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- . Introduction
zﬁzay);,;»~f TEEmTmm T .
VQ ~ . The possibility to produce large quantities of durable

rock at a reasonable cost has led to the application of
rubble mound structures along many coasts. This develop-
ment started at the end of the 19th centrury.

The first systematic scientific approach to the design

of this type of structures dates back to a period just

before Warld War |1. It was R.lribarren, who published

in 1938 an article entitled "Une formule pour le calcul
des digues en enrochements''. [3]. Thereafter many other
authors have published articles on the same subject.[ﬁ to

16 ].

In this chapter a.rough theoretical model of the stabi-
lity of a rubble mound will be presented. Then the stabi;
lity formulae will be analysed. Finally, attention will
be paid to run-up and overtopping of slopes consisting of
stone.

Much useful information on design and construction of

breakwaters can be found in [2].

A slope consisting of stones is subject to gravity forces
and wave attack. iribarren considered the equilibrium of

a single stone on the slope, where:

W = weight of a stone (Newton)

Weubm = Weight of a stone when submerged (Newton)

v = volume of a stone (m3)

d = characteristic dimension of the stone (m)

a = angle between slope and horizontai

i = friction coéfficient

P = density of rock  (kg/m3)

Puy = density of water (kg/m3)(note: Pseawater= 1025 kg/m3)
H = wave height (m)

F = force exerted by the wave on the stone

(directed upward, F__ or downward, F ) (Newton)
up wn

do
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Considering the downward wave force, equilibrium exists when:

M.W. cosa> F + Wsina (Fig. 4.1) (1)

down

As the stone is submerged, W = (pr - pw) g.&. o3

in which £ is a shape parameter.

The wave force F cannot be easily calculated because the
mechanism of wave attack, often caused by breaking waves,
can hardly be described mathematically., If it is assumed
(and this assumption is subject to criticism) that

F=yx P, + 9- H. d2 (x is a coefficient)

the equilibrium formula (i) develops into:
2

Wsubm.i(ucosa - sina) > x P, 9+ H. d (2)
or
(p_-90) gt g3 (b cosa - sina) > xp gH 42 (3)
r W W
or
3 .3
e & s X3H 3.(A=p"pw) (4)
A7 (ucosa - sina) - Pw
W=, Pr- 9. d3
Thus
x32 3 3
W= P /% . g .H N . p.-9g.H
= 5
A3 (ucosa - sina)3 A3 (ncosa - sina)3 (5a)

~121--
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If the upward wave forces are considered, (52)
changes into:

" | 3 ‘ | 7
W = N CI g . H (5b)

A3 (pycos + sina)3

uwcesa

Fig. 4.1  Equilibrium of forces.

These formulae are the same as those given by lribarren [8]

and others {12, 13}

It is clear that LI N and u are constants of the material

which have to be determined before the formula can be used.
Iribarren did so for the constants of his formula.

Since 1942, systematic investigations into the stability of
rubble slopes have also been done at the Waterways Experiment
Station, Vicksburg; (Miss.). On the basis of these experiments
Hudson proposed the following formula, @h,‘]S, 16;:

3

w= pr'g‘
A3 . K. . cota

The formula is applicable for slopes not steeper than 1 @ 13

and not flatter than 1 : 4

-,
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