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CONTRIBUTION OF AVICENNIA MARINA MANGROVE TO WAVE
REDUCTION FOR THE IMPORTANCE OF ABRASION AS AN
ALTERNATIVE TO COASTAL BUILDINGS

"AHMAD HERISON, *YUDA ROMDANIA, *DIETRIECH GEOFFREY BENGEN,
M RIZKI AL SAFAR

- Y0l Engineering Department Lampung Umiversity, ndonesin
“Maring Science and Technology Depanment Bogor Agricultural Instilute, Indonesia
* StudeniCivil En:u;illn.:xzrin{gl Department Limpung University, Indonesia -
Email: "ahmadherisonfyahoo com )

Abstract - Mangrove ecosystems have ecological Rinctions and physical protection funictions 1o the coast. Mangrove
Ssction can perform wave attenuation naturally. The purpose of this rescarch are © (1), To know the function of Avicennia
Serma mangrove to wave attenuation, (2) To obiain the function of wave atlenuation for alternative coastal buildings
Sescarch located in Lampung Mangrove Center (LMC) Lampung University, st Lampung Regency, Indonesin Wave
sSemetion measurements carried out on the thickness of 3m, 3o 10m, 20mmd50m. The instrument for measured wive are
sl the type SBE26 and RBRDUJO T.1., cooperstion between DISHIDROS TNI Navy with the Lmiversity of Lampung.
e meazurement method was done dirccily at the station point. The conclusion of this rescarch ere: {13Avicennia marina
samgove at o distance of 0 - 50 m capable of performed wave attenuation ranges from 60% to 98%.42) Obiained a wave
smemsssion formula of thickness, is AH = -0,022%° + 0,259x + 0,393, Avicennia marina mangrove can be ised o8 a natural

Ssesbwater md environmentally riendly.

rvwords - Mnngﬂuf: Avicennin maning; Ecocily; Wave reduction; Last Lampung

LINTRODUCTION

M=grove forests are forests in coastal areas that are
sepafarly inundated by sea water und affeeted by tidal
S water but are not affected by climate, While the
Soesial area fs the mainfand Tocated downstream of
®e Watershed that borders the sea and is still affected
% tides. with slopes of less than 8% (Herison et al,
by

T8e most important function of mangroves for coastal
wrees is 1o be a link berween the mainland and the
scemn. Plants, animals, another objects. and plant
Swsrients are transferred infand or in the direction of
¥ sea through mangroves. Mangroves act as g filter
& reduce the adverse effects of major environmental
e anid as a foud source for marine (coastal)
&8 sevesirial biote. If mangroves do not exist then
e production of marine and beaches will decrease
Sgmificantly. The physical function of mungroves is
% withstand abrasion and coastline (Bengen, 2000)

Mesgrove ccosystem was a coastal ccosystem that
Sl ecological function and physical protection
Smction o the coast. The edological funclion of
mamgoves &s spawning ground and nursery ground s
W= mportant for the survival of marine life. The
S=ction of mangrove protection against the coast was
s==ed by rooting system and stnding trees thot
=il dampen the rate of waves and winds leading to
e coest. Thus the existence of this ecosvstem is
me=sary for the sustainability of fishery resources
= ewvironmental balance (Herison, 2014),

Related with abiotic components in mangroves,
wives play a significant role in the ccolopgical
processes of mangroves. Waves also can cause
abrasion in the coasiline. For that Author with
background of science ot civil enginecring majors
with coastal Engineering  specialties, will be
conducted rescarch of wave reduction / reduction in
Avicennia marina mangroves (Yulianda et al, 2014).
The area around the Lampung Mangrove Center
(LMC) has a fairly long dynamics of mangrove
cover, since the existence of 700 melers of natural
mangrove forests to the sen in the 1970s, the loss of
mangrove cover due 1o nguaculture and cultivation
business around [987-1994, and the exient of
mangrove forest area that has reached + 300 hectares.
Various researches on mangrove have been done
here, Likewise this rescarch to be conducted,

Therefore, this research was done by directly
measuring the wave attenuation of Avicennia marina
mangroves in the field that were used as ficld
laboratory models. This research focused only on one
type, the Avicennia marina mangrove (Noor etal.,
1999), which grew at the sites of the research. The
purpose of this research was 1o discover the
Avicenniamaring  mangrove’s  ability  in wave
attenuation.

The purpose of this researchars < (1) To know the
function of Awvicennia  marinamangroveto  wave
attenuation. (2). To obtain the funtion of wave
attenuation for alternative coastal buildings.
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II. DETAILS EXPERIMENTAL measurement of wave height coming and going wave
ot each thickness, and phase of data analvsis

2.1. Location

The rescarch was conducted in the mangrove

scosystem in around LMC, East Lampung Regency

with coordinates5°31'43 81" 105°49°20,21"E,

1.2, Materials and Procedures

The research data were collected by several siages,
among others: gathering information and fiterature
study, determination of observalion point station,
identifying and observing of mangrove vegetation,
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Figure 2. Hlustration Dats Collection
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Wne S=em scasmrement has ussd type SBE 26 and
= EEEDee T1.D. from DISHIDROS TN Mavy
== 0 == (Fiz 1)Maonual tools existed W the
et S ool mounted Tn Font of the
e = RBRDUO 1ol T.1. mounted 'behind

mmeoe e,
Se=meetion of obscrvation points was based on the
e Besnmetry conditions, the condition of
e smsind porpendicular 1o the coastline, the long
W= o ===eoves and the coming free waves from
s and harmiers such as breakwaters. Selected
e sesemch siic with five variations: of wave
Se=—reente such a5 3m, Sm, 10m, 20m and 50m.
WS o e measurement process as follows; Sel up
& e sesaming devices, synchronized the time of
s as well as jts control tooks.Set up the toal
S St Been donie on land. so that the sea is directly
mases The first measuremenis were carried oul
W= = mangrove thickness of 3m. Durmg the
Sesaremeni. it was observad that the tools were nol
Ssmacted by objects of organisms that could make
B swis d@d pot work oul. Once completed, the
Semmrement team returmed (olandand uploaded the
S== Then re-preparation for wave measurcments
Wt manerove thickness of 3m. 10m, 20m and 30m.
Weessen of data retrieval inFig 2,

== Waves on Mangroves
Wawe Beioht in each region has its own
Ssmcenistics, influenced by wind.  bathymetry.
sw==ts_ and climatic conditions at the lime.
WE=soee groves are o unigue ccosystem  which
swws m the intermediaie repion  between  the
mumiemd and the occans above the mud substrate.
“Ws zZves the mangrove groves multiple important
m= = werms of ecological, socio-economic, and
Ssea! protection of coastal arcas (Bengen, 2002),
= === of the physical protection of coastal areas
s et al . 2003, Salm eal.. 2000).
W demsity of mangrove vegetation determined wave
SSesestion. For that reason, this research would
i2] (&l

—_— .

Ampliude. 4

investigate  the relationship among  factors  that
affected wave atienuation through a  simulation
technique. The factors of bathyvmetry, water depth,
wave height, width/spacing of wave propagation, and
the overall mangrove factors arcinterrelated factors
that determine wave attenuation (Mclvor.etal. 2012).
According the study conducted by Anna Mclvor, Iris
Maller. Tom Spencer and Mark Spalding, waves can
be characterized by their height (1) (which is twice
of their umplitude (a). their length (L.} (the distance
from peak 1o peak or trough to trough), and their
steepness, defined as H / L. {as shown in Fig 3: Park.
1999}, The time hetween Lwo successive peaks
passing a given point is called the period (T) and the
number of peaks {or troughs) passing a given point in
@ given lime is known as the frequency (). The
sinusoidal waveform shown in Fig 3 (¢) is an
idealized. monochromatic (single frequency) wave, In
reality, waves vary in their height and length, and sea
waves were usually made by many component waves
with different frequencies and amplitudes, A wave
spectrum can be used Lo represent this mix (Park,
194049,

To characterize real waves, the sipnificant wave
height HYs or Hs s ofien used, which is caleulared as
the average height of the highest one-third of all
waves occurring in a particular time period (Park,
19951,

When the wind waves approached the shore, the
change in depth capsed them to shoal. e they
increased the height, maintained their wave period
bul became steeper. Advancing wave crests slowed
down more than successive crests until at some point,
the waves brokeonto the shore, dissipates the energy
in the wave. Waves became depth-limited when the
depth of the water was approximately half the
wavelength of the wave. At this point, the oscillatory
motion  of the water changed from circular
oscillstions  to elliptical  oscillations  (Fig3 (b))
{Herison et al, 2014).
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Fizare 3 (u) Circalar oscillatary motion when the wave is not depth-limited. (b) Elliptical oscillatory matian In a wave which is
Sesimited. (e} Vertical profite of an idealized (mogechromatic) ocean wive, showing the lincar dimensions and sinusnidal shape
fadapted from Park, 1959)

“ Septh-limited waves approached the shore (before
w=sing), the only defriment of cnergy occured
Swmsh botlom friction, In the absence of

vegetation or an uneven subsirate and in the presence
of the shoaling process which increases wave height,
bottom friction aver a smooth bed {substrate) was not
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usually enough to cause a nel reduction in wave
height (i.e. wave amenuation). The presence of
vegetation result in o drag force which greatly
enhanced wave atlenuation compared o a smooth
bed.
Mangrove  vegetation  causedwave  attenuation
because it acted as an obstacle for the oscillaory
water flow in the waves, created drag: us the water
flows around the mangrove yegelation, it had to
changedirection and did work against the friction of
the mangrove surfaces. This dissipates some of the
energy of the waves, thereby reduced wave height as
shown in Fig 3.
The rate of wave height reduction () per unit distance
in the direction of wave propagation was defined as
the reduction in wave height (AH) as a proportion of
the initial wave height (H) over a distance {Ax)
travelled by the wave (Mazda et al., 2
AH 1

TSR s
The units of r are / ‘or example, il wave
height is reduced by 1% over a distance of 1 m, then ¢
= 001 /m.

H,= g,

Where Hy is the 1t {em) and Hx is
the wave height (cm) aner the wave has travelled x
meters (Mazda et al., 2006).

The similar equation could be derived from
wave theory (Han Winterwerp, pers. comm. );

H,=Hgel

Where kis the i mber, When this
number is negative. the waves are being damped (i.e.
they are reducing in height), while if this number is
positive, waves are increasing in size.
From the results of this analysis, relationships
between multiple variables measured with variable
wave mangroves will be observed, related to coastal
engineering, and the relationship between Mangrove
Ecosystems and Coastal Engincering will be sought
for its association with environmentally friendly
coaslal  engineering.  Furthermore, the  mangrove
management  pattern and  sustainability will be
observed (Herison et al. 2014).

III. RESULTS AND DISCUSSION

3.1 Avicennia maring mangrove as Wave
Attenuation

Wave attenuation is the wave at the fronl minus the
wave behind the mangrove Below is the result of
wave attenuation analysis  for each mangrove
thickness. The wave data was made by graph of the
relutionship between wave attenuation and time. See
graph 1 through graph 3.
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‘Feemmage of Wave Attenuation by Mangrove
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!

Semwd L Percentage of Wave Attenuation by Avicennin
murina Mangrove Based on H max

W= Eienuation  percentage  of mangrove
3m between 60% - T8%, 5 m belween 65%
BES 16m between 82% - 96%. 20m 93% - 98%
Between 94% - 98%; The data indicated thal
#eeper and the thickness of the mangrove the
e shility of wave attenvation.

Wave Attenuation Formula

wave cnergy atienuation values at mangrove

of 3m, 5m. 10m. 20m and S0m
v by(l.6573 m. 0.7641 m, 0,9875 m. 1.1109

=211109 m. Made a graph of wave energy

of the thickness of the mangrove (graph

Wave Attenuation by Mangrove Awesnnio
maring based on H maks
e 4.1.1_.1:-:5::;: B
.h—r"’"ﬂi_ﬂ_

. i : ] 4 5 i

Graph 7. Delta of Hmax Bused on Thickacss

The thicker the mangrove wave atlenudtion was
getting hipger, Obtsined formula AH= -0.022¢" +
0259x + 0393, The [ormuln can be used as a
reference in planning the building  breakwaters
naturally and environmensally friendly,

CONCLUSIONS

Avicennia marinamangrove with @ thickness of 0 - 50
m. capable of performing wave damping ranges from
6% 10 98%. i

Obtained a wave attenuation formula of thickness, is
AH = -0,022x2 + 0259 + 0393, Avicennia
marinamangrove can be used a5 o nawral breakwater
and environmentally friendly.
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