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Experience at a number of Australian loading terminals has provided
good information on the Timiting wave conditions which cause loading
operations to cease. For unloading terminals there is no information
available world-wide, but enquiries made of a number of operators
and equipment manufacturers suggest the figures in TABLE 1.

TABLE 1
Wave direction relative Limiting Wave Height (metres)
to ship heading
Loading Unloading
0 2.5 1
45 1 0.5

There are of course many other factors affecting the limiting condi-
tions for safe operation (e.g. wave period, wind, ship size and inertia
characteristics).

A full analysis would include all these factors, but the authors
believe that a good first approximation to the berth availability
equates with the amount of time each year that the waves fall into the
categories shown in TABLE 1.

At offshore loading terminals so far constructed in Australia (1980)
sufficient berth availability has been obtained without using a
breakwater, Availability is normally required in the range 90-95%,
but in some circumstances (e.g. low annual throughput tonnage) much
less may be quite satisfactory. In periods of unavailability, the berth
is shut down and if there is a ship in port it is taken off and
anchored in deep water awaiting favourable weather. This type of
off-shore terminal operation differs from the usual concept of all-
weather port operations and must be understood in the context of this
paper.

The planner of an unloading terminal is much less likely to find
adequate berth availability if the berth 1is unprotected by a break-
water. FIGS 2, 3 & 3a show a typical wave climate such as the authors
found at a proposed terminal site in the Mediterranean. If no break-
water is provided, the availability of an unloading terminal would
correspond to the wave conditions shown in the last column of TABLE 1.
Thus FIG 2 suggests an availability of 65%. However, FIG 2 represents
the average of 13 years wave recordings and the authors wish to draw
attention to the dangers of basing terminal planning on average statis-
tics.
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FIG 3 shows the same figures broken down into winter and summer for
each of the 13 years separately. This shows that in a bad winter (such
as 1961) availability would be only 42%. FIG 3a shows the 1961 winter
figures broken down into wave directions, and again using the criteria
of TABLE 1, it can be seen that the availability is reduced to 30%.

In these circumstances, a high annual throughput installation would
not be feasible with a single unprotected berth. Even a two-berth
installation, whilst™ providing in theory sufficient unloading time,
would be subject to long shut-down periods of both berths simultane-
ously. Accordingly, the authors believe that a single berth protected
by a breakwater is the preferred solution.

The layout shown in FIG 1 is consequently the subject of this paper.
It will be seen from FIG 3 that if the breakwater is capable of
attenuating 4 metre incident waves to 1 metre at the berth, there will
be 90% availability even in the worst recorded winter period. (As
stated earlier, the variation of incident wave direction does not
significantly affect a breakwater protected terminal).

Such an installation would be operated in the same way as the existing
unprotected loading terminals in Australia - i.e. when the sea condi-
tions prevent operations, a ship in berth would be taken off and
anchored in deep water to await favourable weather.

DESIGN & CONSTRUCTION CONSIDERATIONS

New style offshore terminals satisfying the aforementioned availability
requirements give rise to design and construction problems which
necessitate further research.

The proposed offshore terminal differs from traditional concepts in
two important ways.

1. The breakwater 1is not required to provide a safe anchorage
on its lee side for 100% of the time, but only when the
incident waves are 4 metres high or less. Operation of the
terminal is not required when waves greater than 4 metres
are allowed to overtop. This concept is termed a "limited
availability breakwater®.

2. The breakwater is an island structure, and this raises
construction problems which have a profound effect on the
design concept.

The required island breakwater is in fact connected to the shore by
a piled trestle. For operational purposes, this trestle carries one or
more conveyor belts and a roadway. Thus it may be argued that this
trestle can be built first and used for access by trucks to contruct
a conventional rubble mound breakwater by end-over-end tipping.
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However, in practice this is un-economic for two reasons. Firstly
it requires an unacceptably Tlong time to construct the trestle and
breakwater sequentially. Secondly the roadway on the trestle would
have to be strengthened significantly above the standard required
for operation of the berth.

The fundamental economics of construction dictate that the break-
water must be constructed as an offshore operation, without use .of
the trestle for construction access. An offshore operation is defined
by the authors as an operation in exposed waters with no access during

. construction other than by boats or helicopters. This requires the use
of floating construction equipment and daily use of barges, tugs and
other vessels for the transfer of men and equipment. These activities
cannot generally be carried out safely when the waves exceed about 1
metre. Thus it can be seen that in a typical situation such as shown in
FIGS 2 and 3, there may be an average of 35% downtime, with a maximum
of 58% 1in a bad winter and a minimum of 16% in a good summer. These
figures are not untypical of previous experience in the construction of
offshore loading terminals (Ref.l).

Weather down-time in an offshore operation is very costly because
it shuts down the entire construction establishment, which after each
shut-down requires some time to restart. Furthermore, the wide vari-
ability of shut-down time from 16% to 58% makes effective planning
of the operation very difficult.

In offshore operations such as construction of the North Sea oil
platforms, these problems are so obvious that there is no economic
alternative to total onshore pre-fabrication of the structure follow-
ed by very rapid offshore installation. The whole purpose of this
concept is to reduce the required offshore working time to a minimum by
making maximum use of onshore pre-fabrication.

The type of offshore terminal shown in FIG 1 shares the same problems.
Instead of being 100km or more from the shore 1like an o0il platform,
it is only 2km. Therefore whilst it becomes feasible to adopt "conven-
tional" construction such as would be used for the same structure if it
were in sheltered waters, the authors believe that maximum onshore
pre-fabrication is economically essential. In the context of a break-
water this means caissons. The "conventional" alternative of a rubble
mound requires the piecemeal offshore construction of both the break-
water and a complete separate berth structure.

A number of eminent authorities have pointed out the disadvantages
of caisson breakwaters (Ref. 2). It is the primary purpose of this
paper to draw attention to the construction advantages of pre-fabric-
ated caissons for the particular case of a detached bulk unloading
terminal, and the consequent necessity to develop design criteria
which adequately overcome -the various objections to caissons. In the
authors' opinion, the disadvantages of caisson breakwaters apply
almost entirely to vertical wall fully reflecting structures. Caissons
do not need to be fully reflecting or to have vertical walls.
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Previously published word has suggested the concept shown in FIG 5
for the type of terminal shown in FIG 1. The Danish Hydraulic Institute
(Ref 5) have recognised the advantages of an overtopping breakwater but
suggested that a high reflecting wall, as shown fn FIG 5, is necessary
in cases where equipment is mounted on the caisson.

However, the maximum design wave load on the caisson depicted in
FIG 5 can be shown to be 2 or 3 times that on a sloping face over-
topping caisson, and furthermore it suffers all the other disadvant-
ages of vertical wall structures, such as scour at the base.

Accordingly, the authors have developed the concept shown in FIGS
4a & 4b. This meets all the operational availability requirements
discussed earlier. Incident waves up to 4 metres high are diffracted
round the ends but do not overtop, creating safe conditions for un-
loading. Waves higher than 4 metres pass over the caissons but under
the elevated plant deck. Under these circumstances the berth is shut
down and ships taken off to await favourable weather.

The concept is based on the type of breakwater developed by the
Danish Hydraulic Institute (Ref 5) but goes a step further by mounting
the berth structure on an elevated deck. This retains all the advan-
tages of a sloping face overtopping caisson without endangering the
equipment.

The Danish Hydraulic Institute's published work (Ref 5) also draws
attention to the fact that much of the advantage of a sloping face
breakwater is lost when the tide level falls below the bottom of the
sloping section.

The authors consider that from the construction point of view it
is not essential to extend the vertical wall up to still water level.
Accordingly, it is proposed to include in the research program the
concept shown in FIG 6, with the slope extended below low tide level.
Such a caisson would require temporary buoyancy tanks to assist flot-
ation and installation. Its potential advantages are further reduction
of the maximum wave load on the caisson, and reduced scour.

The paper so far has discussed operational and constructional require-
ments and demonstrated that these factors combine to create a need for
research to establish suitable design criteria for the concept shown in
FIGS 4 & 6.

The next part of the paper discusses the requirements of the research
program proposed by the authors.

PROPOSED RESEARCH AND DEVELOPMENT

The proposed island breakwater concept (see FIGS 4 & 6) has to meet
three principal design criteria:

(i) its geometry must ensure that the wave climate at the
berth  behind the breakwater provides the required
percentage time availability for unloading, i.e. it must
have the specified atteruation factor.
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(ii)  the breakwater must have an adequate factor of safety
against a stability failure commensurate with the risk to
personnel and unloading equipment.

(iii) the breakwater geometry should minimise the "up throw"
of overtopping waves in order to limit the require deck
elevation.

These three criteria require opposing solutions with respect to the
breakwater's height and seaward wall geometry, and hence a compromise
design must be selected. In general terms a profile which minimises
the loads on the structure will also create more overtopping.

Breakwater Stability

The basic requirement of the breakwater stability design comprise:

(a) provision of the required factors of safety against sliding
and overturning of the breakwater when subjected to the
maximum design wave.

(b) prevention of scour at the base such that the foundations
are not progressively undermined.

The authors consider that ideally the factor of safety against an
overturning failure or base failure, which would have catastrophic
consequences for the installation, should be significantly higher
than that against sliding. A slide of a few centimetres need not be
classed as irrepairable damage as it can be rectified by adjustments
to the rails carrying the ship unloading equipment. It is of interest
to note that most of the documented caisson breakwater failures have
in fact involved slides (Ref 3).

Effect of Breakwater Profile with Respect to Stability

If a vertical wall caisson is first considered the wave forces can, as
expected, be significantly decreased by allowing the higher waves to
overtop instead of totally reflecting them. The graphs in FIG 7 were
derived using the MICHE-RUNDGREN theory with the approximations dis-
cussed in Refs. 3 & 4. Both the horizontal force and the overturning
moment are lower for the overtopping structure. More importantly, the
rate of increase of moment with respect to wave height, is signifi-
cantly reduced. Hence, the overtopping breakater is considerably Tless
sensitive to an unforseen increase in the design wave height.

These points are also demonstrated by previous model test results
(Ref 5) particularly as the wave conditions approach breaking.

It is possible to further reduce the wave forces and scour erosion
of the overtopping breakwater by providing an inclined face to the
seaward wall.
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