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CHAPTER 130

THE INFLUENCE OF WAIST THICKNESS OF DOLOSSE
ON THE HYDRAULIC STABILITY OF DOLOSSE ARMOUR
by

Hans F. Burcharth *
Torben Brejnegaard-Nielsen **

ABSTRACT

The paper presents results from experiments with Dolosse having the same mass and volume
but with different waist thickness to height ratios. The armour was exposed to irregular
waves simulating one storm with increasing wave heights and the effect of waist to height
ratio on the hydraulic stability was studied. A low packing density of approximately 0.65
was used corresponding to a two-layer armour with high porosity.

From the results it is concluded that the hydraulic stability of Delos armour is not very
sensitive to variations in the waist to height ratio. Only for damage levels exceeding displace-
ment of approximately 5% of the armour blocks in the most exposed area there seems to be
a significant decrease in hydraulic stability with increasing waist to height ratio. Thus the
waist ratio only influences the residual hydraulic stability.

Based on a short discussion of stressed in armour units it is concluded that design
criteria solely based on movements of armour units as observed in hydraulic models are not
adequate for the assessment of structural integrity of the units.

The paper also presents the results of each stability test as well as the scatter and the
distributions. The large scatter found underlines the need for adoption of more restrictive
safety factors than generally used in rubble mound breakwater design. It also supports the
idea of a probabilistic approach in the design process.

INTRODUCTION

The recent failures of major rubble mound breakwaters have demonstrated the need for
developments in breakwater design and construction. The problem is highly complex as
the loads on the breakwaters and the response to match are typical stochastic wide-banded
processes. On that background all parameters involved in breakwater design certainly have
to be considered and their relative importance evaluated. One parameter of great importance
is the mechanical strength of concrete armour units.

«  Professor of Marine Civil Engineering, University of Aalborg, Denmark.
=+  Consulting Engineer, London, UK.
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It is evident and well documented that the relative strength of concrete armour units
decreases with the size of the armour units (Burcharth, 1981a), (Burcharth, 1981b), and
(Silva, 1983).

Generally in complex types of armour units the stress level due to flow forces and
static (gravity) forces increases linearly with the characteristic length (e. g. the height of the
armour unit) while the stress level due to impacting units increases with the square root of
the characteristic length. The relative importance of these stresses depends on the geometry
of the units and their position on the slope, cf. Fig. 1.
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Figure 1. Qualitative representation of stresses in complex armour units as function of the
size (length) of the units.

It follows from this that a design criterion solely based on movements of armour units
in a hydraulic scale model is not adequate for the assessment of the structural integrity of
the armour units.

Because of the size dependent stress level, one must either increase the strength of the
units and/or apply 2 milder design criterion (e. g. a certain degree of rocking instead of dis-
placements) when dealing with larger units.

In the case of complex types of armour units such as Dolosse, one way of increasing
the strength is to increase the crosssections, i.e. apply a larger waist thickness to height
ratio, r = d/h, see Fig. 3. However, by doing so the hydraulic stability will be changed too,
which must be considered in the design. Thus, the relationship between the waist ratio and
the hydraulic stability must be known. Scholtz et al. (1982) studied this relationship for
Dolosse exposed to regular waves.
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Figure 2. Test set-up.
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TYPE | d{mm)| h(mm) r=%

dI h 1 14.4 | 45.0 | 0.32
H

dI h 2 15.4 42.8 0.36
I

di h 3 16.4 408 0.40
/
[

61 h 4 173 | 39.3 | 044
Y

Figure 3. Geometry of model Dolosse.

In the present work the same hydraulic stability dependence is studied in irregular,
two-dimensional waves for waist ratios of r = 0.32, 0.36, 0.40, and 0.44.

MODEL LAY -OUT

The tests were carred out in a 5 meter wide wavebasin, equipped with a spending beach,
Fig. 2. As the total width of the model was only app. 1.6 meter, the wave reflection from
the model was negligible.
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The model was built in two separated sections to allow for a comparative study, where
one section in all tests was armoured with Dolosse with a waist ratio of 0.32 used as a refer-
ence.

Each of the test sections was divided into three sub-sections called above, around and
below mean water level. The Dolosse were placed randomly with a loose hand in two layers.
For each test a total number of N = 222 Dolosse were applied in each section of 11.3 h x
0.40 m, where h is the height of the Dolos. Four types of Dolosse having the same volume
and made of cement mortar with a mass density of p, =2.24 t/m?® were tested. The geo-
metry is given in Fig. 3. The theoretical volume of the Dolos is 14.2 cm?, but pores in the
surface made the actual volume V = 13.7 cm?.

The packing density of the armour, defined as ¢ = N VZ'G, where N is the number of
blocks per unit area, was 0.61, 0.64, 0.67, and 0.70 for waist ratios, r = 0.32, 0.36, 0.40,
and 0.44, respectively. This corresponds to a two-layer armour with loose packing and high
porosity. The increase in y with r compensates for the otherwise increasing openness {(ex-
posure of filter layer stones) with increasing r. This, however, also means increasing amount
of concrete per unit area with increasing r.

Generally a larger packing density in the order of 1.0 is recommended, but here the
low values were chosen deliberately to represent the worst conditions in a real breakwater
situation where uneven distribution of Dolosse on the slope can occur.

Cement mortar was applied in order to represent the prototype surface roughness as
closely as possible. The tests were performed with irregular waves generated with a piston
type wave maker on basis of a 5 parameters JONSWAP-spectrum.

Lo pyzi,2p2
S() = ag?(2m)* 13 exP(_i(i)"‘ 5 PR =1 e ]
P

with the four parameters;

= 083Hz

= 0.07 for f< fp
= 0.09 for f= fp
= 33

= Q9 Q. g*»
|

The fifth parameter « was used as a gainfactor to establish the desired significant wave-
height Hy = 4./m_, where m is the variance of the surface elevation.

Flve values of H; were chosen such that rocking of single blocks and displacements of
several blocks would appear for the smallest and the largest Hy values, respectively, The
values of H; are given in Table | together with the parameter { = (H /LH )'0'5 tana, where
LH are the wavelength corresponding to H; and tana the slope.
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Table 1. Hg and { values applied in the model tests.

Level 1 2 3 4 5
H, (mm) 43 59 67 83 94
¢ 39 33 31 2.8 2.6

The duration of each test was 20 min. corresponding to approximately 1200 waves.

TEST PROCEDURES

Three series of tests were performed each containing the reference Dolosse (r = 0.32) and
one of the other three block types. To evaluate the scatter each series consisted of five
repeated (independent) tests, cf. Table 2, in each of which the wave height was increased
corresponding to the above mentioned five levels of H.

Table 2. Test program.

Serie 1 2 3
Block type r=032,r=044 r1r=032,r=040 r=0.32,1=036
No. of independent tests ) 5 5
No.of wave levels in each test 5 5 ]

For each wave level in each test visual observations of the rockings and displacements
in each of the sub-sections A, B, and C were made by 2 persons simultaneously by means of
a special mirror system (Fig. 2). The mirror system allowed underwater observations
throughout the running tests.

As a supplement single frames were taken by a cine-camera, which was activated when
the water level during down-rush was approximately at the lowest level.

Two modes of movements were observed namely the rocking of the blocks (moving
without translation) and the displacement of the blocks (moving with translation).

It was very clear from the testing that realistic information on the number of units
rocking and being displaced cannot be obtained without the possibility of continuous under-
water observations.

TEST RESULTS

In the Figures 4 to 7 the observed stability in terms of relative numbers of rocking and dis-
placed units is depicted as functions of H_, Hs,"h and the stability number
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AW W
Mg, /p, — 1)* Vip, /oy, —1)°

where p, and Py, are the mass density of the Dolos and the water, respectively, and M and V
are the mass and the volume of the Dolos, respectively.

N? can be derived from Hudson’s formula as Kpcote, where Ky is the Hudson stabil-
ity factor. However, Kp should not be used for Dolos because the hydraulic stability is prac-
tically independent of the slope angle for | < cota < 3, which means that Hudson’s formula
is not valid for Dolos armour (Brorsen et al., 1974). However, to facilitate comparisons with
the many published Ky, values for Dolos also a Ky scale is shown in the figures.

To illustrate the scatter in the experimental results also the standard deviation over the
mean value is shown for the various wave levels. Moreover, each test result is shown as a dot
to visualize the actual distributions of the test results. It might be seen that these distribu-
tions can be fitted to the Poisson type distributions. It should be mentioned that these
distributions, which represent the movements of the armour units, are different from the
still unknown distributions related to the stresses in the units.

The figures illustrate the well known fact that the damage to the Dolosse armour is
most severe in area B around the mean water level.

Despite its lack of consideration of the strength of the armour units, a design criterion
corresponding to app. 5% of the units being displaced (within the levels SWL * H,) is often
used. It is interesting to see that this compares to app. 10% of the units rocking and to H /h-
values in the range 1.5-1.7 corresponding to Kp-values in the range 6.5-7.5. These KD-
values are lower than generally recommended. The reason for this discrepancy is probably
that in many model tests the set-up did not allow underwater inspection of the movements
of the armour units, which means that milder degrees of damage were recorded. Another
reason might be lack of confrol of the reflected waves in some flume tests. Also the low
packing density- used in the present tests might have some influence on the Kp values, cf.
the following conclusions.

Figure 8 shows a comparson of the stability of the four types of Dolosse. A decrease
in stability with increasing waist ratio r is seen, but only for the more severe wave condi-
tions, say Hs/h > 1.5 or N? > 10. For the smaller values of H_/h there are only minor, non-
systematical differences between the stabilities of the various shapes of Dolosse.

COMPARISONS AND CONCLUSIONS

Tests were performed on the hydraulic stability of Dolosse with waist thickness to height
ratios of r = 0.32, 0.36, 0.40, and 0.44 exposed to irregular waves. It can be concluded that
the hydraulic stability is decreasing with increasing waist ratios but only for high degrees of
damage, i.e. damage levels exceeding displacements of approximately 5% of the blocks in
the most exposed area. Thus the waist ratio only influences the residual hydraulic stability
of the armour. The reduction in the hydraulic stability is probably due to the relatively
quicker loss of effective permeability (*'reservoir effect”) and interlocking ability for units
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Figure 4. Test results for Dolosse with waist ratio r = 0.32.
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Figure 5. Test results for Dolosse with waist ratio r = 0.36.
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Figure 6. Test results for Dolosse with waist ratio r = 0.40.



DOLOSSE ARMOUR STABILITY 1793

LEGEND
+ EACH DOT REPRESENTS 8, MASS DENSITY OF DOLOS TEST SECTIONS
ONE TEST 0
. - - - WATER
Hy SIGNIFICANT WAVE HEIGHT,
M MASS OF DOLOS
h HEIGHT OF DOLOSSE w.=N? TAN o
B MEAN VALUE 0 e N
o STANCARD DEVIATION B, SEORE; ANGLE:
Mo o He?
% 442
M(-a“L 1)
DISPLACED BLOCKS DISPLACED BLOCKS
RELATIVE } ACTUAL a6 RELATIVE ) ACTUAL
NUMBER | MUMBER NUMBER | NUMBER
(%) 4 (48] b 50
50 a0
J04 AREAS A8 AND C AREA B ( ARCUND MWL)
70 -
) ; F 40
60
154
t3o 50 +30
40
10 4
20 20 MEAN
309
20
5t Lo
10 4
L Pl i) [+] =5
30 40, 50 50 [70 80 90[180 Ha(mm) 30 40 50 §0 [0 80 30| 100 H, (mm)
To 15 20 25 Huh 10 15 20 25 Hun
2 5 101520 10 N7 2 5 101520 30 N2
rel s iy i, e e -
D 2 5 101520 Ky p 2 5 1015120 Ko
10 . " £ % 10 x ® *ox
L x
20 20
2 g€
[ 1
ROCKING BLOCKS ROCKING BLOCKS
RELATIVE } ACTUAL RELATIVE ) ACTUAL
NUMBER NUMBER NUMBER NUMBER
) L (*n) o
( 56 god 9
20 4 AREAS AB AND C AREA B (ARQUND MWL)
70
Los w
60
154 MEAN p MEAN,
bao : \ 50 1130 T
g i
104 0 zo
k20 -
o v
sd| 0, g
- 10 L ¥
o+ 0
30 40| 50 80 70 80 90[100 M. (mm) 30 40 50 50 [70 80 90| 100 H, (mm)
P il Al Bl v B i A B e
1] 15 20 25  Hsth 10 15 20 25 Hih
2 5 101520 30 N? Z 5 101520 30 N
e e e e
2 05 1001520 Ky g 205 101520 Ky
x

0 x x *® x
10 x . 10 *® x
20 2.0
a
o W

Figure 7. Test results for Dolosse with waist ratio r = 0.44,
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with large waist thicknesses (Burcharth et al., 1983),

The same trend but more pronounced was found by Scholtz et al. (1982). However, they
used regular waves in the experiments such that a comparison cannot be made directly. Bror-
sen et al. (1974) found that irregular waves of Hs will cause the same degree of damage as
regular waves with the height H=0.8 H,.

A comparison of the present results with the results of Scholtz et al. gives H = 0.6 H,
for the same damages. An explanation for a part of this discrepancy is probably that Scholtz
et al. did not use a technique which allowed underwater inspection of the movements of the
armour units. This means that the present tests certainly will show a larger number of mov-
ing units {other things equal) and thus a lower stability of the Dolos armour, because all
units are kept under observation during the tests.

Moreover, Scholtz et al. used a packing density of 1.00 for the Dolos armour while a
range of 0.61-0.70 was used in the tests presented here. The difference should, according to
tests in regular waves by Zwamborn et al. (1982), compare to a reduction in wave height of
approximately 6% for the lower packing density.

It should also be noticed that damage levels expressed in ferms of the relative number
of moving units are dependent on the actual number of units in the section under observa-
tion, i.e. dependent on the size of the section and the packing density. For example by in-
creasing the packing density from 0.65 to 1.0 the relative number of moving units will de-
crease by app. 50% but of course only if the actual number of moving units is independent
of the total number of units in the section, which is not the case.

A similar comparison of the present results with the results obtained by Brorsen et al.
(1974) and Burcharth (1979) for regular waves and Dolos packing densities of 1.0 shows
approximately the same relationship H = 0.6 H; as mentioned above. This again is mainly
due to the fact that the set-up of these tests did not allow continuous underwater inspec-
tions. It is believed that the relationship H = 0.8 H, is the more realistic although based on
the tests by Brorsen et al. where underwater inspection was impossible. This is because these
tests are a comparative study where exactly the same observation technique was used on
both regular and irregular waves and because it is reasonable to assume the same proportion-
ality between the total number of moving units and the observed number of moving units
for both regular and irregular wave conditions.

The presented results indicate that in areas of the armour layer where impacts are the
dominant loads it is possible to obtain a balance between the hydraulic stability and the
structural integrity also for the very large Dolosse of say 40 t or more by increasing the
waist ratio. However, because stresses due to static (gravity) forces and flow forces increases
more rapidly with the size of the units than stresses due to impact forces it might well be
that for the armour layer as a whole the structural integrity cannot be obtained.

The large scatter in the experimental results underlines the need for adoption of more
restrictive safety factors than generally used in rubble mound breakwater design. It also
supports the idea of a probabilistic approach in the design process (Nielsen et al., 1983).
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