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Abstract 

The stability of dolos armour blocks against wave attack has 

been investigated in wave model studies. 

Simple definitions to describe the block movements are intro- 

duced and the following results are discussed: 

1. The stability of dolos slopes against regular waves and 

the influence of the slope. 

2. The stability of dolos slopes against irregular waves that 

are not Rayleigh distributed. 

3. Comparison between the stability of dolos, natural stones 

and cubes. 

4. The influence of the surface roughness of the dolos model 

blocks. 

5. The applicability of Hudson's formula. 
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Introduction 

This paper includes results from model tests which have been 

carried out in the Hydraulics Laboratory at the Danish Engi- 

neering Academy in Aalborg, Denmark. The paper also includes 

results from tests carried out by two former students at the 

Engineering Academy Mr. Springborg and Mr Jepsen. Below, the 

most important data of the experimental set up are summarized: 

Dolos height 4,5 cm 

Dolos, cube and natural stone weight 38 g 

Dolos and cube density 2,3 t/m3 

Natural stone density 2,65 t/m3 

Water depth 25-40 cm 

Wave period 0,7-1,2 sec 

Wave flume bottom horizontal 

Number of block layers 2 

Under layer broken stones 

Definitions of damage 

After some initial tests it was decided to describe the dolos 

movements by the following terms: 

1st degree     No movements at all. 

2nd degree     Blocks can rock, but will not move from 

mean position. 

3rd degree     A few blocks will move, but the armour 

layer remains stable. 

4th degree     Blocks are moved continuously until the 

armour layer is destroyed. 

5th degree     The armour layer is destroyed in a short 

time. 
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This system of definitions is almost the same as the system 

applied by Hydraulics Research Station [7] and Paul and Baird 

[5]. 

1st and 2nd degree do not require further explanation, but in 

the 3rd degree it was remarked that at the start of the test a 

few blocks were removed, but later on nothing more happened, 

and this was valid for both regular and irregular waves. 

In 4th degree the armour layer is unstable, but the blocks are 

moved slowly one by one. For prototype conditions it would be 

expected that the slope would still be able to resist smaller 

waves after a short storm with waves corresponding to 4th de- 

gree. For 5th degree total failure will occur in a short time. 

It is natural to try to compare these definitions with the 

wellknown percentage of damage. The O-percentage is found on 

the transition between 2nd and 3rd degree. The 3rd degree will 

be equal to approximately 2-4% damage, but in the 4th and 5th 

degree the damage is dependent on time and therefore the per- 

centage of damage will increase with increasing duration of the 

test. 

Influence of slope 

Figure no 1 shows the stability conditions due to regular wave 

attack perpendicular to the slope. H is the wave height, h is 

the dolos height and a is the slope defined as cotangent to the 

angel between horizontal and the slope. The grey screen on the 

figur in the transition between the degrees of damage indicates 

the inaccuracy of the tests. The figur includes own results and 

results from the accessible literature. All the tests have been 

carried out with almost the same density, so it was possible to 

use the simple parameter H/h to compare the results. It is re- 

markable that the stability is independent of the slope if the 

accuracy is considered. 
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Fig.   no   1 

Irregular waves 

Figur no 2 shows the waveheight distribution obtained in irregu- 

lar wave tests. H  is the significant waveheight defined as the 

average height of the highest third part of the waves. H is the 

average waveheight. e is the spectral width parameter defined as 

= 1 (Tc/T )2 where Tc is the top-top period and T  the zero 

upcrossing period. It is remarkable that the distribution dif- 

fers from the Rayleigh-distribution especially for the higher 

part of the waves. 

The wavespectrum was not recorded, but the wavegenerator was fed 
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with a signal which was estimated to give a Moskowitz spectrum 

in front of the wavegenerator. The electrical inputsignal con- 

sisted of 10 discrete frequencies and the transferfunction was 

estimated after Biesels small amplitude wavegeneration theory. 

Figur no 3 illustrates the general result obtained when the ef- 

fect of regular and irregular waves was compared. 

The result was that irregular waves with a significant wave- 

height H  will cause the same damage as regular waves with the 

height H = 0,8 Hs and the factor 0,8 was the same for all slopes 

and blocks compared if the accuracy was considered. The conclu- 

sion is therefore that in the sphere of the tests regular waves 

are probably satisfactory to compare the stability of different 

slopes and blocks relativly. 

Refference [7] and [12] have found that the ratio between regu- 

lar wave height and significant irregular wave height causing 

the same damage was equal to 1.0. The explanation of this devia- 
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tion between the results proberly is due to the differens in 

waveheight distribution used in the different tests. 

Polos, natural stones and concrete cubes 

The stability of dolos, natural stones and concrete cubes has 

been directly compared in the model test by having the diffe- 

rent blocks simultanously attacked by the same waves. Figur no 

4 shows the results of the tests. The blockweight was 38 g for 

all the blocks and the density of the concrete dolos and cubes 
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was 2,3 t/m3 and density of the natural stones was 2,65 t/m3 

corresponding to prototype conditions. 

REGULAR    WAVES 
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The results of the stability of natural stones and cube are in 

good agreement with results from the literature. 

First figur no 4 shows the better stability of the dolos. More- 

over it is significant that dolosslopes are less sensitive to 

overloading than e.g. natural stones. 

The results in figur no 4 can be transfered to other scales by 

use of Froudes model scale law simply by multiplying the wave- 

height by the scale and multiplying the blockweight by the third 

power of the scale. 

Concrete and plastic modelblocks 

Fig. no 5 shows the stability of concrete and plastic model 
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blocks. A significant lower stability for plastic-dolos can be 

observed at the 1 in 1 slope. 

A satisfactory unique physical explanation of this cannot be 

given at the moment. But it can directly be observed that wet 

plastic dolos are much more smooth than the concrete ones and 

a reduction of the friction between the blocks will of course 

reduce the stability, especially a reduction of the interlock- 

ing capability should be expected to be important. 

The influence of the surface roughness seems to be important in 

certain circumstances and in the authors opinion further re- 

search on this point is recommendable. 
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Hudson's   formula 

In  fig.   no   6   calculations  of  the  stability   factor  K  in  Hudson's 
wellknown  formula  is  plotted  against  the   slope. 
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In spite of the considerable inaccuracy in the tests, which is 

strongly amplified by the third power-influence of the wave- 

height in the stability factor, it is clear that Hudson's formu- 

la does not describe the stability of dolos slopes satisfactory. 

The reason for this is probably the interlocking between the 

blocks and the high porosity of the armour layer. 

As the results show that other forces are involved than as- 

sumed for the set up of Hudson's formula, the stability as 

function of the density cannot be expected to be the same as 

expressed by Hudson's formula. 
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The dependence of the third power on the waveheight is of course 

not affected if the Froudes scalelaw is assumed to be valid. 

Fieldinvestigation by photogrammetry 

In order to follow up abovementioned modeltest a fieldinvesti- 

gation of the dolos-breakwater in Hirtshals harbour, Northjut- 

land, Denmark was started in 1973. The purpose of the investi- 

gation which is in progress is to registrate both damage and 

small movements of the blocks in the armour layer. At the same 

time the waveheight is measured. The block movements are de- 

termined after photogrammetrical records from a height of 

approximately 300 m. In this case it is possible to registrate 

movements with a mean error of 1,5 cm. 
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