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Shock pressure interactions on prototype sea dykes caused by breaking waves

A Fiihrboter

Leichtweif-Institute, Technical University of Braunschweig, FR Germany

U.Sparboom
Large Wave Channel, Hannover, FR Germany

ABSTRACT: This paper deals with shock pressure phenomena due to breaking waves acting on
sloping faces of sea dykes. The full-scale investigations were carried out in the new re-
search facility LARGE WAVE CHANNEL in Hannover, Germany. Maximum shock pressure estima-
tions are given for practical slopes 1:4 and 1:6. An extension of the results to steeper
and flatter slopes is proposed. For the slope 1:6 the spatial shock pressure distribution
and the shock pressure transfer to the subsoil are treated additionally.

1 INTRODUCTION

In the past, dykes and revetments at coastal
zones of Germany were frequently destroyed
by heavy wave attack during storm surge
tides. There are several reasons which are
important for dyke failures:

-shock pressures due to wave breaking,

~wave run-up and overtopping,

-up- and down-rush velocities,

—dyke construction (slope, cover layer,

material etc.) and

~local sea state characteristics.

This paper deals with shock pressure phe-
nomena on sea dykes with uniformly sloping
faces. Shock pressures due to plunging brea-
kers may cause very first damage of the co-
ver layer and the subsoil (Fiihrbdter(1966),
Stephan(1981)).

First investigations on this topic were
published by Bagnold (1939). Contributions
by Skladnev and Popov (1969) dealt with im-
pact forces and scale effects. Stive (1984)
published results of nearly full-scale tests
on wvave impacts. Fiihrbdter (1986) compared
results of model and full~scale tests of
wave impacts on a l:4 slope.

Wave breaking processes in coastal engi-
neering are mostly investigated experimen-
tally. Small-scale models are always af-
fected by scaling problems. In the case of
breaking waves there are to consider the
model laws of FROUDE and REYNOLDS which go-
vern the forces of gravity, inertia and
viscosity. Due to aeration effects the sur-
face tension must be considered applying
the model law by WEBER. With regard to ela-
sticity the model law by CAUCHY is impor-
tant.
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It is well-known that scale effects do
exist for breaking waves in small-scale
models, but until now, sufficient informa-
tions about their quantitative influences
are not available.

The new Large Wave Channel in Hannover
offers the opportunity to investigate coa-
stal problems with special reference to the
German coastal zones in full-scale. Being
able to neglect scale effects reliable
solutions for coastal protection problems
can be established (Fiihrbdter (1982)).

The main dimensions of the channel are:
depth 7.0 m, width 5.0 m and length 325 m.
Regular and random waves are produced me-
chanically by a wave generator (pusher-
and flap-type). The maximum wave height is
2.5 m. More details about the Large Wave
Channel were published by Griine and Fihr-
boter (1975). Design criteria and technical
works were reported by Griine and Sparboom
(1982).

2 PROTOTYPE DYKES

The core profiles of the prototype dykes
were constructed by sand. The compact cover
layers were built by asphalt-concrete in a
thickness of about 0.20 m. During the wave
tests the core was drainaged to avoid dyke
failure caused by positive water pressure
below the impermeable cover layer.

With regard to modern dyke protection
works the faces of the prototype dykes were
constructed with uniform slopes 1l:4 and 1:6.



The investigated dykes were
measuring devices to obtain
electrical signals for:

—-wave impact pressures on

surface,

-wave run-up on the slope and

-wave impact pressures in the subsoil.

The corresponding wave heights were mea-
sured at the toe of each dyke. In Fig. 1
the prototype dykes and the measuring
equipments are represented schematically.
The scheme of the signal processing and data
recording is given in Fig. 2.

supplied with
calibrated

the slope

3 SHOCK PRESSURE INVESTIGATIONS

A typical record of a shock pressure (wave
impact) due to wave breaking (plunging brea-
ker type) on the slope can be seen in Fig.3.
The peak pressure which is much higher than
the wave or breaker height is highly effec-
tive during a relative short time. Due to
the included airvolume by the plunging brea-
ker the shock pressure occurrence can be ex-
plained by a compression phase. The time of
compression At. of all evaluated impacts
lies between 10 and 60 milliseconds. The
amplitude as well as the time history of
shock pressures are strongly dependent on:

-breaker process and aeration,

-angle of the sloping face,

—~thickness of the backrush-water and

-wave characteristics (regular and random).
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3.1 Probability theory
In the analysis of jet impacts (Fiihrboter

(1966) and (1969)) the maximum pressure
P max 1is described by

3,c
P max = Spvc s

with

(1)

elasticity of air and water

Ea,E, =

R'= hydraulic radius of impact area

D = representative thickness of included
air content

8 = dimensionless impact number

p = density of water

v = impact velocity vertical to the wall

¢ = sound velocity in water.

In this equation the air content term ex-

pressed by D (see Bagnold (1939)) is strong-

ly stochastic and has an important influence

on the impact as well as the hydraulic ra-

dius R of the impact area and the relation

Ea/E,. The following transformation of equa-~
Ea R

tion (1) yields:
2/3 évz
. pvc |-
E, D ) 0 v

stochastic deterministic

(2)

p =
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Investigated prototype sea dykes in the Large Wave Channel
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Fig. 3 Typical shock pressure caused by
breaking waves (plunging type)

3.2 Results of shock pressure experiments

Maximum shock pressures were evaluated from
each individual breaking wave. As already
shown by Fiihrboter (1986) the maximum shock
pressure values follow a Log-Normal distri-
bution. In Fig. 4 and 5 the results for i =
50, 90, 99, 99.9 Z are plotted as dimension-
less relative impact pressures. Each line
represents the results of a test serie with
nearly 200 waves. For this wave number suf-
ficient estimates were reached up to a le-
vel of 99.9 % probability. In Fig. 6 and 7
there are compared the results obtained by
test cycles with regularly generated waves
with those obtained by field measurements
at the EIDERDAM storm surge barrier. In Fig.
7 results from a narrow banded wave spectrum
in the channel are completed. All impacts
of this test are plotted in relation to the
breaker . number (Fig. 8). Looking towards a
practical approach of sea dyke design (see
equation (5)) the distribution of the worst
case is estimated with a tendency to the
safe side.

Based upon the worst case distributions
for both slopes 1:4 (Fig.6) and 1:6 (Fig.7)
it seems to be possible to establish a for-
mula which contains the influence of the
slope angle:

(6)

P mx = Pi = const. %pg H

with i = 50, 90, 99, 99.9 Z

and n = front slope 1:n .

The empirical equation (6) may be justi-
fied by the important damping influence of
the backrush-water on the impact amplitude.
The thickness of the backrush-water increa-
ses with flatter slope and the impact pres-
sure decreases proportionally. The applica-
tion of this formula to slopes in general is
shown in Fig. 9. With respect to the real ex-
periments with 1:4 and 1:6 slopes it should
be considered that only for the range 1:3 to
1:8 a high reliability can be achieved. For
the range 1:0 to 1:3 the values are extra-
polated and should therefore be considered
very cautiously. Based upon jet impact in-
vestigations, Fiihrboter (1966) also deter-
mined relative impact pressures for the ver-
tical wall. Expected values for breaker
heights of 1.0 m are added in Fig. 9. Future
full-scale investigations on very steep
slopes up to the vertical wall could be use-
ful to proof the proposed empirical formu-
la.

In order to get informations about the
spatial distribution of shock pressure oc-
currence the measured pressures (pi max)
of each transducer at the slope were deter-
mined for each test cycle. Fig.10 repre-
sents results of two test cycles. The level
of the highest maximum shock pressure, eva-
luated relatively to the wave height is
drawn in Fig.ll versus the relative shock
pressure. The mean occurrence point for the
slope 1:6 can be characterized by 0.5 H
below SWL. The same value was found by
Stive (1984) for steeper slopes 1:3 and 1:4.
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Fig. 4 Shock pressure results, slope 1l:4
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Fig. 5 Shock pressure results, slope 1:6
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[ 1_3] RELATIVE SHOCK PRESSURE

P MAX 999 ESTIMATED REGULAR
oM o (NG [T

Hy | Ty
ws | 201
a7s | 357
Q87 | 12
118 | 461
2 fsos
159 | 545
173 | 568
s {238
057 {291
87 |337
107 |376
123 |42
159 | wis
177 |e78

o
VYVAAdOOBOPDOO

A

ve P

MAX. SHOCK
PRESSURE
SWL

d

Y
04 | 06 4.5 .07
410

- [a]

el

od

2

Fig.1l Area of maximum shock pressure
occurrence for the slope 1:6

250




CUMULATIVE PROBABILITY
[%] DISTRIBUTION-GAUSSIAN SCALE
99.9

99

NN\

/
00 #
/4

REGULAR
WAVES

SLOPE 1:6

Hy |
046 | 291

1 1

075 | 357
087 | 412
148 | 461

142 | 505
1.59 | 545
045 | 238
067 | 291
087 {3.37
107 {376
1.89 | 445
177 | 476

YVA4<SQEOPDO®O

0.4 05

06 07 08 08 10

15 20 30

RELATIVE SOIL PRESSURE pIsgHy

Fig.12 Soil pressure results 0.50 meter
below the asphalt cover layer

Simultaneous measurements of soil pres-
sures below the compact layer were also eva-
luated statistically like the shock pres-
sures on the slope surface. The results are
given in Fig.12, Comparing the results with
those in Fig. 5 it can be stated that only
about 30 per cent of the original shock
pressures on the slope surface were trans-
ferred to the subsoil, due to damping ef-
fects of the compact asphalt layer. This
relation is an important margin for soil-
mechanical aspects in the design of sea
dykes with impermeable cover layers on
sandy cores.

4 CONCLUSIONS

As already stated by Fiihrbdter (1986), shock
pressure phenomena due to breaking waves ac-
ting on dyke slopes can only be described
probabilistically by the Log-Normal distri-
bution.

The thickness of the backrush-water has
an important influence of the shock pres-
sure occurrence. Prototype and field inves-
tigations (slope 1:4 and 1:6) show that a
proportionality exists for shock pressures
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and slope angles (equation (6)). For mostly
used sloping faces of sea dykes in shallow
water regions the following maximum shock
pressures, acting nearly 0.50 H below SWL
on the slope surface are to be expected:

SLOPE 1:4 P max ;6p gH ’

LbpgH.

"

SLOPE 1:6 P pax

The value for slope 1:4 is definitely
greater than that found by Stive (1984).

In the case of compact cover layers the
shock pressure transfer to the subsoil is
characterized by a strong reduction of the
original value at the slope surface. 0.50 m
below the cover layer there are to be expec
ted 30 per cent of the original shock pres-
sure amplitudes.

Full-scale experiments on wave breaking
phenomena are indispensible, because small-
scale models are always influenced by scale
effects. Together with field investigations
under real sea state conditions (Griine(198¢
full-scale measurements guarantee highly re
liable results for future design on sea dyk
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