B-R

In Fig 8, the percentage of introduced correction ( R } 1s plotted as a func
tion of 8o, inclination and T

T he following points are noted

- Using a higher order wave theory will decrease the regular scattering of pe-
riods R belng corrected for values close or equal to 100% Proximity to this value se
ems to depend on the approximation order of the used wave theory

- Correction Increases wlth period, | ¢ , decreases with relative depth (see Fig
8), which agrees with what was said above about the wave characteristics relating to
depth

- Correction increases when either inclination or steepness Increase

4 3 -~ Rough slopes
4 3 1 - Influence of relative roughness

In rough slopes, the regular scattering of periods i1s due, as said above, to two
reasons

- "pough type regular scattering!! for low inclinations (20% and 30% in the case of
the tests performed} in which the greater the relative roughness (1 e the smaller Is
Lo relative to r} the greater the energy dissipation This explains that, for the same
slope, longer period waves dissipate less energy

- "Smooth type regular scattering!! for higher inclinations, in which, for the sa
me absolute roughness, energy dissipation 1s smaller than in low inclination slopes The
effect of the separation of the experimental points due to insufficient approximation
of the used wave theory overrules the physical effect of energy dissipation through
roughness

Fig 9 shows experimental results obtained for equal values of relative roughness.
They confirm the given explanation for small inclinations, the '"rough type regular
scattering" disappears For vertical inclination the smooth type regular scattering re
mains

2nd order corrections for rough slopes are not presented in this paper

4 3 2 - Varatlon of the slope mtrinsic reflexion coefficient

According to formula (4) and to Fig 10 diagrams, the intrinsic reflexion coef-
ficient decreases with steepness until a minimum value 1s reached corresponding to
50= § max? afterwards 1t increases to values greater than 60

When a slope's actual reflexion coefficient 1s estimated from the theoretical re-
flexlon coefficient R' one should not take a constant P value, taking the steepness In
to account

4 3 3 - Roughness [nfluence on inclination from the point of view of energy dissipation

It 1s known that in a flume the maximum bottom orbital velocity for a wave whi
ch 1s propagating with height H and length L s glven by

I L ]/':q_‘
Vmax = “sind L
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and that this velocity value 1s concerned with energy dissipation by roughness

This vmax Value increases very rapidly when inclination decreases, energy dissipa
tion also increases as a consequence of roughness

Fig 11 shows, for a 30% slope, the decrease of reflective power due to the
roughness Increase The same strong effect Is hot present for the case in which the
Inclination 1s greater than 100%
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