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Abstract

The newly completed fishing and recreational harbour at Port St Francis, on
the south-east coast of South Afvica, has a 220m outer rubble mound breakwater and
an inner revetment, both protected by Core-loc® armour units. This paper briefly
discusses the breakwater layout and armouring design, the effect of severe storm
conditions during construction, and the performance of the Core-loc armouring, as
based on the results of photographic monitoring, crane-and-ball profile surveys, visual
observations and diver surveys below water.

Introduction

The first prototype application of a Core-loc armoured breakwater was
constructed for the small craft harbour of Port St Francis, South Africain 1996/97. Port
St Francis is a small coastal town situated on the south-east coast of South Africa, on
the northern side of the Cape St Francis peninsula, adjacent to the Krom River estuary
(Figure 1). Inthe past the squid fishing industry has used the estuary for anchorage and
access to the sea. Using the unprotected river mouth for access to and from the sea is
dangerous and conditions are often unsafe resulting in accidents and loss of life and
fishing vessels. The dangerous conditions, together with the growth squid fishing
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industry and urban recreational developments highlighted the need to establish a small
craft harbour on the east coast to support the squid fishing industry as well as
recreational sport fishing and yachting. It was decided to construct a small craft harbour
at the Port St Francis condominium resort to serve these needs. Construction of the
harbour breakwater, marina and luxury resort facilities started in February 1996 and was
completed in November 1997. The port is the first privately developed small craft
harbour in South Africa.

The Core-loc armour unit was developed by the Waterways Experimental
Station, Coastal Engineering Research Center (CERC) in the United States of America
(Melby and Turk, 1994,1995). CERC participated inthe design, testing and monitoring
of the breakwater togethcr with the South African consulting engineers AR Wijnberg
Inc. Design and testing included full 3D model tests at a scale of 1:60 undertaken at the
laboratories of the CSIR in Stellenbosch, South Africa. Initial baseline and subsequent
breakwater surveys have been undertaken by the CSIR to monitor the performance of
concrete Core-loc armour units. The use of the South African developed dolos units
was also investigated, with the Core-loc units proving to be a more economic solution.
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Figure 1: Location of Port St Francis
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Figure 3: Cross section of the breakwater
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Figure 4: Layout of small craft harbour of Port St Francis -showing the positions
of the photo stations and crane and ball profile positions
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Sea Conditions

Although the bathymetry off the harbour causes depth limited wave conditions,
four near design storms were experienced during construction (i.e. when the breakwater
was uncapped and at +3,5m MSL working level). This resulted in overtopping and
breaching of the uncompleted breakwater. As a result several Core-loc units required
replacement and re-packing. One design storm has also been experienced after
completion of the construction of the breakwater and the first baseline survey in
October 1997. This caused little further damage to the well compacted (shaken down)
slope.

The initial Core-loc design was base on Mclby 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 Hudson K factor of 16, a unit mass of 15 t was selected as a preliminary design.
Further details of the design and construction of the breakwater see the ICCE ‘98 paper
“The First Core-loc Breakwater” by Holtzhausen.

Construction Problems

To ensure sound breakwater concrete armour protection, it is imperative that
good interlocking is achieved, especially when placing a single layer armouring system
such as with Core-loc. This is done by accurately placing the individual units on a
prescribed grid. This grid must be correct, right from the toe units which then form the
foundation for the upper rows to lock onto. On the main breakwater it was apparent
from diving surveys that some Core-loc were incorrectly placed seawards of the design
toe.

Unfortunately at Port St Francis, the extreme storms experienced during early
stages of construction also contributed to the displacement of many Core-loc units out
of their allocated positions. This gave rise to poor interlocking in some areas and
resulted in a non-uniform slope, especially on the bend of the breakwater. Additional
Core-loc units were needed to fill gaps in the armouring, sometimes resulting in a semi-
double layer. Up to 20 loose or damaged units were also removed from the toe and re-
used on the breakwater.

These problems experienced during the construction phase of the breakwater,
contributed to the majority of damage (displaced and broken Core-loc units) found on
the breakwater. During this phase the low crest (+3,5 m MSL) working level was
unprotected against wave overtopping, resulting in the displacement of a number of
units during the near design storms that wcre experienced before construction of the
mass-capping. During one of the storms, overtopping caused a breach of the core
material and the displacement of Core-loc units into the harbour. Most of these units
were recovered and re-packed on the front slope. Some grading problems with the
under-layer rock also caused an irregular profile. Figure 5 shows the breakwater,
revetment and marina still under construction.
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Figure 8: Main Breakwater crane and ball survey - stations 1 to 5
Diving Inspection

A diving inspection was undertaken by a diver in the water and one assistant on
the breakwater to record the position and state of the underwater part of the breakwater.
The diver swam along the toe of the main breakwater from the inner roundhead, along
the outer slope to the root. The inner revetment was not included in the diving survey,
as the toe was mostly exposed during low spring tide, and could be monitored by the
aerial photographic survey.

Poor visibility reduced the effectiveness of the main breakwater diving survey to
counting broken units and recording those units which had moved away froni the
breakwater toe. The latter were no longer interlocked with the rest of the armour slope,
and therefor not contributing to the stability of the structure. Some of these units,
displaced by the storm, were recovered and re-used higher up the slope. The diving
inspection also confirmed the buildup of sand along the toe which had completely
covered the rock berm and the first row of Core-loc. This buildup occurred within the
fist year after completion of the breakwater.

The diving inspection also revealed the importance of the manner in which the firstrow
of Core-locs are placed behind the toe berm. Where good toe placement was achieved,
such as on the revetment, it provided a stable foundation on which to build the rest of
the slope. Areas where the toe units were loose, the armour slope had become flattened
(e.g. storm damage around the bend in the main breakwater) resulted in looser packing
and poorer interlocking of the Core-loc above. The slope of the revetment was inore
uniform with each row of Core-loc anchored by the row above, resulting in a strong
well interlocked slope (Figure 9).
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Of the total 800 Core-loc used for the breakwater and the revetment, a total of
35 units were damaged during the construction of the harbour, ie. before the baseline
survey. The majority of the damaged units being on the main breakwater (30 on the
breakwater and 5 on the revetment). The reasons for the high construction damage have
been discussed above.

A follow-up aerial photographic survey done in May 1998, showed very little
further damagc to the breakwater (and no further damage to the revetment), despite
the occurrence of another near-design storm after the baseline survey. Only 3 Core-loc
units were recorded as new damage resulting from extreme storm conditions between
October 1997 and May 1998. Two of the previously damaged units, which were
already weakened, were found to have broken further. This low damage figure
represents the true performance ofthe new Core-loc breakwater, excluding the problems
experienced during construction.

It was however felt that it would be useful to classify the different types of
breaks which took place during construction (see Figure 11). These were identified for
each damaged Core-loc unit and totals were calculated accordingly. The percentages
of the various breakage categories is indicated in the table below:

Breakage Type (during construction) % Breakage
H-tip breaks (one tip only) = 5% wt. Loss 61%
Double H-tip breaks = 10% wt. Loss 5%
Nose-tip breaks = 5% wt. Loss 13%
Middle breaks (unit broken in half) 13%
Multiple breaks (more than 2 pieces) 8%

Of the breakage that did occur, 13% were located towards the top of the
breakwater slope, 47% in the middle and 40% at the bottom. Some of these broken
units were however re-used during remedial work and are no longer located at the
position where they were originally damaged. Large Core-loc movements (> 3H, where
H is the height of a Core-loc unit) wcre recorded without breakage, especially at the
section that was breached during the construction phase. Breakages that were noted at
the breached section may have resulted from the tumbling that occurred as a result of
the erosion of the lee side of the breakwater. Several Core-locs displayed signs of
impact (spalling) without breakage.

It is important to note that the units that experienced the H-tip and double H-tip
breakages still retain 90% of their original weight allowing them to adequately provide
the necessary protection. Furthermore, the majority ofthese units still appear to be well
interlocked with the surrounding units. Other types of breakages recorded may also
have occurred as a result of poor quality control during the making and placing of the
units in the construction phase.
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Figure 8 gives an example of the results of the “crane and ball” survey. Included
on the figure is a plot of the design slope. The “S” shape damage apparent in the cross-
sections nearest the bend in the breakwater was most likely caused by breaching during
storm conditions and by poor placement.

H-tip break Double H-tip break
¢
{
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Nose-tip break Middle break

Figure 11: Types of breakages of Core-loc unit

Some loose Core-locs were found in front of the rock toe of the breakwater
during the diving inspection. These units were mostly placed too far seawards of the
designed position of the toe, but were also subject to displacement due to poor
interlocking. The interlocking also appears to be less effective where the slope of the
toe is flatter. Most loose Core-locs were recovered and re-used on the breakwater -
where a toe unit could be removed without affecting the stability of the slope, it was re-
used elsewhere on the slope. This accounted for up to 15 of the damaged units. Since
the baseline survey it was also evident that sand has built up along the main breakwater
toe, thus making it more stable and resulting in reduced wave heights

The toe of the revetment showed no displacement damage compared to the
breakwater. This was due to better placing allowing for the effective interlocking
achieved for most of these units.
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Conclusions

. The Core-loc breakwater armour unit, as used for the first time at Port St
Francis, has proved successful, despite some difficulties during construction.
. Excluding the damage recorded during the breakwater construction, the damage

recorded by a follow-up survey was 3 broken units, which is less than 0,5% of
the total of 800 units, despite the occurrence of further design storm sea
conditions.

. Minimal as-built damage was found on the revetment, and no additional damage
was recorded by the follow-up survey. This was no doubt due to the good
packing and interlocking achieved on this part of the protection structure.

. CERC research showing improved structural stability (over other slender units)
has proved itself in the field, with less breakage under extreme conditions. This
allows recovery and re-use of displaced units (> 3H displacement recorded
without breakage).

. Despite the high damage during construction, almost 80% of the total number
of breaks consisted of either single “H-tip” fluke breaks, “nose-tip” breaks or
double “H-tip” breaks, which still leaves 90% of the original unit weight
allowing the units to remain well interlocked and functional. This will reduce
the maintenance required during the lifetime of the structure.

. Good interlocking (as achieved on the revetment) is especially important for
single layer armour units such as Core-loc. A well placed toe and a uniform
slope are essential to achieve this, as is accurate placement of the armour units
on a pre-determined grid.

. The stability of the toe units is especially important for a “shallow water”
breakwater, such as is the case at Port St Francis, where the waves break directly
onto the toe of the structure.
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