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on the main breakwater and peninsula. Previous attempts to develop a small craft
harbour at St Francis Bay were unsuccessful. One of the main reasons for the
viability of the present project is minimization of harbour costs. Since the
breakwaters make up a large component of these costs, the savings achieved by
using Core-Locs as the primary armour, were substantial.

A further significant saving was achieved by optimizing the layout with
regard to rock excavation and fill. The harbour basin was positioned to produce
sufficient rock excavation for use as breakwater core and armour rock, as well as
rock fill required for reclamation of the peninsula as shown in Figure 1.

Core-Loc Design

The initial Core-Loc design was based on Melby and Turk (1995).
Maximum design depths of 8 m can be expected for the main breakwater, which
means that the design is depth limited. With a foreshore slope of 1:50 and peak
wave periods of up to 16 s, the maximum wave height at the structure is estimated
to be approximately 7.2 m. Using a Hudson K, factor of 16, a unit mass of 15 t was
selected as a preliminary design.

A three dimensional model study of the proposed design was conducted at a
scale of 1:60 in the CSIR hydraulics laboratory in Stellenbosch. The Core-Loc
proved to be very stable and even on the breakwater head zero percent damage was
achieved. Together with a representative of CERC, Mr J A Melby, who attended
part of the model study, the design was finalized as shown in Figure 2.
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Figure 2. Design cross section for Port St Francis

The rock toe shown in the figure was included to allow for settlement in the
case of scour. Probing results indicated that scour would be limited to a depth of
approximately 1.5 m by a rock layer underlying the sand on which the breakwater
and peninsula was to be constructed.
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The packing density and placing grid for the Core-Locs were determined by
experimentation since there were no set guidelines established at the time of the
study.

A final packing density of ¢=0.58 was used, where ¢ is defined as the
number of units per area D,?, with:

D =y!B
V = Volume of one armour unit <n Dn
reoj;;:

The equivalent solid concrete layer
thickness, t, for a given armour size and
packing density is given as:
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The packing density ¢, can therefore also be expressed as:

d) = t/Dll
The number of Core-Locs per area is given by:
N=¢/D 3)

For a 15 t Core-Loc with a concrete density of 2.4 t/m’ the volume is 6.25 m®, and
D, =1.842 m. The number of Core-Locs per area is:

N=0.58/1.842"
= 0.1709 units/m’

The total slope area that had to be protected was 4 680 m’, which required
800 Core-Locs for both the breakwater and peninsula, with a total volume of
concrete of 5 000 m’. The equivalent solid concretc layer thickness, t was:

5000/4 680=1.068 m

The only displacements of Core-Locs in the model took place in shallow
areas under angular wave attack. This was especially the case at the root of the
peninsula where severe plunging breakers caused some displacements of toe units in
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cases where they were not interlocked with units behind them. Dolosse with a unit
mass of 15 t were also tested and showed the same instability along the toe as that
found with the Core-Locs. Since this problem only existed in shallow areas, it
would be possible to construct these areas carefully with toe units being visible at
low tides. A number of repeat tests were conducted to investigate the probability of
toe displacements. These tests confirmed good stability if toe units are placed with
reasonable care.

Comparison of Core-I ocs with dolosse

Although the focus of the model study was to confirm and refine the Core-
Loc design, some tests were conducted with dolosse that allow a comparison of the
two units. In general the stability of the two units, both with a mass of 15 t, was
good and appeared to be similar (a more rigorous testing program would be required
to allow a good estimate of the relative stability of the two units). Dolosse are
traditionally placed at a packing density of ¢=1 in South Africa which implies a 72
percent increase in both the volume of concrete and the number of units to be placed
relative to the Core-Locs (packing density of ¢=0.58). CERC (1984) indicates a
packing density of ¢=0.83 for dolosse, which would bring the 72 percent increase in
concrete down to 43 percent, but this is still a very large difference. The minimum
packing density that can be used for dolosse is probably $=0.8, which still implies a
38 percent saving if Core-Locs are used.

Due to the larger packing density of a dolos structure, it can withstand more
damage than lower packing densities, without exposing the rock under layers.
Another aspect that makes it difficult to directly compare the two units, is that a
dolos is more likely to break than a Core-Loc when being displaced by wave action.
Since a comparison of units with the same unit mass contains a certain degree of
subjectivity, the comparison was also done for equal volumes of concrete. In
Table 1, dolos options that have the same total volume of concrete are comparcd to
the 800 Core-Locs with a total volume of concrete of 5000 m®. Options with
equivalent volumes of concrete have the same equivalent solid concrete layer
thickness (Equation 1):

¢ D,=1.068 m

Using this relationship, dolos options with packing densities of 1.0, 0.83 and
0.8 are compared with the 15 t Core-Locs in Table 1.
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positioning of the ball very difficult so that surveys often took very long to
complete. This was especially frustrating when rising wave conditions made it
urgent to protect breakwater sections where under layers had been placed. Before
placement of Core-Locs could proceed, under layers had to be surveyed, plotted and
approved by the engineer.

When the breakwater reached the bend it appeared that some problem was
experienced with the positioning system since a number of Core-Locs were placed
too far seaward, resulting in units that were isolated from the rest of the slope. This
presented a problem since the isolated units could not interlock and were obviously
rolled during some of the storms, as revealed by diving inspections during periods
when underwater visibility was sufficient to evaluate the toe of the structure.

In some instances underwater inspections also revealed gaps between Core-
Locs that were outside the placing specification. To resolve a differences between
the Contractor and Engineer regarding these issues, an accurate survey of the
structure was undertaken. A survey system was specificaly made up for this
purpose that could measure accurately and quickly. It consisted of a measuring staff
that slid vertically within a pipe fixed to a crane. The pipe was fixed vertically so
that the horizontal position of the staff was always directly below the pipe. The
entire breakwater was surveyed in one day, with both the Engineer’s representative
and the Contractor’s site agent agreeing on each point that was measured.
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Figure 12. Design versus as built Core-Loc profiles

The survey results showed that some sections of the breakwater did not
conform to the contract specifications, Figure 12 shows 3 profiles spaced at 7m
intervals approximately 50 m from the breakwater head. In some instances the toe
Core-Loc was more than 3 m too far seaward. Areas were identified where remedial
work was required. This mainly entailed removal of toe units that were positioned
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