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Abstract: The objective of this study is to investigate the wave run-up, run-down characteristics of berm breakwater
using concrete cube as artificial armour unit with reduced weight of the armour. The experiments are conducted
under following conditions, berm widths 0.3m and 0.45m, water depths ranging from 0.35m to 0.45m, breakwater
slope 1:1.5. Reduced weights (25% & 50%) of armour unit are used in berm breakwater. From the experimental
study it is found that the wave run-up is more for longer period waves in comparison with the shorter period waves.
It is found that berm width has a great influence on wave run-up and wave run-down and is found to decrease with
the increase in berm width. Dimensionless wave run-up varied from 0.52 - 1.85. Dimensionless wave run-down

varied from 0.45 - 1.35.
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Introduction:

The conventional rubble mound breakwaters needs very
big size stones in large quantities. The berm breakwater
has been adopted at several places as an economic
solution when large cover blocks of natural stones are
not available. Priest et al. (1964), Brunn and
Johannesson (1976), and Ergin et al. (1989), showed
that S-shaped rubble mound breakwaters (berm
breakwaters) are more stable than conventional
breakwaters under certain conditions. Subba Rao et al.
(2008) conducted a series of experiments to study the
stability of non-reshaped berm breakwaters. They found
that the slope of breakwater has much influence on
wave run-up and with the change of slope from 1:1.5 to
1:2 the run-up was reduced by 36%. Also with the
increase in wave steepness, the wave run-up was found
to decrease. The run-down was found to be more
significant than the run-up when SWL was above the
berm and run-down was less than run-up when SWL
was below the berm (Subba Rao et al., (2006)).
Pilarczyk (1990) found that run-up on slope decreases
with increasing artificial berm width and the reduction
rapidly falls off once a certain minimum width is
exceeded : for B > 0.25L, for non breaking waves and
for B > 4H;, for strong breaking waves i.e. for H/L, >
0.03. In the present paper wave run-up and run-down
studies have been done for different wave parameters.

Details of Experimental Work:

The present work involves an experimental study on the
influence of change in different wave parameters and

storm duration on the wave run-up and run-down of the
berm breakwater. Weight of armour unit used for berm
breakwater and conventional breakwater are calculated
using Hudson equation (CEM 2006) for a design wave
height of 0.1m and are 106gm and 79.5gm respectively.
The seaward slope of berm breakwater and conventional
breakwater are 1:1.5 and 1:2 respectively. Fig. 1 shows
the sectional elevation of the berm breakwater model
studied. Geometrically similar scale of 1:30 is selected
for the present investigation. In the present model, the
primary layer is divided into three zones crest ward
slope, berm and toe ward slope, and the units in these
regions are coloured as white, red and grey respectively.

The armour weight obtained using Hudson equation for
berm breakwater is reduced 50% for model A and 25%
for model B; their weights corresponding to the
reduction are 79.5gm and 53gm respectively. The
armour layer thickness is calculated using layer
coefficient as explained in the CEM (2006). A crest
width of 0.15m or a minimum of three cubes width is
provided. The model characteristics are given in Table 1.
Table 2 gives the range of experimental variables
considered for the study.

Wave Flume:

Experiments were conducted by generating regular
waves in a two-dimensional wave flume 50m X 0.71m
X 1.1m as shown in Fig. 2. The ranges of wave height
and periods that can be generated in this wave flume are
0.02m to 0.24m and 0.8s to 4s, respectively. The flume
is provided with bottom hinged flap type wave
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generator. It has a smooth concrete bed for length of
42m. The wave generating chamber is 6m in length.
Gradual transition is provided between the normal
flume bed level and that of generating chamber by a
ramp. The wave filter consists of a series of vertical
asbestos cement sheets spaced at about 0.1m centre-to-
centre parallel to the length of the flume. The far end of
the flume has a wave absorbing beach with 1:12 slope
consisting of rubble stones. Therefore, wave reflection
in the flume is insignificant.

Wave run-up and Wave Run-Down:

Wave run-up is the phenomenon in which an incoming
wave crest runs up along the slope up to a level that may
be higher than the original wave crest. The vertical
distance between still water level SWL and the highest
point reached by the wave tongue is called the run-up
(Fig. 3). Similarly wave run-down is the vertical lower
level reached by backwash of a wave on a coastal
structure (Fig. 3).

Results and Discussions:
Effect of Water Depth on Wave Run-Up:

The variation of Wave Run-up (R,/H,) with Wave
Steepness (H,/L,) for different water depths is shown in
Fig. 4. It is seen that for both the models there is
decrease in wave run-up with the increase in wave
steepness. The wave run-up for model A ranges from
0.94 to 1.79 and for model B it varies from 0.52 to 0.99.
From the graph it can be noticed that run-up for model
A is high compared to model B. Also it can be noticed
that the decreasing trend in model A is steep compared
to model B. This may be due to the shorter berm in
model A as compared to model B. The reduction in run-
up is 46% in model B when compared with model A.

Effect of Water Depth on Wave Run-Down:

The variation of Wave Run-down (Ry/H,) with Wave
Steepness (H,/L,) for different water depths is shown in
Fig. 5. It is seen that for both the models there is
decrease in wave run-down with the increase in wave
steepness. For model A wave run-down varies from
0.84 to 1.24 and for model B it varies from 0.45 to 0.81.
It is seen from the graph that variation of run-down is
gradual decrease with the increase in steepness. The
run-down is low for model B than model A. The
reduction in run-down is 50% with model B when
compared to model A. The reduction may be due to the
presence of longer berm in model B than model A.

Comparison of Wave Run-Up and Run-Down with
Conventional Rubble Mound Breakwater:

From the graphs of wave run-up and run-down it can be
observed that the run-up and run-down has decreased
considerably in case of berm breakwater models when

compared to conventional breakwater. The reduction is
due to the presence of berm in berm breakwater model.
There is 15.19% and 35.91% reduction in run-up for
model A & model B compared to conventional
breakwater respectively and 23.81% reduction in run-
down for model B compared to conventional
breakwater. The wave run-down is 14.17% high for
model A when compared to conventional breakwater.
This may be because of smaller weight armour units
undergoing a large reshaping, which results in increased
down rush of water.

Conclusions:
The following conclusions are deduced from this study:

e As deep water wave steepness increases, wave run-
up (Ry/H,) decreases for all the variables considered in
the present study. (R,/H,) ranges from 0.52 to 1.79.

e The wave run-down (Ry/H,) decreases as deep
water wave steepness increases, for all the variables
considered in the present study (Ry/H,) vary from 0.45
to 1.24.

e From the study it can be concluded that berm length
has effect on wave run-up and wave run-down. With the
increase in berm length both wave run-up and run-down
reduces.

e The run-up and run-down values are reduced by
35.91% and 23.80% due to the presence of berm when
compared model B with conventional rubble mound
breakwater.

e The run-up and run-down values are reduced by
15.19% and 9.44% when compared model A with
conventional rubble mound breakwater.
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Table 1: Model Characteristics

Model A Model B
Armour Weight 55.65 gm 79.5 gm
Thickness of armour layer 0.063 m 0.105 m
Size of the armour unit (D,s) 0.0285 m 0.0325 m
Berm Width (B) 0.30 m 0.45m
Position of berm from sea bed 0.45m 0.425m

Table 2: Range of Experimental Variables

Variable Expression | Range
Wave height H 0.10,0.12,0.14,0.16m
Wave period T 1.6,2.0 & 2.6 sec
Storm duration N 3000 waves
Angle of wave attack ] 90°
Water depth D 0.35,0.40, 0.45m
Primary armour layer thickness t, 0.1047m
Secondary armour layer thickness | t, 0.0490m
Shape of the armour unit - Cube
Slope - 1:1.5
0.15m
+0.175m
Primary Layer

Secondary Layer

Figure 1: Cross-Section of Berm Breakwater Model
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Figure 2: Details of Experimental Setup
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Figure 4: Variation of Wave Run-up with Wave Steepness
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Figure 5: Variation of Wave Run-down with Wave Steepness
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