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Abstract: Mangroves protect tropical coastlines from flooding and erosion, reducing flood risks along coastal
communities worldwide. Nevertheless, mangrove forests have experienced considerable losses due to activities like
urbanization and aquaculture, exposing coastal arcas to wave attack. To restore mangroves at eroding coastlines,
structures formed by bamboo poles and a brushwood filling are used to shelter the coast from waves, and create a
favourable habitat for mangrove colonization. However, these structures often lose their brushwood filling during
storms, resulting in high maintenance costs. This study proposes a new type of design to reduce maintenance expenses,
consisting of only vertical bamboo poles without a filling of brushwood. Structure designs are evaluated for a case study
in Demak, Indonesia, using the numerical wave model SWASH to predict wave attenuation through the structures. Field

measurements and WaveWatch III data are analyzed to obtain the design conditions for the structures in Demak.
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SWASH is validated against laboratory experiments, and applied to investigate the optimum number of rows and their
optimum spacing (in the direction of wave propagation). The model shows that for a structure consisting of two rows of
bamboo poles, the transmission rate Et/Ei decreases from 75% to 55% when the row spacing in the wave direction is
increased from sx = 0.42 m to sx = 5.8 m. Larger spacings do not result in less transmission, and at least three rows are
needed to have a transmission rate lower than 50% - a common wave reduction target used in restoration efforts with
structures. This study thus identifies potential strategies to maximize wave attenuation by bamboo structures, which can
be used to reduce wave attack along muddy coasts without the need of a brushwood filling. Hereby, it provides an
economically and user friendly alternative with respect to the previous brushwood structure designs, as it requires less
material costs and maintenance. In addition, this study presents a new method to schematize these kind of structures in
SWASH in an efficient way.
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Figure 1 Overview of Used Models, Near the Structures the Waves Are Modelled with SWASH
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Figure 2 Top View of the Mass Conservation Schematizations
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Table 1 Wave Conditions Used in Experiments by Jansen

%% 1 Jansen R AT B30

T H d L k c n cg kd NUr KC
[s] [m] [m] [m] [1/m] [ms] [-] [m/s] [-] [-] []
1 0.13 0.55 1.53 4.11 1.53 0.55 0.84 2.26 1.82 10.43
1.25 0.13 0.55 2.23 2.82 1.78 0.64 1.14 1.55 3.89 11.17
1.5 0.13 0.55 2.92 2.15 1.94 0.72 1.40 1.18 6.66 12.32
1.75 0.13 0.55 3.57 1.76 2.04 0.79 1.60 0.97 9.96 13.65
2 0.13 0.55 4.22 1.49 2.11 0.83 1.75 0.82 13.91 15.13
3 0.13 0.55 6.68 0.94 2.23 0.92 2.05 0.52 34.87 21.46
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Figure 3 Top View of the Structure Configurations of Jansen, Which Can Also Be Found in Gijon Mancheno Et Al
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Table 2 Drag Coefficient for the Longitudinal Configuration for the Two Different Mass Conservation Methods
22 YA BAEPIF TR SFAETTE (RBUE ST T 6 R R

T s] 1 1.25 1.5 1.75 2 3
A% Cd,b=Cd,s(fs fKC)? 0.14 0.15 0.16 0.17 0.17 0.17
W% Cd,b = Cd,s(fb fs fKC)? 3.87 4.05 435 4.71 5.14 7.27

Table 3 Drag Coefficient for the Single Row Configuration for the Two Different Mass Conservation Methods
23 A BAAPIM B ESFETTE (RBUE SIS R RHE R R

T [s] 1 1.25 1.5 1.75 2 3
R Cd,b = Cd,s(fKC)? 0.35 0.37 0.41 0.43 0.43 0.43
Wi Cd,b = Cd,s(fb fKC)? 9.48 10.0 11.59 11.66 11.66 11.66

E: T=2s 5 3s MERAMOIHTUEE, SMBER SEAE L.

Table 4 Overview of the Numerical Experiments for the Validation Study
7 4 WAERT R BUE R —

He) mEBR & SFIETTE BREOZHE dx TR Ak Nstems
1 Bk PR — 3cm — 278
2 LK TN — 3cm — 278
3 D1 A1 PR B 3cm — 278
4 I A B, IIREN prSels 3cm — 278
5 Yhir i Wi % LS5 3cm — 154
6 D1 A1 ITTRPS B 3cm LA Cds fRE Cdb 154
7 I B, RPN prSels 2 cm — 287
8 Bl ENARFS — 2 cm — 287
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Figure 4 Sideview of the Implementation of the Poles in SWASH
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Table 5 Nearshore Design Wave Conditions and Parameters at Depths Varying between 0.8 and 1.9 M
F5 KK 0.8~1.9m ALFELR BN S S 4L

T R H Tp #k b VA d L NUr KC Re
[a] [m] [s] [m] [m] [m] [m] [-] [-] [-]
H# — HmO = 0.25 3 0 0 0.8 7.9 30.5 10.0 4.90x10*
EH AR 1 HmoO = 0.80 6.88 0.63 0.35 1.78 29 111 473 1.01x10°
ity 5 Hmax = 1.32 7.47 0.68 0.425 1.91 32 189 81.7 1.61x10°

TE: KC 5 Re $5Z MR RAF AT i R UIE U 7 5 -

HTRIR 2R, A KM Dekkers 77140 SWASH (1% H 45 5 LSR5 I35 45 0 5| EE IE ST 2 . 1%
J7iE Hughes JVERIHET, H&FWT Guza M Thornton. THEVEE, = PWIRKAIL SHZ LR 1A
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Figure 5 Drag Force Calculation for a Design Condition with a Return Period of 1 Year and Structure with Three
Rows, with a Row to Row Distance of Sx =5.8 M
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Table 6 General Parameters of the Designs

F o6 FBUTTRIEASH.

B HR D SX sy n HE Nstems
AL m — — — m HR/m>
B 0.14 — 15D 44.5 % 1.78 25
U 0.14 3D £ LI 15D 445 % 1.78 25
4 0.14 L/5 15D 44.5% 1.78 25
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Figure 6 From Left to Right the Sideviews of the Single Row, Double Row and Extended Row Designs
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Table 7 Results Single Row Design, with from Left to Right: Transmission, Reflection, Dissipation and Drag
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