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Dematk is located on the north coast of Java, precisely in Central Java Province, Indonesia
which has many problems related to erosion and shoreline degradation. This study attempts
to analyze, identify, and select the materials to build eco-friendly permeable breakwater in
Demak. The research was conducted during 2014, consist of several activities, i.e. identified
the condition of breakwaters position, materials, and construction, did literature study of
identification type breakwaters, study area, sediment, chemical reaction, then reverse
design and modification for eco-friendly permeable breakwater. The result is a design of
eco-friendly permeable breakwater which used a material of PVC pipe and Bamboo. PVC
has excellent chemical resistance, also will increase sedimentation process and accelerate
coastal changes towards the sea. Effectiveness level of breakwater made from combination
of tire and PVC was 62%, and reveal to be more economical than other general-purpose

plastics such as PE, PP, or PS.

1. Introduction

Demak is located on the north coast of Java, exactly in Central
Java Province, Indonesia that interesting to observed [1][2]. This
area has many problems related to erosion and shoreline
degradation [3]. Coastal abrasion in the north coast of Java is
mainly influenced by ocean dynamics, like wave action, long
shore current, and sea level rise also land susidance that caused
erosion [4]. It would affect to shoreline line, and dangerous for
community live in surrounding area.

Many attempts have been made to build breakwaters and plant
mangrove to decrease abrasion. In 2014, Indonesian Ministry of
Marine and Fisheries built breakwater using hybrid nature
concept, this building can control hydrodynamics and
deformation of wave energy. However, it was not effective to
reduce wave energy, and sediment was not trapped inside
perfectly [5][6]. Another problem was the evidence of wood
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boring community which attack the bamboo pole used.
Woodborers bore into wood not only for shelter but often also for
nourishment [7]. This study attempts to analyse, identify, and plan
the materials to build an eco-friendly permeable breakwater in
Demak Coast.

2. Literature Study
2.1. Study Area

Indonesia is a maritime country which has 13,487 islands;
3°257°483 km? water area, and 95,181 km? coastline [8]. Demak
is one of the coastal areas, direct facing Java Sea. This research
was conducted in Timbulsloko Village, Demak. This aims of
research was to identify the condition of breakwaters position,
materials, and construction.

Java Sea Wave has a uniqueness that is generated by the wind
that is bounded by the islands of Java, Sumatra, Kalimantan and
the Sulawesi Islands [8]. Demak has many problems related to
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erosion and shoreline changing [9]. The changing of coastal area
is because the soil type of Demak is alluvial which is susceptible
to coastal erosion process [2]. Provincial Development Planning
Agency (Bappeda) reported that in 2007 Central Java Province
faced coastal mangrove degradation, and the result of the study,
in 2014 the ground cover vegetation of coastal mangrove was only
5.381,15 ha [10].
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Figure 2: Problem face by materials of breakwaters (source : research study in
2014).

2.2. Coastal Stucture Type

Several types of coastal structure be important role to prevent
coastal morpho-dynamycs. Proper layouts of coastal structures
can lead to less intense sand transport near the beach [11]. Some
types of coastal buildings are revetment, groin, jetty and reduce
wave energy [12]. These buildings have several roles and
functions. Revetment buildings are built on shorelines were used
to protect beaches directly from wave attacks. Groins are building
jutting from the beach into the sea used to capture or restrain
movement of sediment along the coast, so the sediment transport
along the coast is reduced. Groynes are protective structures, but,
on the contrary, they may induce local strong flow around the
head zone [12]. Jetty is a perpendicular building of coastline that
is placed on both sides of the river mouth [11]. Setting of jetty
construction can impact the longshore transport [13]. The third
group is the breakwater (breakwater), which consists of 2 types,
they are offshore and on-shore breakwaters [14] [15]. Waves
break on these nearshore bars can reduce the level of wave energy
[16]. Breakwaters protect shorelines from beach erosion and
lessen the impacts on water quality and landscape [17]. Offshore
WWww.astesj.com

breakwater widely used as coastal protection against erosion by
destroying the wave energy before it reaches the shore while the
breakwater connecting the beach used to protect the waters of the
port from wave disturbances, so that the ships can be docked [11]
[18].

2.3. Wave Breaker Stucture

The main characteristic of a wave-permeable breakwater is that a
wave can move through the breakwater without changing its
profile, while wave diffraction is not dependent on whether the
structure is permeable or not [19] [20] [21].Wave energy can
induce sediment transport and shoreline changes [22] and also
implication of breakwater orientation can be designed or altered
to sediment transport in a desired direction [23]. Those sometimes
constructed as countermeasures against beach erosion where the
availability of sediments for nourishment is limited [24]. The
construction of breakwater influenced by wave energy and
sediment transport patterns of the study area [25].

The effectiveness of structure type to reduce wave energy is
influenced by the geometric shape and configuration of the
breakwater placement, as well as the water depth, height and wave
period. The length of the breakwater and its distance from the
shoreline determines the shoreline and sediment changes
collected behind the breakwater structure concerned. There are
some type of wave breaking structures as presented in Tabel 1.

2.4. Phytoplankton, Benthic Organism and Boring Community

To get phytoplankton samples, researches used plankton net
for phytoplankton with 100 um nets and 20 cm holes placed
behind the boat and pulled with 10 m long nylon ropes for 10
minutes. The distance traveled is about 500 m and the volume of
filtered seawater for each transport of plankton is 350 m>.

Then the sample is transported and taken to a laboratory where
it is arranged in 5% buffered formalin. Researchers use a
hemocytometer under a compound microscope to count and
identify phytoplankton cells. The van veen grab sampler is used
to collect samples of benthos, the assemblage of organisms
inhabiting the seafloor. The benthos in the sediment samples
recovered after sieving through 0.5 mm mesh sieve and preserved
with 10% formalin mixed with rose-bengale was brought to the
laboratory in polythene bags.

Sediment with benthos were transferred to a large, white-
bottomed tray, and the animals were hand sorted in laboratory.
After this preliminary examination, the whole sample was treated
with 70% alcohol and kept for further analysis.

Phyto-plankton in Demak coast were found consisted of two
classes, i.e. Bacillariophyceac and Dinophyceae. Nine teen
phytoplankton species (80 %) from Bacillariophyceae class were
Amphipora, sp., Amphora, sp., Bacteriastrum sp., Biddulphia sp.,
Chaetoceros sp., Corethron sp., Coscinodiscus sp., Eucampia sp.,
Fragilaria sp., Leptocylindrus, sp., Melosira, sp., Navicula sp.,
Nitzschia sp., Pelagothrix sp., Pleurosigma sp., Rhizosolenia sp.,
Skeletonema sp., Thallassiotrix sp., Triceratium sp and dominated
by Pleurosigma sp. Dinophyceae phytoplankton found in the
study area were Peridium sp., Ceratium sp., Dinophysis sp. and
Diploneis sp.
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Table 1: Some types of wave breaking structures and their disavantages and advantages.

Types

Disadvantages

Advantages

Type of box-
concrete (concrete
cube)

Wooden Building
Type

Tires combined
PVC

Requires a lot of large stone (rock weight more
than 300 kg per grain) in large quantities.
Needs a strong foundation for the sludge.
Cheaper cost

The poles are not tight enough to withstand the
incoming waves.

Will only be effective and work well for the
following coastal conditions: (1) wave height,
H <3.0 m and wave period T = 4-8 seconds;
(2) current velocity V <0.5 m/s; (3) tidal
range <1.1 m; (4) coastal slope (slope) 0,1%
<tan 0 <0,5%; (5) water depth <2 m; And a

From the technical point of view is very
effective as wave energy damper.
Concrete cube have different gravity of
about 2.4 times of the water weight or
about 2.4 tons for 1 m3 of concrete.

In terms of data execution, easy in
structuring.

Can reduce the rate of coastal erosion
and catch sediment in protected areas.

Will encourage the sedimentation
process and accelerate coastal changes
towards the sea.

Level of breakwatereffectiveness of
combined tire and PVC type is 62%.
More economical

sediment diameter of 0.20 mm <D50 <0.30

mm.

- PVC and tires have weaknesses because the

materials used more quickly brittle.

4. Concrete Buis Type - Less environmentally friendly

5. Bamboo Combined -
Tires Type

6. Brushwood dam / -
Permeable dam /
Hybrid engineering
type

- Concrete material is stronger, durable
and not easily damaged due to wind
conditions and waves that occur.

- Effectiveness level of Concrete Buis
type is 85%.

- Ease of self-help by community and non-
government organizations.

- Low cost.

- Ease in obtaining material.

- Allows to capture maximum sediment
and minimize abrasion strength.

- Reduces wave energy and does not
reflect waves.

- Creating a calm water condition for mud
sediment.

- No need for cross section or grounding
as in breakwater combined bamboo tire

type.

The analysis shows that benthic organisms found in all study
area mostly polycaheta (95%) consist of 8-21 species and 5% of
bivalve and crustacean. Polychaetes have an important role in the
function of benthic communities, in terms of recycling and
reworking benthic sediments, bioturbation sediments and in the
burial of organic matter. Polychaetes are abundant in most marine
and estuary environments, both in terms of numbers of individuals
and species. [26]. Polychaetes, by their burrowing and feeding
activity, may considerably enhance various sedimentary
processes. This benthic community take a great advantage from
sedimentation as the impact of breakwater contruction.

The bamboo and wood materials used as material construction
were found attacked by boring organism Barnea cf. candida
(Figure 1) which is one of the most abundant and diversified of
modern pholadid bivalves [27]. The colour of this boring bivalves
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were white, periostracum yellowish or light brown with inner
surfaces white. Their shell were thin and brittle, elongate-oval,
shaped rather like a date; anterior and posterior margins rounded,
gaping posteriorly. Sculpture of corrugated concentric ridges and
radiating lines, developed as sharp tubercles where they intersect,
most pronounced anteriorly. They are filter—feeders and bore into
inorganic and organic substrates of variable hardness and,
occasionally, into waterlogged and decayed wood [27]. The
diverse and abundance of phytoplankton in the study area provide
excellent food the the bivalves so that Barnea cf. candida were
found very dense (15-21 indv./10 ¢cm?) and caused the wood
broken. The bamboo was also heavily attached by oysters
(Crassostrea sp.) so the bamboo become weak and broken.
Pholads such as Barnea sp. are particularly aggressive in tropical
waters and causing extensive damage to wood[28].
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Marine borers are wood boring invertebrates and other hard
objects in the sea and brackish waters (as their habitat and
foraging). Its nature that drills wood will cause damage to the
wood structure and reduce the strength of the wood, and
crustacean borers including multiple species commonly known as
gribbles Goodell 2000 [29] [28]. Both shipworms and gribbles
attack the wood piles for shelter and, at least in the case of
shipworms, wood can also be digested through the aid of
microbial symbionts [30] to supplement filter feeding nutrition.

2.5. Phytoplankton, Benthic Organism and Boring Community

Chemical reaction happen in breakwater inside materials
construction which is sank in water. In study area a water has
characteristics of salt water (55% Cl , 4% Mg, 8% SOs, 31%
Natrium, Ca, etc), this shows good for phytoplankton growth.

There were several breakwater type such as tires-bambo
combination (Figure 3), Bamboo and Concrete Buis Type (Figure
5). Waste tyres contain a carbon (84,10%), oxygen (10,36%),
sulfur (0,48%), silicon (0,07%), and Zn (5,04%). Carbon inside in
waste tyres will produce more CO, and it will make acid
condition in aquatic :

2 NaCl + CO; + H,O — 2HCI + NayCOs
Salt + Carbon dioxide + Water—Acid + Metal Cabonates

In the location where the Concrete Buis Type was used as
breakwater, it showed more effective as wave energy reducer.
Concrete materials have 2.4 times of the water weight or about 2.4
tons for 1 m® of concrete. Concrete material is stronger, durable
and not easily damaged by wind and waves [31][4]. However this
type is less-environmental-friendly because produce heavy metals
such as Pb, Ag, and Cr.

Pb, Ag, and Cr

Cl 0O
N

0:

cl o
bl

0. Cl

bl

/UH\
1/20,+H.0+ 2 2220H

Fe=Fe' " +2e

Figure 4 Chemical reaction inside concrete buis type.

10 elements were selected: barium, strontium, cadmium,
chromium, cobalt, copper, manganese, nickel, vanadium, and
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mercury for further investigation. Some of these metals, Cd, Cr,
Ni and Hg, are known as poisons or are suspected carcinogens.
Metal air emissions are the biggest concern because of the health
risks resulting from this release. Several studies in cement have
tried to study the fate and distribution of metals found in waste
fuels. The amount of mercury transferred to the clinker or cement
is difficult to determine because of the high volatility.

r

Figure 5: Breakwater of concrete buis type built on 2012.

2.6. Phytoplankton, Benthic Organism and Boring Community

Indonesia has two characteristics season depend on the rainfall.
There are four condition regularly happened which were known
as northwest-northeast monsoon, first transitional season,
southeast-southwest monsoon and the second transitional season.
The differences of wave length and wave height are influenced by
seasonal variation. Characteristics of waves study is very
important because it deal with the strength of wave.

Research report by Ismanto et al [9] stated that the sediment
concentration distribution model results in Figure 3. Seen from
tides scenario that the highest flood tide (Figure 6a) change the
concentration of sediment dominant with a distance of 6 km from
the source of pollutants where sediment concentration values
ranging between 0,015 - 0,045 kg/m>. While the condition of the
lowest tide ebb sediment concentrations scattered small enough
dominance in which the value of sediment concentration ranges
beetween 0,01 -0,03 kg/m?® with a distance of 3 km distribution
(Figure 6b). This sediment transport patterns affected by the tidal
patterns, where the pattern of sediment transport and the direction
of ocean currents towards to near the shore in accordance with the
conditions of simulated at high tide. According to Gyr and Hoyer
[11] sediment transport patterns are not only influenced by the
mass of water flow patterns but also depend on monsoon different
wind conditions. The simulation shows that the distribution of
sediment is quite small because of the small ocean currents
velocity.

3. Result and Conclusion

This study found several factors affected the breakwater
effectiveness in Demak coastline, so there is urgent need to select
construction materials for breakwaters which are economic, high
durability, and eco- friendly. Basically, ecosystem rehabilitation
activities is an attempt to restore the degraded ecosystem. This
integrated approach is called eco-friendly permeable breakwater,
i.e. brushwood dam breakwater type. Based on the characteristics
area, there are several materials which may be chosen to construct
the breakwater as given in Table 1.
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Figure 6: (a) Design of eco-friendly hybrid permeable breakwater

Table 2 : Economic analysis of construction materials.

Materials Durability Treatment Cost (USD)/meter

PVC 4 - 5 years Interfenced by human (almost 90 - 100
no)

Bamboo 3 —4 years Attacked by boring community 80-90
(slower)

Wood 8 month — 2 years Attacked by boring community 60 - 75
(faster, more quickly damage)

Pipe Concrete 7 — 10 years Heavy weight, landslide by 250 - 350

(0 90 cm)

sediment, chemical reaction

The construction of this type of breakwater restore the habitats
for mangroves replant which require surface sedimentation, the
greater sedimentation rates the faster mangrove growth. The
sedimentation rate is in the proportion with sediment
concentration in the water column, in which could be increased
by dredging agitation and restoration motion. Massive structures
(pipe concrete) were too expensive. The bamboo and PVC
combination type permeable breakwater would naturally provides
a variety of ecosystem needs, such as coastal protection
(adjustable according to sea level rise), fishery resources, as a
nursery of marine biota, and improve water quality.

4. Conclusion

Based on the analysis among factors caused breakwater
damage’s in study area of Timbul Sloko village of Demak regency
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is chemical reaction, characteristics sediment, and crustacean
borers. Eco-friendly permeable breakwater type aims to restore
mud beaches for mangroves replant by restoring lost areas due to
erosion and abrasion.

The best materials recomend for eco-friendly permeable
breakwater are the bamboo and PVC combination. PVC has
excellent chemical resistance, cause increase of sedimentation
process and accelerate coastal changes towards the sea.
Effectiveness level the bamboo and PVC combination breakwater
type is 62%, and more economical than other general-purpose
plastics such as PE, PP, or PS.
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