CHAPTER 141

IMPACT WAVE FORCES
ON VERTICAL AND HORIZONTAL PIATE

by
« , 1 2 . 3
S.R, Magssel ', M, Oleszkiewicz <, W. Trapp
INTRODUCTION

The hydrodynamic impact problem is & very difficult
problem because the physics of what actually happens du-
ring the instant of impact are not understood, Despite of
fact that a large number of references exist on the sub-
ject, many questions are left unanswered,

The object of this research ig %o investigate the
problems of hydrodynamic impect asgociated with the water
waves impacting on the vertical and horizontal plates, 0f
particuler interest ere the impact forceg, thelr relation
to the incident wave perameters and scale effect problems,

VERTICAL WALL BREAKWATIR

Consider first the case of the vertical plate which
can simulates easily the breakeater wall, The prediction
of shock-pressures exerted by breaking waves ig the most
important thing to be known for the design of breakwaters,
However due to great difficulties in the experiments, ve-
ry 1little information is aveilsble in regard to the prac-
tical data of the shock pressures on the prototype obje-
cts. On the other hand, during the recent decades & lar-
ge number of model investigations of shock pressures
have been undertaken, They indicate that the configura-
tions of breaking weves at breakwaters vary in a wide
range depending upon the type of breakwaters, the charac-
teristics of breakwaters, the characterigtics of incident
waves, the ratio of the depth of water in the front of
the breakwater to the height of the incident wave,

In the previous research undertaken for example, by
Nagai [ 7] , Mitsuyasu [6] , Hayasi[3] , Rundgren{9] , Ri-
chert [8] , Loginov[5] and others, the shock pressures at
particulsr points of the vertical wall were considered,
e results of these investigations give a very amblguous
plcture of the problem; often they are contradictory and
have been presented in a different way., Thus, it ig ex~
tremely difficult to compare the resultsg by different
authors. The value of pressure depends very strongly on
the position of the air cushion, Moreover, the congidered
wave is usually disturbed by the preciding wave, so it
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loses part of its energy before it reaches the wall,
These factors are, to some extent, a random factors,

In order to predict the effective forces on the
vertical wall and to avoid the influence of the air cu-
gshion configuration on the impact forces, in the present
study, the total force on the breakwater wall will be
considered, The vertical plate with two degrees of free-
dom { horizontal displacement and rotation around the ho-~
rizontal axis ) simulates the breakwater wall (Fig.1).
The wave breaking is forced by the composite-type botton
on which the test wall 1s situated, The displacementis of
the two points are measured simultaneously by the
Phillips’ capacitive sensors, The deflection of the sup-
porting rings is in the elastic range, therefore the
forces at the two measuring polints are related to the
displacements by Hooke’s law,

Numerous experiments indicate that, if for certain
wave helight, the breaking wave front is approximately
plane and if it creates a very thin air cughion, the
pressure peak reaches a maximum value, If the wave helght
is only slightly smeller, the wave froant will be sloping
backwards, On the other hand, if the wave height 1s lar-
ger, the air cushion will be thicker and the wave breakes
further from the wall, Threrefore, for a given wave per-
iod and a given depths h, and h,, it is only one wave
height that is associated with the max, force,

The first series of experiments were carried out in
the wave tank being 10 m long and 25 cm width for three
various wave periods, For each period, the wave height
corresponding max, force was chosen.

As was mentioned above, the max, impact forces may
be treated as a random variables, In order to obtain a
set of data which is sufficient for statistical analysis,
the experiments were repeated many times,

Since the extension of model shock pressure into
prototype scale is of particular interest for engineers,
various model scales were also consgsidered, Taken as a
prototype was the breakewater on 6 m water depth subjected
to the wave dimensiong being 2,5 m height and 5-6 g per-
iod. Laboratory tests were conducted iIn the five scales
1720, 430, 4/40 and 1/50, It means, that considering the
scale 41/20 as & reference scale, we obtain a set of ex-
periments in the scales 1/1, ¥1.5, #2 and ¥2.5.

In the various scales, the corresponding wave para-
meters and water depths were calculeated in accordance
with the FProude’s law, At the same time, the mechanical
device for the impact force measurement has not been
changed,

FProm the numerous laboratory tests we found that
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probability density functions fCEQJ and.§6§ﬁz ( R -mean
1

value of the impact force R) are 37 the Weikhd type

f(x) = ab-x°~" exp(—axb) for x >0 ()
1
£(x) =0 for x £ 0
where: X =-iii or X = -ig?

R4 Ry,
From Eq.1, it immediately follows that the probability
distribution function F(x) takes the form

F(x) = 1 - exp (- axb) (2)

Taking the derivative of Eq.,2 gives
Y =1na + bX (3)
where: ¥ = 1n (- In [1 - F(xﬂ} » X = Infx] (4)

Thus, the representation of the Eg.,3 in the logarythmic
scaéle 1s the straight line, In the Pig,2 the theoretical
formula (3) is checked against the experfmental data for
the impact force R and various model scales, The agree-
ment is quite satisfactory., However, for variocus scales
the distribution parameters & and b takes a different
values, When the parameters & and b are found from the
Fig,2, the corresponding probability density functions
can be easily calculated (see Fig.3).

The wave forces were measured in two points of the
vertical plate. One supporting ring was approximately
sltuated at the SWL ( for wave force R, - point B), the
other was above SWL (for wave force R; ~ point A, Fig.4
shows the example of the correlation between the force R,
and R,, In each calculated cases the correlation coeffi-
cient was greater than 0,8,

As the mechanical measuring device was not scaled,
it is difficult to say how much wave momentum is asso-
ciated with the pulse and how much is dissipated by the
mechanical and hydrodynamic dumping.

In order to give the answer on that question we
considered the very simple model, In the first place, by
way of experimenteal verification we found that the hori-
zontal motion of the plate predominetes over the rotsation
motion; in the record it is only one frequency that is
visible, So we can state that the two degrees of freedon
system is approximately egual to the two systems having
one degree of freedom (Fig.,5). The unknown chearacteris~
tics of the measuring systems are defined by the sgpecial
calibration tests,

The equation of motion of any single-degree-of~free-
dom gystem cen be reduced to the equation of motion of a
simple spring-mass system with damping
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2
dut
@ + mm)—%(t—% + (C + Cq) P : (t) (5)
in which: u - displacement of the plate,

m - mass of the vibrating part of systenm,

m,- added mass of the water participating

in vibration,

C - mechanical dumping,

Cq ~ hydrodynamio dumping,

k - stiffness of the system,

P -~ impact force,

As we know displacement u, the impact force P (t) is
given by the Volt%;ra typre integral equation
~h(t-T)
u)=—2 . |p(r) e Sine(t-T)d T
(m+ma)'0\) ) (6)
From numerical solution of the Eq,6 follows that, the
rise time of the impect force is less than or egqual to

4 of the naturel period of the measuring system T,

0,003 = 0.005 s , Moreover, only ~ 40% of the wave mo—
mentum is associated with the plate displacement; almost
60% of the momentum is dissipated due to mechanical and
hydrodynemic dumping and edded mess generetion, It means,
that the real meximum impact force is about 2,5 times
greeter than the force celculated simply from the disple-
cement u by Hooke’s law,

We consider now the problem of the force scalling,
Usually, for the gravity wave phenomena, we use the Frou-
de law of similarity, Thus for the mean wave force we
have 3

Re
~sz = X (7)
in which: R, - mean wave force for prototype,
R, - mean wave force in the scale 1:k.

At present we assume that in model experiments (gcale
1: A1) we obtain the wave force which is equel to R,., When
no scale effeot, the following relation becomes

FM = -HL (8)

When it is not thet cese, we define the scale effect co-
effioient in the form

ad

A
= — (9)

thus . L qk __R%
Rp= R X = RuX 1y (10)

Apply ing the above definition of the gcale effect coeffi-
cient to the mean maximum forces we obtain the distribu-~
tion of the vy value as shown in Fig,6, It should be noted
that the experiments in the scele 1:20 serve as a referen-
ce experiments, If we reduce model scale twice (from 1:1
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to 1:2), the mean impact force at the model decreases
less than i1t follows from Froude law for period T=1s .

€ -that = =" = = —
It means a R,M> R}h — _&8— Rp or RM/RP> _%23 -::,l8_

Therefore, the prediction of the prototype forces basing
on the model test (In this case)overestimates the real
force, Thus, the scele effect coefficient 7, < 1 has to
be included (see Fig,6),

The scale effect conocept cen be extended to the ma~
ximum impact force with arbitrary probability of occur-~
rence, From the caloculations (not indicated here) follows
that the rélatively high scale effects may be expected
for very low and very high probabilities,

The work reported in this part of paper is the first
phage of a projeoct intended to develop insight into brea-
king wave forces acting on breakwaters and the more
efforts are needed towards bettéer understanding of these
sophisticated phenomena, Firgt of all, the amount of the
air content in the breaking wave is still not good defi~
ned, However, the air in the water influences strongly on
the added mass vibrated with the plate.

HORIZONTAL PIATE IN THE SPLASH ZONE

An important class of forces for which there is not
a*large extensive history of study are the impact foroes
that act on horizontal members in so called "splash zo-
ne"(1,2,4,10], The splash zone is & region wherein the
particular horizontal members of the maritime structure
are not usually considered to have continuous contact
with the waves, but which are located at a height relati-
ve to the mean water surface,so that only occaslional con-
tact with the water will occur, The nature of the forces
that occur during such contsots is essentially impulsive,

In order to provide some knowledge of the pressure
di strivbution on the underside of horizontal members a la-
boratory study was made, The particular problem conside~
red here is treated by the impact force measurements for
a horizontal rigid plate, assuming that the wave gystem
propagates in a direction of longitudingl axis of the
plate, A illustration of the situation being analyzed is
shown in Fig,7 for the progressive wave and in Fig,8 for
the standing wave; the height of the plate (1 m length)
above the mean water level is equal to §, H is the inci-
dent wave height and h is the water depth. The six ele-
otro-kinetic type pressure gauges are installed along
the plate axisg, The w0rk1g§ frequency band for the press-
ure geuges is equal to 107™% ~ 10Y Hz,

The records taken from the experiments illustrate
the impulsive character of pressure. Sometimes due to
disturbances underneath the platform, the peak pressure
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PROGRESIVE ~ WAVE

Pressure diagram { no impact)

Pig,9 Notations for the impact pressures
progressive waves
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STANDING WAVE

Pressure diagram

Pig.12 Notatlion for the impact pressures
standing waves .
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is not so clearly pronounced. In order to classify the
impacts induced by the progressive waves we use the nota-
tions given in Fig,9, in which p, - peak pressure, p, -
slowly varying pressure and Py - meximum pressure when no
Impact occurs.

The incident wave were Stokes’ waves 2«§—LL~<8 (L -
wave length, h - water depth). h

In Figs,10 and 11 the normalized wave induced pre—
ssure is plotted against the Ursell’s number
H T3

U =\ Hondimensional clearance ;43‘: OJ'EJ‘T

2
(S - clearance between the botiom of the horizontal plate
and the still water level),

The data points are the results of the averaging of
numerous experiments, Moreover, the standerd deviation
from the mean value is also indicated, The slowly-varying
pressure p, 1s almost constant in the considered range of
Ursell’s number, The highest value p. is obtain when the
plate is at the still water level (§=0),

The meximum pressure p, (when no impact) is slowly-
varying function of Ursell’s number with max, velue at
U ~10-~15, The same tendency for the peak pressure p, is
observed, In Figs.10 and 11 the best fittings of the ex-
girimental data are indicated by the solid and dashed
nes,

When the standing waves eare considered, i1t is hardly
to distinguish the varlious types of pressure,

According to Fig.12 the snalysis of the experimental
data is restricted to the maximum pressure value p,. The
example of the result is given in Fig.13, The pressure p,
is also the slowly varying function of the Ursell’s num-
ber,

CONCLUSIONS

With respeot to measurement of the impact forceg at
the vertiocel wall due to breaking wave it wes found that
the maximum force can be treated as a random variable
with the probability distribution of the Weibull type,
The amount of the air entraped into breaking wave produ-
ce some inconsistency with Froude scalling law. Thus,
the statigtical concept of the scale effeots was intro-
duced,.

The preliminaery study of the wave impact on the ho-
rizontal plate sugests that the peak pressure and the
slowly-varying part of pressure are funotions of the
Urgell?’s number,

It should be pointed out that the more efforts are
needed to better describing of these complicated pheno-
mena,
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