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Numerical Analysis of the Beach Stabilization Effect of an Asymmetric Ripple Mat
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Abstract : Even though the scale of hard structures for beach stabilization should carefully be determined such
that these structures do not interrupt the great yearly circulation process of beach sediment in which the self-heal-
ing ability of natural beach takes places, massive hard structures such as the submerged breakwater of wide-width
are frequently deployed as the beach stabilization measures. On this rationale, asymmetric ripple mat by Irie et al.
(1994) can be the alternatives for beach stabilization due to its small scale to replace the preferred submerged
breaker of wide-width. The effectiveness of asymmetric ripple mat is determined by how effectively the vortices
enforced at the contraction part of flow area over the mat traps the sediment moving toward the offshore by the
run-down. In order to verify this hypothesis, we carry out the numerical simulations based on the Navier-Stokes
equation and the physically-based morphology model. Numerical results show that the asymmetric ripple mat
effectively capture the sediment by forced vortex enforced at the apex of asymmetric ripple mat, and bring these
trapped sediments back to the beach, which has been regarded to be the driving mechanism of beach stabilization

effect of asymmetric ripple mat.

Keywords : asymmetric ripple mat, beach stabilization effect, ihFoam, RANS (Reynolds Averaged Navier-Stokes

equation), morphology model
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Fig. 1. Schematic sketch of the mechanisms underlying the forma-
tion of sand bar at the surf zone.
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Fig. 2. Schematic sketch of the beach stabilization effect of an
asymmetric ripple mat by Irie et al. (1994).
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Table 1. List of wave conditions used in the numerical simulation
Cases Slope 1/m & T H Breaking type
RUN 1 1:10 0.829 0.1m 2.1s 0.8 m Plunging
RUN 2 1:10 0.586 02m 2.1s 0.8 m Plunging
RUN 3 1:10 0.478 03 m 2.1s 0.8 m Spilling
RUN 4 1:10 0.947 0.1m 24s 0.8 m Plunging
RUN 5 1:10 0.710 0.1m 1.8s 0.8 m Plunging
RUN 6 1:10 0.592 0.1m 15s 0.8 m Plunging
RUN 7 1:15 0.779 0.1m 3.0s 0.8 m Plunging
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(a) RUN1 [H=0.1 m and T=2.1s]

(b) RUN2 [H=0.2 m and T=2.1s]

(¢) RUN3 [H=0.3 m and T=2.1s]

Fig. 7. Snapshot of numerically simulated free water surface in RUN 1, 2, and 3.

Fig. 8. Variation of the vertical profiles of horizontal velocity at Gauge No. 1, 2, and 3 over a wave period in RUN 4 [H=0.1 m and
T=24s].
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Fig. 9. Variation of the vertical profiles of horizontal velocity at Gauge No. 1, 2, and 3 over a wave period in RUN 1 [H=0.1 m and
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Fig. 11. Contour plot of numerically simulated vorticity field under breaking waves of plunging type in RUN 7 [H=0.1 m and 7=3.0s].

0.4+ |— without ripple mat I I I =4
S ——with ripple mat |
S
N -0.4F .
0.8 4
1 1 1 1
0 5 10 15 20

x [m]
(a) RUN1 [H=0.1 m and T=2.1s]

T T T

0.4 |— without ribple mat
~ oL I Z with ripple mat
£
N -0.4 )
0.8 d
1 | | |
0 5 10 15 20

x [m]
(b) RUN2 [H=0.2 m and T=2.1s]

0.4 |— without rip,b/e mat I I
~ oLl — with ripple mat
g
N -0.4F
-0.8+
—
0 5 10 15 20

x [m]
(¢c) RUN3 [H=0.3 m and T=2.1s]

Fig. 12. Comparison of the bed morphology of protected beach with a ripple mat with the one of unprotected beach after exposed to waves

for 89 s.



218 Z8
T T T T e T TT T T T T
. o " _f Shieids Curve -
o N \ -R .
~ i~ a, *10 ]
2 o 0086 M\V 'i P — =
r = -
004 G %;\ 5 — e
o “{}AS-? R ——F T SelesE Series 0
[ % n'-‘; ég_g‘ © Serles ¢
0. _02 Series B |;!
s«m H
0‘0' 1 L 1 L 1 A 1 1 . 1 1 Ll L " 1
| 2 34 &8I0 2 34 6 8K 2 d 34 6 810 2 3
*-9

Boundary Reynolds Number, U

Fig. 13. Plot showing the critical Shields values along with Shield’s values for constant-value segments of Taylor’s function data [from

Vanoni 1975].

== =
%TTE 715!]'6‘

e
pay
o
Hu

2 ol e Xl e] As el E8sh] f1sl
Irie et al.(1994)7} =3}

EAL 4212848 HE 7Y ZE

_:i/‘} olF TAIE TEIRE éfﬁ_o_i U= -9 A A
e By A 918 ’Lxé] A (scale) = A sh= 7
G Aol AgShs o) X]‘/]'XM] H| ol <] = el =R
P e S Rl 9“%% £ dshr] 218 el
74557} Froude JAP A 0] S55 S5 AL A170] 27
W, o] I ollA tiZfe] ¢ Wi 7HH A FAF A
A FA o] 7t 7] ARtk 71X

olo} i} FAMg AL o1 E ¢ BT Aol 5L
s 2w ook abr o] 37> Vanoni(1975)9] #5247
(Fig. 13 325 Edi= 283 A1 2] A% Reynolds
NO. [u:d/V|2} Shield’s parameter|z/(s — 1)ad]7} 97 Shield’s
parameter”} 18] AZ T} LUgkst A& o] ol =5 n]A|
Z A= Row F3dE S Qi)

a3l © FA} ©]%E ¢ Taylor’s function®] 2} 2]
W o3 o] 7l ¢ o,

-4
q ud

ANNA w= A RS EE UER Y,
ollr] ol xfe] siAm Baks el A5
shAl =4 H Tt

6.2 Irie et al.(1994)7 | =& E
Irie et al.(1994) A& ¥ AESHF WEL] 3|71 3}
235 #lskr] Sl dol7t 4 m, 20

cm, 381 ZAAP} 12021 =%
O]]q_
o] Ao A Irie et al.(1994)> FEA }01%94 AALE o] F

o] {8l AkAelA A5 5 A H
2.4, 2740 0.08 mm<! grass beadss /‘}%6}03 om, vl 7
ARz ARAsRle] H9-HrE HEEE 12002 23 JoR
HIT}, Irie et al.(1994)2] FE] A AA FA= =
SR MEC] down-wave ZelA U7 *:Lﬂﬁ‘r
FAANA & T AR AA A 2= AfEeA
o= wﬂﬂr

AEsh 212 AgapPdolA AulsEe %ﬂoﬂ «]EH A
APE l"f*TorE]J— AEE = oA siw =
o] ainl My gt g v
2|7} 3104, Irie et al. (1994)7]- T3y
© 2aloflA AAlE 299 4
= olge Jes ”D}Q"%

e d@A g
wielA 3 Af‘]—‘?—ﬂ«]

o} R Qe SN WEFolF A

oMM FelnY ABE 59 v}

=
Az m

Fig. 140+ TIrie et al.(1994)7} =83t 2] 2 3ol A #=
9 WakE Sl 7 el 4g F ey 2
ol AFE= 11oM BS5HE de @ &R m|E up-

50.0

—— Equilibrium P. /
E — After 8hr[12Liter]. /
S, - —— After 40 hr [12 Liter], ,;/ 7
(V)
= asymmetric ripple mat A A
o
i fsand supplying point
s
0'0700 400
X [cm]

Fig. 14. Variation of beach profile following the beach fill by
dumping (I1, medium scale experiments) [modified from
Irie et al. (1994)].



A | AEEY HES] anl bgs} Bt A 219

wave sidecl|A 2] 217} down-wave sideol|A Z8Y== B A
ko] RUN 3AAM % fAH B5EH = 2S & 5 Ut

[Fig. 12(c) ZZ]

FEi7E 3B Elvele] 2 eliqtell M= et A4
o X8| . Ht 5H°P E °ﬂ th-5-5t7] S8l o] qkAl,

A, 1% (headland), %
nourlshment) ’01 x| =

o
2019). Et& 6HHJ HY3= 46 A =9 R

aHe] 2}7] At FEo] == Flvl Eﬁfﬁ_‘r }7go] ?]t
B 4] ok ML elA AA = ofof sht FH <t A UA|Al tE st
wo] B[RS 2] At sEo] A dlsE Zo® 1]l
t}. o]ef gt ofli= dlQbd Alo] Sl5E Tte]] 7]1E] ™ wheba] %
F719k1 S1FEuE Fhlehs A9 @lWl /MY skE olF ¢

Qlek= Azl 2 wIE] Agss Y= Aol o}

2 h;].
ajgk A0l thea] 98 TRES Y oA Y
o Akl chet A grhel 7)zale] 1 galut A7)
376} s

A= 2 Az ook sk, dAA] =uljellA] A
O] AR RO ALt HAS) gL AR AOFE
ot Zeuh Fusiaks sive] A7) A 5o Ats
A gich= FollA] 7ido] Alsal] Helrk, A=t 23} 3
o] AJekrlolE 3L FAPlE Aol WAIEE Felight Al
5749 of#gell 71918k < 3D 8719 A F 2P 3D
morphology model)©] 7H2tE]o] AlS=(sand bar)2] Bd=}-g 3}
AP ool Roly= T Adst Aot o]Foixl A
© 7 Hlth(Jacobsen et al., 2012, 2014; Cho, 2019).
ojg|gt AlZ}ollA] 2 =ielAE ATEE FA o Y]

Zrell A% Rl /sl a5 AU+ Irie et al.(1994)2] <)

T ¥ AEES mE AA ] A3}E = S SHE Navier-

Stokes 27} =2]7|9F A& B o] 7| Z8}o] AR SISt

TFRARAAY} e | AEHS WE AX] A] fEAlle

v Mgk Wsl7t op7| =™ o] = st slinl X PSR o]o]

A= AE Rl = qlglom, 59 wgt s Jelst

W oS 2k

A. T ¥ JEReF WlE AX Al under-towi= FTH QL
o shfjsw], A oA under-tow?] FEIEk0]
O}H]‘@O]:_Oj_ 03%{};]01 7]5].]8“]:-] QHE‘—_ ﬂ OEEJ_ o]: DHE
OHH] o]_xﬂg} EJ/]_.EL glo 61— 2= 9\11;]_

B. d= # AER) WE 74%1 Al QoA Ry
Stokes drift th=]:= 7HAsht H“ﬂ e Yo g
Qo ol st A3k F77F AGF K} gk
Ehe=g

N\
N

o 2 r

o

C. 7 2oe opeiarolr] o ¥ AR wWlES] up-
wave side®} down-wave sideol| A A== o729 2k
2 o] & B3l W FEFolA AAlE ool ¢
aff 3 3AL] Ak 3917} e H AERS viES

awl QPgsh BvkE TAshs TR VAR S
FEASHE A= JoR Held.

D. W= ¥olh TR ARE WS whrel sikiow
ot Aa0] woh FRARH, ol w5k vl A
=

E. T2 ofe ¥ AEReF wiEE Aol 7719 s
Skl 7o) Aol shuket deto] wEE, of
oA 2 slilo] A= Ap7] Aol e Hrt
= APAE A7)ERE alnl oj=st #g o) sk 1A 7
A HAs) Hojof sh, whekA] miE EolE YA A] o
ApO ol AL ;(]ok w]o]o} 3F A o7 Holt},

HEel 71zt FAROE %?SH =

;73 ° 73 , AQFA = (sand bary= AH3}

e %7}6}0% B 1 A o)

-

Irie et al.(1994)7} 4=

SRF W E AX| A A H= )
Irie et al.(1994)7} =383 = W
o] Ado|A PSu= AERYF WE yp-wave sideo A1)
213} down-wave sidecl|X] %18 =]= B2 Qo] x| Re]o|

AT FARH #E5EHE As FEd 4 9ISl
References

Cho, YJ. and Kim, I.H. (2019). Preliminary study on the develop-
ment of platform for the selection of an optimal beach stabili-
zation measures against the beach erosion-centering on the
yearly sediment budget of the Mang-Bang beach. Journal of
Korean Society of Coastal and Ocean Engineers, 31(1), 28-39
(in Korean).

Cho, Y.J., Kim, L.H. and Cho, Y.J. (2019). Numerical analysis of
the grand circulation process of Mang-Bang beach-centered on
the shoreline change from 2017. 4. 26 to 2018. 4. 20. Journal of
Korean Society of Coastal and Ocean Engineers, 31(3), 101-114
(in Korean).

Cho, Y.J., Kim, K.S. and Ryu, H.S. (2008). Suspension of Sediment
over Swash Zone. Journal of The Korean Society of Civil Engi-
neers, 28(B), 95-109 (in Korean).

Cho, Y.J. (2019). Physics-based bed morphology model for the esti-
mation of erosion rate of nourished beach. J. of Coastal Engi-
neering (submitted).

Dean, R.G. and Dalrymple, R.A. (2002). Coastal Processes with
Engineering Applications, Cambridge University Press, New



220

York, NY.

Fredsoe, J. and Deigaard, R. (1992). Mechanics of Coastal Sedi-
ment Transport. World Scientific.

Irie, 1., Ono, N., Hashimoto, S., Nakamura, S. and Murakami, K.
(1994). Control of cross-shore sediment transport by a distorted
ripple mat. Proc. of ICCE 1994, 2070-2084.

Jacobsen, N.G,, Fuhrman, D.R. and Fredsoe, J. (2012). A wave
generation 238 toolbox for the open-source CFD library: Open-
Foam®, International 239 Journal for Numerical Methods in
Fluids, 70(9), 1073-1088.

Jacobsen, N.G, Fredsoe, J. and Jensen, J.H. (2014). Formation and
development of a breaker bar under regular waves. Part 1:
Model description and hydrodynamics. Coastal Engineering, 88,
182-193.

Longuet-Higgins, M.S. (1983). Wave set-up, percolation and
undertow in the surf zone. Proceedings of the Royal Society of
London A: Mathematical. Physical and Engineering Sciences,
390(1799), 283-291.

Losada, 1.J., Gonzalez-Ondina, J.M., Diaz, G. and Gonzalez, E.M.
(2008). Numerical simulation of transient nonlinear response of
semi-enclosed water bodies: model description and experimen-

BN
N

tal validation. Coastal Engineering, 55(1), 21-34.

Nielsen, P. (1979). Some basic concepts of wave sediment trans-
port, Ser. Paper 20, Inst Hydrodyn Hydraul Eng, Tech Univ.
Denmark.

Nielsen, P. (1992). Coastal bottom boundary layers and sediment
transport. World Scientific.

Roulund, A., Sumer, B., Fredsoe, J. and Michelsen, J. (2005).
Numerical and experimental investigation of flow and scour
around a circular pile. Journal of Fluid Mechanics, 534, 351-
401.

Van Rijn, L.C. (1986). Applications of sediment pickup function. J.
Hydraulic Eng., ASCE, 112(9), 867-874.

Vanoni, V.A. (editor) (1975). Sedimentation engineering. ASCE
Manuals and Reports on Engineering Practice, No. 54, ASCE,
New York NY, 1975.

Received 24 May, 2019
Revised 29 June, 2019
Accepted 10 July, 2019



