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SUMMARY

This paper is conoerned with the study of the break-
ing wave pressure exerted upon the breakwater of the ver-
tical type. The method of calculation of the wave pressure,
named the quasistatioal method, is based with the theory

of the impact of the water jet en the vertical plane and
some new results of the experimental data,

The formulas for the calculation of the pressure dis-
tribution of the breaking wave and the surf wave on the
vertical wall are given,

INTRODUCTION

The following symbols are used in this paper,

h -~ wave height;
A =~ wave length;
T =~ wave period,
c ~ wave celerity;

x) U,5.S,R, Moscew, K~l, Sadovokudrinskaya Street 14-16,
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~-orbital velooity,

~ pressure intensity,

~ depth of water measured from SWL,

Heop ~ critical depth of water corresponding to the
point of breaking wave,

depth of water at the wall,

-~ unit weight of water,

- 9,81 m/

-

2 = gravitation acceleration,

NQ“.‘H
1

sec

Up to the present time evaluation of the breaking
wave force upon a breakwater of the vertical type présents
& complex problem, For many decads this problem has requeste
ed very much attention from the harbour engineer, who has
to deal with design and construction of breakwaters of the
vertical type at a shallow sea,

There are several solutions of this problem, one of
them makes use of the conception of the theory of the im~
pact of a water )et upon a vertical plane, However, in spite
of the fact that these investigations have been carried out
during a long time the possibility of the conception of the
impact of a water jet upon a vertical plane in full measure
is not used,

This expression is given

p=kY 1)

a2
28
where
u ~ velooity of the water Jet at the crest of
a breaking wave,
k ~ experimental coeffioient equal to 1,7 ( by
Gaillard).

In their time D, Gaillard, D. Molitor and V. Trenuhin
developed this direction suggesting to take inte account
u=¢+Vv,



PRESSURE OF WAVES 1453

In 1940 N.DJounkovskiy[l ]corrected this to u=0,75csv,
In 1958 M.Plakida [2 ]Buggested the new corrections to the
distribution of the surf wave pressure exerted upon the
vertical wall, bhased upon the experimental investigation,
A8 a consequence the resultant value of the wave pressure
on the vertical wall could be decreased up to 20 per cent
in comparison with the value given by N.DJounkovakiy[.S],

It is necessary to note that summing up ¢ and v makes
no physical sense, this is explained by the absence of suf-
fieient information about the kinematiecs of the breaking
wave structure,

In this paper we have given as far as it was possible
the development of the calculation method of the pressure
distribution from the breaking wave and the surf wave on
the vertical wall, Remaining at the conception of the im~
pact of the water jet for the calculation of the wave pres-
sure at the atill water surface, we have used the standing
wave theory of the first approximation and some experiment-
al data for the calculation of the wave pressure at the
foot of the vertical wall,

This expression is given

n
- 2
Py o 20y )

where

Pb ~ wave pressure (above hydrostatic) at the
foot of the vertical wall.

We note that it was about twenty years ago, when the
method of calculation of the breaking wave pressure, based
on the use of the impact impulse of the breaking wave, was
suggested, It is the second direction in the solution of
this problem. However, the experimental data is umnsufficient
for the full solution at the present time.
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KINEMATICS AND DYNAMICS OF BREAKING WAVES

The breaking wave or the surf wave is developed when
the deep water wave comes up to a shallow water and reaches
the oritical depth., The value of the critical depth varies
in a very wide range (1.0 ¢ 2.5)h. The critical depth within
the limits (1.5 + 1.8)h are accepted for the steepness of
the deep water waves within 1:9 4 1:25.

When the water depth in front of the vertical wall is
B7T or at least HY» 3h and the depth on the berme at the
foot of the wall is Hyg Hoy then the deep water, wave is
broken on the berme at the wall surfaoe; in this case the
vertical wall is subjected to by the breaking wave action,

When in frent of the vertical wall the sea bed is ho~
rizontal or gently sloping at least within % before the
wall and the water depth is H1$ Hoy then the deep water
wave 18 broken before the wall, in this case the vertical
wall is subjected toe the action of the surf wave,

It is seen that from the condition of development of
the breaking wave and the surf wave the former exerts a
greater wave pressure on the vertioal wall than the latter
for the same height and length of the deep water wave,

The experimental data show that the velocity of the
water particles at the crest of the breaking and surf waves
may be nearly equal to the wave celerity and even exceed it,

The value of this velocity is given as

u= &8 (3)

The formation of the front steep slope of the wave,
whioh is near to breaking, is the result of dragging of the
foot of the wave, while the orest of the wave passes ahead
beoause of different wave velocities of the particles in the
crest and in the trough, The velocities of the water par-
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tioles in the orest of the wave are greater and the velo-
cities of the water particles in the trough of the wave
are less than the average velocity of the wave at the still
water surface, The kinematies of this phenomenon in detail
is described by V,Shuleykin [4 ] based on the olassioal hy-
drodynamics formula

e:(—%—% th—g—j{-—l—!——, (4)

taking in (4) H = H; + 0,5h for the wave crest, and
H = H) - 0.5h for the wave trough (where H;, - water depth
from the sea-bed to the still water surface),

From the energetical point of view in the wave near

to breaking the concentration of the potential energy oc-
curs, as the deep water wave approohing shallow water de-
creases in length, In addition the wave energy is carried
into shallew water with the full wave velooity as can be
seen from the formula (5), when at H & X the second
item —> to 1,

vo = —§~ ( 1+ —ghaeg) ()

where
Ug «~ velocity of the transportation of the wave

°n§ESYi

21

a = ==
A

Phenomenon of the breaking of the wave proceeds very
rapidly and during very short time, It is accompanied by
the transition of the potential energy of the dragged wave
into the kinetic energy of the transitional movement of
the water stream, When this stream reaches the vertical
wall the phenemenon of the impact of the water jet direct-
ed to the wall and the wave reflection from the wall are
observed.
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The maximum weve pressure on the wall appears earlier
than the maximum clevation of the water level at the wall,
When the uplift of the water level is maximum the wave
pressure decreases. The wave pressure does not exceed the
value (0.6 ~ 1.0) Y h at the still water surface.

EQUIPMENT AND EXPERIMENTS

The laboratory study of the action of the breaking
and the surf waves om the vertical wall has heen carried
out in a flume of rectangular oross—-section 23 m in length,
0,560 m wide. The water depth was 76 cm in the flume and
the water depth at the foot of the wall was 15 cm, The ver-
tical wall model was placed on the top of the prism, which
was 60 cm above the flume bottom, The prism slope was 1:2,

The positions of the vertical plane of the wall were
25 om and 82 cm from the prism edge ( Fig.l ). In the first
case the wall i1s exposed tc the action of the breaking wave
and in the second case - to the action of the surf wave,

The waves were reproduced by the wave generator of the
type of the flat paddle.

The wave pressures were measured by tensemetric gauges.
The wave heights were measured by electrical gauges., A
sample of the oscillograph record is given on Pig.2.

Phases of breaking, wave deformation detalls and the
moment of small ball indicators (prepared with bitumen and
paraffin, their specific weight is equal to that of water)
were recorded on 35 mm film at 24 frames per sec, A sample
of film record is shown on Fig.3, It is seen that the indi-
cator I between frames 15-17 has moved to the wall with
maximum velocity before the impact.

Wave conditions of our experiments are given in
table 1,
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Table 1

Wave Conditions

Designation H =175 om H)y = 15 cm

of wave h X T g h_{h A H b
conditions om cm sec ) A |cm cm hy A

A-6-220~20 8,8 175 1,06 0.43 0,050 8.8 115 0.13 0,077
A-~7-220-20 11.5 177 1,07 0.42 0,067 9.8 115 0.13 0,085
A-8~180~20 15,7 210 1,17 0,36 0.077 9,8 130 0.12 0,076
A=8~220~20 17,7 177 1,07 0.,42 0.10 9.8 115 0.13 0,085

WAVE PRESSURE

After giving a short discription of the kinematics amt
dynamics of the breaking wave and our experiments, we can
begin t¢ evelve the formulas for the caleculatien of the
breaking wave pressure and the surf wave pressure exepted
upon the vertical wall,

Our position is based on the fermulas (1) -~ (3) and
our experimental data, The follewing calculation metihed and
formulas for the determination of the value of the pressure
on the vertical wall from the breaking and surl waves ig
suggested,

Pressure of breaking waves. It is a matter of some
difficulty to assume the value of the water depth H in fore
Bula (3). As 2 solution thie complex question after some
consideratione we suppese possible to take & safe value of

H = Hyp = 1,80 (e)
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Substituting (6) and (3) in Eq. (1) we arrive at the
expression for the maximum pressure of the breaking wave,
which occurs at or in the vieinity of still water surface

Po = 1.57n ')

where
Po — the maximum pressure of the breaking wave
at the still water surface,

At the foot of the vertical wall rather calm wave con-
ditions are observed (see the pressure fluctuation on the
record of Pjg on Fig.2).

There are traced (see Fig.4) two curves showing the
fluctuation of the relative wave pressure at the foot of
the wall, One of them is the experimental curve indicating
the pressure of the breaking wave and the second is the
theoretical curve showing the pressure of the standing waw.
It is seen by the comparisen of these two curves that the
maximum pressure of the breaking wave at the foot of the
wall appears earlier than the maximum pressure of the stan-~
ding wave, calculated by the wave theory of the first ap~
proximation. As a result of this comparison of the two
curves, we propese to base the calculation of breaking wave
pressure at the foot of the vertical wall upon the for-
mula (2).

The relationship between ?%ﬁ‘ and ¥ g given on

Fig.5 by the experimental data. This relationship is not
linear as it may be expected. The greatest values of the re-

lative wave pregsure are found within Hy = (1.2 - 1.5).
Y
The curve accepted by the construction rules acting in the

USSR (SN «92-60) is also shown,
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The maximum values of the breaking wave pressure
measured and calculated are given in Table 2. These data
were used for the experimental curve on Fig.S.

Table 2

Values of wave pressure at the bottom of a vertical

wall ( gr/el2 )
h By Calculated Measured p=5 p}s
(4} h

c o Th

Pis 15 s
8.8 1,70 7.6 5.7 0,76 0.86
11.5 1.30 9.9 10.9 1.10 0.94
15.7 0.96 14,0 12,8 0,92 0,82
17,7 0.85 14,6 13,0 0,93 0.74

mean 0.93 0.84
where;

p}s ~ significant wave pressure that for statis-
tical purposes is defined as the average
pressure of the highest one~third of all
measured breaking wave pressures at the foot
of the vertical wall;

pgs — wave pressure calculated by formula (2);

Hy w15 cm, — water depth at the wall.

The elevation of water surface above the still water
level at the vertical wall is ebserved within (0.5 — 0.8)h

when the wave pressure is maximum. Taking inte considera-
tion some fluctuation of this value we propose to take

Z=h (8)
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The breaking wave pressure exerted upon the foundatien
of the vertical wall is given as

Wel1/2M, pp (9)

where.
» = 0.9 -~ experimental coefficient;

b « width of the wall,

Pressure of surf waves, The breaking wave and the
surf wave possess the same physics ¢f the breaking pheno-
menon, This allows us to use, in the case of the surf wave,
the same formulas, that were mentioned above in the case of
the breaking wave with follewing replacements:

1, h - the height of the deep water wave (which is
equal to the breaking wave) 18 replaced by the
height of the surf wave h), calculated by the for-
mula

h) = 0,65H (10)

where
H = By, - in the case when the sea~bed 18 horizental

in front of the wall, and
H=H, =By + 0,5)\1 i « 1in the case, when the
sea~bed is gently sloped;

where 1 -~ sea~bed slope,

2, A\ - the length of the deep water wave is replaced
by the length of the surf wave A 1 calculated
by the formula

Xl- )\th—g—jx‘-riﬂ- (11)
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The maximum pressure of the surf wave exerted upon a
vertical wall occurs at 1/3 h; above still water level ac~
eording to our experimental data,

The elevation of water surface above the 8till water
level in the case of the surf wave may be also taken as in
the case of the breaking wave by the formula (8).

The surf wave pressure exerted upon the foundation ef
the vertical wall is given as

W= 1/2 M pyb (12)

where:
Mg = 0.7 - experimental coetficient.

The distribution of the pressure of the breaking and
surf waves is shown en Fig.6.

CONCLUSION

1. The action of the breaking and surf waves upon the
vertical wall was studied in the wave laberatory from the
point of view of the kinematics and the dynamics., It was
found possible to advance somewhat a gquasistatical method
of the calculation of the wave pressure at the depth condi-
tions

h & By & Hy, = 1,8h

This suggestion is based on the conception of the impact
of a water jet upon a vertical plane.

2. Our experimental data lies within of the following

values:

~ the wave steepnoss-%- from 0.05 to 0.10; and

-~ the relative water depth at the wall Hy from

h
0.85 to 1,71,
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3. The 1ist ef the formulas is given in the table 3.

Table 3
Fermulas
Breaking Surf
Denomination wave wave
1, Wave height and wave
lensth LR RN I WA WA A A W SRR Y h’A hl' Ai
2, Maximum wave pressure Do 1.579 0 1.5 1 ny

3.

4.

5.

Maxisum wave pressure is
found ® 9 00 00000002V

Maximum wave pressure at
the foot of the wall p, ..

Elevation of the water
surface above the still
water level 3 ...ccc0c000

Wave pressure exerted upon
the foundation of the

Wall W .cecceecvnccccccne

At the S.W.L. At l4n; the

S.w.L, above

Tn I
27 Hy , 27 B
SR e




1.

2,

3.

4.
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